01- 2750A EPDXI DATI ON PROCESS 5FI ELD OF THE | NVENTI ON This invention rel ates
to a process for produci ng propyl ene oxi de. BACKGROUND OF THE | NVENTI ON
Propyl ene oxide is an inportant industrial chemical. Propylene oxide is to
commercially produced by reacting propylene with an or q)ani c_hydr oper oxi de
oxi di zi ng AYeHY1¥H2h as et hyl benzene hydroperoxi de or tcéff‘{sz%mw 0

hydr operoxi de. This process is perfornmed in the presence of a solubilized
mol ybdenufZabBAyst, see U.S. Pat. No. 3,351,635, or a heterogeneous -
titania on silica catalyst, see U S, PatP. B, 367,342. 15Propyl ene oxi de
can al so be produced by the &FEXBATION (ﬁo’\zg?%%yl ene usi ng hydrogen
peroxide. U S. Pat. Nos. 4,833,260, 4,859,785, and 4,937,216, for exanple,
di scl ose ol efin epoxi dati on WMEUD OydHE)WVENTONI de i n the presence of a
titaniumsilicate catal yst ch current resear i ucted in the

di rect epoxi dalMdHVERISTERIASARAE p\;\?c[eﬁs%pg;g@ﬁlg paotbalem’&?@gén. In this
process, it is believed that oxygen and hydrogen react in situ to form an
oxi di zing agent. Many dif proposed for use in the
di rect epoxidation pr ocesésbg%%ﬁwlﬁ%@ﬁﬁ% conprises a noble netal
and a titanosi Piopglere oxider isermrippertan) Pndustiz Themigatc| Bropywen ©xidsr fat i on of
propyl ene i INNY | g T ahid Myddperixiley st

cont ai ﬁ)l ngc(aﬁm%gmgl[ﬁ %CE)HU\Q/%IIan?%ﬁmgugﬁpggnﬁa\prgdﬁ?ﬁ%n ang th al.line
titanosil icxitizing FoentGeuspas/ethylbepzene hydrergrodde @ t‘%ﬁ‘BP*(XhBY‘{i P$®Xf%act i on of
oxygen a”drlqo%yﬁjrw&%ﬁs g&férﬁh(emirﬁt_h@ﬁiés%aeélop@éaesbim@dl rolgbdenumxdattilysitegeagent .

U S. Pat. . 6,498, 259 describes a catalyst m xture tolf @ tlga%ué:ul{n zeolite
and a suppbst Bat- NebB.a5 B8 or edhrieradeneptis tiatia ¥ RlisaFatlsts 8Eh Y €t on a
carrier sy sae7aapbon, titania, zirconia, niobium30 oxides, silica,

alum na, silica-alumna, tantalum oxides, | (004 ten

oxi des! titani gf@iy'lef‘%Qf"d?icﬁegﬁﬁo}-es‘?rf)fnécf? %Wﬁﬁl}égg)g?#!gga& pgﬁm%bg{é 8‘ es

t hereof . Qybrigedi perstidee poiiSiaPatoNosat4a83852600 xadFs, 285, i ansl ¢dB37@dPd fuppor t ed
on titanosilicates, see, for e péﬂ& ; . The
di rect epdXPURE SFOSPEELE ¢ %gﬁggé:nuﬁﬂy?%ég?i qui h’eoﬁq%g?é%%ﬁs‘,’éa Waen the
process i ditgréurh eilicade catalyshe | i quid phase, the liquid nediumis usually an

al cohol - viat et i &h Uifont FRRbrdhMOLGRIuL i RRIHBANALL SHofid¥AS RS propylene with 1N sum

new met hods to produce propyl ene oxide by epoxidation of ¥|S)lc§o$%/!_ltenet 5 are
needed?20 SUMyRYAIGFYPHIBENNVENTT kIRCess, it is bafpyed hakdyosh apd hyBostEes! f or
produci ng insf?LPYd RRR A dxitBzing BSerll! MBS dafitd hdad beppnjrepdsetdgora
titaniumzeolite wth a reaction feed con‘gﬁl sbn Erog%l.ene k(%%r ogen
per oxi de, userinitae el GRoxidatiomaroceghd TRically: ! e%@t?@‘(? EOTPIFE AR NPS: r eam
clorrp[] | lSI ngngtapwd anﬂgrnd%memé{jen@r &ngniite, JW am_ﬁlze?r:e digclpsed thet Brmatony ?fout yl
al cohol, and water. e product stream.i istill. t 4 Ist
over head s‘i’?@’é‘?ﬂec%‘ﬁjﬁrgf}g? ﬁ&)ppﬂeafyy?"élﬂ%"'ﬁa%é{g?ﬁ?’éf‘ g'ﬁgta t(%}ragJ Sg'? #@%Hﬁgonpri si ng
propyl ene Gsuge piergyduenasgiafiadilin dreatdrgstallineutitghosilicetshollhe &nebipvitiler . The
first bot tr%crartgl |Sst ‘befeved to promote the reaction of oxygen and hydrogen to form a

hydrogen peroxide in situ oxidizing agent. U.S. Pat. No. 6,498,259 describes a

catalyst mixture of a titanium zeolite and a supported noble metal complex. The

noble metal is supported on a carrier such as carbon, titania, zirconia, niobium

30 oxides, silica, alumina, silica-alumina, tantalum oxides, molybdenum oxides,
tungsten oxides, titania-silica, zirconia-silica, niobia-silica, and mixtures thereof.
Other direct epoxidation catalyst examples include gold supported on titanosilicates,

see for example PCT Intl. Appl. WO 98/00413.



15 distilled to produce a second overhead stream conprising propyl ene oxide
and a second bottons product stream conprising propylene glycol, tertiary
butyl al cohol, and water. The second bottons streamis distill ed to produce
a third over head stream conprising an azeotrope of tert | cohol
and water HA2HUHPYI bottonms stream conprising propyl eﬂn@wgﬁzglt:dg haﬁd wat er .
20 BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is aqsﬁ%mnaﬂc fl ow gdi agram of
one enbodi ment THe dire@ ePAYIEAANRIOCEETIAY IeBH DR IR PHY PNABLT RieES | ON

25The procgg$rdbsd BHeroME ihARe KiPphasesthelquidthediurg ipusyally enalcbiolpr oduce
propyl ene oxi de, The e OXI dati o ste of t he process conprises contacting a

titani um 2¥3PT PEYEELTRO Y M6HhapelRPd ST i si ng propyl ene, hydrogen
peroxide, tert llraélyn méwy netode toprodddedpropyiare d>xndq3by)dmm@aamppbnmmﬂem ream
conpri sing pr ne, propyl ene oxi de, propylene glycol, tertiary butyl

al cohol 3 a#8 ”\‘Rg‘y"éf 30Titani um zeolites are well known. Titanium zeolites
conprise the class of zeoliti c substances wherein titanium atons are
substituted for a portion of ﬁ-ﬁtﬂ\]\ﬂfmlbﬂl the lattice framework of
a nol ecul ar sieve. Such subs ances an eir producti on are well known in
the art. See f dhiseisensios, isln $rogess fompduqngmomnedﬁa 9. 66t gEsess

Sui tabl e titapicHm f?r?t()lcbltnt%étu@r % H&ﬁﬁl?n eyfitb alvith Ng dsBERIN M lRavibAgingt por ous
nol ecul ar Si €ve structure wth titani um at ons sgb }‘ ituted, in the, franeworKk.

Par t i cup ar prgpylens:, dydregen P?’&Pﬁ'idﬁntleﬁ@fﬁ bytdalgahel. g t Prdduce A RigFUst u| ar_

si eves congyRihy cbﬁipﬁélﬁgdprbeyla’q?e t propyienn cxidel C{ftbmtlen‘:e gbeot, i tediaay lbpty! TS- 1
(having an M opol ogy an ous, to that

t
zeol i tes) , aleong), 2and( Wala ng p[@gﬂct[ Btbetﬁ"bdﬁ/%é?ﬂ%fd %888 t%?nlsi’”é}/ &R%éea |Zgz'\14 il
al um nosi | stfeahecmisirtgqmpyuen“é&ra a frasbafiessrstieach acrmpBelnglmtDDyﬂate oxide,

L, 001, 038) ngﬂg%eatgb/cgleg%%étﬂ &%I argoog\%ltquyTﬁQq"r&g%{&n{s sfré@'ﬁ i©f the

M/\Y/Val umn FEM UMY c Ot ai ni ng nol ecul ar sieves havi ng
framewas k gistilled ttol rpe@ducscmseqmdLm/etrwagemrleatnecmwamglgrowﬁd@rWldé angdsa 48,

ZSM 12, ZSM 22::‘_ b§%§%rodt9§?t{%lcgﬁpgs Wﬁ)}leﬁé Qb Qerﬁa'l‘yttﬁ?l &idoRbl, USe.

Ti t ani um MARP erred s}
product i onand svatmzl ITﬂen@wtpndrbctth@sa$ttea"5@ed*ﬁ@ledet?ah'ﬁ%ce B, taird pyerhegg,

6,759,540 & off né%g an) azddihépe o@\@marbeu@pglkohélozﬁ\d WaBB%hd a third  The
titani um z&ol 116 preferably contain no el efents other than titanium 15

silicon, abmtom%@ﬁ"iWfﬂﬁﬁ'é'“ga’f?ﬂyteé‘eﬂ')@ﬁb%?r‘%ae al t hough mi nor anounts of
bor on, 2'bron al um num sodium potassium copper and the |ike nay be

present. Preferred_tj i |t | ally have a
conposition correspondi n@ﬁﬁaﬁﬁéﬁﬁéwcﬁg" '?lé@&%f ormula xTi Q2
(1-x) Si @2 wher e KGI $idwéomearatio f6W dibgeand oDorE0@Obodibert f theef ievertiby., t he val ue

of X is from0.01 to 0.125. The nolar ratio of 20 Si:Ti in the lattice

framework of the zeolite is advantageously from9.5:1 to 99:1 (nost
preferably from 9.5: 1 DETADLED) DEFGRIRIENEIF 'ﬂ'UEdNVﬁb‘WONi tani umrich

zeolites may algg he desis ﬁﬁlél ﬁverﬁloa corr-g?i@e &ugéfn'g%}o {16fe % pfdiicer ocess

conpri s cont acti ng propyl ene ter lary butyl al cohol
(TBA), andpreaylene mndeheTpeeegm@etmf stqﬁ»eofzm PIOSAPYFPTREPFY £0UAEHOy3t . The

hydr ogen pﬁé%%?ﬁﬁw Wifh GCREERINE bRl b&hpr‘is‘ﬂ@%&)dymn@g ?’@@@élﬁ i dade,

reaction. drogen peroxid erive

UI tabl e
source, i ntertiggy hgth&‘Fth’d i watesioRsAdLAe,2 a[ogaﬁtoqtgeaghgq{n%{gsngs@'é P¥PHhol , the
ant hr aqui nghgy IQﬁ@Sﬂééypr?WenfergNBoﬂltérﬁé‘r& bUSRSIEOHYN, 2Pid vatel Ogen and oxygen. The

concentration of the %/ roge Xi de (rﬁact anteeo?geged i nto e &4 ?O&fl dation
reacti 0 30 is EPIUEY 7Eqlitesi areT‘&?J Wy diBYeR o %?@pégﬁcent rati ons range
fromO0. 1 tgedific vestticep uherin tltbydnm;emspenr subistiatédfot h@omBA-ofithecsiliconxt ur e,
preferabl yatoms mjlgewetlcqe ra 8&/8& of a molecular sieve. Such substances, and their

production, are well known in the art. See for example, U.S. Pat. Nos. 4,410,501

and 4,666,692.



The amount of hydrogen peroxide to the anmount of propylene is not critical,
but most suitably the nolar ratio of hydrogen peroxide: propylene is from
100:1 to 1:100, and nore preferably in the range of 10:1 to 1:10. One

equi val ent of hydrogen peroxide is theoretically require i Ze one
equi val ent VH?Z‘BK gﬂqene but it may be desirable to engl& 3’9‘552?1‘(3@83 s of one
reactant to optimze selectivity to R yl ene oxi de.. 5The drogen peroxi de
may al so be gerEftaiieditanivn;zeglitsy arad ?%‘g lﬂq'”sfmﬂg‘fﬂ?%ggﬂ'"}ﬁz ‘g%sen inthe

presence Qf\olécdlé}msﬂevgeéﬁhct@'@t a}rtustnameht fmtg@ abgtittitadr desthef frampgek. and

hydrogen are suitab | ecul ar _o | ecul ar. h
preferred. Particularly pre?ﬁ[é? ti? "é[“p?‘“ecfyr g{)ﬁ r?i.ar?ts 8k r{ﬂg&lﬁ’aﬁr\/e%& %on, the
epoxi dat i (mmmﬁonl@ reflearpy | tonsas th@@HMaHBd partigearlyi STS-4t (hadngpan MAl t he

Pobi 6. it dppdiody St A e bf e APS Ao ol bodi TS ARG ad ) B @
cat al yst DVEk tgpotodyi angloghes thBEOh\b\BaZISI\dym tah&nmot’dlmimm@wb i'Te-¥déa% orm a
nobl e met a&etSSr%gdafnnl'?leaﬁ' BANNEMY 70%9'0‘3553 and' titBhiLAIIAA (Rhving bNBpAIBsY € net al

may be firs on a carrier such as an is 1norganic oxide, clay,

car bon, orar@iogam copthiel aér thee MVAWY, alwmingsdicptek geolidgfd t ﬁ“'BW?&T'W’%/ m xed

with the %&g&m&%&%y hswngTh%rﬁemrﬁ eeucn@regl %Hh@l‘phb%tfd GlebMBs betagar di ng
the choice o | e metal conpound used as the s dgﬂ?ph1 nobl e netal .
a

For exatmlreordaqjte, ZM:48.0aM e <SMhie? w1 ﬁeTHPt are 389 i des

(e.g., chlgjhslesor d%bomltdﬁnsmmwmwwi/\M)as péﬂmglarlﬁﬁﬁéfatai) TavV\A e
conplexes of ngble 20me

p. rred cat ef he
process ofitstife ‘?9’1‘9Bn‘§|"(ﬁﬁﬂ?r§"”§ indhe é"t %eae‘ 10k SKPBPISi gél 13 ﬁl u?f?%éég (lste in
particul arard Walkt 8., ePRYs. CheinaBNROGY, t105,an2897.MAW zeol i te. Such catal ysts
typically conprjse.a.noble t I I m
silver, iridi u:ﬂ‘e etﬁ?%%rﬁlﬁer?{'{ggs%eﬁe% LkgQO%r?E?ha%%%@tﬂg%rgg@y@égg@rted on a
25 titani wilicerodrid exyghiobl thertaitiod framawaiknplifypugh nzineriamowts pt kasomyritonve| |

known |n t NhE e R 4-352771 and U. S.
. Pat. %ﬁg‘égﬂ]ﬁ%ﬁ J%égs%ggﬁ 438@9@ i th%achl %\%geg&s\%ﬁl ch are i ncor por at ed
herei n by ref ePeafersed fitanike Zeoéﬁﬁlwﬂég%nefﬁ*Wé’aH@@I @MROSHEP0 COMESPOATIAG IR i t ani um
zeol ites NRY GRINRY %nﬁ:r%%?dﬂh%laofm@%S()Q@Eavl/ﬁereR( %f Bét%@n ftD@(b(El and

met al - Cont aining titanium zeolites conprjs SP' ani um
zeol i te; pubP0i Ware Bisfarablarihe yater An ﬁnff%gimt@ s 6@5 p FQ&‘?'Wnﬁat' ti num
and a bt agiTim #eOldice. framework TdTethé Yaebmal is aimarithgefusiyoedre 918t ab g esent in

about 0. ocmesopratrray S e ce BB prEs Ss bk o dRr M b AR Y cont

and parti casclid yedirable. t 0 5 WEI ght percent . Anot her preferred

catal yst usefu in the roc e nt i . ure
conprising a ti 3n?%%'zag ep( ntF1£| 'Jlog%% CB%B{'é% %ﬁ%&%\/ %Qll%{ee) and a
suppor t ed hydhigenneralide aterabsysbutleﬁeomj PBAY @ad nutereinnibeairesencal of she

conpri ges g nahl e fElal ai_l)ﬂ?le‘f\ Ctﬁﬁl\rlc\fﬁ% rg)e;r(ﬂ&i Crﬂﬁﬁ bglgeheraddhifdrab!uge dn POT OUS

materi & ri1ers are For i nstance, the carrier
can be i ndhganpxidaiondeactiop) dV@-fOW%BWFO%ﬁﬁUPQSPﬁé‘hP@YpQﬁ gerived feom Ay

Preferred éd}%lg%ﬁh&eombﬂeﬁg'd}f&aﬂgﬁ op§é&ﬁ§ar‘9faléal"@iépsl%h ad isdprofanch .thd 3, or 14

el enents. Particularl erred i noe&g)anl c oxide carriers incl ud$ silica,
al unmi na, santhre&u'amﬁrpv?&@% NN Bom_dliFgch feaction; f FIVIFRI5RI s OXY¥95Rt all Bfn oxi des,

nol ybdenunggagéifsion bﬂfhﬁ&tyafbg@xldéamds':\r@a&tahmtﬂeﬁlnﬁtamh@eﬁdwdanan réauuammr phous

zirconia-silica, s .ni obi a- si. rrl may be
a zeol Ple,is Bﬂkcrit'gaa]n%tyg'ﬁalt YAEgen merets ‘f°é‘°e'%Fagf’B? Faé’gegﬁpﬂhaqg %gl\"? resins
i ncl ude popeyesry rrydmges tperexie dhi then iBdenatenenixtogen pyeferably 2rtosHl iweightl

pol yet hyl enei nines, and pol ybenzi m di zol e. Suitable carriers also include
organic p "37?1%‘11 resins grafted onto inorganic oxide carriers, such as

pol yet hyl eni ni fibe sinlduotiof Mrdedgamy petodde te dresarabwd of Bropytanede nekeriisal,

Particul ar i t ni obi a,
11 o al R B i e e e e 0% 20 Mgt en
oxide, titania-silica, zirconia-si Ilca ni obi a- si Ilca and m xtures

t her eof . 3



Preferably, the carrier has a surface area in the range of about 1 to about
700 n2/g, nost preferably fromabout 10 to about 500 n2/g. Preferably, the
pore volune 20 of the carrier is in the range of about 0.1 to about 4.0

nthg, nore preferably fromabout 0.5 to about 3.5 mJg, g ef erably
f r om about Vg(’é‘)l?/éﬁlé%out 3.0 mUg. Preferably, the aver ang:T n@%?l@jm ze of

the carrier is in the range of about O. 1§mto ahout

pr ef er abl y1:19b@ndBwIe PrefRAblY In hedBras ofd0s5t0 Hig, %ﬂq ?mﬁf&%?%ﬁﬂ y from
about t ﬁoptrﬂér&u@e?@%eér%ﬂ&u% Eécilure&’h@ o%%etrrfeeéhupﬁretnt of erosylme ibut R5malependent
upon the e of reactor that is e sizes
alroe pr ef erl?yegﬁrfsrra?'eéo FRISY %&i‘c?ﬁa%ﬂ%ﬁeagfﬂg %9%6%8%%?&?#0[) ro‘%’é&l
typi cal |y dxyd he range of about 10 to about 1000 A, preferabl y about 20 to
about 500 A, an! ref era about 50 {0 . T rted
nobl e nktal cat g?;}‘la)vﬁ Qooe(’f%’ﬂ %1 T génn%%gﬁ%\ﬁﬁ e pa(?319{%(%'88‘t0he nobl e
met al s carhydeogehi driczexiygeh. ie. the gobskncsidfvaenpblpl raetahgaﬁplypal I/‘étﬁ@ltﬂ*h any i di um
rut heni um_ osmiu r 0 i u i num
uérg% Goh Ml AydPB paﬁ" QR rﬂ@%& - ofdh afflUioloBliat |

gold, a pasIOIu I num or runf | nation are

parti cul arhy;drawsiarabteé%rreldal | adi umis nost prefer red Typical ly, the
anmount of nobl ghg@t ) Pl ?éfsﬂ?é 'é?nsaaﬁnaupeprtt@dn%t.at yate \upbt.dmnl of t he
range of from 1

percent, Fre erab 1 to
per cento tmeméerweymggaamiem%n '?é§t"repc9tu bh@erpé"gsgf‘ﬁ?ﬁ t't’f‘é"“@hb?‘é of nobl e

netal conp@uRtiQliar GRAENIGH- Mwevlzétﬂlté)%d%qwbté&n@lbl nobl e netal in the

supported catal yst. For sui S, | Iude t.he trates,
sul fates, hali a%l% ”(’E'ed“etab'ﬁng‘?ff’ﬁgg In B?Fla‘%g tm@ q8y§/tl 1 B8 p?rtma ﬂpéacet ate),
oxi des, angbbineRl 60HY wusiamaiedtitedao farbl @ noﬁlbmhetal-contalm@mamamaﬁepbtte usef ul

in the proces of. the i nvention preferapl or

rheni um THe® Eeéftaé'r’?)& thgfneurt ER?) m? o%ﬁa*?ﬁggf &% %&Z\b%’ E‘c%gr{%%' al?ﬂ?sr?anad As
with the nobtgemmacmde, diaadcartisire nart trganic pdigmerurasingy Obéh%utbgoﬁﬂ‘édh@h t he
titaniumtg %U britxed’ wnﬁ" thE"t ﬁﬁlh%e% Jolitd N He?@%re gtos ByﬁleulaPFesrtﬁl‘ﬁBhéJm may be
first supp% on a carrier enpy5|ca y mxe he titanium
zeolite. regardingrted ehcits 9f nobleametat eanjraungjused e%)meéOquerQS tﬁeafmhﬁ metaho1 to 5
wei ght perﬁcﬁnbxé?ﬁqle e@&tablﬂé %@Httpeund%r |rfJ1ﬁﬁ' e Andtdd, Glirhes 1Qamsgtﬁg per cent

of the noble preferably, the catal yst contains 01 tq? 2 wei ght
per cent of chiasiggs. b’omﬁﬁSh C%[h‘éﬁyi%esr z%en aFstate) Andr aming, C‘t"i’%e’tﬁél JhtoHeti o of
nobl e pet alhefsR. | €ad (bisnmuth or rhen| urr) |n the catal yst i's |n t he range of
0.1to 10. Wil e the choice of {B‘E g eni um conpound, used as
the lead, bisndftprefeged qatalyshmise Fb@el ‘Hofef‘?é ‘tfa{ %I"Vgt‘ S RPOTF M Cal

sui t abl e ceynpAIRG Sitdnngh mmearrquyﬂcataesa neblg. memtemraalemgdltamwhdv)WV\hal i des
(e.q. chIor des i des oxy. i . or e)

car bonat es?® 1§ nPY a?agélygtfjﬁ)ff’é 41T h?)?(léd% g’l,le g%gal i‘ﬁ{cg iadc'eé)%%ﬁp Jnu g t he

| ead, bi snplhtlnurrolsll\rdnendlum rmtyermanawwnw combirnatioesiherachebpertedan @ar r i er
bef or e, d i}b nrgm Ilt‘Z}’“c Lo ARt cgﬁttaﬁ'{g gf‘ﬁghlb olites are we W%ﬂ*né\'n}h tl@hleearfmt hod
may be Us e ion o

®REi ncor pora Etlonal | ead,
bi snuth, oand zhrerﬂeumlbadt tprtetxem@@t & YR 14-352371 @i@ér\ﬂb$epatt N@Sn% $926R8%¢ 25 and

opt | onal | §865 4%3 SY (Bactiigs” B Whith é'f%%nt?@rp@ﬂéwlpﬁér%ﬁt B rbfefericktianhaim zeol ite
or the carrier egnati on, |on-exchange, or inci E}I ent  wet nestﬁ(:é N
a

t echni quesemirety, yﬂnenotéﬁmleonbmgati?um@tt%m?vﬁeme | HPPEe of
bi smuth, opefaREMPrEfSrs nHSI%dnetélt&n@Wﬁ{; tu@btuﬁdﬁboﬂde@r@om‘bnmbél%dimm ald and

t | d, bi th, h ti t th
72" not oriraundacii Tledim. BoReast ot e of PRESER 55 B O caa-

bi smut h, otrta,mb.ameumcorrpound at the sane ti me that the noble netal is
i nt roduced nobl.e and e rheni um
i ncorporation, TRe yPI'8%I| 8mﬂertta?m§%tﬂ? Mee! §P tn% te ﬁgb'? brjPétg]‘l(%l'ta'%%rt ed

RN ani um zeolité ofr su
nobl e net aﬂutamamate;cmte il bedonvbe adngeSwf tfain ebolat&DQEtto rafc weight pﬁ@?hbds

include TiLLratd 08 088t Y5 RBIgAPoert @124 particularly 0.01 to 5 weight percent.
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evaporation and the like. The catalyst is typically dried prior to use in
epoxi dation. The drying tenperature is preferably from about 50C to about
200C. The catal yst may additionally conprise a binder or the i ke and may
be nol ded, gra dri ed, shaped or extruded into any desir gf n rlor to
use in epoXYQAUPEHI2Af t er nobl e netal - containing titaf S%% Yl
supported noble nmetal catalyst formation, the cat St ma be og}ﬁ naIIy
thermal |y treatA@then peefersrd Galelystaserl in B‘Qé’rﬁ“%éloifgfﬁym\’/%{ﬁ'a i3 215 Yég

oxygen, ai fixu@k &h%nlsnhltﬁ% tithhigmt féi‘illféadln tpémamaieatmérmmwwvwmomes dnylpd cal |y
from about 20C to abou

referred to t the
catal yst i ﬁ“i’cpﬁée‘ﬂ)P@E'@HB%‘abFatQWS‘oxyﬁ%ﬁ”EQﬂﬁ{e |?ﬂb§f"g gai cgréllygyf;&ﬂg@sregtg]ur e from
i 0 about 2R&Hle hietal RE.a @mﬁbrom"lema’iérys petiratsly Bhporost rabtpdal. Gartiére apg esence

of a hydrogen-cont ai a tenperature fr 0C.
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30 preferably at 5-20 psig (0.03-0.14 MPa) and the bottomis preferably at
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together prior to use in-epoxidation. If pelletized or extruded together, the catalyst

mixture may additionally comprise a binder or the like and may be molded, spray

25 dried, shaped or extruded into any desired form prior to use in epoxidation. The

catalyst mixture may also be encapsulated in polymer as described in U.S. Pat. No.
7,030,255.

The epoxidation step of the process produces a product stream comprising

propylene, propylene oxide, propylene glycol, tertiary butyl alcohol, and water. The
30 product stream components are purified by a distillation process comprising three
steps. The product stream may contain some residual hydrogen peroxide from the
epoxidation reaction, however, if present, the residual hydrogen peroxide will

decompose to water during the distillation steps. First, the product stream is distilled
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Component Fl C)\f\lth tov(?/grl pre/ftrapab§t t‘§6‘ %6 pS|g‘?IO 65-1.48 MPa), and more preferably at
15 80-125 psig (0.55-0.86 MPa), and the bottom of the tower is preferably at 85-140
psig (0.58-0.96 MPa), and more preferably at 85-130 psig (0.58-0.89 MPa). The
tower overhead temperature is preferably maintained between about -25 to 25°C,
and more preferably at -20 to 15°C, and the bottoms temperature is preferably
maintained between about 115-170°C, and more preferably between 125-140°C.
20 The first distillation tower preferably has at least 10 theoretical stages, more
preferably at least 20 stages, with a reflux ratio (Ib reflux/lb distillate) preferably of at
least 0.8, and more preferably between 0.8 to 4.0.

Preferably, the first overhead stream comprising propylene is recycled back to

the epoxidation reactor. If a flashing or vapor vent stream comprising minor amounts
25  of hydrogen and oxygen is taken, the vent stream may be recycled in part back to
the reactor.

Following the first distillation, the first bottoms stream is distilled to produce a
second overhead stream comprising propylene oxide and a second bottoms product
stream comprising propylene glycol, tertiary butyl alcohol, and water. The second

30 overhead stream comprising propylene oxide may be processed to further purify the
propylene oxide if necessary.

The second distillation is preferably conducted in a distillation tower wherein
the top of the tower is preferably at 40-70 psig (0.28-0.48 MPa), and more preferably
at 50-60 psig (0.34-0.41 MPa) and the bottom is preferably at 50-80 psig (0.34-0.55
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MPa), and more preferably 50-70 psig (0.34-0.48 MPa). The tower overhead
temperature is preferably maintained between about 55-100°C, and more preferably
between 65-85°C, and the bottoms temperature is preferably maintained between
about 100-145°C, and more preferably between 110-130°C. The second distillation
5 tower preferably has at least 10 theoretical stages, more preferably at least 20
stages, with a reflux ratio (Ib reflux/ib distillate) preferably of at least 1, and more
preferably between 1 to 20.
Following the second distillation, the second bottoms stream is distilled in a
third distillation tower to produce a third overhead stream comprising an azeotrope of
10 tertiary butyl alcohol and water and a third bottoms stream comprising propylene -
glycol and water.
Preferably, the azeotrope of tertiary butyl alcohol and water is recycled back
to the epoxidation step for use a solvent.
The third distillation is preferably conducted in a distillation tower wherein the
15 top of the tower is preferably at 10-50 psig (0.069-0.24 MPa), and more preferably at
15-30 psig (0.10-0.20 MPa) and the bottom is preferably at 15-60 psig (0.10-0.41
MPa), and more preferably 20-30 psig (0.13-0.21 MPa). The tower overhead
temperature is preferably maintained between about 60-130°C, and more preferably
between 70-90°C, and the bottoms temperature is preferably maintained between
20 about 100-135°C, and more preferably between 105-125°C. The third distillation
tower preferably has at least 10 theoretical stages, more preferably at least 20
stages, with a reflux ratio (Ib reflux/Ib distillate) preferably of at least 0.5, and more
preferably between 0.7 to 1.5.
The third bottoms stream may be discarded as waste, but is preferably
25 distilled to separate propylene glycol from the water. In an optional fourth distillation,
a fourth overhead stream comprising water and a fourth bottoms stream comprising
propylene glycol are produced.
The optional fourth distillation is preferably conducted in a distillation tower
wherein the top of the tower is preferably at 0-30 psig (0-0.21 MPa), and more
30 preferably at 5-20 psig (0.03-0.14 MPa) and the bottom is preferably at 5-35 psig
(0.03-0.24 MPa), and more preferably 10-25 psig (0.07-0.17 MPa). The tower
overhead temperature is preferably maintained between about 85-125°C, and more
preferably between 95-115°C, and the bottoms temperature is preferably maintained
between about 170-215°C, and more preferably between 180-205°C. The fourth
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distillation tower preferably has at least 5 theoretical stages, more preferably at least
10 stages, with a reflux ratio (Ib reflux/lb distillate) preferably of at least 0.5, and
more preferably between 0.7 to 1.1.
Overall, the process of the invention allows for the separation of a purified
5 product stream of propylene oxide. The process of the invention also produces a
stream containing a TBA-water azeotrope. The TBA and water of the azeotrope do
not need to be separated before recycle back to the epoxidation step of the process.

The following examples merely illustrate the invention. Those skilled in the art
10 will recognize many variations that are within the spirit of the invention and scope of

the claims.

EXAMPLE 1: THREE TOWER DISTILLATION PROCESS
Propylene is continuously epoxidized over a Ti-MWW zeolite in the presence

15 hydrogen peroxide in a solvent comprising TBA and water to produce an epoxidation
product stream, comprising propylene, propylene oxide, propylene glycol, TBA, and
water.

The epoxidation product stream is purified by a process as shown in Figure 1.
The epoxidation product stream is passed via line 1 to a first distillation tower 2.

20 Tower 2 contains 15 ideal stages, 7 abbve feed and 8 below feed. The pressure is
120 psig (0.83 MPa) in the overhead and 125 psig (0.86 MPa) in the bottoms. The
overhead temperature is 2.8°C and the bottoms temp is 138°C. The reflux ratio is
3.0, by weight.

A first overhead stream is removed from the first distillation tower 2 via line 3.

25 The first overhead stream contains the unreacted propylene. Stream 3 can be
recycled back to the propylene epoxidation reactor.

The first bottoms stream from distillation tower 2 is removed via line 4. The
first bottoms stream comprises propylene oxide, propylene glycol, TBA, and water.
The first bottoms stream is passed via line 4 to second distillation tower 5.

30 Distillation tower 5 contains 40 ideal stages, 25 above feed and 15 below feed.
The pressure is 55 psig (0.38 MPa) in the overhead and 60 psig (0.40 MPa) in the
bottoms. The overhead temperature is 77°C and the bottoms temp is 121°C. The
reflux ratio is 10. The second overhead stream from distillation tower 5 is removed
via line 6. The second overhead stream contains a purified propylene oxide stream.

10
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The second bottoms stream is removed via line 7. The second bottoms
stream comprises propylene glycol, TBA, and water. The second bottoms stream is
passed via line 7 to third distillation tower 8.

Distillation tower 8 contains 20 ideal stages, 8 above feed and 12 below feed.
The pressure is 20 psig (0.14 MPa) in the overhead and 25 psig (0.17 MPa) in the
bottoms. The overhead temperature is 77°C and the bottoms temp is 116°C. The
reflux ratio is 1.1. The third overhead stream from distillation tower 8 is removed via
line 9. The third overhead stream contains an azeotrope of TBA and water. The
azeotrope of TBA and water can be recycled back to the propylene epoxidation
reactor for use as a solvent mixture.

The third bottoms stream from distillation tower 8 is removed via line 10. The
third bottoms stream comprises propylene glycol (PG) and water. The PG-water
mixture can be sent to a waste stream or may be further distilled to separate PG
from water.

If the PG-water mixture removed via line 10 is further distilled, the water
column could contain 10 ideal stages, 5 above feed and 5 below feed. The pressure
is 15 psig (0.1 MPa) in the overhead and 20 psig (0.14 MPa) in the bottoms. The
overhead temperature is 101°C and the bottoms temp is 198°C. The reflux ratio is
0.75.

The flow rates of the components of the various streams (in pounds per hour)
are shown in Table 1.

This example shows that the use of a three distillation procedure effectively
removes a purified propylene oxide stream (via line 6) and a TBA-water azeotrope
stream (line 9) that can be recycled back to the propylene epoxidation reactor

without further separation of TBA from water.

11



55967 552168 75000 477168 407803 69602 We claim 1.A process for producing
propyl ene oxide conprising: (a.) contacting a titaniumzeolite with a
reaction feed conprising propyl ene, hydrogen peroxide,tertiary butyl

al cohol, and water to produce a product stream conpri si ngr
propyl ene, p¥O3Y108/EDxi de, propyl ene glycol, tertiary REVISZHOOHAY | and

water; (b.) distilling the product streamto _produce a first overhead
stream conpri si ng proffBeRd: dstilatiary Gempritenbhiswdiatesti/Bonpri si ng propyl ene
oxi de, propylene glycol, tertiary butyl alcohol, and water; (c.) distilling

the first hottons streamto produce a_secon m/prglgadg st a
1 <Si sﬁﬁﬂ‘l#gnle Lid A3d 4 e an hitt dne Tnr e cflr oo & HPS
CcO r sl ngp } OX)--08 A 4—SE60R POHOS ] H-E St-F€ C
Dbyl anol sPrkiene | 53067 T BT 10 A St it M i S
propy Obebsyhe | Crs00b & YOG Y1 75000 | 75000 0 0 0
Oxide
Propylene 993 0 993 0 993 0 993
Glycol
TBA 358866 0 358866 0 358866 358866 0
Water 117309 0 117309 0 117309 48937 68609
Total 608135 55967 552168 75000 477168 407803 | 69602
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al cohol, and water; anddistilling the second bottons streamto produce a
thirdover head stream conprising an azeotrope of tertiary butyl alcohol and
wat er and a thirdbottons stream conprising propyl ene glycol and water.

2. The process of claim1l wherein the titaniumzeolite is a titani um MWV
zeolite. 3.WREYHHYE¥ss of claim 1 wherein the hydrogen G § or med
by the in situ reaction of hydrogen and oxygen in the presence of a noble

met al cat algsdaimz. The process of claim1, further conprising recycling the

third over hgadtp_sﬁ;rlb@@gl_ f&ﬁ;ﬁ&ddhcﬂu rg;sl,/lérfé)oxid% coheorisingcess of claim 1, further
conprising distilling the thir ottons, streamt roduce. a fourth overhead
stream conpri si(®y weRWRCER 8 Uaniysy 2e9litg itk g rgadlipp g%ﬁ% C(?S?Pﬁ'ls\ngipﬁ%pylipepgpyl ene

gl yfol t 6. A pr ocelssh)fdwgqar@dm@deng pr ofeytiaey butgkaldehat,camut watentp pioaice
contacting a catal yst conprising a titaniunx MW zeolite l.e netal
with a reaction feedP& Hf)trﬁ"??'ﬁ'd:%ﬁ}pgwpQﬁoé),ywﬂﬁ’drogen, ox(}gogﬂlfﬁ?e%glt%ieary but yI
al cohf)l , and \(/jvat er propyemnzigigenl,deningychutyl akphaaandowater.i si ng propyl ene,

propyl ene oxi pr I rl i 3 d water; (b)
distilling the?%? odﬁgtyllin?pﬁ%g#tﬁg %rreggﬁég?%dmf??g'ﬂt8\%@ﬁ£eg%itr€sﬁeam conpri sing
propyl ene and a fi reampisingarepysenesmshaconpri si nyst attopis Ki¢8Moxi de, propyl ene

glycol, tertiary bU&%prf&lr@%&dwer@%d@%%weﬁéblch&t,StbhiaH Bdyitandnbi, r st bot t oms

streamto produce a second overhead stream conprising propyl ene oxide and a
second bottons prodetWalekeam conpri si ng propyl ene glycol, tertiary butyl

al cohol, and wq¢ er; didiifhg the first bottoms stream to produce a second overhead stream
comprising propylene oxide and a second bottoms
product stream comprising propylene glycol, tertiary butyl
alcohol, and water; and  distilling the second bottoms stream to
produce a third overhead stream comprising an azeotrope
of tertiary butyl alcohol and water and a third bottoms stream
comprising propylene glycol and water.
2. The process of claim 1 wherein the titanium zeolite is a titanium-MWW zeolite.
3. The process of claim 1 wherein the hydrogen peroxide is formed by the in situ

reaction of hydrogen and oxygen in the presence of a noble metal catalyst.

4. The process of claim 1, further comprising recycling the third overhead stream
back to step (a).
5. The process of claim 1, further comprising distilling the third bottoms stream

to produce a fourth overhead stream comprising water and a fourth bottoms stream
comprising propylene glycol.
6. A process for producing propylene oxide comprising:
(a)  contacting a catalyst comprising a titanium-MWW zeolite and a
noble metal with a reaction feed comprising propylene,
hydrogen, oxygen, tertiary butyl alcohol, and water to produce a
product stream comprising propylene, propylene oxide,
propylene glycol, tertiary butyl alcohol, and water;
(b)  distilling the product stream to produce a first overhead stream

comprising propylene and a first bottoms stream comprising
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(d) distilling the second bottons streamto produce a third overhead stream
conprising an azeotrope of tertiary butyl alcohol and water and a third
bottons stream conprising propyl ene glycol and water. 7. The process of
claim6 wherein the noble netal is palladium 8. The process of claim®6
wherei n t haV@ Y382 contains 0.01 to 10 wei ght percent?THULHEHNEH e net al
and 0.001 to 5 weight percent of an additional netal selected fromthe
group consisting of | ea@ropylesauexide, anepyiensnolyge!. tertiarynutyr dleehed 87d claim 6
wherein the catal yst coppgd,ses a noble netal supported on the titani um MAW
zeolite. 10. The process of claim6 wherein the noble netal is supported
on a carrier. 11. (fhe pishting thedirsihosioms sreamdrrefUche segepsd QYerf‘ga(gel ect ed
fromthe group consistiRgefth EdhPdihg brdpdling, oxilié Candl @, sBcandi Bott@nd i ca,

al um na, silica-alumna, tantalum oxide, nolybdenum oxide, tungst oxi de,
titania-silica, zirconi &/UES Sfeamy SQMRISDY | E'&PY'EH% ﬁ’Y?& urtgrg'aﬁyh%u@gf .12,
The process of claim6, afcahdinard watenrandi ng recycling the third overhead

stream back to step (a).. .13. The pr s of claj f r i si ng

distilling the thi e porisylis tEreshi B e Elomsbayce b useR] SLT

conprising water and a Swearh hcoputrisingsars tazeatrpeosiptertisinn dupnt @inphelnangyl ycol .
water and a third bottoms stream comprising propylene glycol

and water.
7. The process of claim 6 wherein the noble metal is palladium.
8. The process of claim 6 wherein the catalyst contains 0.01 to 10 weight

percent of the noble metal and 0.001 to 5 weight percent of an additional metal
selected from the group consisting of lead, bismuth, and rhenium.

9. The process of claim 6 wherein the catalyst comprises a noble metal
supported on the titanium-MWW zeolite.

10. The process of claim 6 wherein the noble metal is supported on a carrier.

11. The process of claim 10 wherein the carrier is selected from the group
consisting of carbon, titania, zirconia, niobia, silica, alumina, silica-alumina, tantalum
oxide, molybdenum oxide, tungsten oxide, titania-silica, zirconia-silica, niobia-silica,
and mixtures thereof.

12.  The process of claim 6, further comprising recycling the third overhead stream
back to step (a).

13. The process of claim 6, further comprising distilling the third bottoms stream
to produce a fourth overhead stream comprising water and a fourth bottoms stream

comprising propylene glycol.
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