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DI RECT EPOXI DATI ON PROCESS FlI ELD OF THE | NVENTI ON The
invention relates to a process for producing an

wepooviideosr om hydr ogen, oxygen, and an ol efi n. PCT/US2007/000747

BACKGROUND OF THE | NVENTI ON Many different methods for
the preparation of epoxi des have been devel oped.
Commercially, propylene oxide is produced by the

chl orohydrin process or hydroperOX|dat|on (see, e.qg.

U S. Pat. Nos. 3,351,635 and 4, 367, 342; EP 0 345 856)
Unfortunately, both processes have di sadvant ages. The

chl or ohydrin prooerRECTERDXDATION PROEOESSBICt i on of a
dilute salt stream The hydroperoxidation process, in

whi ch propylene is oxidized with an organic
hydr oper oxi de such aHEEDhYF @i INMERYIDNper oxi de or

such aDS BYHDPRarEaRS: o dorens Ol AS0AGER B Ephde from
reydeageng oxggem drdeamelefiet pl ace. Et hyl ene oxide is

commercially produced by the direct oxidation of
et hyl ene with oxygen over a silver catal

Unfortunately, eBASHGROYND SR THEINYEM pN)I efins
(0| ef 'I\ﬂénf%ﬁﬁﬂe‘ﬁ't NBefHdager rtHEP ReSaralion Sof %HSJiidé§ have been

gen int presence of a sil

ene’ W t
vgqmd ha%mfrmrq:l@lw t@fOBV'GGQC%X'%e derifefered bp!rH@egtg‘Ofohvd"n
461%9 £ ‘hyd ronergﬁHatlé‘JQS(seé; 886, 5%s. SPABO0NGE/ 3B881,635 and

Recent _efforts d t

ShasT e )éﬁ SRR aar OrBruReiels PRUbRYERSem Hove disadvantages.
hmkf ﬁ:ﬂ&ﬂohfdﬂn gmumh esuffiehe fiorfdhe anodtm;tlobeoﬂoardlmltmdlt stream.
 The A aRREBRIaR I g acker 0y Vhich Bropighe & SRthsi Witf sp oroanic
awﬁﬂapéﬁmdeﬁsul&fﬁﬂa(f 4thylzardefie 6¥aBrapErdxid e ror dert-dudyl ynytroperoxide,
cont,ai nin al l adi u nd I

PR el ST 44 POLAAERL) F TRy vae
emust bataptured tmtrieymadgae plagad Eihylgea oiigeds gogunérsially produced

S o) ﬁ%‘x%ﬁg 217

d%i {h%b:&s?retcgeéﬂge m Xt ure o%ﬁ.t It z?r%g A?V%Eatze%gvner catalyst.
Pb!nfmtlmatejmneff@fls gpo@mm@e dpgherdalefias . (olgfigs ¢etainiq, three or
rret g% c%%oﬁ’é)SQuérp%% arcfp@téﬂe\/sﬁthcswénssmgh@ ptebée of a silver

a'titaniumor “vanadi um zeol i te, but
a@ﬁtab/ﬁbhaw jailed oY QOREMERFIRl ATOERSS; ﬁ%ser P& & Pat. Nos.

[ gtggeq;sqaswgyegy;egﬁaaggmgg; wth the zeolite. The

catal ySecent efforts have focused on the direct epoxidation of higher olefins
with oxygen and hydrogen. For example, the reaction may be performed in the
presence of a catalyst comprising gold and a titanium-containing carrier (see,
e.g., US. Pat. Nos. 5,623,090, 6,362,349, and 6,646,142), or a catalyst
containing palladium and a titanium zeolite (see, e.g., JP 4-352771).

Mixed catalyst systems for olefin epoxidation with hydrogen and oxygen
have also been disclosed. For example, Example 13 of JP 4-352771 describes
the use of a mixture of titanosilicate and Pd-on-carbon for propylene
epoxidation. U.S. Pat. No. 6,008,388 describes a catalyst comprising a noble
metal and a titanium or vanadium zeolite, but additionally teaches that the Pd
can be incorporated into a carrier before mixing with the zeolite. The catalyst
carriers disclosed include silica, alumina, and activated carbon.
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carriers disclosed include silica, alumna, and

activated carbon. Unfortunately, undesirable reactions
wabhkew/106w8r i n these epoxi dati on processes. FOPCT/US2007/000747

exanpl e, the produced epoxide tends to react with

solvents (e.g., water, nethanol) to formglycols

and/ or glycol ethers. These side reactions are

catal yzed by acids, which are forned as byproducts

during the epoxidation. U S. Pat. No. 6,498, 259 R
di sclurfedunatelye pendeasireblen redctigns oplepi RSt I e FRgxidation
p%ngeéy@ége?‘?l’ %xamt?ﬁ%,vtﬂ@t ploB0L&d Ripadide tmibbe ieact lndth solvents

a cata

ésence o yst m xture containing a,titan .
(eem! iwatenneeihansh) dontoral obsel %EkaP'é'ﬁ‘g'u&H’eésbqu}“‘e side
{e%Eti&%d Fll-“ee c%{é?yﬂ‘eggﬁﬁidc%, _Q\?h_iét’ﬂ t@_ré))f@rnﬁFww @kshyproduds diuring the
0 conplicate product purification., For : _—
enmidationa ) Salif NACOAGHIPBAASTOR LT SR BB o lefin vith
]gbé’n St og%eﬁﬁiri @nsolvents bomtamivg [ar buffes ik thiepresence of a
ol efrn epoxidation.wth reduce r ct i
GREIYRL ST SRMIARIT® g | KVER N Raay [isaay gatalyst
AltR6RSHE SS baffeprdani ngluceattts figrmationl of ithe byRIPGHES, ityiegds to
oxygen in the prese 0 i ' t tthe fouling of
Sl A RS ot A S0 e sl o
artitdtionacqurods dee do sl erim@tioni xt ure conpri si ng an

epoxi de and aci qj & QyRE ORI Shin ApRidatien with rBéuced byproduct
react "ofo Ny ereSArzgirISg co%t%gt ed r\]NI tp% an adsorbent so
fdratatiantare aeededd xt ure havi ng a reduced anount of

aci di ¢ byproducts is produced, and thereafter the

treated m xture is recycle reaction.

| ncl udi ng an adsoﬁHMM\‘If\%\f gﬁbﬁgé&&é{ﬁghfo i mpr ove
Ny i gl o
oReEIIORresPnEm 8! BERa AN SRV AR & transition meta
iz@l'ﬂﬁ’t_@gér?ﬁaid’dﬁléldd'idl@ @ Mﬁ?l_:\e stieacteh nuxikre ga@paﬁmgcﬁn epoxide
epoxi i,on and . an adsofr . ; ted with
SRcrasr S et a R SRS b henomotbhaidure, is3ohacted with an
ryd%afwnti ﬁydemb't o tremtbddimiduee fHaxing- @eg:@md FHPQYH of acidic
react or and an adso [ SRHESis led back t
YRy 9031‘:‘%}308%’%“’?%' %ﬁ%ttﬁé}ﬁgﬁ_ugbb@eg%ﬁgxce t v&st_ﬁc¥%?eeacl c;
aHeoeptiiom bighiding @ar alsePIOETSAER BD m?sqvﬁ dfgpgpve catalys
Tpdgdamh%poxide selectivity.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic presentation of one embodiment of the present
invention including a batch stirred tank reactor for epoxidation and an adsorption
bed. )

Figure 2 is a schematic presentation of another embodiment of the
present invention including a fixed-bed epoxidation reactor and an adsorption
bed. .

Figure 3 shows a similar process to that in Figure 2, except with three

adsorption beds in parallel.



The process of the invention enploys an epoxi dation
catal yst conprising a transition netal zeolite.

wdadeal7iwe®sgeneral |y contain one or nore of Si, PGE/UARG07/000747
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B, P, or the like, in addition to oxygen. A transition
netal zeolite (e.g., titanium zeolite, vanadi um
zeolite) is a crystalline materi al having a porous

nol ecul ar sieve structure and containing a transiti on

The tiret ronorERRRERRRR RV R MR

Zn Pr'Elﬁee prcmdzss fofl tise: inventlmtampsoysr an Epoxidatidrm cﬁlalys(:oomprlsmg

\P ’trﬁgsi’tlg #P Kﬁgﬂgpr e%oél%: te gﬁPJ Xorﬁl%%f ?ﬁé & n'?cfr@ O-PSI Ge, Al,
t BaRsot itfmlllmatlaladziélohu tbs»@gpm ofettadgp@'m @jgetgbzﬁpllge (e.g., titanium

t
o et i ?Q e eg%e%h délj %&?al@ilgnp téﬁa[aHQY@Q:JSJ gﬁ“; Fﬁ)lecular
agieve stryelvne and qm@tﬁlmlngmraw@m meial t A-transitignimetal is H Group
t 311‘2%5%%{ ! Tﬁé‘ﬂstt ?O\D %Y lH&e"’lﬂclNEés ERAMAGTroRSL IZHS Preferred

to that of | um nosilicate) for the

LSRN FERIer 2ig: By cME. FPoiCon Shal4ey N dYipaed - o Bartcularly

CHiraRex ene Til 9 ARy, 4H Bv.Z aRbdtt srefarred ReTr Thertyse of transmon
Swtable titanium zeolites include t|ta ium Si [I? { lthesnze

(Metalrealite eRPiYPd BRRATKISHRYN Bt HEPPELAL TR !
Féh@fsﬁdﬂ?ﬂl of i thanbwnm £ |b63@ﬂ>px@!médoxy©@rn examphe it is especially
at t | e Ia

PITY0 S HF% é{t%"'wgﬁ glgfﬁﬁg? Y Sh%/ s @ titanium silicalite _having an
SNW@olégy a""pgm tof thsy ot thest SMedlurmieosiiidate)fior re epoxndation

9519 glgc%pg/le@ rb%fkg ﬁgfu{] Ql%ﬁj BS r\‘:g/t‘,lo?\ggeﬁ%lg %;rggﬁgﬁtémzeolites may

npuriti
phe$>p¢f@rreds copper and the l'i ke, and m xtures

thereo§ iy B rﬁsigf)htbf‘eH?:ﬁx eatﬁtéﬁlﬁm TQﬁcéié@u(lftaﬁHsmcates)

|rrpur|t|e3|sp erab .5 wei ght percent

( Reefegablyrdhey seatain ap| @len@gk Otnearthen fitgpiung, Sﬂ’P@"P cAndgxygen in

t {HeARiHO ﬁéJn'e%H@?sé@ Rl S&%Q%‘kal‘lhﬁn%ﬁ)fﬁm%sm@é@qabiéc@%r Sieves,”

correspondl n (_e f_oI oW ng errpl ri c | fornula:
MoleculagnSteves: B of e ion (1989), Van

ONaﬁﬂﬁgdS NHrﬁth Ei:fpi‘Q@BthBZ)t @nmaéeuﬁfs ot¢ lUfI{' é&‘ﬂé)g Pboron, iron,
ratl o I N
© Pty PhOSpRBoDs, FPbRsh Engiiian it st Forfties fiereon, may be

t ﬁré%%nﬂ.lr(msmtlpé eﬂ'heaibhqurﬂbﬁhh&uﬂlek it pré&ferably leSh¢harse. 5 weight
relativ te y . -
Sbel BB bl BRABELY Bl S5PLACTL 5 el g ot
i nill geeetdly bamsa aformﬂsetmm gorrespording olenthe followgna empirical

aB"(’&i ,(ib%g,% sgo)gg?d) fez o@%lévgeﬁfg qu? gnﬁ 5000. More

ithe vgh;eng_x is from 0.01 to 0.125. The molar ratio of Si:Ti in the
Iattlce framework of the zeolite is advantageously from 9.5:1 to 99:1 (most

preferably from 9.5:1 to 60:1). The use of relatively titanium-rich zeolites may
also be desirable. Particularly preferred titanium zeolites include the class of
molecular sieves commonly known as titanium silicalites (see Catal. Rev.-Sci.
Eng. 39(3) (1997) 209). Examples of these include TS-1, TS-2 (having an MEL
topology analogous to that of the ZSM-11 aluminosilicate), and TS-3 (as
described in Belgian Pat. No. 1,001,038). Titanium zeolites having framework




t opol ogy anal ogous to that of the ZSM 11
alumnosilicate), and TS-3 (as described in Bel gi an

woeabe7/os 1, 001 ,038). Titani um zeolites havi ngCT/US2007/000747
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f ramewor kst ruct ures i sonorphous to zeolite beta,
nordenite, and ZSM 12 are al so suitable for use. The
epoxi dation catal yst conprises a noble netal. Suitable
nobl e nmetal s include, e.g., gold, silver pl ati num

ot Do bk LAY AT S AW 10 sutable

Foeuks, Pt, Au, Re Ag and m xtures thereof. \Wile any

f th bl be ut

ion coﬁ{ﬂn‘%ﬁ?ﬁ%ﬂ Qﬁ‘aﬁtﬁ nh?ﬁerﬁﬁ%slegso? gggr e&]%%ﬂ |S§h$&8 Pble metals

dasludepleg., qu:bd caliver, nlétmummpalladnﬂmnomﬂlem:rBuMemum rhenium,

{ | i

phﬁéﬁﬂw&fé{}n > st xﬂﬁ%%gﬁr‘é@‘ ab}/e?%ré%% bkb@em%{gg Qge Pd, Pt, Au,
WRe YAgThed motxturesdihereofin WVhilee any axﬁ dheinoblermeials can pe aitilized,

r@%ep%ISHe 8or |'nng+rﬁbiﬂafléﬁ Ch@la‘?ﬁurﬁ%rﬁ? B@foab?e Qﬁﬁﬁmleﬁ@f desirable.

be supported on
tT)gngaIM, the w@pgnt ofamble @et’,:nu areserdin e 9p0)glﬁ%tlon catalyst will be in

etﬂ@i'bﬁ?é bPﬂoﬁ?é @H XétZOW/oFBHHPéHaSRI @1 %6 Stwt B, of  a
transi zeolite and nobl e The

|
et al 'H%FE/ "l?@'%é%%tﬁl Paﬁlt?eeqrmmrmm?tgl éeghtgoqn%l%ea'on a single
Felrtickerorl én %Man@e &H@@orﬁoetéxampae anérriodle nistalt mbl e supported

ot e ot B RAGH ARBEHEL 2, il cotyst ey
aboHibnes a Mibtirecofad W‘nﬁlﬁen rhetbhlaedfteldrldcasw,oble metal. The noble
o R g SRR 5 LB B U Epporc
whin hcainier.n @ilitablee tafriers fornther paperted notde n¢tel include carbons,
e@%ﬂa%at %IP#Bn?é%t ahéﬁfsaﬁb on%%d Célhf!‘lﬂ?ﬂ su’f'@é-aﬁ.?ﬁﬂ@é e, tlt%rn&silicas,

he’transition
zacctqmaesmcas;t tmeblacsaquaSen@ pychangeecpsins, @nd th@nllke and mixtures
wélp e, adsorption, precipitation, or the like.
T

re are no particular restrictions regardin g@
choi ceThe mannesipmhighethg nabigpRialds (HFCQ*EBWEF%(%E% gRroxidation
t@&aﬁ@t‘ iCRoOEtIAE Fepleﬁaﬂ?iﬁtea'the %@He@al%ﬁp%@%poﬁed on the

i nclude nitrates, sulfates,

bHF8RsiHR ) meta], 5@9[99 aPEsOtf‘Er gcarrl%r@e?% gygr%gqap grﬁ,] rl](yl o?xchange
phasaptios, ;fr@apttgmﬁ opthemd.e netals (e.g.,

pal | ad tetra
Pt 1 ak TEEE i, PARGRIE HeyRRArS Aapeliing & chaise, of the noble
t hetaixéatapouwnd st abmpldx tded nshthe soetee of thenooble metal Suitable
CEx')rtn' 88}"53 Pﬂ'clu%%' Lilmri“'ates, sulfates, halides (e.g., chlorides, bromides),
p
carboxylates (e.g., acetate), and amine or phosphine complexes of noble metals

(e.0., palladium(ll) tetraammine bromide, tetrakis(triphenylphosphine)
palladium).

Similarly, the oxidation state of the noble metal is not critical. Palladium,
for instance, may be in an oxidation state anywhere from 0 to +4 or any
combination of such oxidation states. To achieve the desired oxidation state or
combination of oxidation states, the noble metal compound after peing
introduced in the epoxidation catalyst may be fully or partially pre-reduced. .



for instance, may be in an oxidation state anywhere
fromO to +4 or any conbinati on of such oxidation
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conbi nati on of oxidation states, the noble netal
conmpound after being introduced in the epoxidation
catal yst may be fully or partially

pre-reduced. Satisfactory catal ytic perfornmance can,

SrERiEcon PR et Tt ash Maelfr S Aels %%om Bt any pre-
nedaktiors not particularly critical. However,

tlggn?l fllué) nwgﬁhfl rafié O{Jf gtﬁé Regﬁﬁtlgﬁetrﬂle dl aﬁé&lté‘hogreoiﬁetal is not
wtleulaﬁy gtiticdls I-invaver rattangiiien gpsoxli ze@dlta;mptdatnwtylsmatibyf 0.01-
p?]@é gt‘{rémsyof'tfénrsnﬁ frﬁé@ ol EHISQI%WP bPRoIE nf'uétéﬁ‘?s' aln%qerred

0cess e or ned cont | nuous

sen - bHie lepogidatian &ﬁtﬁwaels ptefer@bbuvam%g@myft@ spepRnsion or
il Bé&SSr%(eepre&es"s 3y ﬂ@ﬁérforﬁ%?ﬂnd@tcbﬁ{hti&%‘:ﬁdv?nseml—batch or

according to the invention is carried out at
'@‘h‘ﬁ@rﬂt‘lﬁ’lee eFf @c?ﬂV@“tﬁee%ﬁ@vl@’W‘h@tdés|Pf%$c§U6‘P e#fi 1-200 bars.

eE Qéﬁ(ldéﬁdrp Fbad@ibﬁféﬂc@h% iNg Qc% ltﬁ@ IRRhAabN i€ Satrikd H§t étaél @émperature
pref era

re era
S aierto ACHiaNI R A58 "B IS LRRHR LR ErePY 74 GUHgratures in
uméaranbbe)froemqm imérensretaraply, 20\ 50P@f iMefapalsigat l1ea@st. a portion
Sﬁmﬁabl e olefins i.n havi ng at | east
0

BapRoTruaPBie BOnIRErRRr e SastalRsdieds. om 2 to
60 carAomlefirnisreqeiretier @ditaple plefinelivélude ianyavietin yaving at least

A 1o LLARN2ab 3 ha . U 3EABRY P 95588 @lban atoms.

nventiron Is or epoxi
CPrafersbdy, ithe .oléfir & arhImyciwealueueJloé froon @ tca?ot;@rlmregms The

ioProtcggs Qerli\E mU&J\tﬁﬁMs ga@éufaﬂyaslﬁﬂaﬁléef&r eﬁé){uﬁgﬁg R&; olefins.

efin may droc cont
f Viose mﬁmvn@ﬂ@ulplg bhonermay bRaresrnt in éheb@b@;in mmwl@x@/s in a diene

ebheleneCaf OB in HYRARR a RidioaMoPldiSit nidy é&ﬁain' 1’61ﬁct|o-\:ﬂa§e groups

process of the invention is especially useful
cBRE A NRHIBr 6R5POXHe NWErY o fNcEnETERM e CYRRS: g@Hoag{eups or the

hiitel. oDIee pRdcsk Al te Bidentdr iB@EPBCIANY uSEMII ff ToRlerliny @Rdbylene to
and h dro% 5 are suitable, nolecular oxygen and

nBio¥HNg rogen are preferred. The nolar ratio of
hydr ogeayg;éh any 6gdrogen are U@d;dlsedbeAM&fdgthriWsddieesr ah@@gen and

ChfPady 5rg sinatiay b8jeiiey Bhiord B G GuRY PRABEF IS proterres.
uSbelrhglat ratie of hy2fggesntb prydesr adh yusbally be vayieth inOthe range of
Rﬁl @2u/ l 5%0“&)%’1 FhA95 résh?cugl a'vBl];dHPé at 1r5atto' 3. (T%egmolar ratio of

nmay be a
oxygen to olefin is usually 1:1 to %20 and preferably 1:1.5 to 1:10. Relatively

high oxygen to olefin molar ratios (e.g., 1:1 to 1:3) may be advantageous for
certain olefins.

In addition to the olefin, oxygen, and hydrogen, an inert gas may be
preferably used. Suitable inert gases include nitrogen, helium, argon, and
carbon dioxide. Saturated hydrocarbons with 1-8, especially 1-6, and preferably
1-4 carbon atoms, e.g., methane, ethane, propane, and n-butane, are also
suitable. Nitrogen and saturated C4-C4 hydrocarbons are preferred inert gases.
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and hydrogen, an inert gas may be preferably used.
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and carbon di oxi de. Saturated hydrocarbons with 1-8,
especially 1-6, and preferably 1-4 carbon atons, e.g.,
nmet hane, ethane, propane, and n-butane, are al so
suitable. Nitrogen and saturated Cl-C4 hydrocarbons
are preferred inert gases. M xtures qQf the

ed i pe .
dixtsses ghtheelisted inerraeseroralt beatsed- ofh el 20 of A to inert

RS ik %sua?mhltb{e 'réhgséﬂ@r {RNYGo of101HY ésdeﬁ.la]lym Bro1:10.
especi_al l'y 1: 10. The am)t{nt of, tra

et al Tiv@oampenh%&raﬁalyowaéﬂaf@l et ﬁé@egnmgxgbebég%gmg}ed on the
tRidet e m@tarcraaé df hie tia@Bisibh indetahebribinedninghea ddanisition metal

g?gﬁqr%% Ieﬂrﬁ att s rfé‘%% ' E’Et&?‘f‘i}qi%fﬁd'&lm Béfficleht transition

trham lzéonté iSpredert ¢olprovide | arssitort medalfolelin ger hour molar feed

|on lefin per hour nolar feed ratio of
Bﬁbqué?éé?fa The epoxi dation step preferabl

uses éf heo epexitiatiGuistepb prefersible nses & solvedtyi Suilablersqlyrnts are

E@IS ?O&]}gl ?éé)cﬂiﬁa Zgﬁcy i uﬁ*ﬁﬁy 195Iu9éa'ﬂ§+ &xample, oxygen-
ncont al Ni n r STITRINE sUCh’ a5 al cohol s

acamaining Immo‘aarbpnasu@h &8 aleahols, sremalic anemhleh@t'%ﬁ%ivents such

hé?(%‘lﬁené W harhd anionmitbd a?fBﬂ'na%Ueﬂljﬁtﬂtdhphéﬁﬂ ‘é@l%ﬁts such as

such as chl orobenzene and netqﬁyl eng chloride, nitr,

sellerohenzena @ mataylepar Puerids: oRitries St aat%qetom{nle carbon
Wbkl %nexmeé}at %L.@gle/wygenansdi ustavetits dhellde altdtels,, ethers,

S eieRe. rbER T IR s oS yBR- e FublSe ereor.
Ilt?f]éféﬂlléd V@tygenated @ﬂaw@ﬁatsglu?cmm swatec harab (D:eChaaioohols such as
e no anol ., an

Ciaisio. [ 88HAR B BhrorBlh Bob, iRkl M HORS nereor

eplusritdated aicattolpcan bdwsed. a react| on mxture

conpr i 5 b 4pBRiBRSK 5%% FRAuBA Hiralith RliGleScorfBishd dhtepoxide

bypr od can lonize in aqueous ,
sahdiicisi: Byrfotticise LA gkl bYRsodH s AAH @FRAUAA RSN ionize in
i) cts 4f | e | e
DI S 508 A oS e e

pbyipduets fg[mqé naétpguprqceg&ralghpmclumr opis; acnﬂH_Qc)r COy), formic
sgkiys acélﬂga&aepl‘dﬂi&mc'%idjla{brﬁhépéﬂﬂiuﬂm BROC BBa) MER™ salts, and

react | ons_ of o th ts
kit A SR b B eScheeh e i sovents
desy! abater,t Qlcﬁhélbrszfbrrﬁuglbcdlgaaﬁd/@nglycol ethers. It is desirable to

minimize such reactions.

The present process also comprises contacting a portion of the reaction
mixture with an adsorbent to produce a treated mixture having a reduced
amount of byproducts. The adsorbent is any solid that is capable of removing
acidic compounds from a solution or a mixture (e.g., a gas liquid mixture).
Suitable adsorbents for the present process include basic ion-exchange resins
(e.g., organic resins containing alkylamines, alkylammonium hydroxide),
molecular sieves, aluminas, silicas, titanias, activated carbons, alkali metal
oxides, alkaline earth metal oxides, mixed oxides (e.g., MgO-silica, CaO-
alumina), supported alkali or alkaline earth metal oxides (e.g., CaO supported
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The present process also conprises contacting a
portion of the reaction mxture with an adsorbent to

wonrouoeoa treated m xture having a reduced anpamusefo7/000747

byproducts. The adsorbent is any solid that is capable
of renoving acidic conmpounds froma solution or a

m xture (e.g., a gas liquid mxture). Suitable
adsorbents for the present process i ncl ude basic

i on- exchange resins (e.g., gém C resi ns cont ai ni ng]
ah kydrbensesilicas, kglumimami emzegbleski dkglinarspBByMgtal sdlts (e.g.

Shig ﬁ?ca?&#ﬁté‘aﬁ\agﬁéélbﬁﬁéardohbﬁ)' dys2ahiivataike, and mixtures

car bons oxi des ﬁl Lne garg | t'ﬂ ton and
thereefs, Fer axampiesdet adsopentsyrsss K (120208, 8 @ni Hghnit
@\H%Q%Eﬁgn af b@hd’ ARfdsPArPBhSss"aR Ndw SelidlAciis atet Bases) Elsevier

ort edon carbons, sil n
§e@np?e§yb"samsaﬁ°ﬁ@%mt'ﬁcnéigfﬁbsfsgﬁ It Blenange Friecrich
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riredrich
Boalky@rmrpanyum hy@’cxn@gsw)dqupbeczm YS. Pat. Mgt PJidd: 279) can also

g)%t %é‘flgbf%:é ﬁgéﬁb%ﬁo%m@lée’baéc ibre kéﬁhr@@@sus‘ﬁp(‘alummas

CRBOVECS adiveBIEEbar, and e G endmidiren Sigtpeh Basic on-
%?&ﬁ?ﬁ%‘régﬁr&%}b%@ﬁ%ﬁéfe@@dg silica having tet hered

nes, or al kyl anmmoni ur%fﬁydrom des as_ des

in U Typisafly, theg adgo gt ks naqrg%orb@o[%gg{sorpg fon vgsdsels and
ithefrRathsh QHﬁ(ﬁereBt §omta@iedd @ithatriec adeorbext heittge the adsorption

I t d
VeRES Sind THE AIRERIGT g Pe Bty e ZeFaLond b B baten
FhEddTD For Pikaimpld, &thenTthei mmdrguon isecaarsd bk int ajeontinuous flow, a
h d
C ar eSE'I'%Cg{;IS ,f‘ﬁgqugg Le réﬁ} eggl%%w\é?%éﬁ g@gg?% fedBtor, fed to the
\/Mdsbrritndhh@ssaéls(s)r ahd montaxsed With)the Fidsodendr 'pfhe@bsw&aﬁr%énay be
f d f
I 0 T 8, sl (4, oo e
ddurhphreyu st al..qeepaiat I ach S @Mv-é—l i §1 997), pp- 1563-
C%r ks oF thotd taa 6 ‘fYanHegg‘rﬁQF bé%%HOTWhéﬁ%ér@ th&e one bed is

i on vessel , and contacted wi_th e) T
atkeo gbey . may]goqay§g¢ Ugnparﬁ{i?l a9 seg ngW?yg oPF in series. e

férégéahr%eé’nd ?&ﬁﬁérﬁfdr@%tgﬁﬂth e @‘d@bﬁhioyn isidarfied oot & not critical,
I xe ed (see re rat

TRitheehdyymay %@dg@nﬁ) qou%( 1tggeﬁr?orm)t ri)g%-] dt a??&ﬁ?erature
NRBEIsA6Wer Planahe bestsionetgmperatard. Wien nore than one

bed ISA treated mixture having a reduced amount of acidic byproducts is
produced from the adsorption step. The process of the invention comprises

recycling the treated mixture back to the epoxidation. Ina down-flow fixed-bed

reactor, the reaction mixture is preferably taken from the bottom of the reactor
and the treated mixture is fed to the top of the reactor (see Figures 2 and 3).

In one embodiment of the invention, the epoxidation reaction is carried
out in a batch stirred tank reactor and the adsorption is performed with an
adsorption bed in a continuous flow mode, as shown in Figure 1. Reactants



used, they may be used in parallel (e.g., see Figure
3) or in series. The pressure and tenperature at which
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al though it may be advantageous to performthe
adsorption at a tenperature that is |ower than the
reaction tenperature. A treated mxture having a
reduced anount of acidic byproducts is produced from

TP JOIRR) 1 By, P ERTalar Patabat vand, iy oas andior
epalxemtdf Used, dre dradgmehtof ﬂeantereﬁh@eebatmacﬂrﬂentstdre either in the
B Ko 2t B R | PR Rt B bl liperstre
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(S cartred At s ed t ank Feactor can
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Uﬁﬁdad%r@tiﬁﬁaieﬁﬁé t Fheefst aatel of The I|hﬁi%ﬂ'ﬁct|6ﬁnhﬁdﬁir‘é from the

t h h
it01he RlshbioR Bad i natetticBlias langurst ARsSiyRly rehtoves acids
pfresstrreemlﬂurmr tTypicatly thadldw oatedrampes framiG1V to 10V per hour,

ﬁ% g%’ gh c‘:’i"g%?ag Whétﬁé?§%ﬂlopprﬂ§%u¢egﬁ g{%rt I%%tc{ | quid
bot t oninofanotier berdbodiment,r theet egoxidation ds eartied toud |n a fixed-bed

apesa%'i&l 'aflm tES%dfsth[pohhg é)teg%rrﬂﬁgllﬁ Conki l‘ftﬁ.be I t&ﬁ ade, shown in

react of 'er ma
i higure .4 Tde Witait epdrdatiofuiatalyshis pbargeidxbuwe@ctmw beReactants,

CRRIREhG 1N, %odr&m%a&w and %th e%gge hR&/ of‘ %I\Féﬁt tiN@sed, are

adsor ption Ow rate of reaction

ol uRhRdtadereary ot the (oher qurdhr%@a ling §iofA product

Céﬂréérﬁaflov% JRNE He féac&frf EsiitinueLi¥ly ' oV e Béﬁt&ﬁ &f &8 reactor
emxhure Typi cal he flow rate ran

es
t Breeah fae ghdﬁrpomﬁfb?%th? reaclie MpgHIsHIs t'f‘H%U?r Y &ﬂﬁwérawn from
I fRCbosMIBfthe reattor thﬁ:ghel&ﬁi w anlris 4380t ®bttom of the adsorption

' id
PRedete dehfe Modins 1B hadsRitsR et BB PR the bed and
c mrdycles ek toawaniod &, thmg;hlmmmn A-chilleemay biehimstleddn line 10
egg )fllng n%é&ﬂncﬂﬁﬂﬁ&g%a%ﬁec&%i&ﬁ% é?ov[:&at% ergture beg)re fed to the

eact a dr og
i adwrpgaa b@dd/m-wwmﬂom rates eﬂtheaweact:@mmmtuwm kng 4@ ranges

tﬂofne@W% 10\2bet tﬁkﬁ:otﬁﬂer%f Vﬁ«%‘ﬁxer VRGThEof tHE RAGfrlA ne 8.

product stream he reactor continuously
f rom t heesehen® v FigHee Bdacimilar o Kiaghn IFigiwed?, except that three

pﬁéﬁdll@ﬂaéﬁorbm hE@S 17,018, Hndl 1 Srdd $seONt | nuously
har %\gﬂelf’arll?/, the adsorption capacity (the amount of certain byproducts that
an adsorbent can adsorb) is limited. As a result, after a certain amount of
reaction mixture passes through the adsorbent, it gets “exhausted” and can no
longer remove acidic byproducts from the stream. An exhausted adsorbent
needs to be either replaced with fresh adsorbent or regenerated to restore its
adsorption capacity. The regeneration is usually performed by heating the

adsorbent remove the adsorbed materials, or washing the exhausted adsorbent
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the bottom of the reactor though line 10 and is fed to
bott om of the adsorption bed 11. The treated m xture

wexbi7sloé20e adsorpti on bed at the top of the be#Cag2007/000747

recycles back to reactor 7 through Iine 12. A chiller
may be installed in line 10 so the reaction m xture
may be cooled to a | ower tenperature before fed to the
adsorption bed. Typically the flow rate of the
reaction mxture in line 10 ransqes fromO.1V t

iin AGaNENWAE AoLtan.  HeraAIG ARSRTPe DTSl er bl ers, ALUMiRgs. CaO,
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SQLiY | O fixedaBedaniIe rﬂﬂ?%@&fﬁrﬁe& ot offihlnlel ofsere the exhausted
al um nas, CaQ, zeolites, e reqgener

ha_%ﬁqu@’ltdﬁ regioved; frymi 3 1aH§_o F'ég é’ﬁ\égelof €g erategt eelsewl¥ere and
%ﬁﬁﬁl@e@%t ieNadgbrpicn tv@séﬁl)’ roradri-lind éwhegathecegeneration of the

)ﬁéﬁuiﬁiﬂggsggsng E,](é?ré(ﬁfr\? etf gb g?%:%gg%@?éb QI\%ES%I? nd In % tcﬂntmuous
ae;im&fatml protess, (org. thahlaPe@dsorixiCessel Name[erw used, which

e FOS KeSBeth bE R, RS pafBBRE fone jessel whilo

sﬂhaknthert vesEEl(S), arkdn seNdce, 2599 heBodge offfrighear 3bl y, the
adsor b@@c}a % tf\é‘ ratdggfpt%‘ﬁf&? r%&%@urﬁ%s‘i’r‘émedé&dlg byproducts from

wat er ket tones, aromati c conpo
hﬂi\bowholednwreeﬁﬁsusmishwlﬂelmpf%ﬁ dihe raler BB shlestiviies of the

tgpc;&gag%e, fBE@dnions (e.g., Na+, Ki#) before the bed is

In the process. The regeneration ma @H’ dl .
out |nF%l|°Wrﬂﬁl eyaples metelydiistiate fhs inye S‘PTl Hilled in the

Oérft Wil Péc (?N‘Eéf fhanyeveridfions tiest a&é%ﬂhﬁﬂhe ispirit Qimwed'nventlon and
from an a sorption vessel, regenerated el sewhere, and

r e ¢fdh etc@ fle adsorption vessel), or on-line (where
the regeneration of the exhausted adsorbent is

o EMPAR AT S e 1 BRSO RN B Re
i s pr eTiambnysilicdits-1 (HiSeh sampies afehgrenared hy following procedures
Wﬁ%ﬁl’é@é@ﬁﬂ 05 Fat RosSANABE P aRd S HIA5B0. ! SpRRAINERSPS!1 catalyst
(containing about 20 wt.% silica binder) is prepared by following procedures
disclosed in U.S. Pat. No. 5,965,476. Carbon supported Pd (Pd/C) is prepared
by following the procedure in Example 2 of U.S. Pat. No. 6,498,259. It is
expected to contain 0.4 wt.% Pd.
A 300-mL stainless steel reactor is charged with Pd/C (0.2 g) and spay
dried TS-1 powder (0.5 g), water (13 g), and methanol (100 g). The reactor is
then pressurized to 300 psig with a feed gas consisting of 2 volume percent
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the other vessel(s) are in service, as in the case of
Figure 3. Because the adsorption step renoves

wanagsioembl e aci di ¢ byproducts fromthe reacti 8aT/US2007/000747

m xture, its use should inprove the rate and
selectivities of the epoxidation reaction. Foll ow ng
exanples nerely illustrate the invention. Those
skilled in the art will recognize nany vari ations that

?{/@%ﬁ b?ﬁlﬁ@gt W@% b il%i&%h@%&?gﬁ_ﬁs\@ﬁ%ﬁéthane, and

RROBYIaNNE nitragem. UThe prassate indhd réaterli nsainisiness alr3D0 psig via a
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m)@gan,e@itrpgem @nnmqppglef\ﬁ éeﬁcﬂso@@ga@sqqq %p 2-b sfginless steel
%e§§elp§'zt%§§adb$ré&§j gé%he'r‘eabfbr OMRshRg 18 Coot mdﬂhéhd’r The

stal nl ess steel reactor is char
vieegtigymixture is hpated do 8By Vﬂ'}ll?éHISﬁlr@ q-g'f’ gaseous

v@hgént( i3 apalyzed hyrirh andine( §89 @')rom?éhfgréﬂlﬁlqt}ﬂ) Bad the Ilqwd
thenyi@eldessurl zed to 300 psi

s P st e S i) S5 St ncuce

V&bp%ﬁéY@@d‘e (BOY0Iprépdries e erivativesvol plopylerieaneide such as
and t he Iance n

The t
“oRueRe A SoPylsne-ayse TEnanETRL shel PR Ghcol, and
r digrdpyteme glyddh ntétbylfetkersgases passed conti nuously
through the reactor at 1600 ml/min (measured at 230C
and 1 atnosphere pressure), in order to naintain a
const ant sol VENAMRLER: EROXHIRAT KN (QFF PREPFPYIENRe run,

the oxygen, ni LiRASCIRRYIPLIN RNSCFeSHBNBECPasseC

through a 2-L stalnless steel vessel (saturator)
pr ecedlh®) pranedueain &<apwig di isi regeated %X%’Pt Hﬁtrﬁa{haﬂsorptlon bed

eF:?él‘%‘iérﬁé‘teF‘ d‘s%éh d ﬁe.&ﬁtah Q%éﬁés?%@rgéu With IAmbérlyst A26-OH
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aRfthyaGm %Qﬁé Téé&@r @Eo@éh bhﬁeﬁﬁﬁh@‘ pl!ir’ﬁﬁ, pa&‘sed'ﬁhfbugh the bed

CAo i (1B Lo BRI b dRD g dod ek 1e thp BpgRERG Improved

gba(tag)st l;msawivﬂy]%:gd yexddctivity o progylertehexisle should be obtained
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W TH Cl RCULATI NG ADSORPTI ON BED The procedure in
Exanple 1 is repeated except that an adsorption bed
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-a reaction

charged with Anberlyst A26-OH (obtai ned from Rohm &
Haas) is installed. Aliquid streamof reaction
mxture is withdrawn fromthe reactor through a filter
with a punp, passed through the bed at a flow rate of
0 Pt(é\mn (up flow), and fed back to the reactor.

B6PEB" catal yst productivity and selectivity to
propy| eAr epokidatiomprdodsb eontpriginged conrpared to Exanple

1.1 cla X|dt|on [oce :
react i n{f an rgla%q":%%h?,lg drg %f(dyéggg A {t}% pr(egzence of an
presence of epom:ajwndeatalyat camahylsg z trapsition mpetal zeolite and a

Lransi tion negl ea0) ol g3t 3 18I ARk dinREGRNIGR epoxide

ure conprising an epoxi
byproducts; s aqdmtwrochgzta portion of the react| on

m xture B’)" the &ﬂ%&ﬁiﬁé %%Pﬁoﬁ f Weor@é%ﬁo@ﬂlitﬁ?é ﬁﬁ{hrﬂﬁ%&’é&bent to

haV|ng reduce f acidic byproducts; and

recycling t herodpeatadregtsd misturg havisg ?a‘)edl‘Qed -ﬁq@ount of acidic
process of chgHrBydctéhgiei n the noble netal is

supported on the transition netal zeollte 3. The
process(@f clesying higdiested MU EerdRal i s sel ect ed

from.t hghgrproes006 cRiirnny wHerpial hedhobie ke i sopported on the
gol d,...r heni ilver, and m xtures thereof. 4. The
Vﬁ'&%@%ﬂ B}et%wﬁo ® wherein the transition netal

zeol3| teThe ;&océssanf ulanmeblwheaemStheTMlgrmeiaSss eélectesi from the

1 wh
Lo Shikd 5P Wehal i palo Ll S S s
strlegetfed from the group consisting of car bons,

Uit 9N aghe2rb G Folaif leféfeinsﬁwleitfa?ﬁitioﬁl ﬁ‘lmﬁpﬁéolite is a titanium

silicaaluninas, titania-silicas, zirconia-silicas,
nkemite-- si | i cas, ion-exchange resins, and mi xtures

t hergeof The process of claim 1 wherein the noble metal is supported on a
carrier.

6. The process of claim 5 wherein the carrier is selected from the group
consisting of carbons, titanias, zirconias, niobias, silicas, aluminas, silica-
aluminas, titania-silicas, zirconia-silicas, niobia-silicas, ion-exchange resins, and
mixtures thereof.

7. The process of claim 5 wherein the transition metal zeolite is a titanium
zeolite.

8. The process of claim 5 wherein the noble metal is selected from the
group consisting of palladium, platinum, gold, rhenium, silver, and mixtures
thereof.

9. The process of claim 1 wherein the epoxidation reaction is performed in
the presence of a solvent.

10. The process of claim 9 wherein the solvent is selected from the group
consisting of alcohols, ethers, esters, ketones, carbon dioxide, water, and
mixtures thereof.
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7 . The process of claim5 wherein the transition
netal zeolite is a titaniumzeolite. 8 . The process

woho@liaéaws 5 wherein the noble netal is sel ect eBCTAUS2007/000747

the group consisting of palladium platinum gold,
rhenium silver, and m xtures thereof. 9 . The process
of claim1l wherein the epoxidation reaction is
perforned in the presence of a solvent. 10. The
pro rei,n the.s en ect
P ot nE G SEeE, AL g R g sotiand s ey drom tne
I@bupespns:amr@mfd|hmlqjeonmcmngearresmxtalummas calcium oxide,
L PBERGLiuh o0 AU AEE et LAl Thikupbe iR bor e
ent 1s se ecte ron1f roup consisting of
basil@. i bhe @xetrssgef ¢laig Aswhereimt Isothentiism bagigdon-exchange
si um oxi de, activated carbons, and n1xtures

thereof . 12. The process of claim1 wherej
ads dPberfihe Rrogessal @aimp h whersiarthe adeaibgnt | ’_§3" a‘fﬁ%@d -bed.

proQqgssThé p%@usmo?f cmﬂrﬁwrieﬁé'}etrféﬂédad@sém is & emry

fi xed- bed process of ¢l ai rein
adsdrbefbe |P§°<?%§sa°fsq'qm 1 whesein pigp g;r)d% Qg&orgpe% |nag:qﬂtr_[1uous flow

w&aeeln step (b) is performed in continuous flow node.

he Locess of, cl ai wher e
or 1151 nale ARt el wherhREngp} sifatinegiy bgich mode.
wher@i nThé erackssrdfefdimi swhegeim éreaddsbrbent| is negertgatediep-line.
pr oGggss [ i.S . . .
b o8 1Rk b &t L5 i, HSRAAEILAL 8 8 Bt aeomton
lvedselein the olefin is propylene. 20. The process of

¢l 2149, 19mBhfocdst dritfaif P BRI teoRiR ASploplRAReXChange |
20 The process of claim 19 wherein the adsorbent is a basic ion-exchange '

resin.
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