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1. e | NTEGRATED PROCESS FOR EPOXI DATI N FI ELD OFghifig cop\|
PNVENTICN ‘This invention relates to an I ntegrated process for
produci ng an epoxide. In particular, the invention pertains to a titanium
silicalite-catal yzed epoxi dati on nmethod , wherein nethanol -recovered from
t he epoxidation reaction mxture is used to dilute a concentrated oxidant
stream used as a source of hydrogen peroxide in the epoxidation step.
BACKGROUND OF | NVENTI ON: . Many different nethods for the preparation
of epoxides have been devel oped. One such nethod invol ves the use of
certain titaniumsilicalite materials to catalyze. ol efin oxidation by

hydrogen peroxide. Thi's npTEGRATEDFROCESS. FOREPOSAMATRON N U:'S. Pat. No.
4,833,260, which discloses a procedure (Exanpl'e 35) wherein propylene is

converted %!m th%@n | sopropanol /water m xture is reacted wth
oxygen at : m xture containing hydrogen per'oxi de. The

m xture is ther fter rec nlumS|I|ca te- cata '
cooxl Gati on of B o EhreBREN ElET A0 By BrhpiarEPtotEas et PR Bb Rtk in

U S. Pat. 5,384,418 descri bes an int egrat ed process for epoxide

product i on Rﬁﬁ‘i“"d-ﬂa'éltg%‘ré’ﬁm@?QeﬁVH}sdﬁé*'tﬁBW stigalitercatatyzed 6HP¥'§BB?BHMBPC|
oxidation in a titaniumsilicalite-catalyzed:epoxidation, but teaches that
renoval of Whasstamethana) recovered frome the epoxidatien readtion mbgHtpisrseddei dilute

prior to use in epoxidation is
' - a concentrated oxidant stream used as a source of hydrogen peroxide in the -

: epoxidation step.
BACKG-ROUNb OF INVENTION:

B Many different methods for the preparation' of epoxides have beed developed.

One such method involves the use of eertain-titanium silicalite materials to catalyze
olefin oxidation by hydrogen pe;oxide. This rﬁethod IS described, for example, in.
‘U.S. Pat. No. 4,833,260, which discloses a procedure.(Exa_mple 355 wherein
propyl-ene. is converted to propylene oxide. An isopropanol/wat_er— mixture is reacted
with oxygen at 135°C to afferd a mixture containing hydrogen peroxide. The
mixture is thereafter used directly in a titanium silicalite-catalyzed epoxidation of
propylene wi_thout‘\.i?ter\}ening trea;ment or fractionation.

U.S. Pat. N;. 5,384,418 describes en integrated_ process for epoxide
production which aiso emp'loys ﬁydrogen peroxide deri\)ed fromisopropanol oxidaﬁon
in a titanium silicalite-catalyzed epoxidatien, but teaches that removal of substantially
all of the acetone fromh the isopropanol oxidant prior to use in epexidation is

advantageous.” The patent additionally suggests that isopropanol derived from

hydrogenatidn of the removed acetone could be employed to dilute the isopropanol



Fal .
advant ageous. The patent additionally suggests that isopropanol derived
from hydrogenatlon of the renoved acetone could be enployed to dilute the .
‘i sopr opanol 2 oxidant to
achi eve the desired H202 feed concentra%ion to the epoxidation reactor.
Under certain conditions, it is desirable to maintain relatively dilute
(i.e., 1-10 weight % maxi mum hydr ogen peroxi de concentrations during
.epoxi dat i @xidsinhbteathighethe desiceht;Qitfeed soncantragisultd thenepoddaionapastbde
sel ectivity. The patent does not, however, suggest the use of co-solvents
(ot her t haimdeatcertaindorchitionsyitjis desirdble® maintde oélatyety dite Hi.¢.he-tiosegigbpanol )
I n such a process. W have now di scovered that the use of a recycled

St r eam corvpimaiximgurieiydesysn pdroxide lcahésntiafiord Heahg epMadinol sigchigreoXi de
feed to the epoxidation zone is advantageous. Epoxide selectivity is

i mproved déBcemtratichshini @¥eE in POdrEr EoXidke sélebility NI hegbdtenitt ddtls fdl Wowpdveram

and also to the presence of nethanol in said stireamrather than other

sol vents g ?Bstr‘fhgmse'& @Méﬁt?%tHéﬁﬂaﬁﬁvﬂérj W?mhsma ¥ Rdsdn® asah Qrope

.sel ectivity epoxide 1s reallzed when the diluent”i's conprise

" et hanol r@{,ﬂﬁre lggﬁg?ﬁ&gfrppﬁﬁ%’proée%é exanple. Mreover, it has been

f ound t hat e cosS erating such a co-solvent = process is surprisingly

| ow since the igopropangl yand, Jiek “‘%’? \e g&%’PPQ ré FHdl %/}rt?aﬁﬁegﬁﬁ}nﬁ% ;nr %?Ch

ot her follow ng époxrdation and yre use | er ent
hvent  on B0t et ECAPTpasT ERERORAPP P Erﬂo%%@%'?“ﬂﬁ?ﬁs.'ag
| advantageous. Epoxide selectivity is improved due, it is believed, both to the diluting
. effort of said stream and aléo to the presence of methanol in said stream rather than
~ other _solvenis which might in ;heory be used as dilu_c;nts. That is, higher selectivity to
epoxide is realized when the dilueht is 'cdmprised of methanol réther than isopropanol,
for example. . Moreover, it has been found that the cost of operating such a co-solvent
process is'surprisi'ngly low since the isopropanol and methanoi may be readily
séparated from each other following epoxidation ar_1d individually Eecycled for use in
different steps of a contindous process.
SUMMARY. OF THE INMEN. TION:
Thls mventlor: provides an mtegrated epoxidation process comprlsmg
(a) .r:actlng a C,-C, secondary alcohol and molecular oxygen in a -
quuic_i phaée to form an oxidant mixture comprised of the C;-C,

secondary alcohol, a C,-C, ketone corresponding to the C,-C,

secondary alcohol, and hydrogen peroxide;



"(a) reacting a (Jerr] secondary al cohol and nol ecul ar oxygen in a

i qui d phase to forman oxidant mixture conprised of the Jerr]

secondary al cohol, a CJerr] ketone corresponding to the Clerr]

secondary al cohol, and hydrogen peroxide; .

3 o (b) .separating substant3ally all of the Cferr] ketone from
t he oxi dant m xture to provide a concentrated hydrogen
per oxi de- cont.ai ni ng(b) separating substantiallyp bl 88{ReCOJB] ké@Ae AfortRy 6didant
secondary al cohol, hydrogen peroxide, and less than 1

wei ght percent Cerr] kek@igre to provide a concentt&ed h"yéﬁ@eh%ré)h@e egnamiHg at ed
hydr ogen peroxi de- cont ai ni ng stream a (Jerr]

olefin in the presence OIst tﬁa lnF@a s J??)@;agb&&-,ﬁiaé)bﬁ& hydrogen peroxide,

and a diluent conprised o rih an tion

reaction m xture conpri sg,qld Sﬁiﬂ% qrvggr% ;()él)g;&g,ﬁ CRr Bﬁ)é'ldl ng to

the CJerr] olefin, water, Secbn ary al cohol ;

(d) separating sub tantl al |1 of t err] epoxid ro

Spbxi dat on 1 eactt ol bt 4 5?%83“?%551” 4@1?aepeapé'§ﬁﬁpn@wré%mfeam -
conprised of water, (err], se da oho net h '
than 1 wei ght percent of ‘rﬁ’ 8 [?2‘('[‘ T presence Fa?:tarwgy s'“§§'ﬁ§r‘:§ﬁ'¥ﬁ
‘substantially all of the.nmeth noI fromtheflrst cr.ud

al cohol streamto form a288@ Weetr%Ep’é?e@dﬁ@e@f“?@é%f%@?rﬁf‘|e§86'dat‘°"

of water, Clerr] secondary al cohol, and |l ess than 1 wei ght percent
réaction mixture comprised of a C,-C, epoxide corresponding to

the C,-C, olefin, water, methanol, and C,-C, sgcondary alcohol;

(d)  separating substanfiélly'all of the C,-C, epoxide from fhe
epoxidatio,r: reabtion mixture to form a first crude alcohol stream
comprised of water, C,-C, se_coﬁdary allr.:ohol, methanol and less
than 1 weigh;t percent of C,-C, epoxide;

(e) separating substantially all of the metha'nol from the first crude
alcohol stream tb form a second crude alcohol stream combri'sed
of water, C,-C, secondary alcohol, and less than 1_ we{ght perce‘rit
methanol; and |

: (f.) "\_l‘e‘cycling at least a portion of the methanol separated in step (e)
ft;r use as at leasta portic;n of the diluent in step (c). | |
| BHlEF ESCRIPTION OF THE DRAW G |

Figure 1 illustrates in schematlc form a suitable embodiment of the process of

the invention.



met hanol ; and (f) recycling at least a portion of the

fret hanol separated in step (e) for use as at |east a
portion of the diluent in step (c). BRI EF DESCRI PTI ON OF THE DRAW NG
Figure 1 illustrates in schematic forma suitable enbodi nent of the process
of the invention. ' 4 4

DETAI LED DESCRI PTI ON -OF THE | NVENTI ON: The Cerr] secondary al cohols

Vool ;LTI B BN e TN ARS! ve T sopropans (Fsoprony
froma, suitahle squrce such as

is . ted wit | ( -dj ,
o Lo Pt bk Sty Elchfls AR fof U leine pTeteit ientioy iudie" 2

secondary al cohol, the err] ketone resulting from oxidation of the
secondary S9POBABe! Wr‘%%? hph @nd see-bianch Eecily! aleheflon as the al cohol
(e.g., acetone or 2- butanone), hydré)ﬁgen peroxi de and water. The starting-
material to be 18 gesandanhgicobelis seacted With materuarsoxygen dioxygesh&ogna/ or
water in addition to the alcohol. For exanple, the azeotrope of water and
i sopr opano$uitadie sowrcessusi@saiaiontield Bp. exidariomiviare Whiemyilbypigeidcendain
advant age. I n one enbodi nent, the oxidizer feed conprises 5 to 20 weight %
wat er, 80 exced5 seeondrryticahohrtbe &hdl, ketawsreshiding frome byidation ofsthhaecbndargnd -
| ess than 3 wei ght % acetone. Cenerally speaking, the oxidation conditions
are adj ustledhslarashdwngy tred sarme hyaiodaronrsketetisreas tinpaicskal (efg. 4dketanedor 2- .
wei ght percent : '
“butanone), hydrogen peroxide and water. The starting material to be oxidized may
contain minor amounts of the ketone and/or water in addition to the alcohol. For
example, the azeotrope of water and isopropanol (87.8 wt% isopropanol, 12.2 wt%
e _

water) may be used to advantage. In one embodiment, the oxidizer feed comprises 5

to 20 weight % water, 80 to 95 wefght % isopropanol,.le_ss than 1 weight % methanol,

and less than 3 weight % acetone. Generally speaking, the oxidation conditions are-

adjusted so as to yield an oxidant mixture comprised of 40 to 90 weight percent

secondary alcohol, from about 5 to 25 weight percent hydrogen peroxide, 5 to 35

weight percent of the ketone, and 0 to 35 weight percent water. Partial conversion of

the secondary alcohol is accomplished (e.g., from 5 to 50%) such that the unreacted

secondary alcohol g:lay be utilized as a carrier or solvent for the hydrogen peroxide

during subsequent steps of the prdcess. Residence, 'hold-up or reaction times of from

about 0.25 hours to 4 hours will typically be sufficient for this purpose. The oxidation

" may be either uncatalyzed or catalyzed (for example, by introduction of a minor

amount of a peroxide or hydroperoxide such as t-butyl hydroperoxide). Temperatures



secondary al cohol, fromabout 5 to 25 wei ght percent hydrogen peroxide, 5
to 35 weight percent of the ketone, and 0 to 35 weight percent water.
Partial conversion of the secondary alcohol is acconplished (e.g., from5
to 509 such that the unreacted secondary alcohol may be utilized as a
carrier or solvent for the hydrogen per®&xi de during subsequent steps of
‘the process. Residence, hold-up or reaction tines of from about 0.25 hours

to 4 hours wi typical l ufficient for,thi rp o~The oxidation

may be eit he?H hﬁ@ﬁt%i% g‘%&é)"gﬁ‘: i'&f’@ﬁ 92‘%8’ Vorff%'%‘airB‘%f’ @8.9} P’YJHIJXP'FB&V%F a
m nor anmount of a peroxide or h}/dro er oxi de SLiCh a I-butéll, _
hydr oper oxi d%‘)‘?m?[f-!ﬂ’%eroét‘{f’ree@ order to attain reasonable oxidation rateés.” The preferred g

of from50 to 200[err]C (nore preferably, from 100 to 180[err]C) wl]| . _
“typical |y beranggffopryaencparsal prassyne 'Br%‘érfeﬁé aaseailhickaawy dptludeandaerton
rates. The preferred range of oxygen partial pressure in_the feed gases
(which may | #iiiend@agrsuchess nitigendntadgitionstec Axygeniiis riotred 724 kfadik 12500
oxygen) is 7 to 1724 kPa (1 to 250 psia), nore preferably, 34.5 to 345 kPa
(5 to 50 psipsgial, e preterahlnb34.5 ©B4DKRDE tkPQ psialy mostyyreferably, A te 287
pressure. Total pressure in the oxidation reaction zone should be
sufficient tkPartiOhteaBO pisie paotig) nessuse.oTotah prassard incthe mwixidatioa reactidnezone
liquid phase; 345 to 6895 kPa (50 psia to 1000 psia) is normally

sufficient. ghoud weasuffigient toxndiatadinthe @deipoent e shereédutivnneiktaie in the
different tenperatures may be enployed. The al cohol oxidation may be

perfornmed i nigui§ Phak&UsYS t6PEBES. kPSi(BO.psid & 1008PEIS) isendrfially Rufisient | Ar ed
tank reactor (CSTR). Prior to use in the epoxidation step of this
process, t hepl'ﬁ?élﬁi]‘%f loXidation reaction zones maintained at different temperatures may be
| employed. The alcohol oxigation may be perfbrmed ina contihpous manner using,
for example, a continuous stirred tank réactdr (CSTR).

Prior to use in the epoxidation step .of this process, the ketone is
substantially sep.aré'ted- or removed from -the oxidant mixture. Any known
separation method or technique which is suitable for this purpose may be uﬁlized,
_includiﬁg fractionation procedures.

Preferably, however, the oxidgnt.mixtUre is fraétior{ally dist_illed whéreby the
ketone is vaporized and removed from the oxidant mixture as an overhead stream.
The concentratqczi__f hyd'rog'en peroxide-containing stream obtained by such a '
‘procedure thus may comprise a bottoms fréction. Such fractionation may be
facilitated by the application of heat and/or reduced (subatmospherid).pre_ssur'e.

- The ketone concentration iﬁ the concentrated hydrogen peroxide-containing st.reai'n
thereby produced should be less than 1 weight percent (more preferably, less than

0.5 weight perceht)_. To minimize the formation of any ketone/hydrogen peroxide

adducts having



substantially separated or renoved fromthe oxidant m xture. Any known
Separation nethod or technique which is suitable for this purpose nay be
utilized, including fractionation procedures. Preferably, however, .
the oxidant m xture is fractionally distilled whereby the ketone is

vapori zed and renoved fromthe oxidant m xture as an overhead stream The
concent rat ed hydrogen peroxi de-cont ai ni ng stream obt ai ned by such a
procedure thus may conprise a bottons fraction. Such fractionation may be

facilitateshByy Ehgradith! thialdRatfin B8Rt ??gfé%rbl\f SV Rt o SRy TREPHBIdcENar

pressure. The ketone concentration in the concentrated hydrogen

. d _ . . . . . . i 1 N ht
per cont (naDgeh PhfiRush il WATH RS RREHE BTy Rl on g R Te 1 02 Phe
f ti [ hydr. i de.. -adduct s havi ' .
Lo e B Y BB B BN B B P on e To
o g ceSeDRh 6 on SAFESR SR ok g S0 ol o
colum wi t hout interveni ng storage or .ret-ention. To acconpl i sh rapid and.
conpl et e rRfrgGsirakie iq ﬁ@°%g’t‘%ﬁée’1hg®%s?m§ ReftiemAt the BP%?’Y_iat'cqfr‘ﬁﬂla“‘yg’

desirable to al so take overhead sone portion of the secondary al cohol

and/ or watater- mopaenhashnrer eeaPle theprerhepd strsgay Hau goaprieaiia B0

conprise 10 to 80 nole %ketone, 15 to 60 nole % secondary al cohol, and 5
to 30 nol emleni kgtone, 15 to 60 mole % secondary alcohol, and 5 to 30 mole % water.

However, for safety reasons, care must be taken not to overly concentrate the
hydrogen peroxide in the bottoms fraction nor to havé any appreciéble amount of
hydrogen peroxide in the overhead stream. The residence time in the distillation step
is also impo'rtgnt.. The residence time must be sufﬁcient' to accomplish subétantial
reversal 6f any ketone/hydrogen peroxide reaction products generated during
moleé‘ular oxygen oxidation or thereafter tt; bring the Ievél of aliphatic ketone peroxides
to less than 0.5 weight percent total. Excessive 'residence time should be avoided,
however, to avoid decomposition of the hydrogen peroxide. In (_)né preferred
embodiment of the invention, a residence time of 19 to 45 minutes (more preferably,
15 to 30 minutes) at 90 to 130°C (more préferably, 100 to 120°C) is employed. Under
these conditions_, it hiis been found that the desired removal of ketone and conversion
of any ketone peroxides présent may be réadily achieved Witl'; minimal loss (<2%) of
the hydrogen pe'roxide in the oxidant mixture. Improved resuits may be obtained by

carefully passivating the distillation column and/or treating the oxidant mixture so as to

remove or counteract'any species which might catalyze the decomposition of



However, for safety reasons, care nust be taken not to .overly concentrate
t+he hydrogen peroxide in the bottons fraction nor to have any appreciable
anount of hydrogen peroxide in the overhead stream The residence tine in.
the distillation step is also inportant., The residence tinme nust be
sufficient to acconplish substantial reversal of any ketone/hydrogen _
peroxi de .reaction products generated during nolecular oxygen oxidation or

thereafter_to bring the.| lJ_phat i et on | 1884+ an
0.5 vei gvHRRE S pEPE o Tt R bakEb T BPELRE dfTaidfidcBifuet

however, to avoi d deconposition of, t hydr ogen. peraxj de. .erred
enbod ment™e SRRES RYGHIRGTrUsY vere: dmer Serata BEGOHL Soahind e Bhief
preferably 15 to 30 minutes), at 90 to 130[err re f er abl 100 to -
D001 or 1] Cthe &elae eyent dhihe oxeRRLIR g HiME AehTeariaes BLBEHAREER nat ¢ ne
desired renoval of ketone and conversion of any ket one Herogide§ resent
may be reaRAPYidacAntaieas thereinmay Algp begisediaglugingstor xampleq ABYRIR '?fgroxi de
in the oxidant m xture. |Inproved results nmay be obtained by carefully
passi vat i nepuntescdirentj exteaction membraneasrmamtions asd theyliteneF@RIRMIO i xt ure so
as to renove or counteract any species which mght catal yze the '
deconposi tteohnigéies wherein multiple stages are employed are especially-suitable. 7

hydr ogen peroxide or formation of ketone peroxides. Extractive distillation
techni ques nayAsihswnbequehcendidhe oersbyal s ik kaohe frogeihgreridant. heocedur es
capabl e of reducing the ketone content of- the oxidant m xture w t hout
‘si-gni fi cangorceairatién bhRydvwdeo peroxidecisdndrdaserbniize nenkentratasi hydregeral so be
used including, for exanple, absorption, I

' peroxide-containing stream thus will typically contain from 5 to 30 weigl'_\t percent H,0,.

In one embodiment of the invention, said .stream will be comprised of greater than 10‘
v . .
weight percent H,0,.

In the epoxidation step of the procéss of thi.s invention, the concentrated
hydrogen peroxide-containing'stream is contacted with a C,-C, olefin and a
catalytically effective amount of a.tit'anium silicalite at a temperature of from 25°C to
120°C (more preferably, 40°C to 80°C) to convert fhe substrate to the desired epoxide;
A diluent comprised of methénol is also present, wherein methanol recovered frdm the
epoxidation reaction mixture 'i_s utilized as at least a _portion of said diluent. The
remainder of the diLgi!Zent, if any, may be fresh methanol, secondary alcohol obtained.by
hydrogenation of the ketone removed from the qxidant mixture, 6r fresh 'secdndar.y
alcohol or other such solvent. Preferably, the diluent is cdmprised predominantly (e.g.,

' 2 70%) of methanol (primarily recycled methanol, with the amount of fresh methanol

limited to the quantity needed to make up for the processing losses associated with



countercurrent extraction, nenbrane separation, and the |ike. Fractionation
t'echni ques wherein nmultiple stages are enployed are especially suitable.

As a consequence of the renoval of the ketone fromthe oxidant, the
concentration of hydrogen peroxide is increased. The concentrated hydr ogen
per oxi de- contai ning streamthus wl|l ty&(xﬂly'contarn from5 to 30 wei ght

per cent Terr] In one enbodi ment of the invention, said streamw || be
conpri sed r%trﬁh@ﬁFe% NThE ansil fent® o' preferabl t
epoxi dation step o V%t@?pr oceass Or?'&? ﬁl S n|cfnv rlé){%g e eﬁ""eb osnscuefr'r"??'te‘ath%c?uam 2

hydr ogen PRERKEPSGRANAANLNS RLEERT b el A8 W b SREE] (Bkabhn and o

catal yti cal e anoun tenp Pature of

from 25] ean]x% %O({a 69[/ % %@éﬁr@;ﬁ%ﬁ%ﬁf@éﬁ“ﬂ 40[err]C to 80[err]C) to

convert the’su A di luent conprised of

nmet hanol is al ere recovere omth oxi dation
reaction m xt u?% {%‘?ﬁ’uﬁﬂh fi%‘"ﬁén d? 3@‘%’ eng. BePYiess: gtb” eaﬂed' SFU The
renmai nder of the di é e fresh net hanoI secondary al cohol
obt ai ned b§® %ﬂjgut‘ét k(?n fou{rﬁ%"f@ Bn%wrﬁﬁ/ewﬁharﬁ 5@ degiradnt " ni xt ure,

or fresh secondary al cohol or other such solvent. Preferably, the diluent
i s conprised prEoARYAt Pholetin gelativestothepmpuniret Rydrepen peraxise; is yiof sdtjeal.ed
met hanol, with the anount of fresh nethanol I|imted to the quantity needed

to nmake upblrtdhetmr@apraé@e@fﬁlﬁgw Ihydragen peseddeamad suitebly be from about 100:1 to
8 nethanol recovery). The anmount of diluent enployed preferably is
suf fi ci ent 1:18. afheainplad ratiee ohaleéih te bydrogen geraxideois rflm@mrsfetrablysor thei ghge of
percent in the epoxidation reaction
from 1:2 to 10:1 (most preferably, 1:1 to 6:1). In one embodiment of the process of
this invention, the feed to the epoXidation reactor (exclusive of the olefin to be
» -
~ epoxidized) comprises 1 to 10 weight percent hydrogen peroxide, 5 to 40 weight
percent methanol, 30 to 85 weight percent secondary alcohol, and 1 to'25 weight
'per_cent water.

The titanium silicalites useful as c_'atalyste in the epoxidation steb of the procesé
comprise the class of zeolitic substances wherein titanium is substituted for a portion -
of the silicon atoms in the lattice framework of a molecular sieve. Such substances
are well-known in the art. Particularly preferred titanium silicalites include the classes
of molecular sieves ¢ommonly referred to as *TS-1" (having an MFI topology ..
analogous to that of the ZSM-5 aluminosilicate zeolites), *“TS-2" (having an MEL
topology analogous to that of the ZSM-1 1 aluminosilicate zeolites), and *TS-3" (as

described in Belgran Pat No. 1 001 038) Also suitable for use are the

tltamum -containing molecular sieves havmg framework structures isomorphous to



m xture (exclusive of the anmpbunt of olefin present). Suitable Cerr]
ol efins include ethylene, propylene, 1-butene, isobutylene, 2-butene and

thelike. Mxtures of olefins may be epoxidized if so desired. . The
anount of olefin relative to the anount of hydrogen peroxide is not '
critical, but the nolar ratio of ol efin:9 hydrogen peroxide may suitably be

fromabout 100:1 to 1:10. The nolar ratio of olefin to hydrogen peroxide

is nmore pr : I I . X : I r , 1.1
to b 1). 1 BBt fud Meh 3 dficaie ord@Eh fork s HondBSheR SO RE BRI, 1
‘the epoxi dgt.i eac . i Xg. .Of efj.n enoxi di

conpri ses @‘ta%‘ 3“3’88\%%@1? &'gééﬁc{éh%t 'gﬁ'f/’%rf 'Sé'tegr‘_:i"’%éraéi?f’aé'ﬁ) nﬁﬁ?roarﬁgﬂ(@%oéﬁfd) }orber cent
met hanol , 30 tq 85 weight .percent secondary al cohol, and 1 to 25 wei ght
percent wal g @uminum, gqa?‘ﬁﬁﬁt?chﬁﬁed%eﬂﬂ 63%(‘?%§?'useful as catalysts in the
epoxi dation st e‘r%)of, the.gr ocess .conmprise the class of zeolitic substances
wher ei n° ti t ani uRPPXdaligsstatrlysispuitable fonpse indhe pspcasser!dhisiiisntign Hg¥eidn the
lattice framework of a nol ecul ar sieve. Such substances are well-known in
the art. PaPTPeitien Forrpsrancingete hedallawing smpirical for@yla xldedd -9 RO c vagEes

of nol ecul ar sieves commonly referred to as "TS-1" (having an M-l topol ogy
anal ogous isobetwgen M0Q¢HearEM590a] Maverrrefarabiwnt the ¥ale efesis fromrQ.0t tq B426ng an
MEL topol ogy anal ogous to that of the ZSM 11 alum nosilicate zeolites),
and "TS- 3" Thagnoldeestioi dfeli:Ti in Bl Igitiza fRamewdss of thedttand@8}ilicalitasis sui t abl e for
use are the titaniumcontaining nolecul ar sieves having franmework :

st ruct ur es adeantagedusiisfrom 9.5:1 to 99:1 (most preferably, from 9.5:1 to 60:1). The use of
9 ' ' . '

rélatively titanium-rich silicalites may be- desirable.

The amount of catalyst employed is not critical, but shc;uld be sufﬁcien_t soasto
'substantiall'y accomplish the d,;sired epoxidation reaction in a practicably éhort périod
of fime; The opfimum quantity of catalyst will depend upon-a number of factors

: lincluding reaction temperaturé_, olefin reactivity and concentration, hydrogen peroxide
conéentration, type -and concentration of orgahic solveﬁt as well as catalyst activity and
the type of reactor or reaction system (i.e., batch vs. continuous) employed. Typicélly,
however, in a batch type epoxidation, the amount of catalyst will be from 0.00i to 10 -
grams per mo.le of olefin. In a fixed bed system, the optimum quantity of catélyst will
be influenced by thgé_ﬂow rate of reactants thro'ugh the fixed b.ed' (generally, from about
1 to 100 moles H,0, per kilogram of catalyst per hour). |

The catalyst may be utilized in"powder, pellet, mfcrospheric, extruded,

monolithic or any other suitable physical form. The use of a binder (co-gel) or support

in combination with the titanium silicalite may be advantageous. Supported or bound



zeolite beta. The titaniumsilicalite preferably contains no non-oxygen
atons other - than titaniumand silica in the lattice framework, although

m nor amounts of boron, iron, alumnum gallium and the |ike may be
present. Epoxi dati on catal ysts suitable for use in the process of
this invention have a conposition corresgpnding to the follow ng enpiri cal
formula xTiJerr]: (1-x)Siderr], where x is between 0.0001 and 0.500.

Mre pr ef n%aﬁ‘?l&&s rtsvﬁbgggl r%éﬁ/thé ntémsesokr%mtﬂela%ﬁto bl BediRbabr sediit® Of

Ti int at't of thetltanlum5| icalite is
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_practicably short er| od of time. The optinumquantity of catalyst wll
depend upoHNrOREMPE Cf Hie LBXIESs i ncl udi ng react i on tenperature, ol efin
reactivity and concentration, hydrogen erOX| centration @yge and

concentration ofh %P@‘émsé"?dl%ﬁ?atég "Wé‘l é'i‘a'('ﬂ%&aﬁ substaqse OF & sWIAWIE +ype -
of reactor or reaction system(i.e., batch vs. conti nuous enpl

Typi cal | y, ageiesvas to reduge iae shrfaseacidin as diesrired inHd Sar?&JrN° dt: ggﬁgaﬁsyst
“will be from0.001 to 10 grans per nole of olefin. In a fixed bed system
the opti mum quafibé epoxitiatien edaption idmperalyee isnprefasatls drosy 26 e tq TZWG (am%feof
"reactants through the fixed bed (generally, fromabout 1 to 100 nol es
[err] per brdfegbymirom ¢atGity80°Glewhivhiin the process. of thieinyantian/kas hegn faund
utilized in powder, pellet, mcrospheric, extruded, nonolithic or any

ot her suit &bbe splficiint &b af:mmplisﬁmelmiee @bnwerbibndnérthe( olefindd ppoxide witbor a8 i n
conmbi nation with the titaniumsilicalite may ke advantageous. Supported or
bound reasonably short penod of time with minimal non-selective decomposition of the

hydrogen peroxide. ltis gen;ally advantageous to c_arry out the reaction to achieve
as high a hydrogen peroxide conversion as possible, preferably at least 50%,. more
prefe‘rably at least 90%, most preferably at least 99%, consistent with reasonable
selectiv-iti'es. The optimum reaction temper_atufs will be influenced by catalyst
concentration and activity, substrate reactivity, reactant concentrations, and type of
-solvent employed, among other factors. Reaction or residence times of from about 10
minutes to 48 hours will typically be appropriata, depending upon the above-|dent|f|ed
variables. The reagtéon is pi'efetably performed at atmospheric pressure or at elevated
préssure’ (typically, between 1 and 100 atmospheres). Gernierally, it will be desirable to
maintain the reaction components as a liquid mixture. Fot example, when an olefin

such as ;;ropylene is used having a boiling point at atmospheric pressure which is less

than the epoxidation tempe}ature, a superatmospheric pressure sufficient to ma_intain



10 catalysts may be prepared by the nmethods known in the art to be
effective for zeolite catalysts in general. Preferably, the binder or
support is essentially non-acidic and does not catal yze the non-sel ective
deconposition of hydrogen peroxide or riing-opening of the epoxide.

The catal yst may be treated with an al kal i ne (basic) substance or a
silylating agent so as to reduce the surface acidity, as described in U S.
Pat. No. 4,937,216. . The epoxidation reaction tenperature, .is '

br i e abl y 1B BIER cpRopniratiY) &F Ry Be b e ud Plars ShaHe bE ASfiEsd] At Ao
80[err]C), which.in the Procesé?. of this in%ﬁnéi ?n has been.found to be -
sufficient to€3EHRRJeMAsratureofi RPregmately; ¢ Tohinsipngs, theopressyiedmay
within a reasonably short period of tine with mninmal non-selective
deconposi t i onddMantageousiyy be geaintainesd ati@ppraximgtele 414 kba eyt %4 Beaaugs
carry out the reaction to achieve as high a hydrogen peroxide conversion
as- possi bl e, presswieddPP-240 pei@st 50% . nore preferably at |east 90% nost
preferably at |east 99% consistent with reasonable selectivities. The
opti mum reacti on tEwpepaxidationistep nd his linnemtioo tayche adayded oobricemthadeh,on
and activity, substrate reactivity, reactant concentrations, and type of
sol vent -enpl oyadinuausnor cehidcohtictiaurssmaRaerc using @y appropeiate typenet redctionom’
about 10 minutes to 48 hours will typically be appropriate, dependi ng upon
the above-i devégski 66 appadatadbech adlefikeddbdp ranspirt deel; 3kingd hirkp 6eGSTR

at nospheric pressure or at elevated pressure (typically, between 1 and 100
at nospher es) . regefitl Ahowni inethdds h6r ¢BRUGAIME rhotal-BRiaRizalNepdedathamal LSihg
conponents as a liquid mxture. For exanple, when an olefin such as

propylene is pphdgbRpbikide Will §dneBalRQUISY @ SuRABIR $HI&Jd, CTHUSS U el cdMLS thdys
| ess than the epoxidation tenperature, a superatnospheric pressure
-sufficient topdBbHRAbHAA all at once or sequentially. For example, the hydrogen peroxide, the -
diluent, and/o'r the olefin may be added incrementally to or at differen't points
within the reaction zone. It will, however, génerally be advantageous to control
the addition of the various components such that—the unreacted hydrogen peroxide
concentration does not exceed 10 weight % at any point within the reaction zone.
| After sepafating from the epoxidation reaction. mixture by any suitable
-method such as -filtratfon (as when a slurry reactor'is' utilized, for example), the
recovered titanium silicalite catalyst may be economically re-used in subsequent
époxidations. Where thé ca_italyst ié deployed in thc.é form of a fixed bed, the
epokidation product withdrawn as a stream from the -epoxidation zone will be
essentially catalyst free with the catalyst being retained within thé epokidation
zone. In certain -embodiments 6f_'thé instant process where the epoxide is
_ 'produced on a continuous basis, it may be desirable to periodically or constantly

" regenerate all or a portion of the used catalyst in order to maintain optimum_

activity and selectivity. Suitable regeneration techhiqué-s



the desired concentration of propylene-in the |liquid phase should be
utilized. At a reaction tenperature of approximately 60[err]C, for

i nstance, the pressure may advantageously be nmintai ned at approxi mately
1310 kPa to 1517 kPa gauge pressure (19 220 psig) - The epoxi dati on
step of this invention may be carried out- in a batch, continuous, or

sem - conti nuous nanner using any appropriate type of reaction vessel or

apparat us SUCR a0 Balidk @Fmgghfé,ucggag i%%qt.oﬁsina sBfenl HEAtnenp! CSTR

reactor. cata epoxli dat1 ons usi ng

hydr ogen peroxigde w.l | n al so be tabl e

reactants may M&%E}%‘?'gg’lj i?ihyﬁt QSHCP(?“BV&S \(?e'i?tacgal l&g%ﬁ%del@é(’%lev%h@f
hydrogen peroxide, the diluent, and/or the oI i n %eéﬁf q thanol,

i ncr enent &Onyersiong thexfesytinganaxidagien ﬁ"Eaé:t'OW"t'i‘ii‘F? PHEPPRELY WA CL RN wi 1 1,
“however, generally be advantageous to control the addition of the various

conponent CsGcePe¥ide. anseCufr éﬁ%‘t@é%?‘&%‘géﬁf'ﬁ@i@bi’?a@d A% EhBFRAREN does

not exceed 10 weight %at any point within the reaction zone. er
separ at i ngubstantialheal pbitiedenaxige fremdhe arixtiiedtodpem mf'rahyrugeiai%r)bstrm hod
such as filtration (as when a slurry reactor is utilized, for exanple), the

recover ed danrisiedrofsvdter aéthanal a€aly secongpnbalcelea ranwi leas itganrbwesgétti PIBFFe“t
subsequent” epoxi dations. Were the catalyst is deployed in the formof a
fi xed bed,oftthe C,epoepakidd. oThe ficd cotdevalcotet atvpamss araneseedhid fosm a hecond

epoxi dation zone will be essentially catalyst free with the catal yst being
‘retained wrlifié aidohel ﬁﬁ@thd@trleﬁmvmgwmestahﬂaltyeaimﬁtheemdﬁbdmtehe@frofn e

i nstant process- where the epoxide is

surtabie separation method. Such separations may most readily be accomplished by

~ distillative means (e.g., fractlonai distillation) as the secondary alcohol may be selected

” .
so as to be substantially higher boiling than the epoxide being produced and the
metha,noi. being utilized as diluent and thus amenable to recovery as a_bottoms :
fraction. The methanol is vaporized and taken overhead. As the olefin is gerierally
_Iorver boiiing than the epoxide, the secondary alcohol, and methanol, any unreacted
olefin in the epoxrdation reactlon mixture may also be readily removed by distillation.
In certain embodiments, the excess olefin may be removed together with epoxide by
flash distillation. Fractional dlstiilation or condensation is thereafter utilized to separate
the olefin from the e:%oxide. In other embodiments, the olefin is first removed from the
epoxidation .reecti_on mikture, followed by the epoxide. .
It is.important to remove substantially (e.g., >95%; more preferably, >99%) of all

the methanol from the first crude alcohol stream since methanol which is carried

forward with the secondary alcohol will tend to be converted into formic acid during



produced on a continuous basis, it may be desirable to périodically-or
constantly regenerate all or a portion of the used catalyst in order to
mai ntain optinmum activity and selectivity. Suitable regeneration
t echni ques : - 12 are
wel | -known and include, for exanple, caltdnation and solvent treatnent.
When the ol efin and hydrogen peroxi de. have reacted to the desired | evel of
conversi o i ey LicBRoIohidif &y FOMBIHirsiRuad water,
met hanol , %%%Qﬁ?ig ghi%g?aq%ﬁ?f%rg%&{sdgggngary al cohol 1s ftﬂrthlér treated.
S0 as to s rate sulstanti y.akl, of . | t QGind ShddiRnt

A e dDleoreref ot ra so ey sbfiolhalb gficl Shoien

forma fi stréam™ conp er, t err

secondary al cohol ,and | ess than 1 i_ght percent fot ! Wel-N
The it '6e aeonagRRAone] peshtep subf sEssaBe ferrsr'y Bebhids SR8 o
stream by renovi ng substanti al |¥P all of the t hanol therefrom 2% At

sui t abl e e Hiei GridaaliRigiire & ds%aﬁayr%n%f%%@e%'aai'ﬁ‘ §noxiaation
acconplished by distillative means (e.g., fractional distillation) as the
secondary rape¥¥ul nay be selected so as to be substantially higher boiling
than the epoxi de being produced and the nethanol being utilized as dil uent
and t hus. amenatinder gerterosanditions. i isopessine forfa mingr Mo of ketons yrproduct
vaporized and taken overhead. As the olefin is generally |ower boilin

t han the epde themettairingapodigationas ahiesult ghtitanivm stiedlite-galalvgad exidalign.o

- olefin in the epoxidation reaction mxture may also be readily renoved by
di sti || at’i the.secbndargraicotol.e ioute denkstone iy-pradied 4 acetpne itrmgy g@ re@pvedd
together with epoxide by flash distillation. Fractional distillation or
condensat i fpémitRe ffiRgtroeadé alcobibli dtrezer ift so deghmdaby fractional distillation or the like

prior to recovery of the methanol. If the ketone by-product is 2-butanone, it may
* : _

similarly be removed after methanol recovery from the second crude alcohol stream.
The ketone by-product .thus removed may be converted back to secondary alcohol for
reuse by. hydrogenation. | |

Thé methanol obtained from the first crude alcohol stream is théreafter recyqleql
at least in part for USé.as at Iéast a portion of the diluent in the eboxidation step. An
important advantage of the process of this invéntion is that no further purification or
processing of the recovered methanol is necessary prior to reuse in epoxidation in.
order to attain satié;éctory results. Fractional distillation readily ~achievef substantially
complete se_'paration'MOf the methanol from the other componenfs of said stream.l

The second crﬁde alco.hol.stlre_am may be récycled foruseas a sou.rce of

secondary alcohol in the oxidation step. Preferably, the second crude alcohol stream

is first subjected to a further separation by means such as fractional distillation such



the olefin fromthe epoxide. In other enbodinents, the olefin is first
fenmoved fromthe epoxidation reaction mxture, followed by the epoxide.

It is inportant to renove substantially (e.g., >95% nore preferably, >99%
of *al | the nmethanol fromthe first crude al cohol stream since nethanol
which is carried forward with the secongary al cohol will tend to be
converted into formc acid during

13 ol ecul ar oxygen oxi dation of the secondar | cohol contai.ned in the
first crudbal HeceaiPn & walsh correspandjanta e geodialodat & PRIV iR aci d
formati on during oxidation of the secondary al coh?l becagse su?h ?ci ds, may
det ri ment ahydrogen petoxidecstiring eraxidatiogiis jemeyedinthe fp aba PotpRs fragtion Willleq
as a source of hydrogen peroxide in an epoxidation reaction. Under
certai n copudifteidoseconfiaryi alcgnsd dtybically, & an agastopamitmyalss) haingikeBy - pr oduct
to be formed-during epoxidation as a result of titanium
si-licaliteeearhehg.zed oxi dation of the secondary al cohol. \Were the ketone
by-product is acetone it may be renmoved fromthe first crude al cohol
stream if so desthedgdrdnenttion steppitie kidtene sépdrated foomtthe okidaet mixtureris t o
-recovery of the nethanol. If the ketone by-product is 2-butanone, it may
simlarly benverrgavestkabtthe corbipomiing exondaty dical bpeearingritle tydmgealizohol
stream The ketone by-product thus renmpved nmay be converted back to

secondary gl<phebnédbi a hRinsRioR mdtidnyRegeation catalyst. Metfdus ofeddnaeding
obtained fromthe first crude al cohol streamis thereafter recycled at

l'east in pafindiRkeiSifesisuchiad £8stbn@aR@RlbENSHe fohtReid icbtrésioniding $ezondary
epoxi dation step. An : _ . - :
aliphatic alcohols by catalytic hydrogenation using a transition metal catalyst and
I'-\y.dr'ogen gas are well-khown; |
: Thé transition metal jn the hydrogenation catalyst is most preferably palladium,
platinum, chromium (as i_n copper chromite, for exan‘iplé), rhodium, nickel, or
_ rutheniurh. If water is present, the use of Raney nickel or molybdenum-promoted
nickel is especially advantageéus. ‘The Hydrogenation is suitably carried out in eithér a -
liquid or vapor phasg.

The tempei'a_ture, hydrogen-pressure, and catalyst concentratiqn during
hydrogenation are selected so as to accomplish substantial (i.e., at least 80% and |
more preferably at Lé&ast 95%) cohversion of the ketone to seéondary alcohol within a

- practicably short reaction time (i.e.; approximately 15 minutes to 12 hours) without
overreduction of the ketone. The optirﬁum hydrogenation conditions will vary

depending upon the type of catalyst seiected for use and the reactivity of the ketone,

but may be readily determined by one skilled in the art with minimal experimentation



I mportant advantage of the process of this invention is that no_ further
purification or processing of the recovered nethanol is necessary prior to
reuse in epoxidation in order to attain satisfactory results. Fractional
distillation readily achi eves substantially conplete separati-on of the
met hanol - from t he ot her conponents of salsl stream The second
crude al cohol stream may be recycled for use'as a source of secondary

al cohol in the oxidation step. Preferably, the secoRd crude, al co ol,shream
is first subpasade®n dhg KopwRe@rs pRARaNING nthyKe1RAR shEIreaention. oo dyBically.
distillation such _ . : 14
that the por taropereturagpbfroouabais 2016 g 1% G Ard hydiegeaPeassyesof o abetict
from hydrogen peroxi de during epoxidation is renoved in the formof a

bot t ons  f r ac0iGtovl © IMPa(0.BftoetDG atraosideresi b belappropiatafonusea Sreferably,
azeotrope with water) being taken overhead. I n the hydrogenation
step, the ketlnmotarpatiatofH,ftodmtoneisoikomaatioutiixt de &: 1 s Theameyntaf aasalkst o

t he correspondi ng secondary al cohol by reacting the hydrogen in the
presence of gnipldyed ik ippeferatinsutficimge periitrweighthysty spatehadecitiés of from
converting aliphatic ketones such as acetone and 2-butanone to their

cor respondi ng_$¢sa0dgravns & ke¥dak iper ataialvdlcatdlystosdralopri ¢ hydr ogenat i on
.using a transition netal catalyst and hydrogen gas are well-known.

The transition meygh Mlﬁbasné%if QEAN AhiP 'be alariad lodtsinTes bapdtef semibbatch,
pal |l adium platinum chromum (as in copper chromte, for exanple),
rhodium ni C%Shtim%us, or semi-continuous manner using any suitable reaction vessel or
. apparatus. wheréin the overhead stream may be intimate’ly' contacted with the
_ transition metal hydrogengtion ca;calyst and hydrogen. As the catalystis normaliy
heterogeneous in nature, fixed bed or slu‘rry-iype reactors aré especially convenient
for use. A trickle bed syst_em may also be utilized.
Figure 1. illustrates one embodiment of the infegrated epoxidatiqn process
of tﬁe invention wherein propylene is catalytically epo>-<idiz'ed to yield propylene
oxide. A stream comprised of secondary alcohol passes via line 1 into a-cohol
oxidation zone 2 wherein the secondary alcohol is partially reacted with .rr_wl.ecular'
oxygen to form an oxidant rhixture con*iprised of hydrogen peroxide, ketone, and
excess _secondar:y; alcohol. The rholécular oxygeh is provided by air or pure or
diluted O, introduced via line 3.
| The oxidant mi*ture coﬁtaining .hydrogen peroxide, ketoﬁe, and secondary
alcohol passes from zbne 2 vi.a line 4 into oxidant distillation zone 5. In 5, the oxidant

mixture is subjected to fractional distillation. Ketone is taken overhead (together, in



ruthenium If water is present, the use of Raney nickel or

nmol ybdenum pronoted nickel is especially advantageous. The hydrogenati on
is suitably carried out in either a Iliquid or vapor phase. The
tenperature, hydrogen pressure, and catal yst concentration during

hydr ogenation are selected so as to accongish substanti.al (i.e., at |east
80% and nore preferably at | east 95% conversion of the ketone to

da | cohol within.a.. i 1L, QML L 1
appr oxi ma Ge 28 LS opriopS Rt &y Abholl ERE Gyt dBEndarone o

ket one. ‘The opt i -hydr.ogenat j.on .conditions wll v : di. ng_upaon the
Cype of cataer” sOrePPBanE dRclSE oate ceRpauiied niolen FREMERGTHRE] |
may be readily determned b ne skilled in ,the art wth mninal
exher et Sifaam- whioh coniainsySiwed pereiios AbSS Tbas Alcaal st ed frwars
hydr ogenat i on. T%gi cally, tenperatures of from about 20[err]Cto _
175[ er r] C ¥iadnpyifos4ea ipepesidatidn.of from about 0.05 to 10 MPa (0.5 to 100
at nospheres) will be appropriate for use. Preferably, the nolar ratio of
"H2 to ketone i sThe olefinto e epoxidizedss fed inte eppgdatiorofoneat hby ay AirsPed i s
preferably sufficient to permt weight hourly space velocities of from 0.1
to 10 gr amsnadfiOkdt dine ppaicutar @mbeidirsentsshpwn greFightaui. lines 8 and 2ha@lso feed into
hydrogenati on step may be carried out in a batch, sem -batch, continuous,
or semi - coliié M0 @Y pomis separatEdiigorarine Sui taweeerr pameraus aleerswiysoef inlpgeaing us
wherein the overhead streammay be intimately contacted with' the
transiti ontHeedalousfded gasains Gmtoaspoaidution aotk hy dire feesiblés Fohexaraplal et i s
normal |y : , .
K contents of lines 8 and 21 may be combined in a common line prior to entering line
10. Aitematively, the olefin, the recycled methanol (diluent), and the concentrated
»

hydrogen peroxide-containing stream may be separately introduced directly into

epoxidation zone 11. The precisé manner in which the various reaction components

are introduced into the epoxidation zone thus is not critical, providgd that the net effect

is to dilute the concentrated hydrogeh peroxide-containing stream with methanol.

The titanium silicalite catalyst is preferably deployed in zone 11 as a fixed bed,
although a slurry configuration could also be employed. The olefin, concentrated
hydrdgen peroxi_dé-dontaining-stream and diluent are maintained at the desired
reaction temperaturtéi.'in contact with the titanium silicalite within zone 11 for a fime
“sufficient to convert at least a portion of the olefin to the corresponding C,-C, epoxide,
thereby consuming most or all of the hydrogen péroxide and generating water as a

co-product. The epoxidation reaction mixture thus produced passes through line 12 to

olefin recovery zone 13 wherein unreacted olefin is separated by an appropriate



het er ogeneous in nature, fixed bed or slurry-type reactors are especially
convenient for use. Atrickle bed systemmy al so be utilized.

Figure 1 illustrates one enbodi ment of the integrated epoxidation process
of the invention wherein propylene is catalytically epoxidized to yield
propyl ene oxide. A stream conprised of sBcondary al cohol passes via line 1
into al cohol oxidation zone 2 wherein the secondary al cohol is partially

reacted wigh, HP%E&PEé‘HistiﬂétY&P nd Pec&QIEH‘té"e BXibSaeH zrsne«wwa FREPI4 §5616f

hydr ogen peroxi ess se ondary al cohol . The nol ecul ar’

oxygen is rora(rﬁ%ﬂdglyo he Rﬂhgn PLactidh k&b gtﬁkixl ohw ﬁﬁé’??% \éga)ghéne 3.

The OX|dan ure con ydr ogen perOX| et one, sec ary

| hol
B, Ef he oﬁfiﬁ@fﬁtca iR 200 ﬁg.@h%&‘hs?@%ﬂ & s %@H’J‘%@%ﬂ.’@’ﬁpﬁ BB e i o
t d ]
16 Some cHEEEs (SWF*?%tsé’e%?{'%ﬁ“%fe'f‘ﬂ‘éeds\éléé'ﬁaaVy BergKAof thgPeYige and

hydrogenation zone 6 via |line 7, The bottons fractlon%g .E. t he leohs
~ concent r at BareagiedRelin B@F‘b%?o’é’%&ﬁ‘f'%" FRarHon SRixEHpensiptceH ShedidsaENA ogen
peroxi de and secondary al cohol ; is carried forward via line 8 for use in
epoxi dat i oftream comprisga©f i3aareRanch rthanelxar heaviessyhstances Sush 8iWalet . on
zone 11 by way of lines 9 and 10. In the particul ar enbodi ment shown on
Figure 1,  hpidesgigcelndamithe ke budile ihany pranytenemxide. pbi fisst sBisigr2le@RP!f r om
l'ine 9. Fbmever numer ous ot her ways of -introducing the various feed
streans i nstreapox traspated trom epoxidecprifigatias z;oneFlﬁ viaxlinep] & and jdroduced into
crude alcoho| purification zone 19. Within zone 19, the methanol is separated from
the first crude alcohdl stream by an appropriate means such as distillation. The
L 4
separated methanol (which may, for example, be taken overhead as a llght fractlon
during dlstlllatlon) is recycled for use as dlluent in epoxidation zone 11-via lines 20 and
21. Make-up methanol, if needed, may be combined with the recycled methanol
through line 22.

The second crude alcohol stream which is generated by removal of the
methanol from the first crude alcohol stream in zone 19 is carried via line 23 into
secondary alcohol purification zone 24. Secondary-alcohoi purification zone 24 is
operated such that the purified secondary alcohol (or, in some embodiments, an

sy -
azeotrope of the secondary alcohol with water) is taken overhead and an aqueous
stream containing at least a portion of the water. generated as a co-product from the

hydrogen peroxide during epoxidation as weli as the heavier epoxidation by-products

(acids, glycols) is generated as a bottoms fraction and withdrawn via line 25. The



contents of lines 8 and 21 nay be conbined in a common |ine prior to
entering line . 10. Alternatively, the olefin, the recycled nethanol
(diluent), and the concentrated hydrogen perOX|de cont ai ni ng' stream nay be
separately introduced directly into epoxidation zone 11. The precise
manner in which the various reaction conponents are introduced into the

- epoxi dation zone thus is not CI’I tical, J§V| ded that the net effect is to
dilute th trated t | .
The tit an.ea»‘fﬁ"fgq Tepraty ST foob Gl hark i AR P BBty TS e e 28 o
fixed bed, h a slurr nf rati on coul d al so, be | oyed. The
o: )éfi n, coﬂE Hﬁ? “plﬁfﬁgﬁ M BEU tbi?o'ﬂ’(raﬁg‘lfjﬁeﬁg“sé'?q lé'?ﬁﬁzg% diyl uent are

mai nt ai ned at the desired reaction tenperature in contact with the

titani um silical¢ evaihead stregariran gxidan distiliationgene; & isehasses Vidolineef intgt

| east a portion of the olefin to the correspondl ng Clerr] epoxide, , thereby
consuni ng Rydregenatian zqsre ¢ H‘é‘eﬁ%‘ﬂrt%éﬁefﬁéﬂ%f@@ée%wgh @wﬁ@ggm(wgoqm@r vigding
co- product. The epoxidation reaction m xture thus produced passes through
line 12 t 026binetherpresenseeefia suitable Bydrhgeration natalps tsugh @isesuippoited sgpemismed
by an appropriate 17
nmeans suchoasalybstenuimat promated Haeey@im;cdl tpmefemw deplpyed apadixéd bedavithimes 14
and 10. The remai nder of the epoxidation reaction mxture is taken on via
i ne. 15 t ozep®®) de asptordonved tait (east arportidh avck p edferablyesubstapisignal (exg.devers
separated by an appropriate means such as distillation and renpved via
line 17. Repwpyaf tieé ketohecsrkitd @eddritiary BlceRslt eEThedhyirbgeridtion stlramewibdrdahi on
reaction m xture generates a first crude al cohol stream conprised of

i SOpr opanokromBdiR6Glia iIF 7 MEAVbE if §@H§§|@é&$@ﬂ%ﬂ¢ﬁmnﬂ§d \(ﬁ't ékample, in alcohol
punflcatlon zone 24) or alternatively, may be passed dlrectly back to alcohol omdaﬂon
-
| zone 2.
From the foregoing descfiption, one skilled in the art can readily ascertain the
essential characteristics of this invention, and, withéut departing from the spirit and

scope thereof, can make various changes and modifications of the invention to adapt it

to various usages, conditions, and embodiments.



acids, gly ut little if any propyl ene oxide. The first

crude al coh sported from epoxi de purification zone 16 via
line 18 and]i“ﬂi’;ﬁﬂim"jﬂy Ecrude al cohol purification zone 19. Wthin
zone 19, th Wi rated from the first crude al cohol stream by

an appropriate neans such as distillationiggThe separated nethanol (which
may, for exanple, be taken overhead as a light fraction' during
distillation) is recycled for use as diluent in epoxidation zone 11 via

| i nes 20 and CIAIMSmke-up net hanol, if needed, may be conbined with the
recycl ed nethanol through |ine 22. The second crude al cohol stream
which is generated by renoval of the nmet hanol fromthe first crude

al cohol streamin zone 19 is.carried via line 23 into secondary al cohol

purification zone 124. Jeciatelratededpoxiddtionyrotéssaddmprisioge. 24 is ~ operated
such that the purified secondary al cohol (or, in sone enbodi nents, an

azeotrope of the seconggry ﬁh‘a@ﬂh@'a@\gtbs&\@érﬂfa}y hzohakary ﬂbﬁch%@@x@@dnﬁ‘na
aqueous  stream containing at |east a portl on of the water generated as a

co-product fromthe  hydr Oﬂ@ﬂd Fb‘?fa?é'tgg a1n”9x189r9€‘hﬁ3?¢hl'é)ﬂoﬁ?n¥\é‘d bf 28, the

heavi er epoxi dati on by- produ acl glycols) I's generated as a

bottons fraction and w thdr 2 T eket dina to the C
18 purified secandary al coﬁ i nﬁ?&é’%gﬁ?' g 2AGIoNe conesponding i e, Eoﬁe

via lines 28 and 1. Make- URs & g;i Bﬁglk/df@élngferbﬁ%oduced usi ng I|ne
OXI 'St [

29. The over head stream on zone 5 is passed

via line 7 ”_‘“.’ (b) separating - substantially all of the C;-C, kefcone from the

oxidant 'mixt_ure to provide a concentrated hydrogen
péroxige-containing stream comprised of C,;-C, secondary
alcohol, hydrogen peroxide, and less than 1 weightipercent C,-

C, ketone; | | |
(c) reactingthe concentrated hydrogen peroxide-containingstream
with a C,-C, olefin in the presence of a titanium silicalite
catalyst and a diluent comprised of methanol to form an
epox1dat|on reaction mixture compnsed of a C,-C, epoxide
correspondmg to the C,-C, olefin, water, methanol, and Ca-C4

*y secondary alcohol,_

A{d) .separating substantially all of the C,-C, epoxide from the
epoxidat_ioh reaction mixture to form a first crude alcohol
stream comprl;sed of water, C,-C, secondary alcohol, methahol,

and less than-1 weiéht percent of C,-C, epoxide;



N
h drogenatlon zone 6 wherein the streamis reacted with hydr ogen

(| nt r od “ m‘ﬁ“mﬁm mL In the presence of a suitable hydrogenation

cat al ystm “ d ruthenium or nolybdenum - pronoted Raney ni ckel
(pref erab1y°de|5l oYed as a fixed bed within zone 6) so -as to convert at

| east a portion and preferably substantiggdgy all (e.g., over 95% of the

ket one back to secondary al cohol. The hydrogenation stream w thdrawn from
zone 6 via line 27 may i f so, des h i fied (for exanple, in
al cohol purification (fgne sfﬂ?raé'r"‘géfJbéﬁar‘?é‘?{h(/élﬁ theﬁlé‘“ﬁbfég@dhﬁﬁfsé&' 1“}9
back to al cohol oxidation zone From t he foregoi ng: description,
one skilled in the art can ql‘éﬁmll §tream otq AfORM: [fe SeegREnEiuse dleahak tstfeast i cs
of this invention, and, wi thout departing fromthe spirit and scope

t hereof, can nake various dempyissdafovaisni €i-Caseerndasy alaedol, rwdriessOwand
adapt it to various usages, conditions, .and enbodi nents.

19 CLAI M 1. Wﬂghhpelgleat e‘@tleg]mlzl @&t i on process corrprl si ng

(a) reacting a CJerr] secondary al cohol and nol ecul ar oxygen in a

l i quid phase to form aff) oxirdeydling attleast e pogticinsefdthef méfhano] separated in step
secondary al cohol, a (Jerr]-Clerr] ketone corresponding to the Cferr]
secondary al cohol, -and hydr(epfgr yserazxatdeast a portion of the dilyent fegtepdt).ng

substantially all of the CJerr] ketone fromthe
2. A process as claimed i in claim 1 characterisedin that the C -C, ketone
-separated from the oxidant mixture in step (b) is hydrogenated to the C,;-C,
sec;ondary .alcoho!. —

3. A process as'claimed in claim 1 or claim 2 cﬁaracterised in that the
C,-C, olefin is propy]éne.

4.  Aprocess és claihed in any one preceding claim characterised in that
the C,-C, secondary alcohol is isopropanol.

5. A process as claimed in any one preceding claim charaqterised in that
the concentrated hydrdgen peroxide-containing stream is comprised of greater than
5 and less than 30 weight percent hydrogen peroxide.

6. A process as ¢laimed in any one preceding clairﬁ cﬁaracterised in that
separation step (ﬁ) is accomplished by distillation whereby substantially all of the
C,;-C, ketoné is vaporized and removed from the oxidant mixture as an overhead
stream.

7. Aprocessas élaimed in any one preceding claim characterised in that
step (a) is performed at a temperature of from 5.0°.C to 200°C,

8 A'process as claimed in any one preceding claim characterised in that

step (c) is performed at a temperature of from 256°C to 120°C.



oxi dant m xture to provide a concentrated hydrogen

per oxi de-c m onprised of CJerr] secondary

al cohol , j ﬂ!ﬂlmﬂmﬂuﬂm"fand | ess than 1 weight percent Cerr]

4 ketone S(c) .reacting the concentrated hydrogen

per oxi de- cont ai ni ng stream 21 with a Cerr] olefin in the
presence of a titaniumsilicalite cat alyst and a

di luent conprised of nethanol to form an epoxi dation -
reaction m xture (,9orrpr ARIQCESS 3 @Fl@ﬁqu me}%()gngé:recedmg claim characterised in that
corresponding to the (ferr] olefin, water, nethanol, and C3-C4

secondary al dbresimprises the additional |9ep of paeyalinagats laast znmoaliony of| theo€,Cae

Clerr] epoxide fromthe epoxi dation reaction mxture to
forma first secoddary ajohol in the second crude alcohol streamfioc oisprin step @. wat er |
Clerr] secondary al cohol, nethanol, and less than 1

wei ght percent of 12-CA pmogssm cIalmed inclaim 9. charactensed in that at least a portion

20 (e) - separating substantially all of the nmethanol fromthe
first crude of the water in the secomd ¢oldd aliohSRBtbam r separstedoifeémcthede,-C,

al cohol stream . conprised of water, Cerr] secondary

al cohol , and deedndafedicdhol prior to recycling for use m&bt(apercent met hanol ; and
() recycl ing at |l east a portion of the methanol separated in step
(e) for use as at {easin graeess e eidthed e cilithUeBbmpRsimgeP () -
(a) rea_cting isopropanol and molecular oxygen in a_liquid phase at
a temperature of from 50°C to 20Q°C to form an oxidant
mixture comp‘rised of isoprolpanol, acetone, and hydrbgen
peroxide;
(b) .subje'cti'ng' tht; ‘oxidant mixture to distillation whereby
'.subsfantially all of the acetone is vaporized ar;d removed frbrh
the .oxidant mixture as an overhead stream so as to provide a
concentrated hydrogen peroxi_de#containing stream comprised
of isopropanol, greater than 5land less than 30 weight percent
hydrogen pérokide, and less than 1 weight percent acetone;
(c)»-‘ a reacting t_hé concentrated hydrogen peroxide-containing étream
with propyléhe at a temperature of from 40°C to 80°C in the
pres_ence of a ti;canium silicalite catalyst and a diluent
‘comprised of methanol to form:an epoxidation reaction mixture
cqmbrised of water, propylene oxide, methanol, and
isopropanol;.

(d)  separating substantially all of the propylene oxide from the



2. A process as clained iniclaiml characterised in that the (err]

Ket one se nm MF oxidant mixture in step (b) is hydrogenated to
t he qerr]ﬂmmmh w Ilmol. 3. A process as clained in claim1

or claim2 ¢hafacterMsdd *n that the C[err] olefin is propylene. 4.
A process as clained in any one precedi n@2cl ai mcharacterised in that the
Cerr] secondary al cohol is isopropanol. 5. A process as cl ai ned

in any one preceding claimcharacterised in that  the. centrated hydrogen
per oxi de- cont ai ni ng st r eam $PEXEFYBF 59889'8‘? PPEiE PY; ﬁ'&ﬁﬁa ?"a&ﬁiafpﬂgsat ish 30
wei ght percent hydrogen per,0xi de. 6... Atprocess as clainmed in any
one preceding cl ai m char actRAHURStreAM FAMPrisedq \g(@pednmgf@ﬁ\of,gﬁoqrgpanol_and
acconpl i shed by distillation whereby substantially all of the derr] . '
ketone is vaporized and rerB%ethan bivaight Rercerinef propylene axidesn over head

stream 7. A process as clainmed in an%/ one preceding claim
characterised in that (63t esepayating pebgtantialty all of thenraethaoelefrom ftherfirst
50[err]C to 200[err]C, 8 A process as clained in any one

precedi ng cl ai m char act er i dettams tdtetam iye gigtifatios twe féron reedeavnd bottoms
tenperature of from25[err]C to 120[err]C .
21 9 A process asstrdam ramtinprisednygf omstepr ésopdopanot,| andniess than 1
characterised in that it conprises the additional step of recycling at -
I east a port i on of the ([ erweight percent methanol; . '
(f) recycling at least a pdrtion of the methanol separatec_:l in step
(e) for use as at least a portion of the dilue_nt ir; step (c);
(g) seﬁara,t'_ing at least a portion of the water from the second
bottoms étream to form a crude isopropanol s;cream;'
(h)  hydrogenating the acetone separated from the oxidant mixture
in step (b.) to isopropanol; and
(i) '-ré_cycling the crude isbpropanol stream and the isopropanol
obtained in step (h) for use in step (a).

12. A process as claimed in claim 11 characterised in that step (h) is
performéd in the presence of a hydrogenation catalyst comprised of a transition
metal selected frdgn palladium, platinum, rathenium, chromium, rhodium, and nickel
.at a_temperature of 20 to 175°C"and a hydrogen 'pressure of 0.05 to 10MPa (0.5
to 100 atmospheres). |
. , 13. . A process as claimed_in claim 11 orclaim 12. characterised in that.the
| molar ratio of propylene: ﬁydrogen peroxide in st’eb (c) is from 1:2 to 10:1.

14. A process as claimed in a'ny.one preceding claim characterised in that

methanol comprises from 5 to 60 weight percent of the epoxidation reaction



secondmmh‘e—wcond crude al cohol streamfor use in step (a).
H'mWﬂmﬂm dinclaim9.characterised in that at |east a

portl on [!ﬁ t he second crude al cohol streamis separated from

the erf] ¢ sécomdasy cohol prior to recycling for use in step (a).

11. A process as clained in claim1l conprjsing - (a) reacting

i sopropanol and nol ecul ar oxygen in a liqui'd phase at ' a

tenperature of from50[err]C to 200[err]C to form an. oxi dant

m xture conpfMix®@eof i sopropanol, acetone, and hydrogen

per oxi de; (b) subj ecti ng the oxidant m xture to distillation

~ wher eby - . 15, Aprocess@ssiaimed i agy ane preiceding claiot ehvaracterisepiorthaed

and renoved from " the oxidant m xture as an over head

stream so as theamoant dedituent is sufficient to provide a ltyrogen patoxiiemhcegration of

per oxi de- cont ai ni ng stream conpri sed of isopropanol,

greater thanflonand tbe$6 Wedght3percehyin sy dentbased on the total weight dnydﬁe)gen N

peroxi de, and |less than 1 wei ght percent acetone; (c)

reacting theceapsmrdtedhsdroyen ParoRideSoPxdiARgGeiadt Bhadilgédteam
with propylene at a tenperature of fromd40O[err]Cto 80[err]Cin the

presence of a titagi UNAprbédsdldsichaifdtid ¥8) oA8Breteding@sim characterlsed in that
conpri sed of methanol to form an epoxidation reaction m xture :

conpri sed Ofth%ié?ﬁum%l%“t& &s axiva, MEL Ranebiiteita ¢ ?poloFY

i sopr opanol separating substanti al of the

propyl ene oxide f hgm t)ﬂ%rocess as claimed in any one preceding claim characterised in that
the titanium silicalite has a composition corresponding to the chemical formula
xTiO,: (1-x) Sio, whereln Xis from 0.01 to 0.125.

. 18. A process as claimed i inany one preceding claim characterlsed in that

the titanium silicalite is deplqyed in the form of a fixed bed.



L 2

22 : epoxidation reaction mxture by distillation to form

a first . : bottons stream conpri sed of water, nethanol,
i sopropanol and | ess than 1 wei ght percent of propylene
oxi de; (e) separating substantially all of thé methanol from
‘the first bot t ons stre§g1by distillation to forma
second bottons - stream “Conprised of water, isopropanol,

and |ess than 1 INTEGRATED PROFHSPRORIHO LRIAAON

(f) recycling at |east & din step
(e) for use as at least a portion of the diluent in step (c);
(g) ~ separating at least a portion of the water fromthe second

bottons streamto forma crude, | t 1l _ (h)
hydr ogenati ng the acetone sepﬁmm-@ﬁ%xture

in step (b) to isopropanol; and ' (1) recycling the crude _
i sopropanol ‘stream and t he isopropanol obtained in step
(h) for use in step (a). A process-as claihed in claim-11

characterised i'n Epexides are r(m}iuced bpenirttemed praciess invebdng molgicular oxygen
hydr ogenati on catal yst conprised of a transition netal selected from

pal | adi um ploxidatiom of & Isendnaary céicomdlusepatationuaf thedketpok eto-paxduat, and
tenperature of 20 to 175 C and a hydrogen pressure of 0.05 to 10MPa(0.5 to
100 at nosphemepsxidation of an biefin dsipg threkstoas-frdecixidatidrprodachinthd peesenkcaiofn 12
characterised in that the nolar ratio-of propylene: hydrogen peroxide. in
step (c) is fartemilin? silicalifd: datalyst and a methanol-containing diluent wherein methanol

recovered from the epoxidation product mixture serves as a source of methanol in

the epoxidaﬁon step.

' FIGURE 1



é%r:) A process as clained in any one preceding claimcharacterised in th\aL
t hano™™ conprises from5 to 60 weight percent of the epoxidation reacti on~._
23 mxture. 15. A process as clained in any one preceding claim
~characterised-in that the anmount of diluent is sufficient to provide a '
hydrogen peroxi de concentration of from1 to 10 weight percent in step (c)
based on.the total weight of the conceantrated hydrogen peroxide-containing

stream and dil uent. ' 16. A process as clained in any one preceding
claimcharacterised in that the titaniumsilicalite has an MFl, MEL, or
zeolite beta topol ogy. 17. A process as clained in-any one -

precedi ng cl ai m char acterised in that the titaniumsigicalite has a
conpositi-on corresponding to the chem cal fornula xTi q_g\rr] S (1-x) %q'err]
wherein x is from0.01 to 0.125. 18. A process ag clained_j any
one preceding claimcharacterised in that the WNWranjuwR-sH-ea| i f@jins
—deployed in the formof a fixed bed: : : 9. "
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