I NTEGRATED PROCESS FOR EPOXI DATI ON FI ELD OF THE I NVENTION: Thi s ‘i nvention
Telates.to an integrated process for producing an epoxi de. Iﬁ-f’/pjaﬂt I cul ar,
the invention pertains to an epoxidation nethod wherein the crude al cohol
stream obt ai ned by renoving epoxi de frdm the epoxidation reaction mxture
s used to dilute a concentrated oxi dant stream used as a source of

hydr ogen peroxide.in the epoxidation step. BACKGROUND OF | NVENTI ON: Many
different nethods for the preparation of epoxi des have been devel oped. One

such net hod invol ves t hgNIESRATED'PROCESS BORUWPOXIDATFIONE materials to
catal yze ol efin oxidation by hydrogen peroxide. This nethod is described,

for exanpl lerb-I*JT]Q‘QE WEN%NA 833, 260, which discloses a procedure

( Exanpl e %—vm‘m—n—p'rva-eﬂ'e is converted to propyl ene oxide. An

| sopropanol / water. m xture i? reacted, with oxygen at ,135[errlCto afford a
mi xture cont ai ity MAIUQIEIPISEs S0 3 Integeat ﬁﬁF@ﬁ for RGN ghoxide.
directly in a titaniumsilicalite-catalyzed epoxidation of propylene

wi t hout i hn @avierlag theciavestion pertaing to @ngpaxidatipn metth.Wngr.eussBaque
describes an integrated process for epoxide production which al so enpl oys
hydr ogen pbcahol dereden iobtaineddy rempvingaepdxide frbrhithe epoxiddtidrareastion
silicalite-catal yzed epoxi dation, but teaches that renoval of substantially

al | of thenitdead,dec’td lflrd 8 eBheBARRlecPSkidaNk sidafi LS 43% bBuRRosf dat | on
I s advant ageous. The patent additionally suggests that 1sopropanol derived

from hydr%@i?@ééﬁge%xihg% rtﬁgr%\/)%g(ioaaqﬁ)tno&%pgoul d be enployed to dilute

BACKGROUND OF INVENTION:

Many different methods for the preparation of epoxides have been
developed.' One such method involves the use of certain titaniuli'n silicalite
materials to catalyze olefin oxidation by hydrogen peroxide. This method is
described, for example, in U.S. Pat. No. 4,833,260, which discloses a
procedure (Example 35) wherein propylene is converted to propylene oxide. An
isopropanol/water mixture is reacted with oxygen at 135°C to afford a mixture
containing hydrogen peroxide.. The mixture is thereafter used directly in a
titar_ﬁum silicalite-catalyzed epoxidation of propylene without intervening
treatment or fractionation.

- U. S. Pat. No. 5384418 describes an' integrated proce'ss for epoxide
production which also employs hydrogen peroxide derived from isopropanol
oxidation in a titaniqm silicalite-catalyzed epoxidation, but teaches that removal
‘of substantially all of the acetone from the isoprdpanol oxidant prior to use in
e-poxidation is ad;/antageou_g. The patent addiﬁonally suggests that isopropanol

derived from hydrogenation of "fﬁe'_-__‘rf'gmoved acetorie could be employed to dilute



the isopropanol oxidant to achieve the desired H202 concentration within
the epoxidation reactor. Under certain conditions, it is desirable to
matntain relatively dilute (i.e., 1-10 weight % naxi mum hydrogen peroxi de
concentrations dufing epoxidation sinc® higher concentrations can result in
poorer epoxide selecjivity. W have now,unex edl vy discavered that a
crude al dBRJFOROPER Bﬁ'pé?'/'ﬁéﬁ a&g"er" ﬂﬁs'@?fg%g@é #ﬁﬁpfrﬁgopé’&&'f"ino Sr oduct
m xture exiting the epoxidation reactor can also be used for the purpose of
di | ut i ng epexidatinroacteer blndes cestain conditionse icisgiesirable to aaintaings
surprising, since titaniumsilicalite-catal yzed epoxi dations are known to

be sensi trplagiviely Hihgtepli RGN0 abeight®f) maximum aydrdgerSperféadde No. 4, 824, 976,
for exanple, indicates that the addition of certain basic substances to a

titani um 'Aaegeﬂaitfoﬁ-s g 656xiBBASh &M Righer conteRflapidns Cafi rekdit3R

aci d-cat al yzed non-sel ectl ve ring-opening reactions of the desired epoxide.
As the aforenmentioned crude al cohol streamtypically contains, in addition
to i soprcﬁ%ﬂmf eBﬂﬁ"@aﬁei‘P‘? W¥surabl e amount s’ of rel ati vel y heavy (high

boiling) organic acids, glycols, and so forth, it wou]d have been expected
that the use oiVerhave BP%E“Q’I‘M%‘VS@'FEQWM at & Er'YdealnoRPILRERABer oxi de

feed to theé epoxidation reactor would result in poorer yields of epoxide.
| nst ead, olstalredeby semiovingl epoxidel from theoreastiongprodurct srikturei exiting ttge epoxi de
t akes place when such dilution is practiced as conpared to the use of
purified goxigatiow fedctoPcanass beUddd Y the diiposeNGENluEMNg the hydrogen
peroxide feed to the reactor. This result was surprisin“g, since titanium
silicalite-catalyzed epoxidations are known to be sensitive to the presence of
trace impurities. U. S. Pat. No. 4,824,976, for example, indi;cates that the
: additién of certain basic substances to a titanium silicalite-catalyzed epoxidation
mixture helps to minimize acid-catalyzed non-selective ring-opening reactions of
the -desired epoxide. As the aforementioned crude alcohol stream typically
contains, in addition to isopropanol and water, measurable amounts.of relatively
heavy (high boiling) organic acids, glycols, and so forth, it would have been
expected that the use of this crude alcohol stream to dilute the hydrogen
peroxide feed to the epoxidation reactor would result in poorer yields of
epoxidé. Instead, we have now found that little or no loss of selectivity to
epoxide takes place when such dilution is practiced as compared to the use of
purified or refined isopropanol. |
SUMMARY OF THE INVENTION:

Th_is invention provides an integrated epoxidation process comprising

(a) reacting a C,-C, secondary alcohol and molecular oxygen in a



. Thi.s knvention provides an integrated epoxidation process conprising (a)
rTeacti:ng a [err] secondary al cohol and nol ecul ar oxygen in a 3liquid
phase to form an oxidant m xture conprised of ‘the [err] secondary alcohol,
a [err] aliphatic ketone corresponding Bo the [err] secondary al cohol, and

hydr ogen peroxide; (b) separating substantially all of the [err] ketone

fromthe oxidant m xturg_ | L h

per oxi de- cont ai ni ng st r@%%ggé%é#ggoﬁogﬁpg@rg {@lie)gg'ﬁd%%&%%@oﬁép? Q?y%? ogen
peroxi de, and |less than 1 wei ght rcer&vgéer ketone: (c reacting, the
concentrated hydrogen. p¥#eeada E'Sﬁﬁ i Bitec s?lﬁdé?ﬁ@\}ﬁef‘?{iea&f%‘ﬁpf"gﬁngftpah?n t he
presence of a titaniumsilicalite catalyst and a diluent to forman .
epoxi dation reaction m Ss-fasesonsany Alephol, and Rydregen pRraxide; or r espondi ng t o
the [err] olefin, water, and the [err] secondary al cohol; (d) separating

substantially all @) thseparating spostantallyralinefithe Grfoxketane diom thecexidant
m xture to forma crude Al cohol stream conprised of the water, [err]

secondary al cohol and | edetutertanprbvidei ajbongentrated hydrogbe peesxide-eprtainig  and
(e) recycling at |east a portion of the crude al cohol stream for use as at
least a portion of the dirbarardomptiseidest ¢.cC, secondary alcohol, hydrogen peroxide,
and less than 1 weight percent C,-C, ketone;
(c) reacting the concentl;ated hydrogen pei'oxide-containing stream
with a C,-C, olefin in the presence of a titanium silicalife catalyst
and a diluent to form an epoxidation reaction mixture comprised of
a C,-C, epoxide corresponding to the C,-C, olefin, water, and the
C,-C, secondary alcohol;
(d) séparating substantially all of the C,-C, epoxide from the
epoxidation reaction mixture to form a crude dlcohol stream
comprised of the water, C,-C, secondary alcohol and less than 1
v;r_eight percent of the C,-C, epoxide; and
(e) recycling at least a portion of the crude alcohol stream fdr. use as

at least a portion of the diluent in step (c).

BRIEF DESCRIPTION OF THE DRAWING:

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

the invention.



BRI EF-DESCRI PTION OF THE DRAWNG Figure 1 illustrates in schematic forma
sui't abl.e enbodi ment of the process of the invention. 4 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON: The [err] secondary al cohols suitable for use
i ncl ude i sopropanol (isopropyl al cohol )4and sec- but anol (sec-butyl
al cohol ). The secondary al cohol is reacted wi th nol ecul ar oxygen (di-oxygen)

froma SM‘WLEDSES@@@%N@FWEHQV% j@nan oxidant mxture, which wil-
typi cal l y-contarn exc . the [err][ ketone resulting
from oxi dat i ogy.Qf ~t Re § | cohal and having, the sane hydrocarbon
skel eton as tﬁggaclz ‘tghaé&?rgé%?,a){cao@@?%ﬁ@{ﬁe gz”f:ﬁ.?t'&ﬁ%',”?f?ﬂ%é&ﬁ"@é? i de
and wat er he starti material to be oxidized nay contain mnor anounts
of the kQ{CBEQSM%?C'a’g@P} Fﬁ?“gﬂ-ﬂylﬂlﬁ?ﬁqlb t he al cohol - For exanple, the
azeotrope of water and isopropanol (87.2w % isopropanol, 1 2.2w % water)
may be used t dh8fRLANda®. alcahelis reassdiwitnmoleawaroxygenddiokygen)domrd ses 5
to 20 weight %water, 80 to 95 weight % i sopropanol, |less than 1 weight %

met hanol sudahle|sesisce bhuch as\ait tphyiekb arc exidaat mBdurs, WHigh svilbtypicatly cohtain
oxi dation conditions are adjusted so as to yield an oxidant m xture

conpri se@xoésstfedandfy akiohial, the G,0] k&toAe rrda_ﬁmn?lfr@ﬂh ekidafi6® B fHePsdcondary 25
wei ght percent hydrogen peroxide, 5 to 35 weight percent of the ketone,” and

0,1 e ol sheneselo 8 o Flodt SBRACE, M MbEnaeEatont i1

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 (87.2wt% isopropanol, 12.2wt%
water) may be used to advantage. In one embodiment, the oxidizér feed comprises 5
to 20 weight % water, 80 to 95 weight % isopropanol, less fhan 1 vx./eight % 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 hydrogenl 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 may be utilized as a carrier or solvent for the Hydrogen peroxide
and olefin during epoxidation. I;!esidence,_ 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 of from 50



secondary al cohol may be utili zed\"as a carrier or solvent for the hydrogen
peroxide and ol efin during epoxidatfon. Residence, hold-up or reaction

ti mes- of from about 0.25 hours to 4 hougs will typically be sufficient for
this purpose. The oxidation nmay be either uncatal yzed or catal yzed (for -
exanpl e, by introduction of a m nor anmount of a peroxide or hydroperoxide

'such as tte [2009C (mote QReferabiy erom i fevdi r].C
(rmore preferabl y( f'r% 100 to ?rgoﬁﬂrf’;ﬁ]gé)(}"vt\?ﬁrtﬂt %F@Q?eaw@gﬁfeg%[r’ﬁ{aﬁe]e‘”for

use | Oloigér fovatih e8ssRAE BARTo HhER! THL bRIETed K PEELBIER ha0° ©f

oxygen partial pressure 1n the feed gases na

. di |l uent | neaddi tion to oxygen).is.1 to 250 psia (nore
prefer abﬁ)??s%H?En ?Se Eés%%,ag%s{w}ﬂ&gmya'ﬂpvpelﬁ‘ i%"g%“‘{%ﬁt 97 $4eh ag| nilspaer ip e

Total presgyre in the gxigie%ti n reaction zone should be sufficient to

mai nt ai n AATHOTIPVHER iHd 10100 RSIR (MaFe preferably.isnta B psiag maest prefecalilg010

psia to 1000 psia is normally sufficient). A plurality of oxidation

react i on '@ GPeRSiahPartia) peassure.dTrtat peeasure inptheaoxidationm reRqtios Zoneeshould bbe

enpl oyed. The al cohol oxidation nmay be perfornmed in a continuous manner

usi ng, faufficientpbenaintainibe components ofatietreattioreaiztare AGEMquidPphase (5D use

I n the epoxidation step of this process, the ketone is substantially -

separ at esid to ¢000 pRid isomoriidly RUffibiéHt). TAPIUFity SNYxiBAEIN réRitish Sohes Met hod
or technique which is suitable for this purpose may be utilized, 1ncluding

Fracti onal T eRed B AHIcRen: ShGre e and RASGEEhos it 04 EREy <, THHR Bidohoh ¢ ne
~oxi dant iR ARy He BYASREA IS 'cSAtihuous manner using, for example, a continuous
stirred tank reactor (CSTR). ' |
Prior to use in the epoxidation step of this process, the ketone ié substantially
separated or removed from the oxidant mixture. Any known separation method or
technique which is suitable for this purpose may be utilized, including fractionation
procedures.
Preferably, however, the ox’idaht mixture is fractionally distilled whereby the
~ ketone is vaporized and removed from the oxidaﬁt mixture as an overhead stream.
The concentrated hydrogen peroxide-containing stream bbtained by such a procedure
thus may comprise a bottoms fraction. Such fractionation may bé facilitated by the
application of heat and/or reduced (subatmospheric) pressure. Where acetoné is to
be removed, a pressure of from 5 to 30 psig and a bottdms temperature of from 90 to
125°C may be utilized, for example. The ketone concentration in the concentrated

hydrogen peroxide-containing stream thereby produced should be less than 1 weight



-'The concentrated hydrogen peroxi de- c“bnt ai ni ng stream obt ai ned by such a
procedure thus may conprise a bottons “fraction. Such fractionation may be
facilitated by the application of heat ‘and/or reduced (subatnospheric)
pressure. Were acetone is to be renovéd, a pressure of from5 to 30 psig
and a bottons tenperature of from90 to 125[err]C may be utilized, for
exanpl e. The ketone concentration in the concentrated hydrogen

per oxi depetsenti{mirgpeafewsbly, tessrben Q:5 wpightPesernt).d TRaninemizedhtan 1 wei ght

6 percent (nore preferably, less than 0.5 weight percent). To mnimze the
accunul aaccumalatien)of lapydwetdrie/bydrogen peroxidel addultts havingeperoxy clearaster, this
character, this separation i's nost preferably performed directly after

ol ecul acepxiafien i®wck ipréfarably @Eerfoméu ditbEtnaftar nvblecalae vikyderdotidator. he
oxi di zer zone is preferably taken into a distillation colum w thout
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of the ketone rom the oxi dant xture, It may be desirable to al so take
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the distillation step is also inportant. The resi dence tlrre nust be
suf fi ci erambedimenbrfor pxamples thexaverhead strergrmayrcomprisect Qi8¢ male Jen

per oxi de reaction products generated ‘during nol ecul ar oxygen
ketone, 15 to 60 mole % secondary alcohol, and 5 to 30 mole % water. However, for

safety reasons, care must be taken nqt to overly concentrate the hydrogen peroxide in
the bottoms fraction nor to have any appreciable arﬁount of hydrogen peroxide in the
overhead stream. The residence time in the distillation step is also important. The
residence time must be sufficient to éccomplish substantial reversal of any
ketone/hydrogeﬁ peroxide reaction products generated during molecular oxygen
oxidation or thereafter to bring the level of aliphatic ketone peroxides to less than 0.5
weight percent total. _Excessive residence time should be avoided, howeve:_', to avoid
excessive decomposition of the hydrogen peroxide.' in one preferred embodimeht of
the invention, a residence time of 10 to 45 minutes (mbre preferably, 15 to 30 |
minutes) at 90 to 130°C (more preferably, 100 to 120°C) is employed. Under these
conditions, it has been found that the desired removal of ketone and conversion of any
ketone peroxides present may be readily achieved with minimal loss (<2%) of the

hydrogen peroxide in the oxidant mixture. Improved results may be obtained by



‘OX|dat|on or thereafter to brlng the level of aliphatic ketone peroxides to
| ess than 0.5 weight percent total. Excessive residence tine should be
avoi ded, however, to avoid excessive deconposition of the hydrogen
peroxide. In one preferred enbodi nrent of7the invention, a residence tine of
10 to 45 mnutes (nore preferably, 15 to 30 mnutes) at 90.to 130[err]C
(nore preferably, 100 to 120[err]C) is enployed. Under these conditions, it

has been tarehdlyt pussivating deé idistiflaticneslamnaind/er waaing e Xt Phigird o 3o
ket one peroxi des present may be readily achieved with m nimal |oss (<20 of

the hydr omwbpébmeraa fahg speLiedbhien Hi tecat+l?ﬂ% tHePded ;s%éu%o

obt ai ned- by careful ly paSsivating the st I on co umm and
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ket one copte of th ng?t m xture w thout si ficant | oss of the

hydr ogen B@@@JPB%CEB PXidant mixture withayt sig 5“@8‘ lags|af dhe §ydiogen
exanpl e, absorption, countercurrent extraction, nenbrane separation, and

the Iike.P eontaingd theraimmayealsouberused including) foraxample,sabsoetisinoyed ar e

especial ly suitable. As a consequence of the renoval of.the ketone fromthe
oxi dant, toentetqurrent extraction, imémbirangesepaeation; daditse like.r Eaactivnafitre
concent rat ed hydrogen peroxide streamthus wll typically contain from5 to

30 wei ght tquhnizpiels Wisereln multiple seiges dirgeniplojed fve espeeidlly uitablai d st ream
Wil be conprised of greater than 10 wei ght percent [err]

As a consequence of the removal of the ketone from the oxidant, the
concentration of hydrogen peroxiqe is increased. The concentrated hydrogen
peroxide stream thus will typically contain from § to 30 weight percent H,O,; in one
embodiment of the invention, said stream wili'be comprised of greater than 10 weight
percent H,0,.

In the epoxidation step of the process of this invention, the concentrated.
hydrogen peroxide-containing stream is contacted with a C,-C, olefin and a
catalytically effective amount of a titanium silicalite at a temperature of from 25°C to
120°C (more preferably, 40°C to 80°C) to convert the substrate to t_he.d'esired epoxide.
A diluent is also present, wherein a crﬁde alcohol stream recovered after removal of
epoxide from the epoxidation reaction mixture is utilized as at least a portio_e of said
diluent. The remainder of the diluent, if any, may be fresh secondary alcohol,

secondary alcohol obtained by hydrogenation of the ketone removed from the oxidant

mixture, or a different, suitable co-solvent such as methanol. Preferably, the diluent is



-In the epoxidation step of the process of this invention, the concentrated
‘hydr ogen peroxi de-containing streamis contacted with a [err] olefin and a
catalytically effective anmount of a titaniumsilicalite at a tenperature of
from25[err]Cto 120[err]C (nore preferaabl y, 40[err]Cto 80[err]C) to
convert the substrate to the desired epoxide. A diluent is also present,
wherein a crude al cohol streamrecovered after renoval of epoxide fromthe
epoxi dat i comprisgck predominanilydeigs, 2 (70P%)zafdhe cride hlcabol strgamn.t The arhowdti of

di luent. The remainder of the diluent, if any, nmay be fresh secondary

al cohol , dilwenhdmpjoyeidqurefdrablptigisatfidieny tdpeovidee adHyidedyedl pdrogids &lopsentrawgn ed
fromthe oxidant m xture, or a different, suitable co-sol vent such as

met hanol . offfdth err @10/ welidht ettt iiblative to the mméigﬁﬂoﬂﬁﬁﬂe@émﬁeﬁdx)qe( e.g.,
[err] 709% of the crude alcohol stream The anount of “diluent enployed
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the H202 level in_the undiluted concentrated hydrogen peroxi de-containi ng

stream Jglatlys kasisas cogiparedto thecHy(delenehin thadindiptegygangentrated hydregen

| sobutyl ene, 2-butene and the like. The amount of olefin relative to the

anmount of perpyidecpantaising@teeam.s not critical, '
Suitable C,-C, olefins include ethylene, propylene, 1-butene, isobutylene,
2-butene and the like. |
The amount of olefin relative to the amount of hydrogen peroxide is not critical,
but the molar ratio of olefin: hydrogen .peroxide may suitably be from about 100:1 to
1:10. The molar ratio of olefin to hydrogen peroxide is more preferably in the range of
from 1:2 to 10:1 (most preferably, 1:11to 6.:1). |
In one embodiment of the prbcess of this invention, the feed to the epoxidation
reactor (exclusive of the olefin to be eﬁoxidized) comprises 1 to 10 weight percent
. hydrogen peroxide, 50 to 80 weight percent secondary alcohol, and 10 to 35 weight
perceht water. Despite the relatively high proportion of water présent in such
embodirﬁent, epoxide selectivity is surprisingly high With minimal hydrolysis of the
epoxide to glycol. |
The titanium silicalites useful as catalysts in the epoXidation step of the process

comprise the class of zeolitic substances wherein titanium is substituted for a portion



but the nolar.ratio of olefin: hydrogen peroxide may suitably be from about
100: 1 to 1:10. The nolar ratio of olefin to hydrogen peroxide.is nore
preferably in the range of from1:2 to 10:1 (nost preferably, 1:1 to 6:1).
I'n one enbodi ment of the process of this invention, the feed to the

epoxi dation reactor (exclusive of the o?efin to be epoxidized) conprises 1
to 10 wei ght percent hydrogen peroxide, 50 to 80 wei ght percent secondary
al.cohol, and 10 to 35 weight percent water. Despite the relatively high
propor t i on obftheusilisongatemsnin the lattine Bramewarisiaf a mnleculer sievecSuchty i s
surprisingly high with mniml hydrolysis of the epoxide to glycol. The

ti t ani um sisubstanices are sedlikknasn datthe st sPamniculeriyepreteniad ticamiatresilicdlitbde
process conprise the class of zeolitic substances wherein titaniumis

substi t ut eghdlade gheeldsses of mSlediilat bievas cofmmontyQeterréd tdas "ISL1 € thaving
franmewor k of a nol ecul ar sieve. Such substances are well-known in the art
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structures i sormeo%ous to zeol | te beta. ., The tltanl umsilicalite preferably

cont ai ns n§UH8R 4158 38 She thanigm-caRtRINING MRIgRyIsR gleves ihaving awqrgt tice

structures isomorphous to zeolite beta. The titanium silicalite preferably
contains no non-oxygen atoms other than titanium and silicon in the lattice
frahéwork, although minor amounts of boron, iron, aluminum, gallium, and the
like may be present.

Epoxidation catalysts suitable for use in the process- of this invention
have a composition corresponding to the following empirical formula xTiO,:
{1-x)Si0,, where x is between 0.0001 and 0.500. More preferably, the value of
x is from 0.01 to 0.125. The molar ratio of Si:Ti in the lattice framework of the
titanium silicalite is advantageously from 9.5:1 to 99:1 (most preferably, from
9.5:1 to 60:1). The use of relatively titanium-rich silicalites may be desirable.

The amount of catalyst employed is not critical, but should be sufficient
SO aé to substantially accomplish the desired epoxidation reaction in a
practicably short périod of time. The optimum quantity of datalyst will depend
upon a number of factors including reaction temperature, olefin reactivity and
concentration, hydrogen peroxide concentration, type and concentration of
organic solvent as well as catalyst activity and the type of reactor or reaction

system (i.e., batch vs. continuous) employed.



-f ramewor k, al t hough minor anounts of boron, iron, alumnum gallium and
the l'i.ke may be present. Epoxidation catalysts suitable for use, in the
process of this invention have a conposition corresponding to the foll ow ng
enpirical forrmula [err] [err] where x i¥0Obetween 0.0001 and 0.500. Mbre
preferably, the value of x is from0.01 to 0.125. The nolar ratio of Si: T
in the lattice franework of the titaniumsilicalite is advantageously from
9.5:1 to J9picaliyvdraweresfiarabatgh type epoxidation, shg@mount pheaiaiyst vfll belfom vel y
titaniumrich silicalites may be desirable. The anount of catal yst enpl oyed
is not criot00iato, 1 gtamné pet ehdle of oidfincilard fixeal bed systemh shenplimbimyquantityrpf | sh
t he desired epoxidation reaction in a practicably short period of tine. The

opti mum qyatilyst wiP beGafivdricet by fhe fibwpeitd of peactantsithirrighcthe ffixedl ed i ncl udi ng
reaction tenperature, olefin reactivity and concentration, hydrogen

per oxi de gg o I){/aﬁdrﬁ'& W ﬁ"ioﬂ'@@ RERSHO, %ér%o@ﬁan@bﬂéﬂﬂai&sﬁ@éﬂﬁ@&r)aS vel |

as cataly ity an he type of readtor or reaction system (i

bat ch . t tch t
epoxi dat i on, | 2%%%%"”“%9?%% e pPYREE ettt epBERErc. o '%FE?erer Y ol e
f ol ef I f d b t

i nf f’uinLQamw” e o Ry, e bR abriedBor, dhERB 4 P%g&?ﬁéeoab%"m@éb?ﬁe
fromabout 1 to 100 nol es H202 per kil ogramof catalyst p ﬁ% '{)

catal yst ragopbination; wihy thetitapivma silicalite ragy bgiadvaatagepys. ﬁ gr bound

catalysts may be prepared by the methods known in the art to be effective for zeolite
catalysts in general. Prefefably, the binder or support is essentially_ non-acidic and
does not catalyze the non-selective decomposition of hydrogen peroxide or
ring-opening of the epoxide.

The catalyst may be Itreated with a 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 temperature is préferably from 25°C to 120°C (more
preferably, from 40°C to 80°C), which in the process of this invention ha_s been found
to be sufficient to accomplish selective conversion of the oléﬁn to epoxide within a
reasonably short period of time with minimal non-selective decomposition of the
hydrogen pemxidé. It is generally advantageous to carry out the reaction to achieve
as high a hydrogen peroxide conversion as possible, preferably at least 50%, more
preferably at least 90%, most preferably at least 99%, consistent With reasonable
selectivities. Tﬁe optimum reaction temperature will be influenced lby catalyst

concentration and activity, substrate reactivity, reactant concentrations, and type of



-monol i.thic or any other suitable physical. form The use of a binder
(co-gel) or support in conbination with the titaniumsilicalite may be
advant.ageous. Supported or bound catalysif may be prepared by the methods
known in the art to be effective for zeoftte catal ysts. in general.
Preferably, the binder or support is essentially non-acidic and does not
catal yze the naon-sel ective deconpositi of. hydrogen per.oxi de .or

(1 ng- operiNET ERREYEE AR Shes actpts: Hedetiol drueridentR e of forp abput 10
substance or . a sikg}ating agent so as to reduce the surface acidity, as

descri bedMiites o 4iphours\yill typisglly be @appioRrials daneadingnuremine ahoveddpalifiedur e
is preferably from25[err]Cto 120[|err] C (nore preferably, from40Q[err]Cto
80[ er r] C)variablesn The reactionds pseferably pedomad:at aimmospherip peessureint at elevated
sufficient to acconplish selective conversion of the olefin to epoxide

wi t hi n a preasunea(typicallypbetwaen bdndf100 atmosphéres).niGexlerailyn itwell @etdesirable to
deconposition of the hydrogen peroxide. It is generally advantageous to

carry outmalmtainghe readtionccamporems as liquid eixtues. 0 Fon er@mpld, dhen Qv eleShon as
possi ble, preferably at | east 50% nore preferably at |east 90% nost

pr ef er abl 3, ad BATICHYs RBAHARI BHilh SARSANARIORPREHE Bidsklitd #fich i8%ess

opti mum reacti o nperature w | I~ be I nfl'uenced by catal yst concentration

o0t o e b  LASEUAPREAE SOl Bef i,
a0t L0 e ieibel ST o lorulsHBU Tt R S o G AR SAH, UP"
at s pher EarHOBLABPaIyre ShARRT MBS 60, o ol Higaice, the bresiire iy * 2 100
advantageously be maintairiedlat approximately 190-220 psig.
The epoxidation step of this invention may be carried out in a batch,
continuous, or semi-continuous mannér using any approbriate type of reaction vesse.l
or apparatus such as a fixed bed, transport bed, stirred slurry, or CSTR reactor.
Known methods for conducting metal-catalyzed epoxidations Llsing hydrogen peroxide
will generally also be suitable for use. Thus, the reactants may be combined all at
once or sequentially. For example, -the cbnc_:entrated hydrogen peroxide-containing
stream, the diluent, and/or the olefin may be édded_incrementally to or at different
points within the reaction zone. It will, however, génerally be advantageous to control
the addition of ttle various componenis such that the unreacted hydrogen
concentration does not exceed 10 weight % at any pbint within the reaction zone.

After separating from the epoxidation reaction mixture by any suitable method

such as filtration (as when a slurry reactor is utilized, for example), the recovered



maintain the reaction conponents as a liquid mxture. For exanple, when an
ol efin:such as propylene is used having a boiling point at atnospheric
pressure which is | ess than the epoxi dation tenperature, a superatnospheric
pressure sufficient to maintain the desii2d concentration of propylene in
the liquid phase should be utilized. At a reaction tenperature of
approximately 60[err]C, for instance, the pressure may advantageously be
mai nt ai neditaniummsilicalitencatalyst may-be ocoruinicaliyhee-ugerrk indsubisequentegpaxiddtions.

i nvention may be carried out in a batch, continuous, or sem -continuous :
manner usiWierertheayatalpstris alepldyeddn diie faracof afixed bed| they epuxiddtidhysrogueth as a
fi xed bed, transport bed, stirred slurry, or CSTR reactor. Known nethods

for conduetithdeaw® gl a SRéah A tﬁ@@pbﬁﬁ&ii&ﬂﬁoh@ WiDb& YEEErstilty Fdie0af %al\#at' d' .
ed a

generally also be suitable for use. Thus, the reactants may be conbi

at once OkyithHEeEHtAIPS Vein Qéttaﬁ?ﬁ’tﬁg r%ft.‘g %g%&?%ﬁ&{l %819@ dj }fgﬁé’iﬂflé?gtéocgﬁmgg&s

per oxi de-containing strea e 9'I efrn na
I ncrement | f poI JH]! react. ne. Lt will,
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conponent s, such that the unreacted drogen _.concentratj on es nat exceed
70 i ght ASitEeitd Herodleally oF SRS ol edfinS AR RPHsR odBS st rgtay ey
t he epoxidation reaction m xture by any sujtable nmethod such as filtration
(as when Qrdertormaintaipaptimum acliyily,and selsetivitys nPyitable regenegationcteshiniques 2
titaniumsilicalite catalyst may be economically re-used in subsequent
epoxi dat i @We wellrmnawn aad dnalude;Jor exarplel oglsination eind golvent dfeatmentked bed,
t he epoxi dati on product
When the olefin and hydrogen peroxide have reacted to the desired level of
conversion, the resulting epoxidation reaction mixture comprised of water, C,-C,
epoxide, and C,-C, secondary alcohol is further treated so as to separate substantially
all of the epoxide from the mixture to form a crude alcohol stream comprised of water,
the C,-C, secondary alcohol and less than 1 weight percent of the C,-C, epoxide.
Such separation' may most readily be accomplished by distillative means (e.g.,
fractional distillation) as the secondary alcohél may be selected so as to be
substantially higher boiling than the epoxide being produced and thus amenable to
recovery as a bottoms fraction. As the olefin is generally lower boiling than both the
epoxide and the secondary aicohol, any unreacted olefin in the epoxidation reaction
mixture may also be readily removed from such mixture by distillation. In certain
embodiments, the excess olefin may be removed together with epoxide by flash

distillation. Fractional distillation or condensation is thereafter utilized to separate the

olefin from the epoxide. In other embodiments, the olefin is first removed from the



-withdrawn as a stream fromthe epoxidation zone will be essentially free of
‘catalyst with the catalyst being.retained within the epoxidation zone. In
certain enbodi nents of the instant praocess where the epoxide is produced on
a continuous basis, it may be desirabl'e to periodically or constantly
regenerate all or a portion of the used catalyst in order to maintain

opti num [ ¥ 2l A i n | Ot nigues .are
w6l | - knowe RitendREGR ki, talowsdtyReroneRin hAlbCBel R s higevERe.
When the gl ef] i V. ted . to the desired | evel of
conver oi oftr SrpibefLanEGE CE BsrPioBvtR o Besebhls rererntey Aulied olnend e
[err] epoxide, a err, C ary alcohol is further treated so as to
separ at e Eﬁ?ﬁ§?'§n&?%éﬂr9x'%al?§$%9gﬁ’§¥%ﬂh get $xcERMinga EPQ?’U? demperaBigod crude
al cohol stream conprised of water, the [ler r] secondary al cohol and |ess
than 1 weRBHt L& Gand 3holdyyp fime qf aboyk | Qaningesy, hesedliari e epeyideds:g.,
readily be acconplished by distillative means (e.g., fractional

di sti |l at Pepylens axide)degethgamith anydamainiag olpdinJaay be slistiled gverheadiesuitable
substantially higher boiling than the epoxi de being produced and thus
amenabl e tonditiens, for efigcting buch a wistilation may bepfortexamplefa hottams terepariatyre

| ower boiling than both the, epoxi de and the secondary al cohol, any

unr eact ed obhbdutr 15Ctdrel & poessued dbabowdBS psigp m xt ure may al so be readily

removed from such mixture by distillation. In.certain enbodi nents, thé

excess ol efin Thy chgde akoheitticage tHeesbyobthinedds ititsrebiter feagdled atleiakt il part.
Fractional distillation or condensation is thereafter utilized to separate

the ol ef i forf isemad bife @iRBAL fethel EpsXidition M dAREMPOtahthEdvahtideofithe iprddss
removed fromthe 13 : :

' of this invention is that no further purification or processing of the crude alcohol stream
is necessary in order to attain satisfactory results. It may, however, be desirable to
remove excessive amounts of any C,-C, ketone by-product which may have formed
during epoxidation; such removal may be effected, for éxamp!e. by f-ractional
distillation. If not all of the crude alcohol stream is utilized as diluent, the remainder
may be recycled for use as a feed stream in the secondary alcohol oxidation step.

in the hydrogenation step, the ketone separated from the oxidant mixture is
converted back to the cérresponding secondary alcohol by reactiqg the hydrogen in
the presence of a transition metal hydrogenatioﬁ cafalyst. Methods of converting
" aliphatic ketones such as acetone and 2-butanone to their corresponding secondary
' aliphatic élcohols by catalytic hydrogenation using a transition metal catalyst and

hydrogen gas are well-known.



~epoxi dation reaction m xture, followed by the epoxide. Were the olefin is
propyl.ene.” for exanple, as nuch of the propylene as possible is preferably
distilled overhead at a pressure of approximately 275 psig while not
exceeding a bottons tenperature of abd#t 115[err]C and a hol d-up tine of
about 10 mnutes. Thereafter, the epoxide (e.g., propylene oxide) together
with any remaining olefin may be distilled overhead; suitable conditions
for effecti ngThedtansitiohgnetal mt therhydeogepation gatalyshigomest prefasably malladium,
tenperature of about 115[err]C and a pressure of about 35 psig. The crude
al cohol ptatieam, icheoraioyn (dst ini copger shriohitee tdrteacampda)y diaslilinat nitlealsor i n part for
use as the diluent in the epoxidation step. An inportant advantage of the
process ofithbhiutn.i [Fw@dtbt Rpreserthtie tse dRaM®y nipkeli drimalybdenumi-promotedsi ng of
the crude al cohol streamis necessary in order to attain satisfactory

resul ts. nidkelMYesgeRuty %rdvaﬁ@ﬁ@le@é.r Thé GylRgEAIRMEIsSUMABHY cRriddTBUlThSeitbler any
[err] ketone by-product which nmay have forned during epoxidation; such

renoval Wﬁﬁidb& ‘gﬁog?gﬁg? for exanple, by fractional distillation. If not

all of the crude al streamis utilized as diluent, the renai nder nmay

be recycl ed f%gqégng%g?tﬁré %gtggo}teﬁfﬂ'géid?e,t% SEERAHBENAERBIP IR dal | on

step. In the hydro I ol etone separate romthe oxi dant
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overreduction of the ketone. The optimum hydrogenation conditions will vary
depending upoh the type of catalyst selected for use and the reactivity of the ketone,
but may be readily determined by one skilled in the art with minimal experimentation
based on the known art pe-rtaining to ketone hydrbgenation. Typically, temperatures
of from about 20°C to 175°C and hydrogen pressures of from about 0.5 to 100
atmospheres will be appropriate for use. Preferably, the molar ratio of H, to ketone is
from about 1:1 to 4:1.. Thé amount of catalyst employed is preferably sufficient to
permit weight hourly space velocities of from 0.1 to 10 grams of l_<etone per gram of
catalyst per hour..

The hydrogenation step may be carried out in a batch, semi-batch, continuous,

or semi-continuous manner using any suitable reaction vessel or apparatus wherein

the ketone may be intimately contacted with the transition metal hydrogenation

catalyst and hydrogen. As the catalyst is riormal!y heterogeneous in nature, fixed bed



14 The transition netal in the hydrogenation catalyst is nost preferably
pal | adi um® plati num chromum (as in copper chromte, for exanple),

rhodi um nickel, or ruthenium If water is present, the use of Raney nickel
or nol ybdenum pronot ed nickel is especil@lly advantageous. The hydrogenation
Is suitably carried out in either a liquid or vapor phase. The tenperature,
hydr ogen pressur and catal yst concentr at.i during hydr natj on are
calected B SUN-freRarib Sie Sinsl SRhySsdor e "A SR IS Sip oty
preferably at |east 96% conversion of the ketone to secondary al caohol
within a ﬁﬂﬂ%??dﬁ@?@ishort reaction time (i.e., approximately 15 minutes to
12 hours) without overreduction of the ketone. The optinmum hydrogenation
condi tions wi | IFigufey lluplates epegmbodiment gihedntegratad ppoxidatian progess pf thee
and the reactivity of the ketone, but may be readily determ ned by one

ski | | ed i rinvéndiomrwhevieirhpropylemalis saiatyticathhepaXidined i ¥i@ldbpropylent esie- ot
pertaining to ketone hydrogenation.” Typically, tenperatures of from about
20[ er r] C tstrebi® compyiSed of sagahdage aicphelspasses vis ling drintamaieahob ogdation gone 2

at nospheres will be appropriate for use. Preferably, the nolar ratio of H2

- to ketone whefeirotheadsntindarylalcohdl:id paifiatly seanted with malealiias oxygeplto fenn ias
preferably sufficient to permt weight hourly space velocities of fromO.1

to 10 grangxighntfix@ite depipriteddf Mydfaien! pevbxidekaiond, anthexdays segmtaty on st ep
may be carried out in a batch, sem -batch, continuous, or sem -continuous
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may be intimately contacted wth the transi'tion netal hydrogenation
catal yst apgy Bydrogen. As the catalyst is nornally heterogeneous in nature,
fixed bed ) . : '

The oxidant mixture containing hydrogen peroxide, ketone, and secondary
alcohol passes from zone 2 via line 4 into oxidant distillation zone 5. In 5, the oxidant
mixture is subjected to fractional distillation. Ketone is taken overhead (togethér, in
some cases, with a portion of the secondary alcohol) and into hydrogenation zone 6
via line 7. The bottoms fraction (i.e., the concentrated hydrogen peroxide-containing
stream), which con.tains hydrogen peroxide and secondary alcohol, is carried forward
via Iin.e 8 for use in epoxidation.

The olefin to be epoxidized is fed into epoxidation zone 11 by way of lines S
and 10. In t:he particular embodiment shown on Figure 1, lines 8 and 19 also feed
info line 10 at points separated from line 9. However, numerous other ways of
introducing the various feed streams into epoxidation zone 11 are feasible. For
example, the contents of lines 8 and 19 may be combined in a commonlline prior to

entering line 10. Alternatively, the olefin, the crude alcohol stream, and the "



15 or:slurry-type reactors are especially convenient for use. A trickle bed
system may al so be utilized. Figure 1 illustrates one enbodi nent of the

i nt egrated epoxidation process of the invention wherein propylene is
catalytically epoxidized to yield propgl ene oxide. A stream conprised’ of
secondary -al cohol passes via line 1 into al cohol oxidation zone 2 wherein

t he secondar | cohol . is partially reacted with nolecul ar gxygen to form an
ox dant _roeTatashiydrader BRraHe SRANGG e, MAL P AEpatg HiitueSd
secondary al cohol. The nol ecul ar oxygen is provi ded b%/ air or pure or

di | uted [ €ireqlly;inta eprxidation; zone He E%’e saguencerRfntraduaing thecasiods feagjion

hydr ogen peroxi de, ketone, and secondary al cohol passes from zone 2 via
line 4 i ncompenentato dhe epoxidatiamzonentbus is net giticehto bei prasentinvention, i s
subjected to fractional distillation. Ketone is taken overhead (together,
in some caspidedihahthe pet¢ffast isfo dilute thecoontaentratedchydidgeraperokideeontaining
hydr ogenati on zone 6 via line 7. The bottons fraction (i.e., the

concent r astdamywitho tencude aicaho! sradami (wheceirs thee Big), comsertratiom abalhpointsdr ogen
per oxi de and secondary al cohol, is carried forward via line 8 for use in

epoxi dat i qthin[{he IRjuid pRaée chrtaipRin the fotidationdzord is preferatthaidgsenhaone 11 by
way of lines 9 and 10. In the particular enbodi nrent shown on Figure 1,

lines 8 a%ri%'ﬂpﬂré&t.eed into line 10 at points separated fromline 9.
However, nunerous other ways of introducing the various feed streans into

T8 ny b Rorphe el SGEAY LAREPE (AP aohleB HLER 116k d iRaS vl
although a slurry configuration could also be employed. The olefin, concéntrated
hydrogen peroxide-containing stream and crude alcohol stream are maintained at the
desired reaction temperature in contact with the titanium silicalite within zone 11 fora
time sufﬁéient to convert at least a portion of the olefin to the corresponding C,-C,
epoxide, thereby conéuming most or all of the hydrogen peroxide and generating
water as a co-product. The epoxidation reaction mixture thus produced passes
through fine 12 to olefin recovery zone 13 wherein unreacted olefin is séparated by an
appropriate méans sdch as distillation and recycled to epoxidation zone 11 via lines 14
and 10. The remaiﬁder of the epoxidation reaction mixture is taken on via line 15 to
epoxide buriﬁcation zone. 16 wherein the propylene oxide is separated by an
appropriate means sucﬁ as distillation and removed via line 17. Removal of the

- epoxide and unreagtéd olefin from the epoxidation reaction mixture generates a crude

alcohol stream comprised of isopropanol and heavier substances such as water,

acids, glycols, and the like but little, if any, propylene oxide. An intermediate or



~enteri:ng line 10. Alternatively, the olefin, the crude al cohol stream and
the - . 16 concentrated hydrogen peroxi de-containing stream nmay be
separately introduced directly into epoxidation zone 11. The sequence of

i ntroduci ng the various reaction conpod@nts to the epoxidation zone thus is
not critical to the present invention, provided that the net effect is to
dilute the concentrated hydrogen peroxide-containing streamwth the crude
al cohol stadsitinnahpuriligationimeayiso desitash beaerionmed talredyssi the devsl ohCq-G,he

| i qui d phase contained in-the epoxidation zone is preferably | ess than 10
wei ght perkatong (if g formediasra by-praduict fremcthe slegendary aioobibbdaririg/epegdationd i n
zone 11 as a fixed bed, although a slurry configuration could also be

enpl oyed. Thecridefalcohot atreant isatapdpbnted frosepguxidex paéfication abme g vid liwansand
crude al cohol streamare maintained at the desired reaction tenperature in
contact w All) driepéitibanblsaid ichiderhichiol treRMmag R ihtrod@dedtbddkTRtoSaHdxidativAt

" to convert at |east a portion of the olefin to the corresponding [err]

epoxi de, thgHeePy vizOHE B, NGitHBAY réthaifirg $Yrtién) BemyBr86d aRSAPI sleordld
generating water as a co-product. The "epoxidatiOn reaction m xture thus

produced pﬁtﬁ‘ﬁ%ﬁti&?%ﬁl’@'ﬁo'\}i@ﬁaééﬂo olefin recovery zone 13 wherein
ole

unr eact ed finis separate y an appropriate neans such as distillation

and recyel od.t orRpBHcaL opiué #nfdn i bd BGradkhs Priholdrar B T ©f
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the , filed December 28, 1994 (Attomey's Docket No. 01-2318A). The crude

alcohol stream may be contacted with an olefin/foxygen purge gas withdrawn from the
epoxidation zone to absorb olefin while an inert gas such as methane.is added to
avoid formation of flammable oxygen-containing gas compositions. _The crude alcohol
stream containing absorbed olefin is thereafter recycled and used as diluent in the
epoxidizer.

The overhead stream from oxidant d_istillation zone 5.‘is passed via line 7 into
hydrogenation zone 6 wherein the stream is reacted with hydrogen (introduced via line
22) in the presence of a suitable hydrogenation catalyst such as supported ruthenium
or molybdenum - promoted Raney nickel (which is preferably deplﬁyed as a fixed bed
within zone 6) so as to convert at least a portion and preferably substantially all (e.g.,
over 95%) of the ketone back to secondary alcohol. The hydrogenation stream

. withdrawn from zone 6 via line 23 may be, if so desired, further purified in alcohol

purification zone 20 or, altematively, may be passed directly back to alcohol oxidation



'epOX| de and unreacted olefin fromthe epOX| dation reaction m xture

gener ates ‘a crude al cohol streanlconprlsed of .i sopropanol and heavi er
substances such as water, acids, glycols, and the like but little, if any,
propyl ene oxide. An intermediate or 1817 additi onal purification may, if
so desired, be performed to reduce the level of [err] ketone (if any)
formed as a b& product fromthe secondary al cohol during epoxidation. The
crude al c8H¥ “streamis transported from epoxide purification zone 16 via
line 18. All, or a portion, of said crude al cohol stream may be introduced
back into epofoahpgnurzf@naorlzow 801is pperabed siamthahihe pyfied sagoga@am ajeehdi ng
carried ahead to al cohol purification zone 20 via line 21. The process of
this i nveter amaregiripe oftbeaicnhol with waten) ds takenwiverhaddeang)ai iagueeus sigamn
recovery process described in U S application Ser. No. filed Decenber 28,
1994 (At t contajdisg Bbldast alywmrtidnloiBE8¥ater Jémerataddas alcoegirotucitironatherhydrogen
contacted with an ol efin/oxygen purge gas w thdrawn fromthe epoxidation
zone to alpeentide Hafing epbxidatiomas wetltasghs heavier epoxidafiomby-peodadtie(@cids, avoi d
formati on of flamuabl e oxygen-containing gas conpositions. The crude

al cohol = sigheams) ¢ geAsrateas assutiohts Padtiohnandsrentviedalia tine 124C YiHecsurified used

as diluent in the epoxidizer. The overhead stream from oxidant distillation

zone 5 is ééééﬁ&éiy\ﬁlébﬂdl B?aZeétFBﬁé théfﬂdfﬁgaf&&ﬂngﬂ 18 QDK Mﬁéﬁﬁmzéﬂ€23ﬁd eamis
reacted with hydiogen (introduced via line 22) in the presence of

sui tabl e rdgogengd | OMQR-ah Letordiy aRBhSIURRY beGAtr6dididNhtdthe stream of
‘purified secondary alcohol through line 26.

From the foregoing deséription, one skilled in the art can readily ascertain the
‘essential characteristics of this invention, and, without departing from the spirit and
scope thereof, can make vérious changes and modifications of the invention to adapt
it to various usages, conditions, and embcidimeht#.

| EXAMPLES

A hydrogen peréxide-containi_ng feed for propylene époxidation was prepared by
combinihg 820g isopropanol, 120g water, 60g H,0, (50% in water), 5.0g aqueous
ammonium acetate (1 wt % solution), 2.0g acetic acid, and 0.26g formic acid.
Epoxidation was performed using propylene (5 equivalents) at 60°C and 250 psig over
2.0g TS-1 titanium silicalite catalyst packed in a 3/8" stainless steel tube containing 60
‘cc quartz chips. The hydrogen peroxide-containing feed was introduced at a rate of
70 mU/hour. Analysis'of the product by gas chromatography and iodiometric titration

indicated 99% hydfogen peroxide conversion, 89% selectivity to propylene oxide, 6%



“or ol ybdenum - pronoted Raney nickel (which is preferably deployed as a
~fixed bed within zone 6) so as to convert; at |least a portion and preferably
substantially all (e.g., over 95% of the ketone back to secondary al cohol.
The hydrogenation stream w t hdrawn fromigmone 6 via line 23 may be, if so
desired, further purified in alcohol purification zone 20 or,

alternatively, may be passed directly back to al cohol oxidation 18 zone

2. Al cohol puridiesmiityto ﬁﬁafeap%%aqorea@é@t(gﬂ/c%!g;fth&atethén%gPéﬂd sw‘ée‘?ctivity
secondary al cohol (or an azeotrope of the alcohol wth water) is taken

genorate"as 50 SHHPEETORFATPFIIELAIAIaM BSH ARldihatt IR, L
2e & bottoms TARHORUATE e et PARpTR: St srbaifed Roh eomrottans, Te%
al cohol or azeotropg_oah,ereof s, returned to lCOh&IM oxi dati on zonqg.ﬁz vi a

lines 25 and 1Wak#lk &7p 5inG-eRANES Rrodusth @ndnly PREY Ni moWFER Ysed @S thedesysleam

of purified secondary al cohol through Iine 26. Fromthe foregoing
description, ofeeddgridecalcphok steeaml incthe follawing exgawlesai n t he essential
characteristics of this invention, and, w thout departing fromthe spirit
and scope thereof, Anaddiionalteedonas phapaged taresemble isopaopanal orfdanib enixture
invention to adapt it to various usages, conditions, and enbodi nents.

Efél\/glr_ Eg Q hy dafegierenpva of dne @opicre by distifietiort by qoNiIing 6§ RDErEIFRCIN27gS

Prep ’ H,0, (60% aqueous solution), 0.37g acetic acid, and 0.13 g formic acid. The
feed which contained 18;45% H,0, by iodometric titration, was used as the -

fresh oxidant in the following examples.
Examople 1

A Parr reactor equipped with an internal thermowell and dip tube attached

td a propylene cylinder was charged with 24.0g of the above—descfribed recycle

feed, 9.0g of the above-identified fresh oxidant (0.0488 mol H,0,), 0.45g TS-1

titanium silicalite catalyst, and 0.384g 1% aqueous ammonium acetate solution

.(5'0 x10®° mol; 34 ppm NH*,). The reactor was flushed with helium and then

chéfged with 1_6 mL propylene (0.20 mol.} The reactor was submerged in an

oil bath and the reaction mixture stirred at 56 °C for one hour. The reactor was

chilled to 18°C and then vented into a gas bag. The bag was analyzed for

oxygen and organic products. The remafning solution was analyzed by gas

| chromatography and iodometric titration. Hydrogen peroxide conversion was

98%. Selectivities were 88%‘to propylene oxide, 6% to acefone, 3% to
oxygen, and 3% to ring-opened products (after correction for the initial level of

ring-



> conbi ni ng 820g i sopropanol, 120g water, 60g [err] (50%in water), 5.Qg
agueous ammpni um acetate (1 w % solution), 2. Qg acetic acid, and 0. 26g
formc acid. Epoxidation was perfornmed using propylene (5 equival ents) at
60[err] C and 250 psig over 2.0y TS-1 gjtaniumsilicalite catalyst packed in
a 3/ 8" stainless steel tube containing 60 cc quartz chips. The hydrogen

per oxi de- cont al ni eed vvas I ntroduced at a rate of 70 nL/hour. Analysis
b Uhe. pr GUEREY BYOTHELS FhinGrincug dpR). doReREdne e al e PROEIPOIFIS fRRchas ad
99% hydr O%ﬁ er oxi de conversi on, 89%selectivity to gqlopyl ene oxi de, 6%
19 sel ect H"Eé} selectivity. iopbrcipsiipd enexide Ripgucs was esspatiallyagiertica) to that 5%
select|V|t% to oxygen. The propyl ene oxide and excess prop Iene wer e
renmoved bybaeved ysing frash pxidag éae@@mpatatmet&)@nwlemuaaﬁ& owi.ned 80%

i sopropanol, 18% water, 2% ring-opened products, and 15 ppm[err] were used
as the recycle feed (crude al cohol stExamplé 8 the foll owi ng exanples. An
additional feed was prepared to resenble isopropanol oxidant m xture after

renoval of theExasipled Wwas depaatéd asing 0. 131 g d¥bagquenys Adgmosiapr agsatel soldfigh
H202 (50% aqueous solution), 0.37g acetic acid, and 0.13 g formc acid. The

feed whi clft éantia” mael; 18 pHrtNHEO arity 14 asdo(e17 mbu piopflenen Hydesgerspérokide he

fresh oxidant in the follow ng exanples. Exanple 1 A Parr reactor equipped

W th an i roavéior WakD8%s! IScldttivitied weid 8694 t@ﬁ#ugﬁlerne oXid¥, BRY teasateMb] paer
was charged with 24. Qg of the above-described recycle

to oxygen, and 7% to ring-opened products.
Example 3
Example 2 was repeated using 0.413g 1% aqueous sodium. acetate solution
(5.0 x 10° mol; 47 ppm Na*) instead of ammonium acetate. Hydrogen peroxide
conversion was 97%. Selectivites were 87% to propylene oxide, 5% to acetone, 3%
to oxygen, and 5% to ring-opened producfs.
Example 4
Example 2 was repeated using 0.816g 1% aqueous lithium nitrate solution (1.2
x 10" mol; 27 ppm Li*) instead of ammonium acetate. Hydrogen peroxide conversion
was 94%. Selectivities were 84% to pro;':ylene oxide, 4% to acetone, 2% to oxygen,

and 10% to ring-opened products.

Comparative Example 5

This example demonstrates that the process of the invention, which utilizes a
streamn recycled from epoxidation as a diluent, provides epoxide selectivities

comparable to those obtained using fresh isopropanol oxidant. Fresh oxidant mixture



feed, .9. Qg of the above-identified fresh oxidant (0.0488 nol [err] O.45g
TS:1 titaniumsilicalite catalyst, and 0.384g 1 % aqueous anmmoni um acet ate
sofution (5.0 [err] nol; 34 ppm NH err]4). The reactor was flushed with
hel ium and then charged with 16 nL propyiene (0.20 nol.) The reactor was
subnmerged in an oil bath and the reaction m xture stirred at 56 [err] C for
one hour. The reactor was chilled to 18[err]C and then vented into a gas

bag. The Wag prégared dyycombihing 67y ¢sopropahaobr tlg He0p 28d ater, 01209 aeetin atidg

sol ution was anal yzed by gas chromatography and iodometric titration.

Hydr ogen ped 00289 foRAECAdH.OTheasiiittmiil€ ebhtainddes. 1984 H, BBy lodiametry| ene
oxi de, 6% to acefone, 3%to oxygen, and 3%to ring-opened products (after

cor rect i om,gc}@n_ tfﬁgﬁrftéﬁ‘lé’ L qlishacPhith 'RintemaldReRGNENaRd @ 6ibd dhchid to

recycle fee _ ( e crude recycle feed as a diluent,
Chat obsch PR SHFRIEL oAty eE BRCSH 1 68 GHEEN mtork OB HERHGS, )
T o 2o Sy o SRS At B 1 Ao s B B
oxi o, 5048 8 R o1, 36 PPTONb) g e teagtor atascusnag iRl Aot reBesseiho) o
° 20 mL propylene (0.25 mol). The reactor was submefged iﬁ an oil bath and stirred at
53°C for one héur. The reactor was chilled to 18°C and vented into a gas bag.
Conversion of hydrogen peroxide Was 95%. Selectivities were 89% to propylene
oxide, 5% to acetone, 2% to oxygen, and 3% to ring-opened products.
| Comparative Example &

Comparative Example 5 was repeated using 0'.2989 1% aquéous ammonium

acetate solution (3.9 x 10 mol; 27 ppm NH,"). Hydrogen peroxide conversion was

94%. Selectivities were 87% to propylene oxide, 6% to acetone, 1% to oxygen, and

6% to ring-opened products.



. Exanple 2 was repeated using 0.413g 1% aqueous sodium acetate solution (5.0
x.1 J:err] nol; 47 ppm Na) instead of anmonium acetate. Hydrogen peroxide

conversion was 97% Selectivites were 87% to propyl |
acetone, 3%to oxygen, and 5% to ring-@pened pr oducamllmmlmjmlugﬂml e 2
was repeated using 0.81 6g 1% aqueous lithiumnitrate sél ution (L. 2 x :
-10[err] nmol;_ 27 ﬁgm Li[err]) instead of anmmoni um acetate. Hydrogen peroxide
conversion b Selectivities were 84%to propyl ene oxide, 4%to
acetone, 2% to oxygen, and 10%to ring-opened products. Conparative Exanple
5 This exanpl e déhonstAmirdegnated epaxidption @secess ¢omaprigingnt i on, which
utilizes a streamrecycled from epoxidation as a diluent, provides epoxide
sel ectivities conparalfdle readtingse Cyifl,asevendasy algohoksid nulecudaaoryganxindant .
Fresh oxidant m xture 21 was prepared by conbining 67 g isopropanol, 10g

H202, 23g water, 0.20g aCﬁgma FHdse, tofddmOar® dRitain® itk furd Wodnprided &XiHEA0]-

m xture contained 5.11% H202 by iodionetric titration. A Parr reactor

OOl PR oo pou o tn PR ARSRTICL e Bt bRtrs R A
0,40 9,5, L L1 tanum o1 11 §akhd . It kR SRR IAEL 212,
nel um and char dod vt 4 20 EeBh ek il M Pl cIB LF flon' B
oxidant mixture to provide a concentrated hydrogen
peroxide.—cpntaining_ stream comprised of C;-C, secondary
alcohol, hydrogen peroxide, and less than 1 weight percent
C,;-C, ketone;

(c) reacting the concentrated hydrogen peroxide-containing
stream with a C,-C, olefin in the presence of a titanium
silicalite catalyst and a dilu'ent tc form an epoxidation reaction
mixture comprised of a C,-C, epoxide correspond.ing to the C,- -
C, olefin, water, and C;-C, secondary alcohol;

(d) separating substantially all of the C,-C, epo_xide from the
epoxidation reaction mixture to form a crude alcohol strearﬁ
comprised of water, the C3-'C4 secondary alcohol, and less
than 1 weight perc'ent of the C,-C, epoxide; and

(e) recycling at least a portion of the crude alcohol stream for use

as at least a portion of the diluent in step (c).



53C for: one hour. The reactor was chilled to 18[err]C and vented-nte a gas

bag.: Conversion of hydrogen peroxide was 95% Sel ectyigkiaki re 89%to
propyl ene oxi de, 5%to acetone, 2%to oxygen, and 3+{'mﬂiﬂiﬁ ﬂuﬂﬂﬂs
products. Conparative Exanple 6 Conparatpye Exanple 5 LUlissi ng

0.298g 1% aqueous amoni um acetate solution (3.9 x 10[err]nol; 27 ppm]J[err]

Hydr ogen peroxi de conversion was 94% Selectivities were 87%to propyl ene

oxi de, 6%to acepone, Ad tateQratsdEdxiRRIBNGHOEEST 49 8AABAGH AR Wherein the2
CLAI MS: 1. An i nt egrated epoxi dation process conprising (a) reacting a

R TR i S R A e S
al i phatic kg;_g;ggggéé?%aggh@?ato the [err] secondary al cohol, and hydrogen

peroxi de; ( ( ntially all of the‘[err] ketone ff_omthe

2t eamomr sed 37 AU GaBuR BN oL eRHE e s Y e

than 1 wei ght percent C3-C4 ketone; (c) reacting the concentrated hydrogen

per oxi de- coRydfiogenation is performed in the presence of a hydrogenation catalyst compriseg
of a transition metal selected from palladium, platinum, ruthenium, chromium,
rhodium, and nickel at a temperature of 20 to-175°C and a hydrogen pressure of-
0.5 to 100 atmospheres.

4, An integrated epoxidation process as claimed in claim 1, claim 2 or
claim 3 wherein the C2-C4'oleﬁn is propylene.

5. An integrated epoxidation process as claimed in claim 4 wherein the
molar ratio of propyleﬁe: hydrogen peroxide in step (c) is from 1:2 to 10:1.

6. An integrated epoxidation process as claimed in claim 4 or claim 5
wherein an excess‘of propylene relative tb hydrogen peroxide is present in step (c)
and the excess propylene is separated from the epoxidation reactioh mixture after

' step (c) and before step (e).

7. An integrated epoxidation process as claimed in any one of claims 1
to 6 wherein the C,-C, secondary alcohol is isopropanol.

8. An integrated epoxidation process as claimed in any one preceding
claim wherein the concentrated hydrogen peroxide-containing stream comprises
from 5 to 30 weight percent hydrogen peroxide. |

. 9. ' An integrated epoxidation process as claimed in any one preceding
claim wherein the diluent is present in an ardnount sufficient to provide a hydrogen

peroxide concentration of less than 10 weight percent based on the total weight



-streamwith a C2-C4 olefin in the presence of a titaniumsiTicalite

catalyst and a diluent to form an epoxidation reacti sed of
a C2-C4 epoxide corresponding to the [err] C4 ol efl
secondary al cohol; (d) separating substZhtially al I | de

fromthe epoxidation reaction mxture to forma crude al cohol stream
conprised of water, the C3-C4 secondary al cohol, and |l ess than 1 wei ght
percent of Oh&ongemsatesiydregen Rerexisecopiainingsteaam angidiepbin stap 4. t he
crude al cohol streamfor use as at |least a portion of the diluent in step
(c). 23 2. AD. i nAeginsegrdtarhepoxidation processsas glaimediingmyi one pegaading
wherein the [err] ketone separated fromthe oxidant m xture in step (b)

hydr ogenat edidim wherdie thd dieentid prasenitmwanlamdunt sufficient egpedvide aydrégén on
‘process as clained in claim?2 wherein the hydrogenation is performed in the

presence of pardwide %ﬁeéﬁtrﬁﬂoﬁiﬁ atefs (c)comar least! 10buttles aRah MIOWegHtSpercen
sel ected from palladium platinum ruthenium chronium rhodium and ni cf<e|

at a teﬁper%"aﬁé& o r&ot&tal WERIHR! 81 Cortthnratbd HARSderP perecBhtathiRg %%ﬂg

at rmspheres I nteg epoxi dat i on process as claimed 1n Claim
claim2 or g(muenypherel n the [err] olefin is propyl ene.

11. An integrated epoxidation process as claimedl in any one preceding
claim wherein the titanium silicalite has an MFI, MEL, or zeolite beta topology.

12. An integrated epoxidation process as claimedin any one preceding
claim wherein the titanium silicalite has' a composition corresponding to the
chemical formula xTiO,:(1-x) SiO, wherein x is from 0.01 to 0.125.

- 13.  An integrated epoxidatfon process as claimed in any one preceding
claim wherein the titanium silicalite is deploysd in the form of a fixed bed.

14. An integrated epoxidation process as claimed in any one preceding
claim wherein the titanium silicalite is used in combination with a support.

15. An integrated epoxidation process as claimed in any one preceding
claim wherein separation step (b) is accomplished by djsﬁllation whereby
substantially all of the C,-C, ketone is vaporized and removed from the oxidant
mixture as an overhead stream.

16. An integrated epoxidation process as claimed in any one preceding
claim wherein step (a} is perfor_med at a temperature of from 50°C to 200°C,

17. An integrated epoxidation process as claimed in any o.ne preceding

claim wherein step (c) is performed at a temperature of from 25°C to 120°C.



-5. An integrated epoxidation process as clained-in.claim4 wherein the_
nol ar rati o of propyl ene: hydrogen peroxide in step (c) is from1l:2 to

10:1. 6. An integrated epoxidation process as cl di ' ' r claim
5 wherein an excess of propylene relativasto hydr_ogmnemm'ma"wmresent
in step (c) and the excess propylene is separated fr'omtt he epoxs on
reaction mxture after step (c) and before step (e). 7. An integrated

epoxi dati on proces8. asAalintegratddeponidanen proctsai assclbirhed fn WAQIGtidpidiRding
[err] secondary al cohol is isopropanol. 8. An i ntegrated epoxi da?i on

process as CRiiMBRhbreiRSYed () iBpRFRAMRE aﬁ!@thHP%&?EErt\tg?gsoﬁ?é‘B?'?HrﬁtsePo 50

~hydyr ogen peroxi de-contai ning stream conprises from wei ght per cent
hydr ogen per §iade. 9. An i ntegrated epoxidation process as clained in any
one precedi ng’ Clai mwherein the diluent is present in an amount sufficient

to provide a hydroggen per.oxi de concentration of |ess.than 10 wei gh grcent
based on the 1ot all nei BRUNtearged AERRICR BPCRsHPS SRIMEa B AnY s ot SPTS
streamand dilyent in step (c). 10. An integrated epoxidation process as
claimed i n at9 1&n€CBPHBIBGI ng cl ai m wherein the diluent is present in an
amount sufficient to provide a hydrogen peroxi de concentration in step (c)
of at least 1 but | esslahdi¢acting4sQpipppreland melertdpropxyaes inA Hauiddohase af
concentrat ed hydrogen peroxi de-cont ai ni ng stream and diluent. 11. An
i ntegrated epoxi dati on prozdespesaturaiafetrorm SONC dne2@08€ett fgrm an oxidant
- mixture comprised of isopropanol, acetone, and hydrogen
peroxide;
(b) subjecting the oxidant mixture to distillation whereby
substantially all of the acetone is vaporized and removed from
the oxidant mixture as an overhead stream so as to provide a
concentrated hydrogen peroxide-containing stream comprised of
isopropanol, from 10 to 30 weight percent hydrogen peroxide,
and less than 1 weight percent acetone;
(c) reacting the concentrated hydrogen peroxide-containing stream
~ with propyiene at a temperature of from 2_5__°C to 120°C in the
presence of a titanium silicalite catalyst and a diluent to form an
epoxidation reaction mixture comprised of water, propylene
oxide and isopropanol;
(d) separating substantially all of the propyiehe oxide from the
epoxidation reaction mixture by distillation to form a bottoms

stream comprised of wéter, isopropanol and less than 1 weight

percent of propylene oxide;



- ¢l ai mwherein the titaniumsilicalite has an MFI, MEL, or zeolite beta

topology. '12. An integrated epoxidation process as I “mu I e
preceding claimwherein the titaniumsilicalite has im u; “"ﬂn”m“
corresponding to the chemical formula xBe2: (1-x) [err] ®heteih ¥ i$ from
0.01 to 0.125. 13.. An integrated epoxidation process as clainmed in any one

precedi ng clai m WBpr @bdydliliry &t leabt H'PSitibh G tHeShoRoMRUIAVEA fbP ukBGd Sy M

of
a fixed bed. 14. An integrated epoxidation process as E?/al med I'n any one

precedi ng cl ai m wher @é&ﬁ*ﬁb{ﬁ&@g# ﬁhbéﬁ?“ |43 | & used in conbination with
[ ed epoxi S 21

a support. 15. An integra oxidation proce s clainmed in any one

precedi ng clai mvyherein separatign ste b) is ac | ished by distillation
wher eby subst ant i II&Vgr?géfaqqﬂsﬂ[%???&?%t%ﬁP@rPEe‘ﬁﬁgBT the axigiant maixsured from
t he oxidant m xture as an overhead stream 16. An integrated epoxidation
process as clai ned i i &P &Wetophséﬁgmwlicﬁ%dmv\her ein step (a) is perforned
at a tenperature of from50[err]Cto 200[err]C, 17. An integrated

epoxi dation procdgh ascytlmigwatlieast arportice ¢f theetSopgoparol framestepnfstap (c)
is perforned at a tenperature of from25[err]C to 120[err]C 18. An
integrated epoxidati @@efih@tgpdaps cl ained in any one preceding claim
wherein step (a) is perfornmed at a partial oxygen pressure of from5 to 50

psia. 19. An integrated epoxidation process as clainmed in any one of
claims 1 to 18 conpri sing



.(a) reacting isopropanol and nol ecul ar oxygen in a liquid phase at a
tenperature of from50[err]C to 200[err]C to form an oxidant m xture

conpri sed of isopropanol, acetone, and hydrogen peroxide; (b) subjecting
the oxidant m xture to distillation whereby substantially all of the
acetone is vaporized and rermoved from §hg oxidant m xture as an overhead
stream so as to provide a concentrated hydrogen peroxi de-containing stream

conpri sed of isopropanol, from10 to’ 30 wei ghteoper cent hydrogen peroxi de,
and |l ess than 1 weight percent acetonef=(c) reac¥|ng h& goncent r at ed
hydr ogen per oxi de-cont ai ni ng streq@\mtrlgﬁopyle e atja teyperature of from
25[err]Cto 120[err]C in the prese titani um sgtrtcallite catal yst and
a diluent to forman epoxidation reaction ™ pri seq ¢ water,
propyl ene oxi de and sopropanol; (d) sepaPat i ng ubstantialjly all of the
propyl ene oxi de fromYhe epOX|dat|on reactﬁin—nia&*uua by difstillation to
forma bottons st sopropanol.add lless than 1
wei ght percent of| propyl ene oxi de; (e) rle .l eaqt a portion of
“the bottons strea di ljuent in step
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. (f) hydrogenating the acetone separated fromthe oxidant m xture in step

(b) ta isopropanol; and (g) recycling at |east a portion of the isopropanol
fromstep (f) for use in step (a). :

27

INTEGRATED PROCESS FOR EPOXIDATION .
ABSTRACT OF THE DISCLOSURE

Epoxides are pro_dué:ed by an integrated proéess involying molecular oxygen
oxidation of a secondary alcohol, separation of the ketone by-product, and epoxidation
of an olefin in the presence of a tiianium' silicalite cataiyst and a diluent, wherein a
crude alcohol stream o'btained by removing epoxide from the epoxidation product
mixture serves as the diluent. Despite use of the crude alcohol stream, which typically
comprises water, organic acids and glycols, high selecﬁvities to epoxides such as

propylene oxide are realized.

Figure 1



