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INTEGRATED PROCESS FOR EPOXIDATION
FIELD OF THE INVENTION: |

This inventien relates to an integrated process for pfoducing an eboxide. In
particular, the invention perftains to a titanium silicalite-catalyzed epoxidation method
wherein methanol recevered from the epoxidat'ion reaction mixture is used to d.ilut'e
a concentrated oxidant stream used as a source of hydrogen peroxide in the

: epoxidaﬁon 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
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oxidant to achieve the desired H,0, feed concentration to the epoxidation reactor.

Under certain conditions, it is desirable to maintain relatively dilute (i.e., 1-10 weight

%) maximum hydrogen peroxide concentrations during epoxidation since higher

concéntrations can result in poorer epoxide selectivity. The patent does not, however,
suggest the use of co-solvents (other than water, which may present as an azeotrope
with th_e isopropanol) in such a process. |

. We have now discovered that the.use of a recycled stream containing methanol
to dilute, in effect, the hydrogen peroxide féed to the epoxidation zone is

advantageous. Epoxide selectivity is improved due, it is believed, both to the diluting

. effort of said stream and also to the presence of methanol in said stream rather than

. . ' )
other solvents which might in theory be used as diluents. 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 surprisingly 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 INVE N. TION:
Tﬁis in_ventior;" _provides an integrated epoxidation process comprising
(a) .r:ac'ting a C,,;C4 secondary alcohol and molecﬁlar oxygen in a -
liquid 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;
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(b)

(c)

(e)

M

the invention.

3
separating substantially all of the C,-C, ketone from the oxidant
mixture to provide a concentrated hydrogen peroxide-containing

stream comprised of C,-C, secondary alcohol, hydrogen peroxide,

~ and less tﬁan 1 weight percent C,-C, ketone;

reacting the concentrated hydrogen péroxide-contéiﬁing stream .
with a 'Ca-C4 oléfin in the presence of a titanium silicalite catalyst
and a diluent compriséd of methanol to form an eboxidation
reaction mixture comprised of a C,-C, epoxide corresponding to
the C,-C, olefin, water, methanol, and C,-C, sgcondéry alcohol;
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;

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 weight percent

methanol; and

. \r'ecycling at least a portion of the methanol separated in step (e)

for 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
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DETAILED DESCRIPT!OIN OF THE IN\_IENTION:
' The C,-C, secondary alcohols suitable for use in the present invention include
isopropanol (isopropyl alcdhol) and sec-bdtanol (sec-butyl alcohol).
The secondary 'alcohoi is reacted with molecular oxygen (dioxygen) from a
suitable source suqh as air to yield an oxidant mixture, which will typically contaiﬁ
excess éecondary alcohol, the C,-C, ketone resulting from oxidation of‘ the secbndary

alcohol and having the same hydrocarbon skeleton as the alcohol (e.g., acetone or 2- .

“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 e;lc-ohol. For
example, the azeotrope of wa:er énd isopropanol (87".8 wit% isopropanol, 12.2 wi%
water) may be used to advantage. In one embodimeﬁt, the oxidizer feed comprises 5
to 20 weight % water, 80 to 95 wefght % isopropanol,.le_ss than 1 weight % methanol,
and less théﬁ 3 weight % acetone.l 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 pércent water. Partial conversion of
the secondary alcohol is accomplished (e._g.', fro-m 5 to 50%) such that the unreacted
secondary alcohol m{ay be utilized as a carrier or solvent for the hydrogen peroxide

during subsequent steps of the process. 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
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of from 50 to 200°C (more preferably, from 100 to 180°C) will typically be
appropriate for use in order to attain reasonable oxidation ratés.' The preferred

range of oxygen partial pressure in the feed gases (which may include an inert

diluent gas such as. nitrogen in addition to oxygen) is 7 to 1724 kPa (1 to 250

psia), more preferably, 34.5 to 345 kPa (_5 to 50 psia); most preferably, 69 to 207
kPa (10 tb 30 psia) partial pressure. Total préssure in tﬁe oxidation reaction zone
should be sufficient to maintain the components of the reaction mixture iﬁ.the
liquid phase; 345 to 6895. kPa (50 psia to 1000 psia) is normally sufficient. A
plurqlity of oxidation reaction zones maintained at di-fferent tember;'atures 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,

including fractionation procedures.

Preferably, however, the oxidant mixture is fraétionally distilled whéreby the
ketone is vaporized and removed from the oxidant mixture as an overhead stream.

The concentrate_—cii__;' hydrogén peroxide-containing stream obtained by such a

-procedure thus may comprise a bottoms fraction. Such fractionation may be

facilitated by the application of heat and/or reduced (subatmospherid).pre_ssur'e.

- The ketone concentrationin the concentrated hydrogen peroxide-containing stream

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



peroxy character, this. separation ié most preferably performed directly after molecular
oxygen .oxidation. Thus, the oxidant mixture exiting from the oxidizer zone is
preferably _taken into a distillation column without intervening storage or. retention. To
acCor_nplish. rapid and compl_ete remova! -of' the kétone _from the oxidant mixture, it may
be desirable to also take overhead some pdrtion_of the secondary_ alcohol and/or
water. In one embodiment, for_. example, the o_Verhead stream may comprise 10 to 80
mole % ketone, 15 to 60 mole % secondary alcohol, and 5 to 30 mole % water.
However, for safety reasons, lcare 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 with 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 tréating the .oxidant mixture so as to

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



: hydrogén peroxi.dé ‘or formation of ketone peroxides.' Extractive distillation techniques
may also be advantageously used. Other separation proc'edure.s capable of redué_ing
the ketone content of the oxidant mixture Without significant loss of the hydrogen
peroxide contained therein may also be used including, for example, absorption,
countercurrent ektraction, membrane separation, ahd_' the like. Fractionation
techniques-wheréin multtiple stageé are employed are especially. suitable.

As a consequence of the removal of the ketone from the oxidant, the
concentration of hydrogen peroxide is increaée_d. The concentrated hydrogen

' peroxide-containing stream thus will typically contg_in from 5 to 30 wéigﬁt percent H,0,.
In one embodiment of the invention, said .stream will be comprised of greater than 10

it . , .

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 oxidant rﬁixture, 6r fresh 'secdndar.y
alcohol or other such.solvent. Preferably, the diluent is cdmprised predominantly (e.g.,
' = 70%) of methanol (primarily recycled m.ethalnoi, with the amount of f,reshl methanol

limited to the quantity needed to make up for the processing losses associated with
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_' methano! recovery). The amount of diluent employed pfeferably is sufficient to at.tain'a
methanol concentration of from 5 to 60 weight percent in the epoxidation reaction
mixture (exclusive of the amount of olefin _pres-ent)._

| Suitable C,-C, olefins include ethylene, propylene, 1-butene, isobutylene,
2-butene and the like. Mixtures of oléﬁns may be epoxidized if so desired.

The amount of olefin relative to the amount of hydrogen peroxide is not critical,
but the molar ratio of Qleﬁh: hydrogen .peroxide may suitably be from about 1 .00:1 to
1:1Q. The molar ratio of olefin to hydrogen peroxide is more lpreferably in the range of _
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 reacton; (exclusive. of the olefin to be
~ epoxidized) comprises 1 to 10!weight percent hydrogen peroxide; 5 to 40 weight
p.ercen.t methanol, 30 to 85 weight percent secondary alcohol, and 1 to'25 weight
'per_cent water.

The titanium silicalites useful as catglysté in the epoxidation s'teb-of the procesé
comprise the class of zeolitic substances wherein titanium is substituted for a portion -
of the silicon atoms in the iattice‘ framework of .a molecular sieve. -Such sUbétances

are well-known in the art. Particularly preferred titanium silicalites include the classes

R

of molecular §ieves 6ommonly referred to as “TS-1"* (having an MFI topology ..
analogous to that of the ZSM-5 aluminosilicate zeolites), *TS-2" (having an 'l.VIEL
topology analogous to that of the ZSM-1 1 aluminosilicate zeolites), and "TS-3" (as
described in Bélgiain .Pat. No. 1,601 ,038). Also suitable for use are the

titanium-containing molecular sieves having framework structures isomorphous to
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zeolite beta. .The titanium silicélite preferably contains no non-oxygen atoms other
than titanium and silica in the fattice framework_, although minor amounts of boron,
iron, aluminum, gallium, and the like may be present.

| Epoxidation'cétalysts suitable for use in the process of this invention hévé a
composition corresponding to the following empirical formula xTiO,: (1-x)SiO,, Where X
is between 0.0001 and 0.500. More preferably, the value of x is from 0.01 to 0.125.
The molér ratio of Si:Ti in fhe lattice framework of the titanium silicalite is
advantageous_ly from 9.5:1 to 99:l1 (most preferably, from 9.5:1 tol60:-1). The use o_f |
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. Ina ﬂxed 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
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catalysts may be prepéfed by the methods known in the art to be effective for zéolite
éatalysts in general. Preferably, the binder or sﬁpport is essentially non-acidic and
does n;at catalyze the non-selective decomposition of hydrogen peroxide or
ring-opening of the epoxide.

The catalyst may be treated with an alkaline (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 preferably from 25°_C to 120°C (more
preferably, from 40°C to 80°C), which in the process. ;af this invention has been fopnd
to be sufficient to aclcomplish selective conversion of thé olefin to epoxihde_ within a

»

reasonably short period of time with minimal non-selective decomposition of the
hydrogen peroxide. ltis gen;ally advantagéous 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 prefe(ably at least 99%, consistent with reasonable
selectiv-iti'es. The optimum reaction temper_aturé will be influenced by catalyst
concentration and activity, substrate reactivity, reactant concentrations, and type of
-s-olvent employed, among other facfors. Reaction dr residence times of frém_ about 10
minutes tq 48 hours will typically be appropriaig, depending upon the above-identified
variables. The reagiéon is pfefefébly 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. Fo; 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_in@ain
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the désired concentration of propylene in the liquid phase should be utilized. A-t a

“reaction ltemperature of approximately 60°C, for instance, the pressure may
advantageously be maintained at approximatély 1310 kPa to 1517 kPé gauge
pressure (190-220 psig).

The epoxidation step of .this invention may be carrigd out in a .batch,
continuous, or semi-continuous manner using any éppropriate type of reaction
vessel or apparatus such as a fixed b:ad, transport bed, stirred slurry, or CSTR
reactor. Known methbds for conducting metal-catalyzed epoxidations using
hydrogen peroxide will geﬁerally also be suitable for use. Thus, thé'reactants may
be combined all at once or sequentially. For example, the hydrogen lperoxide, 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 thé 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 epoXidation
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 maintaih’ optimum_

activity and selectivity. Suitable regeneration techhiqués



are well-known and include, for example, calcination and solvent treatment.

When the olefin and hydrogen peroxide have reected to the desired level of
conversion, the resulting epoxidation reaction mixture comprised of water, methanol,
C,-C, epoxide, and C,-C, secondary alcohol is further treated so as to separate
substantlally all of the epomde from the mixture to form a first crude alcohol stream
compnsed of water, methanol C,-C, secondary alcohol and less than 1 weight percent
of the C 1C epoxide. The first crude alcohol stream is processed to form a second
crude alcohol stream by removing substantially all of the methanol therefrom by a
swtable separation method Such separations may most readrly be accomphshed by
~ distillative means (e.g., fractlonal distillation) as the secondary alcohol may be selected

> .
so as to be substantially higher boiling than the epoxide being produced and the
methanol being utilized as diluent and thus amenable to recovery as a_bottoms :
fraction. The methanol is vaporized and taken overhead. As the olefin is gerterally
_Iorver boiling than the epoxide, the secondary alcohol, and methanol, any unreacted
olefm in the epox1dat|on reactlon mlxture may also be readily removed 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 e:%oxide. lrl 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 c.rude alcohol stream since methanol which is carried

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



13

molecular oxygen oxidation of the secondary alcohol contained in the first crude
alcohol stream. It is generally desirable to minimize; acid formation during oxidation of
the secondary alcohol because'such acids may detrimentaily affect epoxide selectivity
‘when the oxidant mixture is used as a source of hydrogen peroxide in an epoxidation
reaction. | |
Under certain _con'd'itions, it is possible for a mihor amount of ketone by-product
to be formed d.uring epoxidation as a result of titanium éilicalife-catalyzed' 6xidation.of
" the secondary alcohol. ‘Where the ketone by—prqduct is acetone it may be removed |
f;'om the first crude alcohol stream, if so desired, by fractional distillatioﬁ or the like
prior to recovery of the methanél. 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.
The second crﬁde alco.ho_l.stlre_am may be récycled foruseas a sou.rce of
secondary alcohol in the oxidation step. P‘referably, the second crude alcohol streafn

is first subjected to a further separation by means such as fractional distillation such
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that the portion of water corresponding to that generated as a co-product from
hydrogen peroxide during epoxidation is removed in the form of a bottoms fraction with
purified seco_ndary alcohol (typically, as an azeotropé with water) being taken
ovérhead. |

In the hydrogenation étep, the ketone separated from the oxidant mixturé is
converted back to the corresponding secondary alcohol by reacting the hydrogen in
the presence of a transition metal hydrogenation'catalyst. Methods of 'convéning |
aliphatic ketones such as acetone and 2-butanone to their corresponding secondary
gliphatic alcohols by catalytic hydrogenation using a trans'ition.metal ca;alyst and
I'-\y.dr'ogen gas are well-khown;

: Thé transition metal in the hydrogenaﬁon 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 concentration 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
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based on the known arf_ perfaining to ketone hydrogenation. Typically,
" temperatures of from about 20°C to 175f’C and ‘hydro-gen pressures of from about
0.05t0 10 MPé (0.5 to 100 atmospheres} will be appropriatc_a for use. Preferably,
the molar ratio of H, to ketoﬁe is from about 1:1 to 4:1. The _amount of catalyét
employed is preferably sufficient to permit weight hourly space velocities of from
0.1 to 10 grams of ketone per gram of catalyst per hbur. |
The hydrogénation step may be carried out in a batch, semi-batch,
continuous, or semi-continuous manner using any suitable reaction vessel or
apparatus. wheréin the overhead stream may be intimate’ly' contacted with the
_ transition metgl 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 infeg.rated epoxidatiqn process
of the invention wherein propylene is catalytically epo>-<idiz'ed to yfeld propylene
ox_ide. A stream comprised of secondary alcohol passes via line 1 into alcohol
oxidation zone 2 wherein the secondary alcohol is partially reacted with .molecular'
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 via line 4 into oxidant distillation zone 5. In 5, the oxidant

mixture is subjected to fractional distillation. Ketone is taken overhead (together, in
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some cases, with a portion of the secondary alcohol) and into'hydrog_enation zone 6
vié line 7. The bottoms fraction (i.e., ti’]e.concehtrated hydrogen peroxide-containing
'stream), wbich contains hydrogen peroxide and secondary alcohol, is carried forward
via line 8 for use in epoxidatioh.

The olefin to‘ be epoxidized is fed into epbxidation zone 11 by way of lines 9
and 10. In the particular embodiment shown on Figu_re 1, lines 8 énd 21 also feed into
line 10 at poihts separéted from line 9. However, numerous dther ways of introducing .-
the various feed streams into epoxidation zone 11 are feas'i.ble. For example, the
contents of lines 8 and 21 may be combined in a common line prior to -entering line
10. Aitematively, the olefin, tL\e recycled methanol (diluent), and the concentr;ated
hydrogen peroxide-containing stream may be separately introduced directly into
epoxidation zone 11. The precise 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 ﬁethanol.

| 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 anc_l diluent are maintained at the desired
reaction temperaturtég.in contact with the titanium silicalite witl;1iﬁ zone.11 for a time
's‘ufficient to convert at least a portion of the olefin to the corresponding C,-C, e'poxide,'
thereby consuming most or all of 't.he 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
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means such as distillation and recycled to epoxidatioﬁ zone 11 via lines 14 and 10.
The remainder of the epoxidation reaction mixture is taken on via line 15 to epoxide
puriﬁéation_zone 16 wherein.the propylene oxide is separated by an apprdpriate
means such as distillation-and remdved via line 17. Removal of the epoxide and
unreacted olefin from the epoxidation reaction mixture generates a first crude alcohol
stream compris_'ed of isopioééndl, methanol, and heavier substances such as water,
‘acids, glycols, and the like but little if any propylene ox'ide. The first crﬁde alcohol
stream is transported from epoxide puriﬁ;::ation .zone 16 via line 18 and introduced into
crude élcoho| purification zone 19. Within zone 19, thé methahql is sebaratéd from
the first crude alcohol stream by an appropriate means such as distillation.. The
sqpafated metﬁanol (which m;y; for example, _be take.n overhead as a ligh't fréction
during aistillation) is recycled for use as diluént in epoxidation zone 11-via lines 20 and
21. Make-up methanol, if needed,. may be combinéd with the recycled methanol
through line 22.

The second crude alcohol stream which is generated by removal of the
methanol from the first crude alco_ho'l stream in zone 19 is carried via line 23 into
secondary alcohol purification zone 24. Secondary-a'.lcohoi purification zonéﬁ 24 is
operated such thathﬂ;ge purified secondary alcohol (or, in some embodiments, an
azeotrope of the sec;ndaw alcohol with water) is taken overhead and an aqueous
stream containing at least a portion <;f. 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
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purified secondary alcohbl is recycled back to alcohol oxidation zo.ne 2 via lines 28
and 1. Make-up secondary alcohol may be introduced using line 29.

The overhead stlre-am from oxidant diétillati_on zn;ne 5 is passed via line 7 into
hydrogenation zone 6 wherein the stream is reacted with hydrogen (introduced via line
26) in lthe presence of a suitablé hydrogenation catalyst such as supported ruthenium
or molybdenum - promoted Raney 'nickel (preferably deployed as a fixed bed within
zone 6) so as.to convert at least a portion and preferably substantially alf _(e.g., over
95%) of the ketone bacl_< fo secondary-él&ohol. The hydrogenation.stream withdrawn
from zone 6 via line 27 may. be, if so desired, further purified (for exam-ple_, iﬁ alcohol

_purification zone 24) or alternatively, .may be passed directly b.ack to alcohol oxidation

. - : :
| 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 varidus changes and. modiﬁcationé of the invention _to adapt it

to various usages, conditions, and embodiments.
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" CLAIMS:

An integrated epoxidation process comprising

(a)

(b)

(c)

- {d)

reacting a C,-C, secondary alcohol and molecular oxygen in a
liquid pHase to form an oxidant mixture cémprised of C;-C,
secondary alcohol, a C,-C, ketone corresponding to the C;-C,
secondary alcohol, and hydrdgen peroxide;
separating - substantially all of thé C,-C, kéfcone 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; | | |

reacting the concentrated hydrogen peroxide-containingstream
with a C,-C, olefin in the presence of a ti;canium silicalite
catalyst and a diluent comprised of methanol to form an
epoxidation reaction mixture comprised of a C,-C, epoxide

corresponding to the C,-C, olefin, water, methanol, and C;-C,

¢y secondary alcohol;

| separating substantially all of the C,-C, epoxide from the

epoxidation reaction mixture to form a first crude alcohol

stream comprised of water, C,-C, secondary alcohol, methanol,

and less than-1 weiéht percent of C,-C, epoxide; -
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(e) sepérating s'ubstantilally all of the rﬁethanol from the first crude
alcohdl stream to form a second crude alcohol stream
co.mprised of water, C,-C, secondary alcohol, and less than 1
weight percent methanol; and

(f)  recycling at least a portion of the methanol se_parated in step
(e) for use as at least a portion of the diluent in step (c). |

2. A process as claimed in claim 1 characterised in that the C;-C, ketone

-separated from the oxidant mixture in step (b) is hydrogenated to the C,;-C,

secondary .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 claimed 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 chara.cterised in that

step (c) is performed at a temperature of from 256°C to 120°C.
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g A process as claimed in any one préceding claim characterised in that

it corﬁprises the additional step of recycling at least a portion of the C,-C,

secondary alcohol in the second crude alcohol stream for use in step (a).

10. A-process as claimed in claim 9.characterised in that at least a portion

of the water in the second crude alcohol stream is separated from the C,-C,

secondary alcohol prior to recycling for use in step (a).

11, A process as claiméd in claim 1 comprising

(a)

(b)

(d)

reacting isopropanol and molecular oxygenin a quuid phase at
a temperature of from 50°C to 200°C to form an oxidant
mixture comprised of isopropanol, acetone, and hydrbgen

peroxide;

subje'cti'ng' 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 peroxi_de#containing stream comprised
of isopropanol, greater than 5 .and less than 30 weight percent
hydrogen peroxide, and less than 1 weight percent acetone;

reacting t_hé concentrated hydrogen peroxide-containing étream
with propylehe at a temperature of from 40°C to 80°C in the

presence of a titanium silicalite catalyst and a diluent

‘comprised of methanol to form'an epoxidation reaction mixture '

comprised of water, propylene oxide, methanol, and
isopropanol;

separating substantially all of the propylene oxide from the
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epoxidation reaction mixture by distillation to form a first

bottoms stream comprised of water, methanol, isopropanoland
less than 1 weight percenf of propylene oxide;

separating substantially all of the methanol frorﬁ the first
bottoms stream by distillation to form a second bottoms
stream comprised of Waier, isopropanol, and less than 1
weight percent methanol;

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);
seﬁara,t’_ing at least a portion of the water from the second
bottoms étream to form a crude isopropanol stream;'

hydrogenating the acetone separated from the oxidant mixture

in step (b) to isopropanol; and

' recycling 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 from 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 or claim 12 characterised in that.the

molar ratio of propylene: hydrogen peroxide in step (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
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mixture.

15. A process as claimed in any one preceding claim characterised in thét

thé amount of diluent is sufficient to providé a hydrogen peroxide concentration of
~ from 1 to 10 weight percent in step (c) based on the total weight of the
concentrated hydrogen peroxide-coﬁtaining stream and diluent.

16. A processas cla-imed_ in any one preceding claim characterised in that
the titanium silicalite has an MFI, MEL, or zeélite beta topoloéy.

17. A prbcess as claimed in any one preceding claim characterisedf.in th_at
the titanium silicalite has a composition corresponding to the chemical formula
xTiO,: (1-x) SiO, wherein X is from 0.01 to 0.125. | |

18. | A process as claimed in any one preceding claim characterised in that

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



