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titanium silicate catalyst.
Much current research is conducted in the direct epoxidation of propylene with
20 oxygen and hydrogen. In this process, it is believed that oxygen and hydrogen react
in situ to form an oxidizing agent. Many different catalysts have been proposed for
use in the direct epoxidation process. Typically, the catalyst comprises a noble
metal and a titanosilicate. For example, JP 4-352771 discloses the formation of
propylene oxide from propylene, oxygen, and hydrogen using a catalyst containing a
25 Group VIII metal such as palladium on a crystalline titanosilicate. The Group VI
metal is believed to promote the reaction of oxygen and hydrogen to form a
hydrogen peroxide in situ oxidizing agent. U.S. Pat. No. 6,498,259 describes a
catalyst mixture of a titanium zeolite and a supported noble metal complex. The
noble metal is supported on a carrier such as carbon, titania, zirconia, niobium
30 oxides, silica, alumina, silica-alumina, tantalum oxides, molybdenum oxides,
tungsten oxides, titania-silica, zirconia-silica, niobia-silica, and mixtures thereof.
Other direct epoxidation catalyst examples include gold supported on titanosilicates,
see for example PCT Intl. Appl. WO 98/00413.



see for exanple PCT Intl. Appl. WO 98/00413. The direct epoxidation process
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20
BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic flow diagram of one embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

25 The process of the invention comprises epoxidizing propylene to produce
propylene oxide. The epoxidation step of the process comprises contacting a
titanium zeolite with a reaction feed comprising propylene, hydrogen peroxide,
tertiary buty! alcohol, and water to produce a product stream comprising propylene,
propylene oxide, propylene glycol, tertiary butyl alcohol, and water.

30 Titanium zeolites are well known. Titanium zeolites comprise the class of
zeolitic substances wherein titanium atoms are substituted for a portion of the silicon
atoms in the lattice framework of a molecular sieve. Such substances, and their
production, are well known in the art. See for example, U.S. Pat. Nos. 4,410,501
and 4,666,692.



production, are well known in the art. See for exanple, U S. Pat. Nos.
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0.5000. More preferably, the value of x is from 0.01 to 0.125. The molar ratio of
20 Si:Ti in the lattice framework of the zeolite is advantageously from 9.5:1 to 99:1
(most preferably from 9.5:1 to 60:1). The use of relatively titanium-rich zeolites may
also be desirable.
The epoxidation step of the process comprises contacting propylene,
hydrogen peroxide, tertiary butyl alcohol (TBA), and water in the presence of the
25 titanium zeolite catalyst. The hydrogen peroxide may be generated prior to use in
the epoxidation reaction. Pre-formed hydrogen peroxide may be derived from any
suitable source, including oxidation of secondary alcohols such as isopropanol, the
anthraquinone process, and from direct reaction of hydrogen and oxygen. The
concentration of the hydrogen peroxide reactant added into the epoxidation reaction
30 is not critical. Typical hydrogen peroxide concentrations range from 0.1 to 90 weight
percent hydrogen peroxide in the TBA-water mixture, preferably 2 to 10 weight
percent.
The amount of hydrogen peroxide to the amount of propylene is not critical,
but most suitably the molar ratio of hydrogen peroxide: propylene is from 100:1 to



concentration of the hydrogen peroxi de reactant added into the epoxidation
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For example, suitable compounds include the nitrates, sulfates, halides (e.g.,
chlorides, bromides), carboxylates (e.g. acetate), and amine complexes of noble

20 metals.

A preferred catalyst useful in the process of the invention is a noble metal-
containing titanium zeolite, in particular a noble metal-containing titanium-MWW
zeolite. Such catalysts typically comprise a noble metal (such as palladium, gold,
platinum, silver, iridium, ruthenium, osmium, or combinations thereof) supported on a

25 titanium zeolite. Noble metal-containing titanium zeolites are well known in the art
and are described, for example, in JP 4-352771 and U.S. Pat. Nos. 5,859,265 and
6,555,493, the teachings of which are incorporated herein by reference in their
entirety. The noble metal-containing titanium zeolites may contain a mixture of noble
metals. Preferred noble metal-containing titanium zeolites comprise palladium and a

30 titanium zeolite; palladium, gold, and a titanium zeolite; or palladium, platinum, and a
titanium zeolite.

The typical amount of noble metal present in the noble metal-containing
titanium zeolite will be in the range of from about 0.001 to 20 weight percent,
preferably 0.005 to 10 weight percent, and particularly 0.01 to 5 weight percent.
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Preferably, the average particle size of the carrier is in the range of about 0.1 pm to
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preferably from about 10um to about 1/16 inch. The preferred particle size is

25 dependent upon the type of reactor that is used, for example, larger particle sizes

are preferred for a fixed bed reaction. The average pore diameter is typically in the

range of about 10 to about 1000 A, preferably about 20 to about 500 A, and most
preferably about 50 to about 350 A.

The supported noble metal catalyst also contains a noble metal. While any of

30 the noble metals can be utilized (i.e., gold, silver, platinum, palladium, iridium,

ruthenium, osmium), either alone or in combination, palladium, platinum, gold, a

palladium/platinum, or a palladium/gold combination are particularly desirable.

Palladium is most preferred.



about 0.5 to about 3.5 nlL/g, and nost preferably fromabout 0.8 to about
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the lead, bismuth, or rheniumsource in ecatalyst S
(e g., chlorides, bromides, iodides), oxyhahdes (e.g., oxychloride), carbonates,
20 nitrates, phosphates, oxides, and sulfides. If used, the lead, bismuth, or rhenium
may be added to the titanium zeolite or carrier before, during, or after noble metal
addition.
Any suitable method may be used for the incorporation of the noble metal and
optional lead, bismuth, or rhenium into the catalyst. For example, the noble metal
25 and optional lead, bismuth, or rhenium may be supported on the titanium zeolite or
the carrier by impregnation, ion-exchange, or incipient wetness techniques with, for
example, palladium tetraammine chloride. If lead, bismuth, or rhenium is used, the
order of addition of noble metal and optional lead, bismuth, or rhenium to the
titanium zeolite or the carrier is not considered critical. However, it is preferred to
30 add the lead, bismuth, or rhenium compound at the same time that the noble metal is
introduced.
After noble metal and optional lead, bismuth, or rhenium incorporation, the
noble metal-containing titanium zeolite or supported noble metal catalyst is
recovered. Suitable catalyst recovery methods include filtration and washing, rotary



not critical, suitable conmpounds include carboxylates (e.g., acetate,
citrate), halides (e.g., chlorides, brom des, iodides), oxyhalides (e.qg.
oxychl or isepoicEiimeonat es, nitrates, phosphates, oxides, pamassubhdides. | f
used, the lead, bisnmuth, or rheniumnmy be added to the titanium zeolite or
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titanium zeolite may also be encapsulated in polymer as described in U.S. Pat. No.
20 7,030,255, the teachings of which are incorporated herein by reference in their
entirety. If a catalyst mixture of titanium zeolite and supported noble metal catalyst is
used, the titanium zeolite and supported catalyst may be pelletized or extruded
together prior to use in epoxidation. If pelletized or extruded together, the catalyst
mixture may additionally comprise a binder or the like and may be molded, spray
25 dried, shaped or extruded into any desired form prior to use in epoxidation. The
catalyst mixture may also be encapsulated in polymer as described in U.S. Pat. No.
7,030,255.
The epoxidation step of the process produces a product stream comprising
propylene, propylene oxide, propylene glycol, tertiary butyl alcohol, and water. The
30 product stream components are purified by a distillation process comprising three
steps. The product stream may contain some residual hydrogen peroxide from the
epoxidation reaction, however, if present, the residual hydrogen peroxide will

decompose to water during the distillation steps. First, the product stream is distilled



used, the noble netal-containing zeolite may be used as a powder but is
preferably spray dried, pelletized or extruded prior to use in epoxidation.
| f spray woizety/15pk| eti zed or extruded, the nobl e netal Pcontsadmiony4ait ani um
zeolite may additionally conprise a binder or the |like and may be nol ded,

spray dr ¢ grodabéBERstOdvepéddistishnm tbmpABingdftehyiere bAd & MET Bttdn®s Sb&arhn
epoxi dation. The noble netal-containing titaniumzeolite may al so be

encapsul &PBEM$IAG REPRMIENE axidacROPYISER gIVCal, tertiany butglicopoh Riidawater Ha

t eachi nggPrstMs MRS, DrefRrpaf RESOEY o tHe &bpmeﬁ@(rﬂare(-jpﬂerbrww 4t I44ti rety.
If a catalyst mxture of titaniumzeolite and Ssupported nobl e netal

cat al yst 9PS%idetekepipretheadni um zeol ite and supported catal yst may be

pel |l eti zed or r ' i ' | B9 i etized
b extr uded bty FSRSeh I SGEn B bbby Pfert dhrEBgh R0l Y erchadibhe)

bi nder ostephthe hydsogardomexydes may be wreferatiy removed, bysa fpshing stepxpriaided i nt o

desi tad. o ; : ; H ) |
e encapd i eb MRS Afertifichyl o Baiorir Yot o BedpietéraffifelfichefTy 21 <0
epoxi dat from thedjrstodistillatiop to cemsve moy lydsogenporoakygen $hateia rpredunedi ari Ity

propyl ene rOpYd ene oxi ropyl e 0 i I y , and
wat er . THB“%F%@ & S’Eer %%%?%%@Bbﬁ%hn éesg?.!gy %u\}r"“‘l,rﬁp ? g%fgtbsye\éngﬁ'tsa&ﬂlﬁaddﬁ ?@ﬁbprocess
ﬁogprlbsi agy timrrr!egas?sepsecti Tﬂneh@rep_dgid{a'gim ls@:ms;m_ay asogittrabenso‘ﬁf&]zc flashiog ar .
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steps. Fpesérmddesing bgtrogers bne@axrydeh. di stil |l edto produce a first overhead

stream conprisin ropyl ene and, a first bottons stream conprisin ropyl ene
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Alternatively, a vapor vent stream may be preferably repoved fromthe first

di sti | | atawai QvsrheadotlaRargturs i egﬁwaafy Beiiained hetwean gbgeluediootSiCer t

unr eact ednd riaghet pRIGEBI SALIPT0 158€, BhasthkNSottims/ dRApersite i§tprepfapRy al so
i ncl ude any 1 ner aseS used in the epoxidation ste,o, such as nitrogen. The
f | ashi ngmgintained between about 115-170°C, and more preferably between 125-140°C.

20 The first distillation tower preferably has at least 10 theoretical stages, more

preferably at least 20 stages, with a reflux ratio (Ib reflux/Ib distillate) preferably of at
least 0.8, and more preferably between 0.8 to 4.0.

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

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

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

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

The second distillation is preferably conducted in a distillation tower wherein
the top of the tower is preferably at 40-70 psig (0.28-0.48 MPa), and more preferably
at 50-60 psig (0.34-0.41 MPa) and the bottom is preferably at 50-80 psig (0.34-0.55



vapor vent streamw || be especially useful in the case where epoxidation
I s perforned using hydrogen and oxygen. The first distillation is

pr ef er ablwocordiscioed in a distillation tower wherein thecras2ab/obireot onwer
is preferably at 80-200 psig (0.65-1 .48 MPa), and nore preferably at
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top of the, tower rabl y_at 40-70 psig (0.28-0.48 MPa), and nore
pref er abF%/thﬁtep%'dég 'g§§ee8%‘(’0 S\s%/fa 8°%¥™Pa) and the bottomis preferably at
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(I'b refl wrhpdratlirsid bﬂeﬁér@blyﬁﬁ@ﬁ@ﬁﬂﬂ@l' et@beatabbesd- 130°carwhdrmbn% preferably
between 70-90°C, and the bottoms temperature is preferably maintained between
20 about 100-135°C, and more preferably between 105-125°C. The third distillation
tower preferably has at least 10 theoretical stages, more preferably at least 20
stages, with a reflux ratio (Ib reflux/Ib distillate) preferably of at least 0.5, and more
preferably between 0.7 to 1.5.
The third bottoms stream may be discarded as waste, but is preferably
25  distilled to separate propylene glycol from the water. In an optional fourth distiliation,
a fourth overhead stream comprising water and a fourth bottoms stream comprising
propylene glycol are produced.
The optional fourth distillation is preferably conducted in a distillation tower
wherein the top of the tower is preferably at 0-30 psig (0-0.21 MPa), and more
30 preferably at 5-20 psig (0.03-0.14 MPa) and the bottom is preferably at 5-35 psig
(0.03-0.24 MPa), and more preferably 10-25 psig (0.07-0.17 MPa). The tower
overhead temperature is preferably maintained between about 85-125°C, and more
preferably between 95-115°C, and the bottoms temperature is preferably maintained
between about 170-215°C, and more preferably between 180-205°C. The fourth



preferably between 1 to 20. Follow ng the second distillation, the second
bottons streamis distilled in a third distillation tower to produce a
third ovewbeath/stzoeam conpri si ng an azeotrope of tertiargThistyvoal7eohol and
water and a third bottons stream conprising propylene glycol and water.

Pr ef er abgiysigtibe t@ﬁ&%réfﬁ?@bl?fha‘é %'i fdaat 5 thabrdlicats&ees] marslpMmdrablyizt 1seycl ed
back to the epoxidation step use a solvent. The third distillation is
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e
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t

fourth di"$t9?""3tion is preferably conducted in a distillation tower wherein
the top of the tower is preferably at O- 30 psrg (0-0.21 MPa), and nore

preferably at 5-2 i %1§q Qﬁﬂ'«%El‘f‘OW Hmei(g,qtédggggEgsoreferabl y at

5-35 psig (0.03-0. , and nore pre era g (0.07-0.17 MPa).
The tower ovédPropgliéne impentintuouslyiepopidizedraver a wmvérznehtebetth@eressbe@t

85- 1250 r r h
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at least_ 5 theoretical stages, nore preferably at |east 10 stages, with a

reflux r¥ ﬁeg) (I'b reflux/Ib distillate) preferably of at least 0.5, and
The epoxidation product stream is purified by a process as shown in Figure 1.

The epoxidation product stream is passed via line 1 to a first distillation tower 2.

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

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

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

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

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

via line 6. The second overhead stream contains a purified propylene oxide stream.
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nore preferably between 0.7 to 1.1 . Overall, the process of the invention
allows for the separation of a purified product stream of propyl ene oxide.
The procewe 20fo/t5e®2i nventi on al so produces a stream contairnisagoaoiZBA- wat er
azeotrope. The TBA and water of the azeotrope do not need to be separated

bef ore recyclendaekodd bofiemepPsididtis dBmaleP Vi Iih8€7.prikeséconthBoftéhkow ng
exanples nerely illustrate the invention, Those skilled in the art wll

recogni z&reAMFONRrisas perylansalyegl.el Bt 3nd watee JPeSecorRt betiems streamiisn and

scope of phdiedGiiine7 t&iidiilaion tdvrdr 8T ONER DI STI LLATI ON PROCESS Propyl ene
is continuously epoxidized over a Ti-MAWzeolite in the presence hydrogen

peroxi de i n aDistiajepttowsnd cpraieiny 2Mbideahstages. & ahqyejeedand 12Palwteesht i on
pr oduct h Sk r ; i i col,
PEA2na e PRESsuEDIPA0 BLBAOPLORIFLF I inPb o] g beriRig F0 SPMPEPNINECD " as

shown i nbetteus.e The omeehegsotemperature jsr 6tfGcand thecbottams frmrdéx 1V6%.1 The 1 to a

first disty | atd o] ; 1 i e feed
and 8 bel'gi a8} 2 "Hle Birg bo¥fleat] sHRORCHSN shplefRtonst BIE Fomdu YT Lnd
125 psi glife®986Thrtird ovarhead streamscoritdins aneazeotidpe ofig& Aannd evater. 2TBeC and

t he bott j 3 e filu L Q. ] : ' LSt

over headgg%sort}éﬁﬁp?#s?Pén%@Ogav a;[‘%}oﬁé'fr?g %%lc&gi%’b 3?350? itﬁl @te i gﬁrépy%hgrépf)@afgb i ne 3.
The fior steautorforamset = a salventanixkiras t he unreact ed propyl ene. Stream 3 can be

oyl e back ARG BRASEBR SR ¥ T le BB o
stream cthindr botsng strpgrnecamprisedepropylepy | glywel PG @nd Waler. affte R@-water The
D St 11 alPofe St PeSeobit £ Heoa o anher staghe BT AIEY eckeafle FRbel ow
feed. Th@oprweseure is 55 psig (0.38 MPa) in the overhead and 60 psig (0.40
NP o DR ARy HIE, PR S b e Sahad ol FABS ARl o
di stil | atblamntdORS contdif 10ad@M&Eages, 5 above feed and 5 below feed. The pressure
is 15 psig (0.1 MPa) in the overhead and 20 psig (0.14 MPa) in the bottoms. The
overhead temperature is 101°C and the bottoms temp is 198°C. The reflux ratio is
0.75.
20 The flow rates of the components of the various streams (in pounds per hour)
are shown in Table 1.
This example shows that the use of a three distillation procedure effectively
removes a purified propylene oxide stream (via line 6) and a TBA-water azeotrope
stream (line 9) that can be recycled back to the propylene epoxidation reactor

25  without further separation of TBA from water.

30

35
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via line 6. The second overhead stream contains a purified propyl ene oxide
stream The second bottons streamis renoved via line 7. The second bottons
st ream conpropesipeopyl ene glycol, TBA, and water. The ®etarsdoioobtians
streamis passed via line 7 to third distillation tower 8. Distillation
tower 8 contains 20 TABEE 1S!GigRRtios CopuheheridwaRsted Abhgl ow feed. The
pressure is 20 psig (0.14 MPa) in the overhead and 25 psig (0.17 MPa) in
the bottonms. The overhead tenperature is 770C and the bottons tenp is
1160C. TN@utamid UX Tgtio is3l. ] . gnethigd QVerheag Sior eam fmom
di still at ppydn®WET 559671 S| repgved voa Ilinep 9. [The thirdoover head $tream

cont ai n mpyeneol r 75080 of TBA gndrseeat ¢r .7sbhe |azeaot r ppe 0of [TBA0 and wat er can
be recygl e@xidack|to thel propyllene epaxidati on reactor for| use as a sol vent
m xture| Meeylanpird ot toms0st rleal? rgm o stifl | ¥8i op t Swer| 89 fenoved via

h t

line 10—THBY hitd bottons strleam conpri-ses|propyl en yvieol—PG) and

wat er. he TB@ Wt #8’5 P elttH-R—e n\i*'sg@cgt car’m&%e P i?r 0“0:"“') be further
Co o L Water 1 11730 0 130971 4, T H7309,7 | Ta893T [ 68609 .
distill ed to—Separate FHomwater—H—thePowater—ixtpgre—tefroved vi a

| i ne 10 s{grther st T 80e7 [t e Y@t 7560h 78| O 257808 BT Boah?] | deal _
st ages, 5 above teed and 5 pbetow feed. 1ne pressure s 15 psig (0.1 MPa) in

the overhead and 20 psig (0.14 MPa) in the bottons. The overhead
tenperature is 101 OC and the bottons tenp is 1980C. The reflux ratio is
0.75. The flow rates of the conponents of the various streans (in pounds
per hour) are shown in Table 1. This exanple shows that the use of a three
distillation procedure effectively renpoves a purified propyl ene oxide
stream (via |line 6) and a TBA-water azeotrope stream (line 9) that can be
recycl ed back to the propyl ene epoxidation reactor w thout further
separation of TBA fromwater. TABLE 1: Distillation Conponent Flow Rates
(I'b/h)yWe claim 1. A process for produci ng propyl ene oxide conprising: (a.)
contacting a titaniumzeolite with a reaction feed conprising propyl ene,
hydr ogen peroxide, tertiary butyl alcohol, and water to produce a product
stream conpri si ng propyl ene, propyl ene oxide,

12



propyl ene glycol, tertiary butyl alcohol, and water; (b.) distilling the
product streamto produce a first overhead stream conprising propyl ene and
a first bwOtomeIssloream conpri sing propyl ene oxi de, propPCeEmS2glopeig
tertiary butyl alcohol, and water; (c.) distilling the first bottons stream
to produpe @aigecond over head stream conpri sing propyl ene oxi de and a second
bott ons ?roduct stream conpri sing propyl ene glécol, tertiary butyl al cohol,

and wat e~ arfyPEACEES fQriRgdyaing ROPYRAE PSIESHPERESIPam t o produce a third

overhead strqam CRBR{dcEAGE tRdhidRSRbIiRARPE réfitibhdsdd Béthphising pRdpAer”nd wat er
and a third bottons stream conprising propyl ene glycol and water. 2. The

) : Y
process of clai m hygrRoeainereNde. i t anitemirpebytyt alcpolaapd Maieiin RiRdKSRol i te.
3. The process of JclahfistwaRT &nfbriditg E%?z@gg,n per oxi de drgpfiehdRetiddy the in

situ reaction of hydrogen and oxygen Tn e presence of ‘a nobl e netal
catal yst. 4. The preryense gycd tgrtiary butylialcekel, anshyalesi ng recycling the third

overhead st 1 g1 bagdinhg 1k Bkl strdm T8rdREE 8FFst Uvelid Brkand Ur t her

conprising distilling Tl ons streamto produce a tfourth overhead
st ream conpri si ng caatpasingrtopyléngiantabot t ons  sfiistbetterossireanng propyl ene

Qontacting a cat ar P naRraBHEN SRk bR ARCACIFRtR BRoneE) .y o
vv: thhaI reaction feaedvaenrising propyl ene, hydrogen, oxygen, tertiary butyl
pr opyl ene- oxi G, - SFOBYBLRENET yBuPhS b ARG SR iR . ()

distilling the predogrisiigr eam t o pr oguogylend oxidé and ardeeadd botterasn conpri si ng
propyl ene and a f

Doyt ene At 2 B TR OGSO, RRhg 0T ey Pr oY ene
alcohol, and water; and  distilling the second bottoms stream to
produce a third overhead stream comprising an azeotrope
of tertiary butyl alcohol and water and a third bottoms stream
comprising propylene glycol and water.
2. The process of claim 1 wherein the titanium zeolite is a titanium-MWW zeolite.
3. The process of claim 1 wherein the hydrogen peroxide is formed by the in situ

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

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

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

comprising propylene and a first bottoms stream comprising
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(c) distilling the first bottons streamto produce a second overhead stream
conpri sing propyl ene oxide and a second bottons product stream conpri sing
propyl enewglzyowisisoterti ary butyl al cohol, and water; ane&ctdlS2adiosvi7héi ng t he
second bottons streamto produce a third overhead stream conprising an
azeotrope of tertiary P\’Bﬁﬂer@ e%ie! p?awéw grycanqea.ambru@yubg&&msaﬁaream
conpri sing propyl ene glycol and wat er . e process of ‘claim6 wherein
the noble netal is pal Waterum 8. The process of claim®6 wherein the
catalyst contains 901&3 dlﬁg tM@thPtboH@rrnges'f'rteamt ﬁd@é@é%e@@ﬁ@bv@r‘ﬂ@a@ 001 to
5 wei ght percent of" an a ional nmetal selecte romthe rouB consi sting
of lead, bismuth, and shewhu@pmprlsmgepmleegsomdec{aaqinﬁasqweﬂe atterRe

catal yst conprises a n u o] [ z

The process of claim GB\E&}@rchént?%ahnz g@@p@&ﬁ{%tgotp@%ngu orte on a%gla)’rrl er
11. The process of cl ailohOl, ahdmasiter; ahd carrier is selected fromthe group
consi sting of car i t-an] | |

silica-al um na, ggfal E}ﬁ@ﬁbghee é%%q%;a% grr?lr}{r%] %}%a@‘e‘é#’ odﬁ@e a%‘l’érbogrhead
titania-silica, zirconsteaml C@aprisimg)taraazedtro;m otartmi‘tlmyxbmtlylealcbhelr eod. 12.

Th f claimé, furt i ng. th head
St ohm back Lo step (apadeirAHED HekSopt & it pieb e ety ng

distilling the third bahtevaerstreamto produce a fourth overhead stream
conprisipg waper , And. Lof St & wWhdtdid I SotiS RS ABataxh g, Propylene gl ycol .
8. The process of claim 6 wherein the catalyst contains 0.01 to 10 weight

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

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

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

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

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

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

comprising propylene glycol.
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