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EPOXI DATI ON PROCESS USI NG SUPPORTED SI LVER CATALYSTS PRETREATED W TH
ORGANI C CHLORIDE FI ELD OF THE | NVENTION This invention relates to a process
for the WQR¥89YXi dation of 5 propyl ene to propyl ene oxPCEEPIS/2bEY vapor
phase using nol ecul ar oxygen. In particular, the invention pertains to the
use of a conposition conprised of silver supported on an inert refractory
solid to selectively catalyze the formati on of epoxides. The perfornmance of
the catalysts is inproved by exposure to a conditioning stream conprised of
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process to be op Y& chPR Wi HP ANIC the organic
chl ori de. BACKGROUND OF THE | NVENTI ON The direct oxidation of ethylene to
et hyl ene oxi de by nol ecul ar 15 oxygen is well-known and is, in fact, the
nmet hod used currently for coFiELRICK THEOINVENTGION et hyl ene oxide. The
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manner permits the epoxidation process to be operated with high selectivity
in the absence of the organic chioride.

BACKGROUND OF THE INVENTION
The direct oxidation of ethylene to ethylene oxide by molecular
15 oxygen is well-known and is, in fact, the method used currently for
commercial production of ethylene oxide. The typical catalyst for such
purpose contains metallic or ionic silver, optionally modified with various
promoters and activators. Most such catalysts contain a porous, inert
support or carrier such as alpha alumina upon which the silver and
20 promoters are deposited. A review of the direct oxidation of ethylene in the
presence of supported silver catalysts is provided by Sachtler et al. in
Catalyst Reviews: Science and Engineering, 23 (182), 127-148 (1981).
it is also well-known, however, that the catalysts and reaction
conditions which are best suited for ethylene oxide production do not give
25 comparable results in the direct oxidation of higher olefins such as
propylene. The discovery of processes capable of providing propylene oxide
by vapor phase direct oxidation in higher yields than are presently attainable
thus would be most desirable.
Canadian Patent No. 1,282,772 describes a carbonate-supported



Canadi an Patent No. 1,282,772 describes a carbonate-supported 2

catal ytic systemfor al kene epoxidation. The feedstreamfor the process
must cb‘ﬁ?%ﬁ’%?zq n addition to al kene and an oxygen- cont ai FFTHEP$H3957a gas
phase hal ogen conpound such as an al kyl halide. The hal ogen conpound is
added to the feedstreamin order to enhance the performance of the 5

catal yst. According to the patent, the suitable concentration range for the
hal ogen conmpound i s about 5 to about22000 ppm where the al kene is N

propyl ene. Al of the propyl ene epoxidation exanples in the patent utilized

200 ppm eatalytic Bystem dor Alkemeapoxidation. r Therfeedsisedravier the posestst he use of
hal ogen 10

conpoynds, as feedstream additives to . ,inprove the efficiency
of the dimﬁﬁft‘:%’i‘tgsbrm riya “Ga@md)ﬁn(ﬁszﬂek‘mam%gﬁén@%ﬁdes. See,,

for exa t | ' . d A [ e
af or e%ﬁ%ﬁgﬁ%ﬁﬁg@pg? glr?lta cg% 3 ng@‘g’w@% %halgggéw 9 UEW et al.).
It I is gerisralrldqddtma!th@\i?eﬁsgm dptordents @nbanceithg perfclp’mmﬁeegﬁat ® i dgf i ?ha
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“anti-cataly by inhibiting to a controlled degree the oxidation
activi ty propylesec aflliof the peopylene enaxidationdexarnopiesin thepatestatitizedindesi r ed

by- pr oduc n dioxide is suppressed. 20 However, it would
be hi ghl yﬁ@%i’gﬁgﬁﬁl §§f°§§9el op direct propyl ene epoxidation processes
wher ei n the usRupherdus hother aefsrenesd huvés proposed dnouseaof dralogenm ni m zed
or avoi ded al together. Such substances, even at ppm,| evels

si gHR f i caeempounds s feadstieamradditivessiosimprove the eticigngy ‘?fﬁbegﬁﬁdﬁ%ct i on of

propyl enegid A8 ta i LG ord SEaIREFSER ke HH2YC8ee, for example, the
discussion in the “Background Art” section of the aforementioned Canadian

patent and in U.S. Pat. No. 2,279,469 (Law et al.). It is generally believed

that optimum selectivity to propylene oxide in a silver-catalyzed direct

15 oxidation process is only attainable if the feedstream contains a halogen
compound. The scientific theory often advanced is that such compounds

function as “repressants” or “anti-catalysts” by inhibiting to a controlled

degree the oxidation activity of the catalyst so that over-oxidation of

propylene to undesired by-products such as carbon dioxide is suppressed.

20 However, it would be highly desirable to develop direct propylene
epoxidation processes wherein the use of such halogen compounds during
epoxidation is minimized or avoided altogether. Such substances, even at

ppm levels, add significantly to the raw material costs associated with the

production of propylene oxide. Moreover, the presence of halogen

25 compounds in the feedstream tends to result in the generation of ionic
chioride species in the recovery section of the process; such species

promote corrasion of the metallic components of the recovery apparatus.
Additionally, any halogen compound in the product stream exiting the
epoxidation process must be rigorously removed in order to avoid the

30 release of halogen contaminants into the general environment.




25 conmpounds.in the feedstreamtends to result in the generation of
ionic chloride species in the recovery section of the process; such species
prom)teworga;gsmn of the netallic conponent s of the r ecovepyrRppgesHS.

Addi tional ly, any hal ogen conpound in the product streamexiting the

epoxi dati on process nmust be rigorously renoved in order to avoid the 30

rel ease of hal ogen contami nants into the general environnent. 3 SUMVARY
OF THE | NVENTI ON W have now unexpect eglly discovered that it is possible to
maintain relatively high yields of propylene oxi de over an extended period
of time in the conpl ete algignMMARY OFYTHEANVENTIONride in the feedstream
If the 5 supegrted silver cat a%é/st used to catalyze the direct oxidation
of propyl ene i sWe haveaopoueexnestedly alisgovered that itris pessible t0 maigtaivt h an
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t he suppor VEr cata

chl ori de- ceo amndmnmmlepsnar oﬂygenahahfeﬁemwwmpekatmdevérrhnsmhﬂen is
conpri sed of rF{ an inert re%‘:| c%tor%/ solid support, (ii), g catalytically
effective HWsudtroyidesi amethog@fon rﬁlagpacnfepvhgeaﬁeemaapnapma%. um

pr onot er d?:Bh'\fﬁ%lrfnéPm a potassium salt

10 (a) contacting a supported silver catalyst with a treatment
stream comprised of a C,-C,, organic chloride and
molecular oxygen in the vapor phase at a temperature
of from 150°C to 350°C for a time effective to
incorporate chloride into the supported silver catalyst to

16 form a chloride-containing catalyst, wherein the

supported silver catalyst is comprised of (i) an inert
refractory solid support, (ii) a catalytically effective
amount of silver, and (jiii) a promoting amount of a
potassium promoter derived from a potassium sait
20 comprising potassium cation and a nitrogen oxyanion
or precursor thereof; and
(b) contacting the chloride-containing catalyst with a
feedstream comprised of propylene and molecular
oxygen, but essentially free of C,-C,, organic chloride,
25 for a time and at a temperature effective to form
propylene oxide. _
In an especially desirable embodiment of the invention, the support
is comprised of an alkaline earth metal carbonate.



20 conprising potassiumcation and a nitrogen oxyani on
or precursor thereof; and (b) contacting the chloride-containing catalyst
with a fweeesssomam conpri sed of propyl ene and nol ecul ar oxXBGEEPISNINST
essentially free of (Jerr]-Cerr] organic chloride, 25 .
for atinme and at a tenperature effective to form propyl ene oxide. In an
especi ally desirabl e enbodi nent of the invention, the support is conprised
of an alkaline earth netal carbonate.4 4 DETAI LED DESCRI PTI ON OF THE
I NVENTI ON The present invention is directed to a process for the vapor
phase oxi dation of MEMHLE&DESQR%EM@R)I%WVEETIO% epoxi dat i on

parcioul br 5 The st BygRon Bceeipe 1o Apiga:op tae veRBERRARe T

Cler ] - epkhiab80F froplieblel € préifflers Sl i.6h! et egoxideipnopradassi ner t
refractory so mat e s known i'n the art as-effective suggl%mﬂ*érfor

si | ver - conperfonngdohéherpres@m pbancxygeystentainnd das: and 2 udi ng,

f I I &0
11 Ao e Suporad el catauS e esB\iin A LI BRI IRIGRY, |
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carbonate. Carbonates suitable for use include morgzh?c car b&&t es havi ng
a cation whi ch iAny.f the inar refrastary solid materials kngumnin
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I ne ear onate ports’are described, for
exanpl e, i indlading, for éitarnplélpaluhuﬁalrnbﬁidmg alpha alumina), silicon carbide,
10 silica, zirconia, titania, and the like. However, the support material most

preferred for use in the present invention is an alkaline earth metal
carbonate. Carbonates suitable for use include inorganic carbonates having
a cation which is an alkaline earth metal ion, particularly calcium, strontium,
magnesium or barium, with calcium carbonate being most preferred.
15 Alkaline earth metal carbonate supports are described, for example, in

Canadian Pat. No. 1,282,772.
Such support materials are capable of providing exceptionally high
propylene oxide selectivities and have been found to be surprisingly superior
. to other support materials in this respect. The supports of the present
20 invention may exist in various forms. in one embodiment, the supportis one
in which the alkaline earth metal compound is the predominant (i.e., at least
50% by weight) or, preferably, substantially the exclusive component of the
support (i.e., the support consists essentially of one or more alkaline earth
metal compounds). In other embodiments of the invention, the alkaline
25 earth metal-carbonate is used in conjunction with a solid substrate, i.e., a
subsupport or substructure composed of a more conventional support
material, such as alumina (preferably, alpha-alumina). However, the alkaline
earth metal compound support material will normally comprise at least 25
weight percent (in most embodiments, at least 35 weight percent) of the

30 finished catalyst.



Such support materials are capable of providing exceptionally high
propyl ene oxide selectivities and have been found to be surprisingly

superior w@o@kdte§ support materials in this respect. The syRRGFeg0s7t he
present 20 I nvention may exist in various fornms. In one enbodi nent, the
support is one in which the alkaline earth netal conpound is the

predom nant (i.e., at |east 50% by weight) or, preferably, substantially

t he excl usive conmponent of the support §i.e., the support consists
essentially of one or nore al kaline earth metal conpounds). In other

enbodi nents of t irReishifabe afeh of the stipsattiriatedial generally is arleast 0.8maYgate is
used in conjunction with a solid substrate, i.e., a subsupf)ort or

subst r uct ur preferghly &t leastalfomé/gonklewevenalksling @arthmetal gompawrd as

alum na (preferably, alpha-al unna er, the alkali t al
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earth metal conmpound support naterials having relatively i urface areas
(e.g., 50 t@degagmﬁsldrqO/rSaw SHEACE 3FRRSYRRY Rigally, ﬁe%{q ng&@s’ofﬁf%i s

goner al Iy exprackcaféa s fibasnras BV, Mg Rhishhtdich T RIMEIRT, . .
area suppor hﬁr&éé’rpb?%d'pton(liéé%rib%d]l%y grendlérg Emiiett andfPalieraneh Am.

nmeasur ed by the conventi onal nmet hod usi ng nitrogen or krypton

descri bed bClemMnS0er60,k30%16 (3938)reller in J. Am Chem Soc. 60, 309-16
(1938)
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pore vol unegyescribed as porous or microporous and typically have water pore volumes
of about 0.05 to 0.80 cc/g.
The supported catalyst used in the present invention may be
prepared by any known method of introducing silver and/or a promoter in
15 soluble form to a support. Suitable methods are described, for example, in
Canadian Patent No. 1,282,772 and U.S. Patent No. 5,625,084. A preferred
method of introducing silver to the support is by an impregnation process in
which a solution of a silver compound (which can be a salt or complex of
silver) in an amount sufficient to deposit the desired weight of silver upon the
20 support is dissolved in a suitable solvent or "complexing/solubilizing” agent.
The solution may be used to impregnate the support by immersing the
support in the silver compound-containing impregnating solution and forming
a pasty mixture or slurry. The slurry is then dried and calcined by placing
the mixture in an oven or furnace at about 100 to about 120°C for 0.5t0 6
25 hours and then heating the mixture at a temperature of from about 250 to
about 600°C for another 1 to 6 hours. This procedure accomplishes drying
of the support/ silver mixture, removes volatile components and reduces the
silver present to its elemental form.

The potassium salt and optional metal promoter compound(s) may be



of about 0.05 to 0.80 cc/g. The supported catal yst used in the present

I nvention may be prepared by any known nethod of introducing silver and/or
a pr onoWer98ispo205 soluble formto a support. Suitabl e nRCTYBHSS/G20T
described, for exanple, in Canadian Patent No. 1,282,772 and U. S. Patent
No. 5,625,084. A preferred nethod of introducing silver to the support is”
by an inpregnation process in which a _solution of a silver conpound (which
can be a salt or conpl ex of silver) i @ an anount sufficient to deposit the

desired melght of silver upon the 20 support is dissqlved in a SU|tabIe_
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slurry. Thie ddnd Yoy Sariy&nodn esariiel &l phprednbting! QCpﬂﬂadsh@n@ﬂeﬁhwe in an’

oven or furnace at about 100 to about 120[err]C for 0.5 to 25 hour s -

and then Heenvenjenthy tM&myd:aacamadeapbbsaplamg)the catalwstonatezabma about
600C for anothgr 1 to 6
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si mul t anedmprggnatirgesalution(sy., The excpsegolutiohimay trenibe atiswed ta dsaipar at e
i npregnation step or steps. Again, this may be done by any known manner of
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sol uti on may then be allowed to drain

sufficient). Such a procedure is known as a "sequential" or "consecutive”

method of preparation. The alkaline earth metal compound-supported

catalyst may also be prepared by a "simultaneous" or "coincidental” method

of preparation. With this method, the potassium salt and the optional metal

15 promoter compound(s) are included in the silver compound-containing
solution used to impregnate the support. In yet another embodiment, the
support is impregnated with the silver compound (optionally, also with one
or more metal promoter compounds), calcined, impregnated with the
potassium salt, and then dried without calcination.

20 The choice of silver compound used to form the silver-containing
impregnating solution in a solvent or a complexing/solubilizing agent is not
particularly critical and any silver compound generally known to the art which
is both soluble in and does not react with the solvent or complexing/
solubilizing agent to form an unwanted product may be employed. Thus, the

25 silver may be introduced to the solvent or complexing/solubilizing agent as
an oxide or a salt, such as nitrate, carbonate, or carboxylate, for example,
an acetate, propionate, butyrate, oxalate, malonate, malate, maleate,
lactate, citrate, phthalate, fatty qcid ester, and the like or combinations

thereof. In one embodiment, silver (1) oxide is utilized.



off or the solvent may be renoved by evaporation under reduced pressure at
a suitable tenperature. The catal yst nmay-then be dried at a noderate 10

t emper at uy@ ogBso, at 120[err]C) in a oven (one-half to fi PEeT/EPI8/62957
typically being sufficient). Such a procedure is known as a "sequential" or
"consecutive" nethod of preparation. The al kaline earth netal

conpound- supported catal yst may al so be prepared by a "sinultaneous" or
"coincidental"” nmethod of preparation. Wth this nmethod, the potassiumsalt
and the optional netal 15 pronot er conpound(s) are included in the

silver conpound- eoRsd AuMBep of Sbiveftsiradniplexifgisollibilizing Agentsmmay be | n yet
anot her enbodi nent, The support is inpregnated with the silver conpound
(opt i onal | ysuitdbiy usedto doren the sitves compaundraantainingdapsegnating salulian.ned,

i mpregnated w th the potassiumsalt, and then dried w thout.cal.cination. 20
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art which i ¢apable ofbeiRg feddilyaamhoveddn sabseduianit stegs) either sy aweashing,
conpl exi ng/ sol ubilizing agent to forman unwanted product mam lize, enpl oyed.
Thus, the 2yolatiizingveroxidgtionepracedymesdhe dikendhestaraplexing/solubilizing
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ester, and t e or conbinations thereof. In one enbodinent, silver (I)
oxi de is utidn fiesltotal weightl ofrthe catalyst. dif issalso generally preferred that the

Compoditl- comalyRtReh FIPBBHIG R UG eveBal HeAtyBinel B R Bls Vi ng
the silver cQHPOUL st SBIEbhS YWhay! bé Gcchveniently employed. Among the
materials found suitable as solvents or complexing/solubilizing agents for the
preparation of the silver compound-containing solution are alcohols,
including glycols, such as ethylene glycol, amines (including alkanolamines
16 such as ethanolamine and alkyldiamines such as ethylene-diamine) and
carboxylic acids, such as lactic acid and oxalic acid, as well as aqueous
mixtures of such materials.
Typically, a silver compound-containing solution is prepared by
dissolving a silver compound in a suitable solvent or complexing/solubilizing
20 agent such as, for example, a mixture of water, ethylenediamine, oxalic acid,
silver oxide, and monoethanolamine. The solution is then mixed with
support particles and drained. Thereafter the particles are suitably dried.
As indicated above, after impregnation, the silver compound-
impregnated support particles are treated to convert the silver compound to
25 silver metal and thereby effect deposition of silver on the surface of the
support. As used herein, the term "surface", as applied to the support,
includes not only the external surfaces of the support but also the internal
surfaces, that is, the surfaces defining the pores or internal portion of the

support particles. This may be done by treating the impregnated particles



soluble form a suitable solvent or conpl exing/solubilizing agent shoul d be
5 capabl e of being readily renoved in subsequent steps, either by a
washi ng, woodsaigpdol zi ng or oxi dation procedure, or the |ike.pciiagpos/nz957

conpl exi ng/ sol ubi l'i zi ng agent, preferably, should also permt solution to
provide silver in the finished catalyst to the extent of preferably about 2
to about 70 percent silver, based on the total weight of the catalyst. It
is also generally preferred that the 1® sol vents or

conpl exi ng/ sol ubi l'i zing agents be readily miscible with water since aqueou$
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The sol uti Q.iSnd k i i t i i ft
The parti ciigsent AENE. ffchdl [ Caep Urechild it Sindlit i pickiges & 80 (5"
the silver meapoame canversiont of propplent wrﬁﬁd{}k%ﬁ\eard&idé)?&héd siiverconver t

the silver conpound to 25 silver metal and thereby effect deposition of
silver on taghcentreties pyefarablyds frem abouk2 pereentdedidpencest,thy welghls f ace”

as a led,to the s [ | ncl udes,, not_onl e external surfages of the
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pores or | Hd¥dtrabioh rhAgedfrohSbSWPIPtd 60 BErddHt Y wdight May be done by
treating the 1 npregnated particles
It has been unexpectedly discovered that the presence of potassium
in the preparation of the supported silver catalyst significantly enhances the
efficiency of said catalystas a propylene epoxidation catalyst. Surprisingly,

15 other alkali metals such as cesium which are well-known as promoters in the

ethylene oxide art fail to improve catalyst performance to an appreciable

extent. The potassium is introduced by means of a potassium salt, with the

selection of particular anions as counter ions to the potassium cation being

found to be critical to the attainment of optimum catalyst performance. The

20 anion must be a nitrogen oxyanion (i.e., an anion or negative ion which

contains both nitrogen and oxygen atoms such as nitrate or nitrite) or a

precursor thereof. Potassium compounds containing species capable of

being converted to nitrogen oxyanions under the catalyst preparation or

epoxidation conditions (i.e., which are nitrogen oxyanion precursors) are

25 thus also suitable for use. Carbon oxyanions such as carbonate and
bicarbonate, for example, may be employed.

The efficiency-enhancing potassium salt may be introduced to the

catalyst in any known manner. Thus, impregnation and deposition of silver

and the potassium salt may be effected coincidentally or sequentially. For



8 wth a reducing agent, such as hydrogen or hydrazi ne and/or by roasting,
at an elevated tenperature to deconpose the sitver conpound and reduce the
silver tWQ%5892ke netallic state. Certain solubilizing aghQEERISHORISAS

al kanol am nes, al kyl di am nes, and the |ike may also function as reducing 5
agents. Although at least a catalytically effective anmount of silver nust
be present in the finished catal yst (neaning an anount that provides a
measur abl e conversi on of propylene to Bropyl ene oxide), the silver
concentration preferably is fromabout 2 percent to 70 percent, by weight,
10 base@xamplécthectuppaibeouid ke impeegnatad yith ananletion er soludiops afhe

silver congentration ranpges, f.rom about 10 .t.0, 60 rcent, b ight. It has
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efficiency of said catal yst as propyl ene epoxi I on catal yst.

Sur pri si nglAlterfiatively ptheesuppdréd inmayrbeasinspregaated withsthensiveradompeuna| | - known
as praomoters. in the ethylene oxide art fail to inprove catal yst performance
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(i.e., an anion or negative ion which contains both nitrogen and oxygen
atons such the silver impregnating solujorsr Withhasequentiat pencedure imwhich the:
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the catal yst in any kno nner. Thus, i nati on and deposjtipn of
si | ver Y alcoﬂols, ymay also be emplogea. Stitable procedures for e ect%g

introduction of a potassium salt to a solid support are well known in the art.

The potassium salt is used in an amoimt sufficient to provide a

15 potassium promoter concentration which results in an improvement in one
or more of the catalytic properties (e.g., selectivity, activity, conversion,
stability, yield) of the supported silver catalyst as compared to a catalyst not
containing the potassium promoter. The precise amount will vary depending

upon such variables as the composition in the feed stream, the amount of

20 silver contained in the catalyst, the surface area of the support, the process
conditions, e.g., space velocity and temperature, and morphology of support.

It has been found, however, that a minimum of at least 0.5 percent by weight

of the potassium promoter, calculated as cation, based on the total weight

of the catalyst must be present for the catalyst to exhibit a significant

25 advantage over an analogous catalyst containing no potassium promoter.
Potassium concentrations as high as 10 percent by weight may be utilized,
although generally little additional benefit is realized beyond a concentration

of 5 weight percent. More preferably, the potassium promoter level is an

amount corresponding to about 1 to about 3 weight percent K.



and the potassiumsalt nmay be effected coincidentally or sequentially. For
9 exanple, the support could be inpregnated with a solution or solutions of
t he potwagé/senaalt and silver conpound, dried, and then pcit/EPIsatIs™© reduce
the silver conmpound and generate the active supported silver catalyst.

Al ternatively, the support may be inpregnated with the silver conmpound, 5
dried, calcined, and then re-inpregnated with the potassiumsalt. In
orderto performcoincidental inpregmfion, the potassiumsalt nust be i
soluble in the sanme sol vent or conpl exing/solubilizing agent used with the
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to metallic silver are not usually sufficient to reduce the metal promoter
compounds fo the elemental form.
It is thought that the metal promoters deposited on the support or
15 present on the catalyst are in the compound form, most probably in the form
of oxygen-containing or oxidic compounds. In a presently preferred
embodiment, the metal promoters are introduced to the catalyst in the
oxyanionic form, i.e., in the form of anions, or negative ions which contain
oxygen. Examples of anions of metals that can be suitably applied include
20 the molybdates, tungstates and perrhenates. The anions can be prepared
by the reactive dissolution of various non-anionic metal compounds such as
the oxides (e.g., MoO,, WO,, Re O, as well as other materials such as
acids, carbonates, sulfates, halides, oxyhalides, hydroxyhalides, hydroxides,
sulfides, etc., of the metal. The cation forming the counter ion to the anion
25 in the metal promoter compound is most suitably ammonium, although alkali
metal or alkaline earth metal cations may also be utilized.
The support is optionally impregnated with one or more metal
promoter compounds. This may be done at the same time that the other
components of the catalyst are added or before and/or later. In one

30 advantageous and convenient embodiment of the invention, the optional




25 advant age over an anal ogous catal yst contai ning no potassium
pronoter. Potassium concentrations as high as 10 percent by wei ght nay be
utilized,walog/sgmgh generally little additional benefit is pealEmgddzeyond a
concentration of 5 weight percent. Mire preferably, the potassium pronoter
| evel is an anobunt corresponding to about 1 to about 3 wei ght percent K

10 An optional conponent of the supported silver catalysts used in this
invention is a pronoting anount of one4pr nore netal pronoters. Preferred
nmetal pronoters include Re, Mb, Wand the like, either alone or in
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The degree of benefit obtained within the above-defined limits will
vary depending upon particular properties and characteristics, such as, for
example, reaction conditions, catalyst preparative techniques, surface area

15 and pore structure and surface chemical properties of the support utilized,
silver content of the catalyst, and potassium content of the catalyst.

The presence of the indicated and claimed amounts of optional metal
promoters in this specification and claims does not preciude the use of other
activators, promoters, enhancers, stabilizers, improvers, and the like.

20 The metal promoter compounds optionally used in the preparation of
the instant catalysts are preferably compounds that can be solubilized in an
appropriate solvent. Preferably, the solvent is a water-containing solvent.
More preferably the solvent is the same solvent used to deposit the silver
compound and potassium salt.

25 It is essential that the supported silver catalyst prepared as previously
described herein be pretreated by exposure to a gaseous stream comprised
of both one or more C,-C,, organic chlorides and molecular oxygen at a
temperature of at least 150°C (preferably, at least 200°C, most preferably,
at least 220°C) but no greater than 350°C (preferably, no greater than
30 300°C, most preferably, no greater than 280°C). The pretreatment step of



by the reactive dissolution of various non-anionic netal
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chloride is somehow converted into a relatively non-volatile, water-insoluble
form, perhaps by transfer of the chloride from the organic chloride to
inorganic components of the catalyst such as the metallic silver. It is
believed that at least some of the chloride is incorporated in the form of
silver (1) chloride (AgCl).

Generally speaking, it will be desirable to adjust the parameters of the
conditioning step such that at least 0.1 weight % CI, more preferably at least
about 0.5 weight % Cl, is incorporated in the chloride-containing catalyst.
Typically, little additional benefit is realized by increasing the Cl content
beyond 2 weight percent based on the total weight of the catalyst. The
concentration of organic chloride in the treatment stream, while not critical,
is suitably in the range of from 25 to 2000 ppm, although iower or higher
concentrations could also be used. The freatment time generally will range
from about 1 to 24 hours, depending upon, among other factors,
temperature, organic chloride concentration, and the reactivity of the organic
chloride employed.

The organic chloride is selected from those organic compounds
containing from 1 to 10 carbon atoms and at least one chlorine atom. Other

elements such as hydrogen, oxygen, nitrogen, sulfur, and halogens other



silver content of the catalyst, and potassiumcontent of the catalyst. The
presence of the indicated and cl ai ned anounts of optional netal pronoters
in this specisfssgzat i on and cl ai ns does not preclude the use pfT/EPIZAR957
activators, pronoters, enhancers, stabilizers, inprovers, and the like. 20
The netal pronoter conpounds optionally used in the preparation of the

I nstant catal ysts are preferably conpounds that can be solubilized in an
appropriate solvent. Preferably, the séBvent is a water-containing sol vent.
More preferably the solvent is the sanme sol vent used to deposit the silver
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of at least 1 volume % O,. Exceptionally high levels of molecular oxygen in
the treatment stream will generally be undesirable for safety or economic
reasons. Typically, no more than about 10 vol. % O, is utilized. The

15 balance of the treatment stream may be an inert gas such as nitrogen or the
like, although non-chlorinated hydrocarbons such as propylene, methane,
and the like could also be present. Generally, however, pretreatment is
most rapidly and effectively achieved using a treatment stream which is
essentially free of propylene or other reactive olefins. Thus, in one

20 desirable embodiment, the treatment stream consists essentially of organic
chloride, molecular oxygen, and an inert ballast gas.

The supported silver catalyst may additionally be treated with other
substances in addition to the organic chioride, either prior to, during, or
subsequent to the organic chloride pretreatment step in order to further

25 improve or optimize its catalytic properties. For example, the catalyst may
be contacted with carbon dioxide and/or a nitrogen oxide species. Suitable
carbon dioxide treatment conditions include contacting the catalyst with a
gaseous stream containing 5 to 60 vol. percent CO, at a temperature of from
150°C to 350°C. It will generally be beneficial to also have molecular

30 oxygen present together with the carbon dioxide. Catalysts treated with a



chl oride incorporation is not known, it appears as though the organic
chloride is sonehow converted into-a relatively non-volatile,

wat er - imoos/mte form perhaps by transfer of the chlori dect/iessdze67 or ganic
chloride to inorganic conponents of the catalyst such as the netallic

silver. It is 15 believed that at |east sone of the chloride is )
I ncorporated in the formof silver (I) chloride (AgCl). GCenerally speaking,
it will be desirable to adjust the pddaneters of the conditioning step such
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i nclt@de, pMatl emperaiures ©oéfrom 150RC He| 3X Coaredesually sufficiapt farrthisri de (an
especi al | %%Ség_rred organic chloride), propyl chloride, butyl

In the epoxidation step of this invention, a feedstream comprising
propylene and molecular oxygen is contacted with the previously described
organic chloride-treated catalyst in a reactor under conditions effective to

15 accomplish at least partial oxidation of the propylene to the corresponding
epoxide. Typical epoxidation conditions include temperatures within the
reaction zone of the reactor on the order of about 180 to 350°C (more
preferably, 200 to 300°C) and pressures from about 1 to about 60
atmospheres. An important advantage of the present process is that the

20 feedstream need not contain any organic chloride or other chioride- or
halogen-containing substance in order to attain high efficiency. That is, high
selectivity to propylene oxide is observed even when the feedstream is
essentially free of any gaseous chloride species. In a particularly preferred
embodiment of the invention, the feedstream contains less than 1 ppm

25 organic chloride, with 0 ppm organic chloride also being operable. It may,
however, be desirable to periodically reactivate or regenerate the catalyst
following an extended period of epoxidation by co-feeding organic chioride
(preferably 1 to 2000 ppm) with the feedstream. For example, once the
chioride content of the catalyst being used drops below a level sufficient to

30 provide the desired level of catalyst performance; the organic chloride




chloride, nethylene chloride, chloroform carbon tetrachloride, ethylene

di chloride, vinyl chloride, chloro cycl ohexane; chl orobenzene, and the

i ke. 1t wmes/sa9e@risingly been discovered that the presenceedf/epmlioasst ar
oxygen in the treatnent streamis essential for ‘purposes of inproving the
10 performance of the catalyst. Pretreatnment with organic chloride al one
has little or no beneficial effect. The treatnent streamthus is suitably
conprised of at least 1 volune % Jerri8 Exceptionally high | evels of

nol ecul ar oxygen in the treatnent streamw || generally be undesirable for
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is utilized. The 15 .bal ance of .the treatnent streamnmay be an inert gas
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gas. The supported silver catalyst may additionally be treated with other
subst ances @i tion to the organic chloride, either prior to, during, or
subsequent to theHy gRtbductidinolof dgasedlid THrogEn %G8 spediedeiwhife figtt her 25

i nprove or optimze its catalytic properties. For exanple, the catalyst may
be cont act edarndatoryaisbextramelyibenefioial to epoxidation perforindace jasdt belps$ai t abl e

carbon di oxi de treatnent,. condi.tions jnclude, contagtin he catal.yst with a
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treated witthe partiddlar potassium salt and metal promoter compound (if any) used

and the concentrations thereof, and by other factors noted above which
influence the optimum amount of potassium salt and metal promoter.
Typically, a suitable concentration of the nitrogen oxide species for

15 epoxidation of propylene is about 0.1 to about 2,000 ppm by volume.

The "oxygen" employed in the reaction may be defined as including
pure molecular oxygen, atomic oxygen, any transient radical species derived
from atomic or molecular oxygen capable of existence under epoxidation
conditions, mixtures of another gaseous substance with at least one of the

20 foregoing, and substances capable of forming one of the foregoing under
epoxidation conditions. The oxygen is typically introduced to the reactor
either as air, commercially pure oxygen or other substance which under
epoxidation conditions both exists in a gaseous state and forms molecular
oxygen.

25 The gaseous components which are supplied to the reaction zone, or
that region of the reactor where reactants and catalyst are brought together
under epoxidation conditions, are generally combined before being
introduced to the reactor. If desired, however, such components may

alternatively be introduced separately or in various combinations. The



stream containing both CJerr] and [err]2 tend to maintain high
selectivity, activity, and productivity over a |onger period of tinme than
cat al yst with CJerr] alone. Oxygen concentration froml to 10
vol une pé\r’ég%?ggg?e typically suitable for such purposes. Iﬁc'g{rEB?sé?zé’ﬂ ed
enbodi ment, no propylene is 5 present in the carbon dioxide treatnment .
stream Exanples of nitrogen oxide species suitable for use include NO

N err], Nerr]err], Nerr](err] orqgnxtures thereof, with NO being the
nost preferred nitrogen oxide species. Typically, the concentration of the-
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bei ng used anrspintsshewndinithe olloyingitablent to

Volume in %
15 Component or for Propvlene QOxidatio
propylene about 2 to about 50%
oxygen about 2 to about 10%
organic chloride <1 ppm, more preferably, 0

nitrogen oxide species 0 to about 2,000 ppm
20 '

carbon dioxide 0 to 60%, more preferably 5 to 50%

nitrogen or remainder.
other ballast gas

Although the present invention can be used with any size and type of

25 vapor phase epoxidation reactor, including both fixed bed and fiuidized bed
reactors known to the art, it is contemplated that the present invention will

find most widespread application in standard fixed bed, multi-tubular
reactors such as those now in use as ethylene oxide reactors. These

generally include wall-cooled as well as adiabatic or non-wall-cooled
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vol ums Thecatalystawith @mmyeci'\londehenrea@xlﬂahpwlﬂae Tadye llmgtag may| ud| ng

From at om dvBlcallaage Jrora R & Bt anpdr o Tedl SuCRiLFaRERY BRI AES, on'

condi t 1 0ns. raige! bf SerPBRBIPHBHo S8G0HS fBHDSTTHACRIMS! haf hie Hitarta of the

f oregol substances capable of form ng one o0f the foregoing
under epoxi dﬁa?ne:temdmhhtdtmm 0. 5“@ akggR.5 inchesi and| arei expectadetd be t he

inder _epox! HRIGE0N F@oR APEURE thaPAULABIREhen, A Rusiib(f 'Sbst BakeH Pl
ol ecy 6 ar Océ’t%ﬁ%t arranged in parallel within a suitable shell may be employed. GHSV
generally ranges from about 500 to about 10,000 hr'. Typically GHSV
values range from about 800 to about 3,000 hour at pressures from about
1 to about 60 atmospheres, commonly about 1.1 to about 30 atmospheres.
Contact times should be sufficient to convert 0.5 to 70%, preferably 5 to
15 30%, of the propylene.
EXAMPLES
Example 1 (Comparati
This example demonstrates that the use of a treatment stream
containing ethy! chloride but no molecular oxygen fails to yield a supported
20 silver catalyst capable of converting propylene to propylene oxide in the
" absence of nitrogen oxide species and organic chloride in the propylene
feedstream.
A catalyst supported on calcium carbonate containing 51 weight %
Ag, 17 weight % Ca, 0.53 weight % Mo (from (NH,),M0,0,), 1.7 weight % K
25 (from KNO,, added sequentially after impregnation of the support with silver
compound and calcination), 0.68 weight % N, and less than 0.05 weight %
Cl was prepared in accordance with the procedure described in U.S. Pat.
No. 5,625,084, Approximately 5 cc of the catalyst was loaded into a 0.5 inch
outside diameter 316 stainless steel tubular reactor and then pretreated as
30 follows for 20 hours: 250°C, 30 psig, 500 ppm ethyi chloride in treatment



25 The gaseous conponents which are supplied to the reaction zone,
or that region of the reactor where reactants and catal yst are brought

t oget hayouypsgnro epoxi dati on conditions, are generally conjifAegpdanhed-€ bei ng
i ntroduced to the reactor. |If desired, however, such conponents nmay
alternatively be introduced separately or in various conbinations. The

16 feedstream having the particul ar conposition previously described thus
may be formed prior to or at the tinggthe individual conponents thereof
enter the reaction zone. The feedstreammay utilize or incorporate a

recycle sstr@am(béwnobm? ¢aocnr‘ GH8V U feddsthaarh oftaihRRA10 ¢ainds herein
thus i s not neant 0 mt the present process to the enbodi nent where

all of tHropylansus. eo«qb(%efai §ndr‘e480vni|%e6q,rwas then ipasseduevernthenf sai d

Cotor et Catalied o 232065 Hd S0 a1 AEHST & 2000 rABRr 1R OIS T oan o
the art. Uhged o8R! EGRINIGRY, ﬁ§®rﬁméﬁenc@1@ébﬁsh¢a@ 5d0%uihile thech as 10
nitrogen or  other inert gas, particularl g eaen air is used as the source of

oxydgen. \gRlertiyhate prorylene qxide wasH Be. used satalyet was. foumd torponent s
of the fe géiﬁ%rrggm\ﬁr‘gﬁgﬁb/ |tabI y present in the anmounts shown in the

fol |l ow ng Conponent - (or
ppm for ExampieRe Oxi datlon propyl ene about 2 to about 50%

o7 o pr ef er abl Fi% SXATRIG oo dEAtEs dbpoRenet e RBELOr TOBEaM N0 |
supported silver catalyst with a mixture of ethyl chloride and molecular
10 oxygen. '
In accordance with the procedures described in U.S. Pat. No.
5,625,084, a supported silver catalyst was prepared having the following
elemental composition: 48 weight % Ag, 15 weight % Ca (from calcium
carbonate support), 0.59 weight % Mo (from (NH,),M0,0;), 1.8 weight % K
15 (from KNO,, added after calcination as in Example 1), 0.67 weight % N, 5.5
weight % C (from calcium carbonate support), and <0.05 weight % CI.
Approximately 10 cc of the catalyst was loaded into a 0.75 inch outside
diameter 316 stainless steel tubular reactor and exposed for 20 hours at
250°C and 30 psig to a treatment stream containing 5.21 vol % O, and 500
20 ppm (vol.) ethyl chloride (balance N,) (GHSV = 1200 hr'). Ethyl chloride
treatment was then discontinued and a feedstream containing 4.6 vol %
propylene and 7.6 vol % O, passed over the catalyst bed at 216°C, 300 psig,
and 4800 hr' GHSV. After 16 hours under such conditions the pretreated
catalyst exhibited propylene conversion of 3.8 % and a selectivity to
25 propylene oxide of 59 %. The catalyst was analyzed after 123.5 hours under
a variety of operating conditions (all 0 ppm ethyl chloride, 0-10 ppm NO) and
found to still contain 0.5 weight % CI.
Example 3
This example demonstrates the effect of adding carbon dioxide to the
30 feedstream of an epoxidation process utilizing a supported catalyst which

B



car bon di oxi de 0 to 60% nore preferably 5 to 50% nitrogen or

remai nder. other ballast gas Al though the present inventiqgn can be used
with anyWei¥&8%Ad type of 25 vapor phase epoxi dation r &&3{HP80432| udi ng
both fixed bed and fluidized bed reactors known to the art, it is

contenpl ated that the present invention wll find nost w despread
application in standard fixed bed, rrulfé'-tubul ar reactors such as those now
in use as ethylene oxide reactors. These generally include wall-cool ed as

opoxi dat | ofes eesn astBLwifl A SRGATF ehiarkla bBGcrRtined MieCHkoetesaBt o “ac
there will j9¢sitigH.! Y be no need to use different equipment for each step.

This will mnimze the amount of time required to start up and operate
(i ncl udi ng peri odli silveseatalyst istppertedhen scalciupncaryenatei wasopigpared

chl ori de n,epoxi dati on j 1. . h ' | C r e m about
oo hbout TBBSRENE Bk HhckBlies, HESRibEA "D ST Rty Nt S5 8siqRE” THET™ 2001
about 45 f egbmeHial orRpasitioN ofaNE cadipstehs AsdoRoWSsS44 Wesightuag 018 to
about 2.5 inches and are expected to be wﬁl cally fromapout 0,8 to about

1.5 i nches.weigpt &% &a, O44weighib Madfrom (hih)),M0.0;), tdtweight %ars difd in

Prom about 5067 BoRHY A FagEation A 26 vEIHCAAN, a0 GERRIGH % CETDP0
about ﬁOO t Prethstineht With éthyt tleloriieavapperformed fér 2hrhebirsiat 250°C abdut 60
at nospher es

shoul d be s&@ %gwllﬂg ?i%%%\?é# %trt@g@aé)‘g‘%iﬂg?% %%Z%@L%ﬁg q%g)n‘tl&ﬁteﬂt’ﬂg;j of
the Mg py! eéﬁoriﬁmbg%ﬂ GHSV, balance N,). Propylene epoxidation was then
performed at 232°C and 100 psig using ca. 5cc of catalyst in a 0.5 in.
outside diameter 316 stainless stee! tubular reactor; the feedstream
contained varying amounts of carbon dioxide, propylene and oxygen, but no
NO or ethyl chloride. The GHSV was 2400 hr. The results observed are

15 summarized in the following table.



Exanple 1 (Conparative) This exanple denonstrates that the use of a
treatnent stream containing ethyl chloride but no nol ecul ar oxygen fails to
yield a 20 silver catal yst capable of convert] ene to
propyl en?tggﬁﬁgwn t he absence of ni taﬁgen oxi de species a%%gégﬁﬁg
chloride in the propyl ene feedstream catal yst supported on cal ci um .
carbonat e contginfing 51 weight % Ag, 17 weight % Ca, 0.53 weight % M (from
(NH[err])[errg/b[err]qerr]), 1.7 weight %K 25 (fromKNJ err], added
sequentially r @nmpregng®ion of the support with silver conpound and -
calcination), ®.98 &eigBt %N, and I ess than 0.05 weight % d was prepared °
i n accordance Quigh the procedure described in U S. Pat. No. 5,625, 084.

Appr oxi mat el y c of the catalyst was | oaded into a 0.5 inch outside

di aneter 316 stainless steel tubular reactor and then pretreated as 30
follows for 20whours: 250[err]C, 30 psig, 500 ppmethyl chloride in

treat nent 1_§ ream&balgnce Nl err]), 1200hr[err] GHSV. A feedstream
contai ning 4. 02v & propyleene, 8.0 vol % Jerr] and 14.9 vol % CJerr] was
t hen passed ov@regt he catalyst at 232[err]C and 100 psig at a GHSV of 1200
hr[err]. After®X 5 hours under such conditions, the propyl ene conversion
was 5.0%while the 5 selectivity to propyl ene oxi de was 0% The used
catal yst was fpung to contain <0.05 weight % C . Exanple 2 This exanple
denonstrat es tl‘__e beneficial effect of pretreating a supported silver
catalyst with 8 nmxture of ethyl chloride and nol ecul ar 10 oxygen. In
accordance wt® .téwe%)r ofedues described in U S. Pat. No.
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5,625,084, a supported silver catal yst was prepared having the foll ow ng

el enental conposition: 48 weight % Ag, 15 weight % Ca (from cal ci um

car bonat VQAFpMR), 0.59 weight % M (from (NH err])[err] MRCIEPS®057 ),

1.8 weight % K 15 (from KNO3, added after calcination as in Exanple 1),
0.67 weight % N err] 5.5 wight % C (from cal ci um carbonate support), and
<0.05 weight % C . Approximately 10 cc of the catalyst was |oaded into a
0.75 inch outside dianeter 316 stainl e®d steel tubular reactor and exposed
for 20 hours at 250[err]C and 30 psig to a treatnent stream containing 5.21
vol % Jerr ppm (vol.) ethyl chloride (balance N err]) (GISV

20
= 1200 h ) ' t ' ti d
f eedst re;%]ezztr)]n% m%‘?@"%:’gﬁﬁ}%@g% t@%ﬁhg%‘ﬁ*%&?&# g ?uﬂﬁ@angeég over
the cat al ysgilad catalystoivesr pfotre¥téed pitls . ethpld chRRRI fde ] hetiaVandf i 16

hours under such conditions the pretreated catalyst exhibited propylene
conver si on Heagmgntsiieam, coatained \4.2yvelo%2O,. Theopiateeatedxcatalyst vibas % The

Cona { Bone” BRRBSTAIE hpeddoan it ol a g POl Ay 5 1
contain 0.5%0,airid 4.8l vol Bs OO (SRSVh: 4200 arh) traldec® ns) 68266°C Rpdefdmct  of
addi ng car bon, cfl oxide to the 30 f eedstream of an epoxi dati on process

utilizing aP8§bport ed cat al yst which 19 has been treated with an organic
Cupor < on"car (Y 82hels B8, S5aah Wi DN, SLAhkRE
descri bed i prapyien@apnversiorbob25%and propyléne oxidecselettiityosfiG® % (0.51b of t he
O o B BT o Win Pard T e Aalpo baniingin % Weigt 161 M
(<150 ppm water-socluble chloride).
Example §
This example shows that other gases besides oxygen, organic
chloride, and nitrogen may be present during the organic chloride-treatment

15 step. The freshly prepared catalyst of Example 3 was pretreated with ethyl
chloride for 30 hours at 250°C and 30 psig using a treatment stream
containing 10.7 vol % propylene, 5.2 vol % O,, 200 ppm NO and 500 ppm
ethyt chioride (GHSV = 1200 hr, balance N,). Propylene oxide selectivity of
42.6% and propylene conversion of 10.6% (0.66 Ib PO/hr - ft*) were obtained.

20 After pretreatment in this manner, the catalyst was then evaluated as an
epoxidation catalyst at 232°C and 100 psig using a feedstream containing no
ethyl chioride. The feedstream had the following composition: 9.3 vol %
propylene, 6.4 vol % O,, 380 ppm NO and 13.8 vol % CO, (GHSV = 2840 hr
"). After 13.5 hours of operation under such conditions, the propylene oxide

25 selectivity was 53.2 %, the propylene conversion was 2.8 %, and the
propylene oxide productivity was 0.58 |b PO/hr » ft*. After operating for a total
of 170 hours under different conditions with 0-10 ppm ethyl chloride and 50-

731 ppm NO in the feedstream, the catalyst contained 0.2 weight % CI by
elemental analysis.



KNO3, added after calcination), 1.28 weight % Nerr] and <0.05 weight % d.
Pretreatment with ethyl chloride was performed for 21 hours at 250[err]C

and 30 pgi g a treatnment stream containing 5.1 vol 500
ppm et hyl g')(g}!}@zechl oride (1200 hr[err] GHSV, balance N er %Plg%/(?g%fqene

epoxi datlon was then perfornmed at 232[err]C and 100 psig using ca. 5cc of .
catalyst in a 0.5 in. outside dianeter 316 stainless steel tubular reactor;
t he feedstream contai ned varying am)u?ﬁs of carbon di oxi de, propylene and
oxygen, but no NO or ethyl chloride. e GHSV was 2400 hr[err]. The results
observed ag§,loe g Sunmarized in the follow ng table. 20 [err] 21
Exanple 4 E was repeated, except that the freshly prepared
supported sil veThisiexbygpie desngnsitatesities! pratcticeedhguceddsivelgdrdatingl8 hours

and t he treat ment ream t aj,ne .2.vol % Jerr The retreat ed

cat al yst uadBOTs SV ERtae it g ﬂ'&’i"é@d@?r%‘ﬁ ] rfgglcsﬁv ridfngéprger[ %
ro ene, () err = rlerr
pr opy u@nf%%h@&atéﬁ fr’?{r] Ib%tr%gﬁoﬁiréaées/

bal ance N err at 2 After 45 hours of operation
under 5t hese epo>A datalyst wasnpriepaced jn pcmmﬂaeoewnbuﬂﬁ Patn Nof. 55628/084d

bt o nod. PRy 86 <fEmaled Fodpriiionel ST welttitdhAacid weistShigadrem ) "
wat er - sol ulag:igm ézarrbdﬁéte) 0.51 weight % Mo (from (NH,),M0,0,), 2.1 weight % K
(from potassium nitrate, added sequentially after calcination), and 0.94 weight
% N. The catalyst was first treated for 20 hours at 250°C and 30 psig using
10 a treatment stream containing 5.0 mol % O, and 500 ppm ethyl chioride
(GHSV=1200 hr') in a back-mixed reactor. The catalyst was thereafter
treated for an additional 4.2 hours at 250°C and 30 psig with a treatment
stream containing 5.0 vol % O, and 50.0 vol % CO, (GHSV=1200 hr'). A
feedstream containing 4.0 vol % propylene and 8.0 vol % O, (no NO or ethy}
15 chloride) was then passed over the pretreated catalyst at the same
temperature, pressure and GHSV. After 20.8 hours, the propylene oxide
selectivity was 54 %, the propylene conversion was 10%, and the propylene

oxide productivity was 0.45 Ib PO/hr « ft'. The used catalyst contained 0.85
weight % Cl by elemental analysis.

20 By way of comparison, a catalyst of similar composition was pretreated
with ethyl chloride as described above but was not subjected to carbon
dioxide pretreatment. The catalyst thus obtained exhibited a maximum
propylene conversion of 3.5% and a maximum propylene oxide selectivity of
50%, but lost essentially all its activity within a several day period.

25 Example 7

The procedure of Example 8 was repeated, except that in the carbon

dioxide pretreatment step, the treatment stream contained 10.0 vol % CO,

and no oxygen and pretreatment was carried out for 3.0 hours instead of 4.2

hours. Propylene epoxidation was performed at 232°C and 30 psig using a

30 feedstream containing 4 vol % propylene, and 8 vol % O, (balance N,



Exanpl e 5 This exanpl e shows that other gases besides oxygen, organic

chI oride, “a(p%] # g ogen may be present during the organic chloride-treatnent
step reshly prepared catalyst of Exanple 3 was BFEEFEHI2887 with

et hyl chloride for 30 hours at 250[err]C and 30 psig using a treatnent

stream contai ning 10.7 vol % propylene, 5.2 vol % err], 200 ppm NO and

500 ppm ethyl chloride (GHSV = 1200 hr[gyr], balance Nerr]). Propyl ene

oxi de selectivity of 42.6% and propyl e conversion of 10.6% (0.66 |Ib PQ hr

catalyst waltRe GoAMA) e Mo neleh cRrcBre BB oottt bes iicna 100

psi g usi ng préppehé coaveBIbH waémwcar@t po| pr@Hh@quﬂNag b24 BPore had
the followi ng conmposition: 9.3 vol %pro | 'ene vol %Cer] 0 ppm
a

NO and 13.8 U%wf@lyqtcemneéoz%mmt %Gy elemental apalysisour s of

operation u%@% conditions, the propyl ene oxide 25 selectivity was
53.2 % the e conversion was 2.8 % and the propyl ene oxide

productg vity was Theéflsé lmfI@hhgs{eﬁ’-pﬂorﬁétbdrsrdppoﬁ‘édeéllv@ﬁeaeél}lﬂ@préﬁéatbd ot al
of 170 hours under different conditions with 0-10 m et h chloride and

50- 731 ppmWith ﬁFhSt'l?é"qf&ﬁigmﬂ oxygente asgoelanse wﬁhtt e rpéesgntzmmntm i O by

el enent al e 6 This exanpl e denonstrates the practice
of successi \?mll'&%@%glyl ng a suggorted silver catalyst with ethyl chloride

and then car bon dTtex cafalyst was prepaﬁachlgy trhpregahabu of chletum paxberadte with
pur poses.

No. 5,625, 0834"%%9}1%(5” ﬁ!f‘zﬁft"gl "95Ae egﬁ{"e)mwn 50 G a@ﬁf‘"& %B Ulr%mg?;ht

((%’Nﬁ?eﬁ({ ;)[“e ﬂﬁ@?@t@&@??f:@%&%%rﬁ@ By /eléﬁ'{@htélféﬁ%f@rsxs the catalyst had
the following composition: 39 welght % Ag, 0.6 weight % W and 2.3 weight
% K. Approximately 5 cc of the catalyst was loaded into a 0.5 inch outside
diameter 316 stainless steel tubular reactor and treated for 20 hours at 250°C
and 30 psig using a treatment stream containing 5.0 vol % O, and 500 ppm
16 ethyl chloride (GHSV = 1200 hr'). A feedstream containing 4.0 vol %
propyiene, 8.0 vol % O, and 15.0 vol % CO, was passed over the pretreated
catalyst at 232°C and 100 psig (GHSV = 2400hr"). After 93.3 hours of
operation under such conditions, the propylene oxide selectivity was 55%, the
propylene conversion was 8%, and the PO productivity was 0.26 b PO/hr ¢

20 ft*. The used catalyst contained 0.9 weight % CI.

ample 9 -

This example demonstrates an embodiment of the invention wherein
a supported silver catalyst is first treated with NO and O, and then with ethyl
chloride and O,. The catalyst was prepared in accordance with the
25 procedures described in U.S. Pat. No. 5,625,084 and had an initial elemental
composition of 52 weight % Ag, 20 weight % Ca (from the calcium carbonate
support), 0.55 weight % Mo (from (NH,),M0,0,), 1.8 weight % K (from KNO,,
applied after calcination), 1.04 weight % N, and <0.05 weight % Cl. Using a
0.5 inch outside diameter 316 stainless steel tubular reactor, approximately
30 5 cc of catalyst was exposed at 250°C and 30 psig o a treatment stream



(frompotassiumnitrate, added sequentially after calcination), and 0.94

wei ght % N. The catal yst was first treated for 20 hours at 250[err] C and 30
psi g usi a treatnment streamcontaining 5.0 nol % Jerr] _and 500 ppm
et hyl chﬁg?%gsesgf@sv:lzoo hr[err]) in a back-m xed reactor. CH 93/3%937yst
was thereafter treated for an additional 4.2 hours at 250[err]C and 30 psig
wth a treatnent streamcontaining 5.0 vol % derr] and 50.0 vol % CJerr]
(GHSV=1200 hr[err]). A feedstream cont §i4ni ng 4.0 vol % propyl ene and 8.0
vol % Jerr] (no NO or ethyl 15 chl oride) was then passed over the -

retreated R S d After 20.8
Iﬁour s, the %‘?@%W@#gﬁ)\ﬁs!cé éé"e ec?mﬁm&?ﬂg%‘?z@&b@gp & gOPBHﬁer si on
was 10% anthd freatmientistreaen comgositiondvas chargedess.0.veb% O, BRYIB00 porher r] .

The used cat al slcs_l co tg ned 0.85 weight % d by elenental analysis. 20 .
By way of cﬁﬂb’i le callether gandiipnsramained tmsame) o Aftgs anothen23ided wit h

et hyl chl ory S i j e «di oxi de

ot et r eat menOaPREMG hdiory had Boriterdd, * Bfron eBoRAANEN
converS8i on obnditictis {80 psigrad0 voirf/e pogpylens, 810ivitd % ©,24200iHry GHSYD# but

| ost essent | all | I its.activit ithin a several day period. 25

Eeart e 7 THD B 6l shistisS e valatiaad sipmmarizedR B folauing tRblene
carbon di oxi de pretreatnent step, the treatnent stream contained 10.0 vol %
CJ err] and no oxygen and pretreatnent was carried out for 3.0 hours

i nstead of 4.2 hours. Propyl ene epoxidation was perfornmed at 232[err]C and
30 psig using a 30 feedstream containing 4 vol % propylene, and 8 vol %
Jerr] (balance Nerr] 23 GHSV= 1200hr[err]). After 70.0 hours,

propyl ene oxi de selectivity was 48% propyl ene conversion was 7.5 % and PO
productivity was 0.24 Ib PO hr [err] f[err].



The used catal yst contained 0.8 weight % C by el enental anal ysis. Exanple
8 5 The use of a tungsten-pronoted supported silver catalyst
pretreat eWOM8II8920t hyl chl ori de and oxygen in accordance w tREWERISHR¥Tent
invention is illustrated by this exanpk®. The catal yst was prepared by

i npregnation of cal ciumcarbonate with solutions of silver (I) oxide and
(NH err]) [errgWeerr]Jerr] calcination, and then 10 i npregnation with
pot assi um ni tf@tke. By el enental analysis, the catalyst had the foll ow ng
conposi tion: % ight';% Ag, 0.6 weight %Wand 2.3 weight %K

Appr oxi mat el y of <glhe“gat al yst was | oaded into a 0.5 inch outside

di aneter 316 Eessﬁste}gl tubul ar reactor and treated for 20 hours at
250[err]C and 30 Jpsig using a treatnment streamcontaining 5.0 vol % Jerr]
and 500 ppm 1 ethyl chloride (GHSV = 1200 hr[err]). A feedstream
containing 4.0 vol %propylene, 8.0 vol % Jerr] and 15.0 vol % CJerr] was
passed over the@ etreated catalyst at 232[err]C and 100 psig (GHSV =
2400hr[err]). $ffRer 93.3 hours of operation under such conditions, the
propyl ene oxi d& ectvity was 55% the propyl ene conversion was 8% and
t he PO product pvEfed wae& 0.@86 | b PQ hr [err] 20 ft[err]. The used

catal yst cont & 0.9 weight % . Exanple 9 This exanpl e denonstrates an
enbodi ment of the invention wherein a supported silver catalyst is first
treated with NO and Qerr] and then with ethyl chloride and Jerr]. The
catal yst was ppeppred in accordance with the 25 procedures described in
U S. Pat. No. Z 6p5,084 and had an initial elenental conposition of 52

wei ght % Ag, 2§ hght % Ca (fromthe cal cium carbonate support), 0.55

wei ght % Mo (figor ©NH err])[err]Mo[err]derr]), 1.8 weight %K (from

KN err], applfed|@te® caBcination), 1.04 weight % Nerr] and <0.05 wei ght
% d. Using a & 5jinch outside dianmeter 316 stainless steel tubular

react or, approximtely 30 5 cc of catal yst was exposed at 250[err]C and
30 psig to a treatnent stream
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24 containing 5.0 vol % Jerr] and 200 ppm NO (GHSV = 1200hr[err]). After
20 hours, the treatment stream conposition was changed to 5.0 vol % (err]
and S500vppersssedyl chloride (all other conditions renai nescfRpossasd) . After
anot her 23.3 hours, propylene epoxidation was-comenced. Different

epoxi dation 5 conditions (30 psig, 4.0 vol % propylene, 8.0 vol % Jerr]
1200 h[err] GHSV, no NO or ethyl chloride) were evaluated as sunmari zed in
the foll ow ng table: 25 [err] 2% Exanple 10 This exanpl e denonstrates
the use of a supported silver catalyst containing rhenium and nol ybdenunr
pronot er Exampleei@rocess of this invention. The catalyst was prepared by °
| mpregnati ng_cal ci um carbonate 5 support with sol utigns of

(NH err])[ er fMiseEKample W'@*H"?f dhe m@ra]suwmad/éﬂvwoﬁgm and
Dot RGHSEE (RO A1 Ry AR I ECHERBGCBEIAST 1 1 2,
i e bt fm s, 51§ 8
e o?s‘@ﬂﬂq{F é’éfh 59‘”&9"@ @‘PM_S 3%538&"&? e e "ngpé’é'é‘ﬂeangube for 22
hours at gAE&M hitfild and di¥iFingS fibwing H7é pRocddurds BaSEANY @ Gigl9 5. 0 vol
Pat. No. 5,625,084. The catalyst thus obtained had an elemental
composition of 0.5 weight % Re, 50 weight % Ag, 0.5 weight % Mo, 2 weight
% K, and 0.69 weight % N. Ethyl chioride pretreatment was performed on a
10 5 cc sample of catalystin a 0.5 in. outside diameter 316 SS reactor tube for
22 hours at 250°C and 30 psig using a treatment stream containing 5.0 vol
% O, and 500 ppm ethyl chloride (GHSV=1200 hr' ). Thereafter, propylene
epoxidation was practiced under the following conditions: 250°C, 30 psig,
10.0 vol % propylene, 5.0 vol % O,, 200 ppm NO, 1200 hr' GHSV. The ethy!
15 chloride and carbon dioxide levels in the feedstream were varied as indicated
in the following table. '




% Jerr] and 500 ppmethyl chloride (GHSV=1200 hr[err]). Thereafter,

propyl ene epoxi dati on was practiced under the foll ow ng conditions:
250[err]C,W(868/§%9%1, 10.0 vol % propylene, 5.0 vol % err], BROOEPBIIND
1200 hr[err] GHSV. The ethyl 15 chl ozf?;ii de and carbon dioxide levels in
the feedstreamwere varied as indicated in the follow ng table. 27 [err]
28 W claim 1. A nethod of operating a propyl ene epoxi dation process
conprising: {a), contacting a supported silver catalyst with a treatnent
stream conprgs of a (JJerr]-Cerr] organic chloride and nol ecul ar oxygen -
in the vaporg se at a tenperature of from150[err]C to 350[err]C for a
time effectige; ) in&orp{gratlg chloride into the supported silver catalyst
to forma chfogige- egnt gini g catal yst, wherein the supported silver
catalyst isf rised of (i) an inert refractory solid support, (ii) a
catal yti cal Ig fective amount of silver, and (iii) a pronoting anount of a
pot assi um pronoter derived froma potassiumsalt conprising potassium
cation and a nitrogen oxyanion or precursor thereof; and (b) contacting the
chl ori de-con&,ai ing catalyst with a feedstream conpri sed of propyl ene and
nmol ecul ar OXEGeN, but essentially
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free of CJerr]-Cferr] organic chloride, for a tine and at a tenperature
effective to form propyl ene oxide. 2. The nethod of claiml1 wherein the

inert refractory solid support is conprised of an al kalin t al

car bonat'¥? *¥3892¢he et hod of claim 1 wherein the treat rren?cg'?igp@g\/ﬁﬁ%g
conprised of from25 to 2000 ppmof the Cerr]-Cerr] organic chloride. 4..
The nmethod of claim 1l wherein the supported silver catalyst is additionally

conprised of a pronoting anmount of a ggtal sel ected
consi sting of nolybdenum rhenium tu?gsten and m X‘l"lmrnl!lmllgm’lﬂ“| The -
met hod of ai rl’n,l wherein the treatnment streamis essentli w fseexof )
propyl ene. Y6@ C1&R: et hod of claim 1 wherein the feedstreamis additionally

conprised of a njtrogeme 'djeofsib?@rﬁﬁn a Bfopyleriécepoxidation pricisy 1
wherein after s?’ep a) aﬁ? bef or stepg(b) at h%y chl onge-cont a?ni ng catal yst -
i's contact edmprisingt carbon di oxi de stream conprised of carbon dioxide at a
tenperature of from150[err]C to 350][er The nethod,of

C. 8. |l aim.7
wherein the carbon dabgerta g APPSO éllyqr&ﬂglyy\@mﬁgfesaé@e ?sﬁlﬁ%n@cul ar
oxygen. 9. The met hocjc%pﬁ%&% e chi'-lg{%%ggaﬁib%hmmwmq?@émaa &qﬁ%negt gd

fromthe group consisting ota rbonat e, potassium bi carbon
potassium nitrate, pot gsthiewapor phase at aemperature of flem dd0°C16.35ME net hod

of claim1 conprising an additional step after step (h), of repeatjng step
(a). 11. The nethod of fQi’Iaaﬂlfﬂﬁﬁﬁﬂ%'\/%ﬁm'ﬂ@@@ﬁt%ﬁh@é'déd%l@a‘hﬁﬂ-&’@&t yst

contains at least 0.5 Wil dNbi28<fto form a chioride-containing catalyst, wherein

the supported silver catalyst is comprised of (i) an inert
refractory solid support, (i) a catalytically effective amount of
silver, and (iii) a promoting amount of a potassium promoter
derived from a potassium salt comprising potassium cation
and a nitrogen oxyanion or precursor thereof; and

(b) contacting the chloride-containing catalyst with a feedstream
comprised of propylene and molecular oxygen, but essentially
free of C,-C,, organic chloride, for a time and at a
temperature effective to form propylene oxide.

2. The method of claim 1 wherein the inert refractory solid support
is comprised of an alkaline earth metal carbonate.

3. The method of claim 1 wherein the treatment stream is comprised
of from 25 to 2000 ppm of the C,-C,, organic chloride.

4. The method of claim 1 wherein the supported silver catalyst is
additionally comprised of a promoting amount of a metal selected from the
group consisting of molybdenum, rhenium, tungsten and mixtures thereof.

5. The method of claim 1 wherein the treatment stream is essentially
free of propylene.

6. Thé method of claim 1 wherein the feedstream is additionally

comprised of a nitrogen oxide species.



12. The method of claim 1l wherei ] organic chloride is
ethyl chloride. 13. A nethod of amﬂgﬂ\m ‘ \mm ene epoxi dation process
conpri si ngWA%58Ant acting a sup werscat al yst w t h BRCT/ESo8/00051

stream conprised of 25 to 2000 ppmof a (err]-Clerr] organic chloride and
nol ecul ar oxygen in the vapor phase at a tenperature of from220[err]C to

280[err]C for atine effective to incorggrate chloride into the supported
silver catalyst to forma chloride-cont&Pning catal yst containing at |east

o (1) an i nert 14 raTbBmeGeRsssaRh AR dersEnfaand Bt slentah
car bonar e, (g chiooelln il ELYs 18EEAEIod UAHED: cABin(abidic'sBGgAP! 1S

anount of a potassi um prono roma potassi um Ssa from

the group cogéimprised oficasdrmdiixite at & ternperataf€$fram 150PCto1350°Cpot assi um
carbonate, potassium bicarbonate and m xtures thereof; and 30 (b

contacting the chBeri Erbecmmlmdnoﬁglajm 7| wherein tthe carbonsdioxide siseam ised of

propyl ene an Jec Iar 0X) ut esentlallyfree of JJerr]-Cerr]
organi ¢ chl of ong m%gﬁaﬁfd\]@eﬁf' PM?@OC to 280[err]C for a tine

effective to formgprormbemgt cla]rf'l Eﬁfﬁﬁdpefag%@h"galﬁ é e'a t he

treatnent streamis essentl a Yy ree (0] propyl ene met ho claim
13 wher ei n t frons the graupicensisting oﬁpetassiums:aaﬂdmaateopatagslmrmcadmhaté from

0.2 10 2.5 wel (t) ssmrgrnlt?gtte %]::taassrlrfr%a}'!:tn : OarF}Ddt mixtures thereof,

10. The method of claim 1 comprising an additional step after step
(b) of repeating step (a).

11. The method of claim 1 wherein the chloride-containing catalyst
contains at least 0.5 weight % CI.

12. The method of claim 1 wherein the C,-C,, organic chloride is ethyi
chioride. '

13. A method of operating a propylene epoxidation process
comprising:

{(a) contacting a supported silver catalyst with a treatment stream
comprised of 25 to 2000 ppm of a C,-C, organic chloride and
molecular oxygen in the vapor phase at a temperature of from
220°C to 280°C for a time effective to incorporate chloride
into the supported silver catalyst to form a chloride-containing
catalyst containing at least 0.1 weight percent Cl, wherein the
supported silver catalyst is comprised of (i) an inert refractory
support comprised of an alkaline earth metal carbonate, (ii)
from 10 to 60 weight percent silver, and (iii) a promoting
amount of a potassium promoter derived from a potassium
salt selected from the group consisting of potassium nitrate,
potassium nitrite, potassium carbonate, potassium

bicarbonate and mixtures thereof; and



sel ected fromthe group consisting of nolybdenum rhenium tungsten and
m xtures thereof. 16. The rretho ﬂl claim 13 wherein after step (a) and

bef ore t he chloride-co ! (LH s conta
gaseouss‘&ﬁggfaﬁngorrprlsed of 51t q ﬂ mant car boncﬁa‘?@waén%%
tenperature of from220[err]Cto 280[err C. 17 The net hod of claim 16
wherein said gaseous streamis addl tionally conprised of from1 to 10

vol une percent nol ecul ar oxygen. é’Qe met hod of claim 13 conprising an
additional step after step (b) of rep ting step (a). 19. The nethod of

O e A B P T B RER R ST e
ethyl chloride. comprised of propylene and molecular oxygen, but essentially

free of C,-C, organic chloride, at a temperature of from 220°C

to 280°C for a time effective to form propylene oxide.

14. The method of claim 13 wherein the treatment stream is
essentially free of propylene.

15. The method of claim 13 wherein the supported silver catalyst is
additionally comprised of from 0.2 to 2.5 weight percent of a metal promoter
selected from the group consisting of molybdenum, rhenium, tungsten and
mixtures thereof.

16. The method of claim 13 wherein after step (a) and before step (b)
the chloride-containing catalyst is contacted with a gaseous stream
comprised of 5 to 60 volume percent carbon dioxide at a temperature of from
220°C to 280°C.

17. The method of claim 16 wherein said gaseous stream is
additionally comprised of from 1 to 10 volume percent molecular oxygen.

18. The method of claim 13 comprising an additional step after step
(b) of repeating step (a).

19. The method of claim 13 wherein the alkaline earth metal
carbonate is calcium carbonate. _

20. The method of claim 13 wherein the C,-C, organic chloride is
ethyl chloride. '



