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Introduction 5 This invention pertains to an inproved gas phase process

for the I ive epoxidation of non-allylic ol efins whergi
epoxi dat ivgﬁof/gz aallrri ed out in the presence of one or nor eleévo %({3?4?7615

ni t rogen-contai ni ng, basic conmpounds. The presence of a

ni trogen-cont ai ni i nd.in .t 0 | n-containing reaction gas
or vapor suppress@gsgﬁg&ﬁoﬁﬁﬁm]gﬁg@ﬁﬁgNﬁ#@akﬂﬁéE)é*sEiFﬁlaﬁs mat eri al which
coats the catal yst, thereby decreasing catalyst activity. This resinous
material (foulant) also can coat and foul process equipnent, thereby

i npedi ng or obstructing gas flow through the reactor and associ ated

equi pnent. The inclusion of a nitrogen-containing basic conmpound in the
ol ef i n- cont ailRIrRgUERREt i on gas al so has been found 15 to increase

substantgal ly the pg ii,y\}érﬁiggipeeltr[é}ﬁ?sego% %ééoggdcgaatsaé) a%%i%r Bégé(%:ﬁ. ) d of the

| nventi on Processes for t I ve epo tion I'AS contain
no allylic haediyerempbadatiopnafma-aficolefirsf whejein theobpdidatiovhisdartant ai n
hi ndered 20 al I,IXI i C heydr oge? atons are (gescri ed by Monnj er and Miehl bauer
in U S PaterfiWinRPIEFEACE pTORG of fAOresVQiatie oy odsNresianngahasis, 145, 968.
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epoxi dation of 1, 3-butadiene (butadiene) to 3,4-epdxy-1-butene {
contacting a olefin-goetabung réaction gassobvarnti suppressepdbe famuatioet dfeare With a 25

support silver catal | evat ed t erat.ures.. Stavipoha, .Monni er,
Hitch, Nol en 4H3"G r%glgﬁaéé@%tﬁﬁﬂgwﬁﬁﬁﬁ@% %q{@fygfig%gegg SCFRASNA ant ages
resulting fr Qﬁtél?@t agtivitpl ThidGRsindds Mafeifdl (foulney S1S8CARToAE aAd foer t
diluent in the teed gas in the epoxidation of certain olefins such as

1, 3- but adi endroqeRs @YHRMEAL.i thareky iBpsding ok olsiruglingugasdiaméhrongh e pr esence
of a 30 nodif] Ll . i de such.as
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t he above WO HabicAd@hPotid inXB20dI8f-tontaiRing reaction gas also has been found

15 to increase substantially the activity of the epoxidation catalyst.

Background of the Invention
Processes for the selective epoxidation of olefins which contain no

allylic hydrogen atoms (non-allylic olefins) or olefins which contain hindered

20 allylic hydrogen atoms are described by Monnier and Muehlbauer in U.S.
Patents 4,897,498, 4,950,773, 5,081,096, 5,138,077 and 5,145,968.
Stavinoha and Tolleson disclose in U.S. Patent 5,117,012 the selective
epoxidation of 1,3-butadiene (butadiene) to 3,4-epoxy-1-butene (EpB) by
contacting a mixture comprising 1,3-butadiene, oxygen and methane with a

25 supported silver catalyst at elevated temperatures. Stavinoha, Monnier,
Hitch, Nolen and Oltean describe in U.S. Patent 5,362,890 the advantages
resulting from the use of a C, — Cg paraffin hydrocarbon as an inert diluent
in the feed gas in the epoxidation of certain olefins such as 1,3-butadiene.

The epoxidation of olefins such as butadiene in the presence of a
30 modified, supported, silver catalyst to an epoxide such as 3,4-epoxy-1-

butene according to known processes such as those described in the above



referenced patents results in the co-production of a high-boiling, organic,
resi nous naterial Generally, the rate-of formation of the foul ant naterial
is depeng % 4gAb | €east in part, upon pressure within the gepyk
react or mnt I ncreased pressures resulting in increased rates o foulant
formation. 5 This foul ant material coatsZ4he catal yst and t hereby decreases
catalyst activity which, in turn, results in | ower conversion of the

ctlo of t he desired e This foul ant al so
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during the epoxidation of butadiene. These patents disclose the use of
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occurs and the Suppo ver cat al reqgul res requent egener ation in
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addition of water t rocess s, Stream containing reactive epoxides can
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epoxidation of olefins is extremely difficult, requiring considerable time to
remove the foulant from the reactor tubes and associated equipment
downstream from the tubular reactor.
U.S. Patents 5,618,954 and 5,905,161 are directed to reducing

20 foulant formation during the epoxidation of butadiene. These patents
disclose the use of 5-80% water in the feed gas to the epoxidation reactor
to lower the rate of foulant formation. However, even with the water
addition, fouling occurs and the supported silver catalyst requires frequent
regeneration in a gas stream containing oxygen and water vapor.

25 Furthermore, the addition of water to a process gas stream containing
reactive epoxides can result in the formation of the corresponding diols,
e.g., 3-butene-1,2-diol and 2-butene-1,4-diol, which are reactive species
that can further react to form organic foulant residue. Although it is not
known exactly how the organic foulant forms, it has been experimentally

30 determined that 3,4-epoxy-1-butene, oxygen, and water are required for



-3 growth, or propagation of the organic foulant. Therefore, addition of
water to suppress the formation of organic foulant is actually detrinental
to the ?Im)gjlz]howerl ng the rate of organic foul ant formapépiseddzial | Y.
addition o hi gh concentrations of water vapor described in the cited
patents can result 5 in the degradati onr ®f the nodified silver catalysts
that are enployed to catalyze the formation of the ol efin epoxides. |nui
and Tanabe, Journal of Catalysis, 52, 375 - 384(1978) discuss the effects
of the addit P& Fou Brarggetpb e SioemR oA alBoceipky (A Omﬁ@és, such
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resi nous, hi gatalyzei thedgrmatiqraet ihefdefimapoxides.ng the epoxi dation of ol efins

can be signifi cang bi el te ¢l udi ng at

| east one nit rogenA%ancﬁﬁa}Lh;q%%i’ hlg ’g’é’ZPiéééﬁ%% néén?i Tg§4€1§j§g diSCHESct i on
m xture. QurtHenefeadts ofthe additibs obUABGIRS leABRESTEMMBhAVARESUBstRLREESS for the
preparation of the npnoepoxide of an olefin reactant selected from

nor bor nene, aﬁtﬂ?%ﬁHﬁh@ér{@Oa‘h@eH}YéﬂmH@ gioethylantee gsimesthylanvneul a 25
A R T TR AR RS
during ethylene epoxidation. The authors report that the addition of

ammonia and such amines in the range of 200-34000 ppmv to the reactor
feedstream resulted in decreases in the rate of ethylene oxide formation. At
the higher levels, catalytic activity was completely suppressed.

15

Brief Summary of the Invention

We have discovered that the rate of formation of resinous, high
boiling, organic foulant during the epoxidation of olefins can be significantly
reduced, and possbily eliminated, by including at least one nitrogen-

20 containing basic compounds in the gaseous reaction mixture. Our invention,
in its broader aspects, provides a process for the preparation df the
monoepoxide of an olefin reactant selected from norbornene,

norbornadiene and olefins having the general formula

25 CH,=C—R? )

R1

wherein R' is hydrogen or alkyl and R? is an aryl radical or the group



R 5 provided that the olefins of formula (1) contain nore than 2 carbon
atons and do not contain any allylic hydrogen atons, which conprises

contacti RPo of4f§8Ct i on gas conprising said ol efin reactantp-py¥@E@aysan
inert diluent, and at least 5 parts per mllion by volunme (ppnv) of at

| east one nitrogen- containing basic conpbund with a supported silver

epoxi dation catalyst at a 10 tenperature of about 175 to 230C, and
recovering a gas contai niCn_q_Cﬁ_ﬂ?Ld nonoepoxi de of the olefin reactant. A
nore specific enbodi nent ~oT present invention is a continuous process
for the preparation of the nonoepoxide of- an olefin reactant selected from
nor bor nene, nor bor nadi enel and ol efins having the general 15 formul a
CH2=G-R2 (1) 1 20 R wheRein Rl is hydrogen or alkyl and R2 is an aryl
radical or the group -C=CH2, 25 R provided that the olefins of formla
(1) cont & n nbrevidecithat the plsdins af dorsulafiil cdotaimmareiban @ camyormbtonhs ¢

hyd t i i f: (1).conti |y feedi
05 conpri st nand i OB GRS i EREn Aoms  hbicHFRmBRTES sahtecina
about 3 to 30amehetifeyasbnPr¥bRMsai@bRYN dlctAt, 3§ geR! snm?érfierlﬁerg]‘ :Tu?d1 i nert

diluent, and at least 5 parts per mllion by volune (ppnv) of at |east one
ni t r ogen- cont at |§iash Spasisoar srienrey viuoe wppM) obatleasboneBiittégen-5 t o an

epoxi dation z q Qi ilver oxidat.ion catalyst and
mai nt ai ned at egﬁttagﬂrrg%?g? Htg) ng?iallglo\&[tﬁ %%jbtpc?@g%?e%ﬁﬁox'?%o%8%‘?&%8{@I y
removi ndOf r onterhperbanei afatbioon 17616 230Yasardravoveiing adhaéortaminPsFid0 mol e
percent of said nDnoePoxide of the olefin

monoepoxide of the olefin reactant.

A more specific embodiment of the present invention is a continuous
process for the preparation of the monoepoxide of an olefin reactant
selected from norbornene, norbornadiene and olefins having the general

15 formuia

CH,=C—R? (1)

|

20 R’

wherein R is hydrogen or alkyl and R? is an aryl radical or the group
——C=CH2,

|

25 R’

provided that the olefins of formula (1) contain more than 2 carbon atoms
and do not contain any allylic hydrogen atoms, which comprises the steps
of:
(1) continuously feeding a gas comprising about 3 to 30 mole percent of
30 said olefin reactant, about 3 to 30 mole percent oxygen, about 40 to
90 mole percent of an inert diluent, and at least 5 parts per million by

volume (ppmv) of at least one nitrogen-containing basic compound



5 reactant, about 2 to 28 nole percent of said olefin reactant, about 2 to
28 nol e percent oxygen and about 40 to 90 nole percent of the inert

di | uent. Tﬁe ) ncl usion of the nitrogen-containing basic conpound in the
epoxi dat i BR 12818 or reactor suppresses foul ant formati on FETESHEG Ee which
permts 10 operation of the epoxidation ygactor at higher pressures which
results in a higher rate of conversion of the olefin reactant and, thus, a
hi gher rate of production of the nonoepoxide. The nitrogen-containing
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epoxi dati on zone can FFOVIde the basic conpound enployed in the
recovery process @BeetPpda 3.6 molg paregnimf sajd7m®np@poxide of the olefior mat i on of

b digls. 20 ' i pbi ' n: cont ai ning, basi
conmpounds whi ch e Riat SBREE KRB Mo e Benl GIRHY BRThIREbREL BB R 0 & and
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(nonreactive) Wth.r?ﬁ@.ﬁfﬁt to the olefin reactant, the nonoepoxi de product
and oxygen under tHEtY "t ons 25 of tenperature and pressure within the

epoxi dation z i I A PES,: Wil i ncl ude,. nono-,
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m xed nono-, Higher #dté dffidon@ieidrpss ' d?%ﬁ 4219

PCT/ US00/ 33715 gh_ 6 et hyl enedﬁdﬁemgio eﬂ]géq I ke aa@&@ﬁ%a%{&r&}éaﬁ? ﬁés, such
as et hyl enet r PEagUston ghthe menberexidee Thechitrdgenwiontadining asicopapoing he

or phol i ne.  pRaF eAekHey AeliSo it e hieaskan fie Pefis el on ar o
contenpl at ed Icteuse inftigRPBL10%to BO, of the supported silver epoxidation
15 catalyst. Another advantage provided by the present invention is that the
nitrogen-containing basic compound fed to the epoxidation zone can
provide the basic compound employed in the product recovery process
described in U.S. Patent 5,756,779 to reduce formation of butenediols.

20 Detailed Description

The nitrogen-containing basic compounds which may be used in the
present invention comprises ammonia and amines which exist in the
gaseous state and are substantially inert (nonreactive) with respect to the
olefin reactant, the monoepoxide product and oxygen under the conditions

25 of temperature and pressure within the epoxidation zone. Example of the
amines which may be used include mono-, di- and tri-alkyl amines such
monomethylamine, dimethylamine, trimethylamine, diethylamine, triethyl-
amine, monopropylamine, dipropylamine, tripropylamine, monobutylamine,
dibutylamine, tributylamine, higher homologous mono-, di-, and tri-

30 alkylamines and mixed mono-, di-, and tri-alkylamines. Diamines, such as



5 invention. Mno-, di-, and tri-substituted am nes may be used in the
process of the present invention to reduce formation of resinous, organic

foul ant. {yR when the primary goal is increased catal phirgsagidyd ty.
the ni trogenzhg%lﬁt ai ni ng basi c conmpound shoul d be sel ected from anmoni a and

ami nes which contain at |east one N-H bomfl; thus limting the amnes to 10
nono- and di-substituted am nes including diam nes, such as

t hyl di am ne, and cyclic I nes. The ami ne preferably has a boil.ing
Soi ht of | esselyenedighines W%W%%w%@érta@am%sgca aeutibylepetrigmine

| Kyl am [ il I o] oni a
and or anne. angdfte Ml aRo IitiERA e thg'ssbBe B fPpreRf TR CCYeRCed on
the total vol anménes such asipgirslified, pipetitime, aporholaid, piperapiee, piproe| | y, the

t of ni.a and/or, am.ne fed will not exceed, 2000 mv. The
S?g? grrgd ?%@%Peaﬂﬂ‘gHi‘%mé'ﬁme&rgﬁ?ﬁa%C‘P’étﬁmﬁ%tefjﬁ’é'tré‘&g&? gg‘?ﬁ’%ﬁﬂi‘@ne isin
the rangg of aheutior0 Meh&O8i-Paw trRdseslit@Bd drifel Pha) b¥ YsHAEn He t he gaseous
materials fed to the epoxidation zone. 20 Amoni a and vol atile, |ow

mol ecul ar wei cha’q’iﬁrﬂfih%ﬁ&&%ﬁmmibnmé@ﬁumfbneatiomnttesiMlsdto_m@arpc ef erred
[ - [, ' i.ch ef.erably are used ir
Concent rat i on Uray8e ey RIREIBE alfhiry achl R RERRsb Rt 8oy, B « he

gaseous nat er hioyehesbrit@ininteb£410 xbAdound sholRl bd BElc2tEPRibm ANH{dMia 8R4 e may
be added to the epoxidation reaction zone in a 25 variety of ways. For

exanpl e, it camines whicdcantain atleassiasei N-H bond, thws dimiting thmdvrmeSttﬁe
xygen- ggnt ai rd : .acti 1tk _the catalyst, or the
ngrgni aqgnd/ oﬁid;%f %@acd(}ns u@étﬂfu%dﬁ%ﬁuﬁﬁ&esdﬂn? %dmgég'fhﬂg?sf’osﬁcbo%e separately
from the feedethlyidrietizmiheoant yclioagrmes: OThebiing pesterably fag BByl and/ or

am ne may be added contjnuously or discontinuously to the epoxidation 30
reactionyzonePo'ﬁng@?é ?%?gPHé1%Qﬁ%ﬁ'P%Mﬁtﬁéefﬁéablb§ # Bprfwrordiperi od of WO

01/ 44219 PCT/ mg@(nﬁﬁg%‘égta-igingi OV\ch(ﬁ)JS 1i25<:a?H{>rf1 ia%rﬁgt to produce an increase

in catal yst activity an process productivity as deternined fromincreases
in the conversion bhe aph@intof aeanoniatandibramire tsed inetheapoxiddtion of ol efin
prior t ?5addi E)rio%gsgfis at least 5 ppmv based on the total volume of materials fed to the
epoxidation zone. Normally, the amount of ammonia and/or amine fed will
not exceed 2000 ppmv. The preferred range of ammonia and/or amine fed
to the epoxidation zone is in the range of about 20 to 500 ppmv based on
the total volume of the gaseous materials fed to the epoxidation zone.
20 Ammonia and volatile, low molecular weight mono- and di-substituted
amines constitute the preferred nitrogen-containing basic compound which
preferably are used in concentrations of about 20 to 500 ppmv based on the
total volume of the gaseous materials fed to the epoxidation zone. The
ammonia and/or amine may be added to the epoxidation reaction zone in a
25 variety of ways. For example, it can be mixed with the olefin to be oxidized
and/or the oxygen-containing gas prior to contacting with the catalyst, or the
ammonia and/or amine can be introduced to the reaction zone separately
from the feed olefin and/or the oxygen-containing gas. The ammonia and/or
amine may be added continuously or discontinuously to the epoxidation

30 reaction zone. For example, the ammonia/amine may be fed for a period of



anmoni a and/or anmine to the feedstream The amonia and/or amine feed 5
then may be discontinued while the increase in catalyst activity continues
for prol ojgesl Mg ods of time. The supported silver epoxi dakirRi3oss7ed YSts
which may be used in the process provided by our invention are known
materials which may be prepared according-to published procedures

I ncl udi ng the catal yst 10 manufacturi ng procgggrggégdezc%geg&;én UaS.
Patents 4,039,561, 4,169 9, ..4,.267,073, .4, , 338, 4, , nd
5081, 096, ThUBE WRENIS PUMFENS G DERHCE 3h chRASS BV ARy 26Gmpr i se a
catal yst 5Upp@fécé%%trﬁbdaéti\iﬂg\éis%teﬁﬁm@ﬁ'chﬁﬁ iftehéSs MUhbacRvaRA of to 30
wei ght percent silver and about 10 to 5000 parts per mllion by weight
(ppmw) of an &siiireactasi relativg {asthenenfiviersion o olefinguricsdo fadditicaldfal i earth

and pprw modi f1EPoTa s FLfuheSs b edsiiire: dRe Brenin ST Roeeet ol
wei ght o6 t hetist mlayse di‘scmtinaetmauﬁii|é1irﬁéﬂmdréé%bahba!alyst%c&ibwlebnﬁrg%sg?d' fier

conponent of the catalyst may exist as a salt, oxide or hydroxi¢ t he
rmEi?fier el emtftProlongedarods of éigicent rati on of the 20 catalyst is based on

I fi I e the. catal ysts be
el ected fromthe TaryBPoRel Hod: cnaimEha st ARihInAY BB el yie
reachoe of ho sthylon bally uteat it el O Rt ai i ng.
unsat ur : | )
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having a surfA@67:0%h 4389338h760,368 i §,08THRIE: Thurnahé caBlRIté aksful

typically have an apparent porosity of greater than 20% Supports having a
siyloi ceoug ando eéifg%??{o‘tfec E%Bﬁ%‘?lai‘@ga'&?%?”ﬁﬁ?rb@ﬁ@fbﬁl hagingf er r ed.

Speci fic exanpésssild sits 3bHEcYEh00{ #4238 htﬁ@é itRr and apUAPPH LS are
tﬁe al um numngx?d%e's (i ncl udi nC the materi gf)éa-s uﬁl}ér { A8 atradg name
" Al undunt'), pﬁfﬁ@(bé?ﬁﬁ’@gﬁ@lllan%ﬂiw&ght énpriwpeban epoxidatibh eatadyst modifier

15 selected from alkali earth metals, alkaline earth metals and thallium. The

weight percentage silver and ppmw modifier (also referred to as promoter)
are based on the total weight of the catalyst, i.e., the finished catalyst.
Although the modifier component of the catalyst may exist as a salt, oxide
or hydroxide of the modifier element, the modifier concentration of the

20 catalyst is based on modifier element alone.

The support component of the catalysts may be selected from the
large number of conventional, porous, refractory catalyst carriers or support
materials which are essentially inert in the presence of the ethylenically
unsaturated compound and oxygen-containing gas feeds and the products

25 in the processes in which the catalysts are employed. Such conventional
materials may be of natural or synthetic origin and preferably are of a
macroporous structure, that is, a structure having a surface area below
about 10 m?%/g. These support materials typically have an apparent porosity
of greater than 20%. Supports having a siliceous and/or aluminous

30 composition are, in general, preferred. Specific examples of suitable



earth, silicon carbide, porous agglonerates conprising silicon and/or
silicon carbide, silica, selected clays, artificial and natural zeolites

and ceram Refractory supports particularly useful in th [ epa ation
of the ca}‘gj @}@%‘9 useful in the process of our invention cd ?l{S@g( :ﬁ]lé
alum nous nmaterials, in particular those8econtaining al pha _al umna. In the
case of al pha alum na- containing supports, preference is given to those

having a specific surface area as neasured by the B.E. T. nmethod of from
about 0. 03 t oSUDPaits grathe algmanurappddesniingadiogithg nwenatswmadnbgrthe

. " h f f ut 25 to
bout 609 by Vot e ARGy BAGER h8Pak SEoPLAITR: Mo <l A eur t ace

area i s descricheat, mhc@iet:altilde rpor&wa?gl@fner&es @H‘Tﬁﬁém? Rilicbn ardiéh siRddner -
E., J. Am Chem Soc., 60, 309-16 15 The f owi ng materials are

speci fic exanSReidessilios slaciad siays s%l’ﬁiﬁ@at%ndm&ﬁﬁak@olllt@ as@deramlcs\lorton

t ot al
or o vol e of Bessa) ceePRLS ParRubraih AEPiEkiRiSh sl vig oy, * 27

packi ng densi ugefol lrﬂth@aargbesEBof amdnaemhﬁmmbn?@t@ﬁ@%hbh@ha{té‘ﬁélg%
percent) of: A1203 I{E % Fe203 r 0.21, Ti02 - 0.
Ca0 0. 21, MyOPE' ?2"5” 9%?60'1*9'“'”&2@ aftium)a In thergssecnf m@am%o 1875

h Il et of 0.23
cecho)) gme e qphaiing UbBGRs, 1 EftBhed s GkertS hosk AR, a ?E?'fp%z“*@%%
g/ cnB, and a aresmasaeasongbby theb. E\'lﬁenm’lhoqbeffrem abodit:0.8B wai10am*/g&hd7, Si 02
- 13.4, 6203 Ti 02 NQ_W 0.12, Na20 - 0.15, K20
- 0. 26. RBl%%B% -@%?tyﬁﬁm“f%a’ly%ﬂﬁ@? | mergury prrvater ar ea of
0.39 ng/ g,  aabséption Wehni@layTss 6 mQi3hit QS(tB'%Ho%gBoWEHY IBILARE. eTﬂéam er

of 5.4 , a packing density of 0.94 g/cnB8 and a chem cal conposition WO
01/ 44219 PCT/ @@69 gethed forgde(tmngmg srEaifensyriace delal iowescAB@dmh d3illn Si 02

- °.6, Fe203 grfhatier, s, Emmett, P. H., and Teller, E., J. Am. Chem. Soc.. 60, 309-16
(1938).
15 The following materials are specific examples of the catalyst
supports which may be used.
l. Norton SN-06595, a fluidizable powder having a surface area of 0.26
m?/g, a total pore volume of 0.675 cc (Hg)/gm, median pore diameter

19 microns (u), a packing density of 0.98 g/cm®, and a chemical

20 composition (weight percent) of: Al,O; - 84.7, SiO; - 13.4,
Fe20; - 0.21, TiO; - 0.47, CaO - 0.21, MgO - 0.12, Na,O - 0.15,
K,0 - 0.26).

[l Norton SN-08228, 0.1875 inch pellets with a surface area of 0.26
m?/g, a total pore volume of 0.23 cc(Hg)/gm, median pore diameter
25 of 19 p, a packing density of 0.90 g/cm®, and a chemical composition
(weight percent) of: alumina - 84.7, SiO, - 13.4, Fe,05 - 0.21,
TiO2 - 0.47, Ca0 -0.21, MgO - 0.12, Na,0O - 0.15, K,O - 0.26.
Il Norton SA-5252, 0.1875 inch spheres with a surface area of 0.39
m2/g, a total pore volume of 0.36 cc(Hg)/gm, median pore diameter

30 of 5.4 u, a packing density of 0.94 g/cm® and a chemical composition



Ti02-0.1, CaO - 0.1, MO - 0.3, Na20 - 0.1, K20-0.1. IV. Norton 5552
Alumna Rings - 0.25 inch rings having a sgrface area5 Sf 0.:13 mZég,7 a .
total pore volune of 0.37 cc (Hg)/gm a median pore ~dianeter o ,
packi ng JEANESA1df 0.80 g/cnB, and a chenical conposition {QEPGHYS3PEr cent)
of: A1203 - 93.1, Si02 - 5.6, Fe203-0.3,97Ti02-0.1, Ca0G 0.1, MO 0. 3,
Na20- 0.1, K20-0.1. V. Norton SN 82501, 0.1875 inch spheres having a .
surface area of 0.13 n/g, a total pore volunme of 0.37 cc(Hg)/gm a nedian
pore diameter 10 ofeight perceat)mschiollongsdém1-930f, SI088 508, dreO-ari3a cheni cal

o i aht.. f- A1203 - .0,.S.02 - 12,0, and the
e g 5o ne Posth” GcBacta NG I T KA o mot ©

i i<ch ; Xl de,
preferred, othgr SNbﬁ@htSBBitMUhﬁhémfgo.%m@ﬁnﬁé@%ah%_é‘g@ﬁaéé QFéaiS of

e.g., having a surface arga of abo and a parficle size
abgut 75- 258 . titahP43 ra.?/g@’tmwwg wlgmefefde3dcedHgj/gabaunediah piiteg and a

: . ) e . i de:.silica. e.g.. having a
Surface Sarea of ARG 26" HoP PSRRI b dblis G andisbchergal o) |
bari um oxi de, e. geompayitiBe (ReRjHt baFR N 6@ MEO?DQBH,%M??/- ge@nd a particle

size of 40-75 ; boron nitride; silicon nitride; and sificon carbide. 20 A
preferred class of F&fppoP3, fiRer 04l CatdrPri, dgOov0.3UNa£R e Oat,&6&0 - Duksed,

' ' tivel i f ore dianete and
e ore iy Teharbhn Bl ERsHRE 167N Sl MR AR otk AR, 60 430ns
of from about 0.1 mPlyg attotapers vaiutha @l (913_79,@#4?;/ | ¥ rAB@eh foré d'i%sgro

about 0 n2/g, and (2) apparent porosities o rom about '42%to about
60% 2511% ef er abl yOff:fé)ﬁﬂht?oQﬁCkH@/ﬁi@@S'W&BB&%m 'lendag chamigatlysi cal f or m of

I | S Lcul ar . rtapt. ile.the formof the
catal yst support reemBeiiB Pbl Bt bor ARG * BBl 505 Tachanrdhe
consi derati ons sucienssin@@s¥% s e, MENLA, M@@Waztf%kg@. pressure drop

due to fluid flowrestrictions, efficiency of gas-liquid- 30 solid
contacting, cathguahnelpreired ptherrmippes Matesialmwbichieaybe useddatiuded WO

01744219 PCT/WQ‘(%%Q%., hal\gng a surface area of about 3.9 m%g and a particle size

15 of about 75-250 y; titania, e.g., having a surface area of about 0.5 m%/g and
a particle size of about 40-75 p; calcium oxide; silica, e.g., having a surface
area of about 0.18 m%g and a particle size of about 75-250 u; barium oxide,
e.g., having a surface area of about 1 m%g and a particle size of 40-75 y;
boron nitride; silicon nitride; and silicon carbide.

20 A preferred class of support materials comprise low surface area,
fused, alpha alumina supports which have relatively uniform pore diameters
and are more fully characterized by having (1) B.E.T. specific surface areas
of from about 0.1 m?/g to about 2.0 m?/g, preferably about 0.3 m?/g to about
1.0 m2/g, and (2) apparent porosities of from about 42% to about 60%,

25 preferably from about 46% to about 58%.

The actual physical form of the catalyst support is not particularly
important. While the form of the catalyst support has little effect on catalyst
activity, practical considerations such as ease of heat transfer. mass
transfer, pressure drop due to fluid flow restrictions, efficiency of gas-liquid--

30 solid contacting, catalyst durability, and the like make the use of defined



shapes such as spheres, pellets, extrudates, rings, saddles, and the like
preferred. Conventional comercial fixed-bed reactors used in the

epoxi dat i hyl eni cal | y-unsat urated conpounds typical Ly 33915t he
fgrm of \ge,p Lré?rty of parallel, or series of, elongated k) B

suitable shell). In 5 such reactors, it -i1® desirable to enploy a support
formed into a rounded shape such as, for exanple spheres pellets,

i ngs, tablets, and t havj di.a ers.o inch to
Cbout| 0.8 1 neanaBeprisiEnt sFeeen Bt ar. SHERTEddse Seddler, 18 5 Ui an

i norgani ¢ si pugerre@MOVHVEnEONRIdopRRiefdifl fideBRSedPfeatlors iRERTIRh& cat al yst
precursor by 10 contacting, in either one or two steps, a porous support

material wit heagudatien shethyiasiealyfunsatinatedeempoynds tipicadliyase il thenfpran

(2)  opti onal Py G A, Ape A1 S S, R apR CHREIES SURGde Sofll o "o

oxygen- dépl et sdchareactanist it (gdesiraisig oo emipldy HBuppoitierméedkmtd & danged over or
15 through the cat aluyg precursor at elevated tenperatures, and
%

(3)
intimately cOPRRRUSH 3% ' LEmRIpaspheres: p%imtnrmotat&etsoenﬁ thelikat al yst
precur sor Wt Ghgm QPGS il OYHASEILBNLG 3 on Tnert gas

cont ai ni ng at east 4 er cent ‘hydrog en he preparation of the
catal ysts from an Argeferced mlethmf of:pnepannd tlselcbta@&tﬁfrsrri yeincighnie oxal ate,

I 20 et hyl enedi ani ne oxal at nprises the steps of (1)
?o?rﬁ nzl avggtﬁi SéP "&Dé%‘gr%?prbﬁﬁsc RtSiers A <1>fwrrén9r@e¢ataryét BfeCUR eps, a

por ous Sgppor&ontﬁéﬁrﬁ% liRleithef 8n@6Hﬁ9€§te§§¥ Yt d?B s Slip St ﬁﬁ@ﬂél%rﬁ\ | ver

conmpound and a noditier conpound an e resul ng 1 npregnat ed
support mat er agueoyszsolgirnsopizan yroafgamcmrlmg cl:dmp«zmdaarycse rmpodifier sor wherein a

t , helium or the
Pke1's passcibBoed AMERTInH ihe Frdiidy hnp@onaRetindir Relentyia) oq

t t | h A br Wherdih & ieygperature of
about 150 5 000 10 Cherml 13, - debormoseppereret At Bipound. e

catal yst precdsnsdepigtegeaiprutseger asgph dyelium petitenikguie passed ovaf)ok]homv\% to
t hose Og 5 Ski ltl{]é%tg:}rg@% (?télyslsp'r%%u?ssdr atOerlevea)fecﬁrPemper%}/urgrs,e gh(ﬁ) (15) In rr%gt

01/ 44219 PCT/
contacting at a temperature of about 170 to 600°C the catalyst precursor

with a gas comprising (i) hydrogen or (i) an inert gas containing at least 4
volume percent hydrogen. The preparation of the catalysts from an organic
silver compound such as a silver amine oxalate, e.g., silver bis-

20 ethylenediamine oxalate, comprises the steps of (1) forming a catalyst
precursor by contacting, in either one or two steps, a porous support
material with aqueous solutions of an organic silver compound and a
modifier compound and drying the resulting impregnated support material,
(2) optionally calcining the catalyst precursor wherein a gas such as air,

25 oxygen-depleted air, nitrogen, argon, helium or the like is passed over or
through the catalyst precursor at elevated temperatures, and (3) heating the
catalyst precursor at a temperature of about 150 to 300°C to thermally
decompose the organic silver compound.

The catalyst precursors may be prepared employing techniques well

30 known to those of skill in the art, such as, for example, by precipitation of



-11 suitable silver and nodifier conpounds on the support, by inpregnation,
by coprecipitation of the silver and nodifier conpounds and the support

mat eri al , ding together the support material and thgcgijsy@iz7and
nmodi fi er ‘g?/r%gginlgs in particulate formand the |ike. The order 1 n which the

5 nodifier is incorporated onto the suppdrk- material is not critical, e.g.,
the support may be contacted with a silver source, then the nodifier, or

the support e Contacted th the nodifier compound, then a_ silver
conpound, or tSHéag lepet apd J\%ﬁrmp% H@@@@WYU&%@Q&@@WW

both a modi fi QoprRupRsH @frtﬁeg,.ﬁ% é’lﬁfm%ﬁmé‘?‘éamrpow)dg%dsﬁ\la top‘aﬂ”pound

enpl oyed in the preparatlon 0 e catal ecursor s onotrPeriti cal
Typically, t henmeephtbatgrmdlmgtdglem&rahalsyppormmauenaband thengilvies @ad

PS5 RSP b < b o U] Eh o T
conpounds; ar e rsodifer is thédrpbRates b e BBt ematdilal & na@ighr e @Nfhel © the

| i ke. Those skilled in the art recognize that certain organic ver
conpounds r eq§UPROktHea Baicontacted withreosilver souene, dmemthe modifiderortthe

of such sol vactBROAMSY, Be ciRladeT RIH e o SRt Hhed RsilPhct i co of
the present icowgtiundnor && diiporeiatetid salpe %@ﬁfa%télj @Hﬂﬂﬁanéo&& 3Atnei ght

percent silver, calculated as elenental or netallic silver and based on
the total wei §Rth BfModifier cempaung 9adasm@r comgongdl evel of silver on the

support ef er abl o e per cent,
m)g!to pre11@rerabl y a%b/gil?%% Séwe{ Bb@BBnﬁd eﬂﬂg@é @at?'g%éﬁéﬂ@ﬁpgldih? 9@#3%'5%‘% sil ver
typically is presesorismadtleeti®d. flypioatly, taeigrepatationnsters catilyst PREAUISOUS,
adherent, substanti al lré hem spherical, discrete particles having an

essential |y ufPFBISES Hf-ﬁgé}at'ﬁg the, sHPROT Matetalyvith a solutionyeftassibesr i ng

her cas. o | verombor e i Pftef aftHieohal, a gllchPelnBl i EhigBi ke Lo
ereas s

uni form y- spaEadmmarscnmnmmumﬂmrpaWenmmtéqtsﬁlverp@matet Qilvip &U[é’té?éﬁ’d
PCT/ Usoq/5337lﬁme like. Those skilled in the art recognize that certain organic silver

compounds require the addition of ammonia or an amine in order to
solubilize the organic silver compound in an aqueous medium; thus, the use
of such solvation-promoting additives is contemplated in the practice of the
present invention.

20 The catalysts may contain about 1 to 30 weight percent silver,
calculated as elemental or metallic silver and based on the total weight of
active catalyst. The loading level of silver on the support preferably is
within the range of about 2 up to 25 weight percent, most preferably about 5
to 20 weight percent, elemental silver. The silver typically is present in the

25 form of uniformly-spaced, discontinuous, adherent, substantially
hemispherical, discrete particles having an essentially uniform diameter of
about 0.1to 5.0 u. Catalysts bearing silver particles less than about 0.1 L

give inferior catalytic results whereas silver particles larger than about 5.0 n

do not appear as uniformly-spaced, discontinuous particles but appear to



-12 give a continuous |ayer of inter-grown crystals which results in a
catalyst having inferior activity due to |l oss of silver surface area. The
chemi cal o'gia@fiot he nodifier conponent of the finished capphgsis7is not
known. However, the heat and/or hydrogen %reatnent given 5 to the

| npregnat ed support in the reduction of " 1%é silver salts to netallic silver
nost |ikely converts the nodifier conpounds or salts to an oxide, oxidic

or halide co ] | i n resent on, the

cat al yst support 3 woriiBoBe Rl Rl RO T En SRR BPEN BFRT a3Rtabtn e
total weight ldvindinferddradagtivity dok tbhessolifvieesufhesBRia.r at her than the 10
nodi fi er conpound._The am)un}qo podi fier elenment present on the catal yst

f
surface may vary SuUbSPemiGehfenn gkthernpdier cemperanpridhedinisties parti cul ar

support materd I d/, r I h pount
of silver on taﬁbélyégsg? g%gﬁ (.)WHGér'ﬁet?vgt%\fb?’, ﬁﬁﬁe@%er?or@(\%c};fcn ﬁ%%ﬂrlegﬂ'ﬂ%r}\t&e%ﬁ on
the active cdpdhgiémpregneted suppert irathgerediictidio of thEOsilver S8ROtpmtSliper
mllion (ppm_.by weight) based.o the total weight of the active catalyst.
The concen_tra%"i‘%ﬁ"ﬁsgﬁ_ﬁ%)’PPBYeniﬂlﬁ g}ogmtey CPE“H%J”%ﬁé)rrséﬁééoé‘f‘ At 20 to
3000 ppm wi e € e chiifbouhAN FhePamBBRLSY PBdlRr %G%oﬂﬁﬁ‘ﬁ«éé‘éﬁ difs! s)
being especially preferred. The nodifier elenment prefera 'S ceslum

rubi di um or tthaicatalyst suppedlis gxpessetdeseines thenmeight percent, dlaisedain o of the

finished or [ I S IS in.t ran of about 50:1 to 4000: 1,
preferably i ﬁﬁ{; ﬁ%tg} @%@tﬁ hb%‘é?f?”fé(??%? go (ﬁ'ﬁf”eégéﬁt%éthaﬁrtéﬁer ably in
the rant® of rmbdifier d®Ppduh® 2000: 1. Silver and the nodifier nornally are

the only active cqpnstituents which are added to the support materials in
catal ytical ly eff eldia 3@odRbohmedifiep slamerteresent on thencatalystisurdiaced oy

substanti al chatall - 0Q m by.wei ght of an_ al kal i
rrgt al (ulsual Iy pgﬁlg%tgﬁﬁw(?%&oi&#@%f%&% HP&H?WME@JQL&”W?fﬂ%e to
(1) the use emplopedandfortes satface ardfiHaresr armphe AhbUnOsCEF BE tRd kal |
nmetals or (2) metal during support nanufacture.

iﬁr]eadi_tionof al kali m , , -
These anount SRSl Kagneratly.dhe gneawitiofimodifier elapisnit on\Nae Gictivel 2atalyst is
PCT/ USO® 3371%the range of about 10 to 5000 parts per million (ppm, by weight) based on
the total weight of the active catalyst. The concentration of modifier
preferably is in the range of about 20 to 3000 ppm with amounts in the
range of about 50 to 1600 ppm (same basis) being especially preferred.
The modifier element preferably is cesium, rubidium or thallium. Normally,
20 the silver:modifier weight ratio of the finished or active catalysts is in the
range of about 50:1 to 4000:1, preferably in the range of about 100:1 to
2500:1, and most preferably in the range of about 100:1 to 2000:1.
Silver and the modifier normally are the only active constituents
which are added to the support materials in catalytically effective amounts.
25 However, it is not unusual for substantial amounts, often up to about
10,000 ppm by weight of an alkali metal (usually potassium) to be present
within the porous support due to (1) the use of support materials containing
naturally occurring alkali metals or (2) the addition of alkali metal during

support manufacture. These amounts of alkali metal present in the support



-13 in non-leachable form rather than on the surface, do not appear to
contribute to the performance of the catal ysts. The catal yst precursor

conpri si lyst support material having the silver pagyRByHsfiser
cogoundgﬁggéggltaed t hereon as described 5 herei nabove is converted to an

active catalyst by intimately contactingl®he precursor, after the optional
calcination step, with a gas conprising (i) hédrogen, or (i) antl nertfgas
containing at | east about 4 volune percent hydrogen at a tenperature o
about 17ogt o iBomO-IfRehable fora. 'iﬁ”l‘@féﬁan Obrtpe suifare, deaatapprear tel enent al

silver and tWﬁofﬁh@&ﬂeic}t’%é{ﬁk%”ﬁ?ﬁwﬁgﬁ‘é&tg@ﬁ@?' ieved to be converted to an
y e.

oxi de and/ or r OXI e particu con ‘ons enployed in the high
t enper at ur e hydr ogEhe catystpnecursor camprising statalysbslppot materidi@abingr ogen

trati t ratpyre as well, a contact tines are_ interdependent.
Zlotn greza{ ?vla?&hg\?ﬂtgﬁregﬁ‘g ”E%d'jfﬁaf?rfsqm%%r sieriperees asrdesayRRfc sil ver

conmpounds SUCKE@mabodvaNs BEnvertePid bt E&Wc&b%gb%aﬁﬁhﬁaﬁgﬁrﬁﬁct fRkY St

precursor may be converted to the active st _ _ gco'_osltion in
air at tenperRieguesorogfternibatoplisoalaalcidaiad stepe withteegasmbonhpcisimga®i ti on

[ be . h d t df
period of 1 MYRoFR AT BITEHRT Boubling BFIoES: Bholtd Salime eeicpel 'sal ¢ 10
netal lic silvgidrogén hba t@h@éiﬂuf@@é@dﬂtﬁ?%b@bmém%etﬁa% kilvdrhe process

i ncl ude norbornene, norbornadi ene and ol efins having the general fornula
CH2=C-R2 (1) gompaumn is\rdpepthtrelemeniglsivge and theithafiiuramietRbcorspaundar y!

Pert! ar 1P oot yr ohe et 10 e SEAUEE (e Bk by bk,  TRepAEEM
conditions employed in the high temperature hydrogen treatment can vary
substantially since the hydrogen concentration and temperature as well as
contact times are interdependent. Alternatively, when the catalyst
precursor comprises an organic silver compound, such as an amine-

15 solubilized silver oxalate, the catalyst precursor may be converted to the
active state by thermal decomposition in air at temperatures of about 150 to
300°C. Such thermal decomposition requires that the catalyst precursor be
heated at a temperature and for a period of time sufficient to completely

reduce the organic silver salt to metallic silver.

20 The olefin reactants which may be used in the process include
norbornene, norbornadiene and olefins having the general formula
CH,=C—R? (1
25 R

wherein R is hydrogen or alkyl and R? is an aryl group, a tertiary alkyl
group such as tertiary butyl, tertiary amyl, or tertiary octyl, or the group
having the formula
—C=CH,,
30

R1



WO 01/ 44219 PCT/ US00/ 33715 -14 with the proviso that Rl contains no

hydrogen atons in a position allylic to the ethylenic unsaturation, i.e.,
the >C==Cg P dpo0r 9roups. The al kyl groups represented ?&TR}%OW@G
unsubsti t ut ec}

or substituted al kyl havi ng up to about 12 carbon atons.
Such al kyl groups preferably are 5 unsub 4rtuted al kyl of up to about 4
carbon atons. \Wen the reactant is an ol efi n having the formul a

CH2=C- C=CH2 ( t u stltu may_be t or different.

The aryl gr ou\g% HEQ ’r-oééseon{%&ﬁtl))?%ﬁ%'%{)o %ﬁ%&"ﬁ%‘f‘eﬁdpiﬁ IR ALYG 6t ed

car bocyclic athglethtnlanlcngws@tmr@tléﬂ ical then>E£50%, grul or gkdlipsdsThd Hikgd and

substituted phenyl and napht h& radj cal s. Exanpl es of the substituents
a

whi ch may be pré@érﬁ?pr@ﬁe'i‘?dt% may geynﬁgbstﬁ@ﬂeady sabiiituted alkyl bavinpout 4

carbon atons, C en such as chioro
and brono, hy od;éwtflt?fr?y?&b%ﬂ aé@r?ﬁ% % %19 QRQ@O%QQF eé%g%&? gc?uced fromthe
ol efins of f amnuban(uted atkyboap tthabeut 4vcaibonhstofiROXNVEBH It rddREESIS an

descri bed her tr1|av.e tBe eneral formula 20 0 CH2--CGR2 (Il) | 25 R
wherein R1 an‘geﬁl& gvinadeeifermtlapove. The process provided by our invention

i s especially useful fon,he selqehlve nopgepoxi dation of butadiene to
3, 4- epoxy- 1- butene. Qur hovel rocess maylaze carried out at a tenperat ure
in the range 30 of about 1yY5 fo 230C with the range of 185 to 225C bei ng
particu @rl y preferred. Thgipiessure within the epoxidati on zone may range
fromabout 0.5 to 20 bar absol'ute (bara), preferably about 1 to 10 bara.
/ USQ0/ 33715
It is appar e%e\eg 0K, %fluzeln?s mcaﬂ)_/ be R\e same or different. The aryl groups
represented by R? may be unsubstituted or substituted carbocyclic aryl
having 6 to 10 carbon atoms, e.g., unsubstituted and substituted phenyl and
naphthyl radicals. Examples of the substituents which may be present on
15 the aryl groups include alkyl of up to about 4 carbon atoms, alkoxy of up to
about 4 carbon atoms, halogen such as chloro and bromo, hydroxy, vinyl,
and the like.
The epoxides produced from the olefins of formula (I) in accordance

with the epoxidation process described herein have the general formula

20 0
I\
CHy~C—R? 10

25 R’

wherein R' and R? are defined above. The process provided by our
invention is especially useful for the selective monoepoxidation of butadiene
to 3,4-epoxy-1-butene.
Our novel process may be carried out at a temperature in the range
30 of about 175 to 230°C with the range of 185 to 225°C being particularly
preferred. The pressure within the epoxidation zone may range from about
0.5 to 20 bar absolute (bara), preferably about 1 to 10 bara. It is apparent



-15 that the particular combination of tenperature and pressure is selected
so as to maintain all of the conponents of the feed to the epoxidation

zone in V{,(ggl/ ggous state. As mentioned above, one of the@dyaphsass
provi ded y ?‘ﬂe present invention is that the epoxidation process may be

operated on 5 a commercial scale at prestres higher than those which have
been utilized previously. The inert diluent which may be used in the

present process may be selected fromhelium nitrogen, and paraffin
hydr ocar bons tRatctheaartieylar gembingtion o ternpelradivgi anchplesaute iseeiedted sg up to

pentane and ARt eFRRRRR e FHERRL R PR R R osent

i nventi on mayhe lgasechis ewts. Py rhestbritgl lsovd)onerthsl ativamtages provides
conprising about 3 to 30 nole percent of said olefin reactant, about 3 to

30 ol e per céittheprgesnt inventiasosthatdhe epowidatice Rieeessnmaybeopsiptedion .
Lni Y . ;. affin
nydr ocarbon oy airErasl Sodie o8 pessERRiangE i OB VRiich hilfe BRYRTNIAZL 551 1

2000 ppnv of paawiooslg. and/ or an amine, preferably about 20 to 500 ppnv

ammonia. Normally, the feed gas .also wll contain a total of about 1 to 10
mol e percent of gtﬂ‘@r'”@&rﬁﬁ'&ﬁghwg'ﬁ‘sﬂéﬁ bgusgekipthe PERISEW PAPESESIBAY BEgon and

recycl ed epoxifigied adHs helidR, ﬁiﬂoégpr,aa@%lgaﬂa‘?ﬁm{/@ro%;tﬁﬁ%tsﬁh 5&”‘&&@%;

di l uent conponent of the feed ga e made’ up of one or nore
i nert gases subharchesiichaiaslkearngscontamingauretaaltoutid carpen.atdims, f eed gas to

' f bl ] ' 1 bout 5 to 25 nole
ot cont Tt ¢ R ol RANY. GaEad BrobSs. HSHIE. 1BoPUaBE, Relienpancum Ry gen. (3)

about 40 to 80 nDITHEPLIRRIAgEY afd Bénéﬁ’t‘s?}frf)@iﬂeif‘lgglrtﬁéi‘)rré’éléht(iﬁ\/@ go'ﬂirﬂgyl to 6

carbon atons, (4) 20 to 500 ppnv anmonia and am ne, and ( a total of
about 0 to 1beraghieyast by fredifg tothesepaddatiomezane 3 ghecoetprisingrabated to car bon

o ot e 2 990 30 BN SFbar BN RoB Y BIE TREH hifcphu Bl "7
presence of hatidbaut YPrb@W mylecPérRendsf a baraffin hydrocarbon containing 1 to 6
15 carbon atoms, wherein the oxygen:paraffin hydrocarbon mole ratio is in the
range of about 0.03:1 to 0.75:1, and 2 to 2000 ppmv of ammonia and/or an
amine, preferably about 20 to 500 ppmv ammonia. Normally, the feed gas
also will contain a total of about 1 to 10 mole percent of other components
such as water, carbon dioxide, argon and recycled epoxide product. Up to
20 about 10 mole percent of the inert diluent component of the feed gas may
be made up of one or more other inert gases such as such as argon,
methane and nitrogen. The feed gas to our novel continuous process
preferably comprises (1) about 5 to 25 mole percent of the olefin reactant,
(2) about 5 to 25 mole percent oxygen, (3) about 40 to 80 mole percent of a
25 paraffin hydrocarbon containing 1 to 6 carbon atoms, (4) 20 to 500 ppmv
ammonia and/or amine, and (5) a total of about 0 to 10 mole percent of
other components selected from water, carbon dioxide, argon and recycled
epoxide product.
The selectivity of our novel epoxidation process may be increased by

30 performing the process in the presence of halide, typically chloride, ion.



WO 01/ 44219 PCT/USOQ' 33715 -16 Halide ion may be provided to the process
by using a halide (chloride) salt of the nodifier enployed in the

reparati e catalysts. Aternatively, sonme or all etrhfigossid de ion
Praypbe prg}\e)ldc}];e“c‘iél?o the process by includi %g one or nore organic halides in

t he gaseous feed, e.g., in a concentratrdR -of 5 about 1 to 40 ppm Exanpl es
of such organic haI I des i nclude conpounds having the fornmula R3X wherein

o about & cof BURE e BV REbr S A BYRR Gles MO R i R ReR 31 0, "0

brono, and whef tie'mBdifiepeiripidyiechin the gBéparafien kY e agalato NMEinahvél,
sufficiently acidic f’ to render R3X capable 10 of underg0| ng
dehydr ohal ogeﬁ%’f“?d?f% e thglid %abmadrbebamﬁqdot@sthe PEReSHS! i

inchidipghi c
hal i d | n%}ggﬂ i
rrgt Iheranangh:Jgﬁl g} met gﬁene gg?nﬁilte é%éc?ru%?%gén %ﬁd in %9,}0% oﬁéﬁ%ﬁﬁ t he
| i ke; C25conpaboats su46 pam. eEkginpids afrsude, orgahmlhanbégmcﬂi@de doebban@et hane,

dib t hane, vin hl ori di chl orget hyl ene, 15 trichl oroethyl ene, and
the Iike: C3 E%%aﬁ%ﬂi ﬂ‘a%“'eﬂh%fﬁrrb i 8P AEOCarRyligrewm B afaiegenated

di chl OVODVODGHﬁro@éFﬂ;@@Rﬂl’ﬁ)cE@rﬁﬁml gptté‘gbbhll@ga%n &gﬂﬁgén’ﬁyi %%Ch as

chl or obut ane onpbut ane, di chl orobut ane rono- ["or obut ene,

br onobut ene, H&lbﬁﬁﬁﬂb@m Er@era@llsbcldmdmlt proeno,samdi whaesith Rlée;pntingeme@s?ds
or pentenes,

rono- i - 7€ hogrdey etohyhae SReRERMAEHISS85R laerndptos apkS

cycl openoyl c%mnd&gom@aﬂamw&)@&mt% urﬂﬂ‘-ﬁ‘tﬁﬁ?eédt{?e co%ntib%po“”ds such

as nono-, di tri-, tetra-, penta-, and hexachl orohexanes or hexenes,
mono-, di-, tEXemp{aéY pgganltpbﬁﬁtées inghtieh®x abmpouhes anefs asrméﬂaylea:iﬂende:,ycl 0-

I | oy obe br o e and the 25
Ih?)lgl C?:|70(r:l)(rjr§oun s gél}ﬁ eqﬁi"gf‘% E‘P léfr’? egﬁglﬁﬂ?(ﬂrﬂ@ Béﬁ MaIbr i de,
benzyl brom deromuafomm, arﬁhl the likg; C, do?ﬁ;ﬁ@mdspﬁmhaas efl‘@(é‘hloné@deth?m achl or o-
hept anes or tri-, tetra-, penta-, hexa-, and hepta-

t
br onohept anegb SF"G'E%;‘?'Gli‘n'QEOthﬂ'l‘%r%@&%ﬂ@ﬁééﬂ@n\ény'wmftdﬁy(dll@‘ﬂ@peﬂ'l}éeneand t he
like; CGfs compeRRPostHiRn8Saf® i likdl'Cy cdhbound Ll as BRMGoprdband; » hepta-

dibromopropane, dichloropropene, dibromopropene, and the like: C,
compounds such as chlorobutane, bromobutane, dichiorobutane, dibromo-
butane, chlorobutene, bromobutene, dichlorobutene, dibromobutene. and
the like; Cs compounds such as mono-, di-, tri-, tetra-, and pentachloropen-
20 tanes or pentenes, mono-, di-, tri-, tetra-, and pentabromopentanes or pen-
tenes, cyclopentylchioride, cyclopentylbromide, and the like: Cg compounds
such as mono-, di-, tri-, tetra-, penta-, and hexachlorohexanes or hexenes,
mono-, di-, tri-, tetra-, penta-, and hexabromohexanes or hexenes, cyclo-
hexylchloride, cyclohexylbromide, chiorobenzene, bromobenzene, and the
25 like; C; compounds such as chlorotoluene, bromotoluene, benzyl chioride,
benzyl bromide, mono-, di-, tri-, tetra-, penta-, hexa-, and heptachloro-
heptanes or heptenes, mono-, di-, tri-, tetra-, penta-, hexa-, and hepta-
bromoheptanes or heptenes, chlorocycloheptane, bromocycloheptane, and
the like; Cg compounds such as mono-, di-, tri-, tetra-, penta-, hexa-, hepta-

30 and octachlorooctanes or octenes, mono-, di-, tri-, tetra-, penta-, hexa-,



30 and oct achl orooct anes or octenes, nono-, di-, tri-, tetra-, penta-,
hexa-, WD 01/44219 PCT/ US00/ 33715 -17 hepta-, and octabronooct anes or
octenes, and the like; as well as m xtures of any two or nore thereof. The
organi ¢ hAAU&4H8n be added to the oxidation reaction zonePFNVUYA ety of
ways. For exanple, it can be mxed with_4he olefin to be oxidized 5 and/or
t he oxygen-containing gas prior to contacting wth the catal yst, or the
organi ¢ halide can be introduced to the reaction zone separately fromthe

feed ol ef i n ansfitar, dndeocraly@eroanamed of O¢te08s, anththedikec asivelt aPmiafireshe
organic halide in the feed to the epoxidation zone preferably is about 2 to
20 parts per ®iany ¥ 9ymest ieseebpmy) . Di chl or oet hane and chi or obut ane 10

are the pref erred phgapidnidRbidetan EBSRAIDIAD olusfoRliLAARR:GRA N O

basic material in the feed to reactor also ards 1 n decreasing the |oss
of EpB to but\aredy of ways. fFloeexampe;dtrcarsiee niived ofithtthe ofefictestse oXidizedddi ti on
of a basg to the rgcover section of an B process js . described in U S.
Pat ent 5° 756,3°" rmﬁ@%ﬁrﬁ%ﬁ%mm 93RRMeR P GomtaGting it Hiee%at?li’ét’r?étt%ds of
addi ng base t@ghhR HARR®IYbe FRITJURBd tb thd AtctioAddhb! PO itRe @nd/ or
amne to the rgactor feed provides exceFTtent Igo%?a%téé%aﬁ*es’he aéﬁ%li C
conmponent s i feed®@lefis@nd/or thsr oxigen-cantaining gasl Thesoneentcatiordofathef or mat i on

I | I, and . ei elim : d dd
ol kal | ot al SHSHE B e Bt e SRbablnuP) DoBtha DS apReL She novel

process of I parspst millyenyv@lurhs (bpvnbeDithibHsdthahean8Xhidi8blit@hkowi ng.
exanpl es. Unl ess stated otherw se, the epoxidation catalyst 25 enployed in

the exatpl es ¥BiRe PEefgrrgdraiganic-halidasna support in the form of particles
havi ng di aneters r ' : . ving. deppsited, thereopn 12
wei ght percent si I1\6/}%?58;%86&%?6%6%?55%%8&@@&? ibag'cﬂ{)gk%éﬁaﬁ;mfhe(fﬁﬁﬁ@ si um
These cat al ystactoeatsomuidpat décrrasmgdhedosPoKBEBNO HREAFRIGIE @S tHYY
i mpregnating the support material wth solutions of a silver

recovery section of the process. The addition of a base to the recovery

section of an EpB process is described in U.S. Patent 5,756,779. Our

15 invention thus further illustrates the methods of adding base to the recovery

section. In fact, addition of ammonia and/or amine to the reactor feed

provides excellent contact with the acidic components in the gaseous

product stream, and thus reduces diol formation to a very low level and

either reduces or eliminates the need to add an alkali metal base material to

20 the recovery section.

Examples
The novel process of the present invention is further illustrated by the

following examples. Unless stated otherwise, the epoxidation catalyst

25 employed in the examples comprised a fused -alumina support in the form
of particles having diameters ranging from 0.7 to 1 cm having deposited
thereon 12 weight percent silver and 1250 parts per million by weight
(ppmw) cesium. These catalysts were prepared according to known
procedures by impregnating the support material with solutions of a silver

30 amine salt and cesium nitrate followed by a thermal



30 amine salt and cesiumnitrate followed by a thermal WO 01/44219

PCT/ US00/ 33715 -18 deconposition/reduction treatnment in the presence of an
oxygen- CopidMgp® Jas to convert the silver salt to silvepchRisghs3frat al yst
performance was neasured after steady state operation had been reached for
each conbi nati on of process conditions. -G&t-al ytic 5 activity is expressed
as nol e percent of EpB (nole% EpB) in the reactor effluent where nole %
EpB is defined as Ml es EpB in product effluent X 100 Total noles of all
gas conponent §efempesidigpiredygtiondrgatmeni inithespresense of an oxyaen-sentadning
selectivity t L ' - Myl es butadi ene converted to
epoxybuteng Xaigggéxﬁ)z#rgg%b%@aeglgéhggg%n enf'%% to all products Catalytic

activity al so can Oatalygrmsfrthanse vedCriehasomvaitai Doady statd apesdtion 15 in
the feed streﬁm (tmo al | products: Ml es butadiene converted to products X
100. Mol es blRddfesRLCRERS RRAROVIDIRRUQPPEPTOCEsS Conitipas Fataytgml e 1
and Exangl es 1 I J I re, St i:nl ess

st eel , {rgbul a%cﬁvel cté(;%rxﬁj?%sfs ﬁé‘aﬁ]ork\%é %@ﬁg{s@*%é@%%iér@)gﬁ t@%?’%%}e'{ di anet er
of 9.5 mm (0. 8ffienhutes) matel YakpBrisiddénediasnet er of 7.75 nm (0. 305 inches).

The reactor was jacketed w,th [ ass ol | 25.4 mm (1 inch) in dianeter
to naintain an app%a*r—mt—&—?@% Aol %@é@—@%ﬁ@%&—t—e&aat ufe prdPPle. An
adj ust abl e t her mowghia| Wasles BES bR% d. The catal yst
al isle f gﬁﬁ' cb?ﬁgﬁ%ntiiﬁepr%ghq?ﬂnéﬁﬂieﬁe

(12.24 g) was |l oaded into the réacto eate owng air in situ at
250C for 2 hours. The tenperature was then |owered to 180C and the

t al " | orided" i flow of 10 2- chl t i
ot andofer Rt SEfEclity e brlerd Sicaiity i eABauR iR IaRadRY o near | y
lng} Bg) (r)r?g?)gig pr oMdies butadidneecoiVebedth ebdxibseas) Wk 01444219

Moles butadiene converted to all products

Catalytic activity also can be expressed as percent conversion of butadiene
15 In the feed stream to all products:

Moles butadiene converted to products X 100.

Moles butadiene fed

COMPARATIVE EXAMPLE 1

20 Comparative Example 1 and Examples 1-3 were carried out in a

reactor comprising a stainless steel, tubular reactor 45.7 cm (18 inches)
long having an outside diameter of 9.5 mm (0.375 inches) and an inside
diameter of 7.75 mm (0.305 inches). The reactor was jacketed with a brass
collar 25.4 mm (1 inch) in diameter to maintain an approximate, isothermal
25 catalyst temperature profile. An adjustable thermowell was inserted inside
the catalyst bed. The catalyst (12.24 g) was loaded into the reactor and
heated in flowing air in situ at 250°C for 2 hours. The temperature was then
lowered to 180°C and the catalyst was “prechlorided” in a gas flow of 10
ppm 2-chiorobutane in n-butane for a period of 30 minutes. The thermowell

30 confirmed a nearly isothermal bed profile over the 30.5 ¢cm (12 inches)



-19 length of the catal yst bed. The epoxidati on of butadi ene then was
commenced by feeding to the reactor/catal yst a gaseous feed stream
conposed wh o cf(val ar) butadiene and 18% (nol ar) oxygen W pBriRgys3pal ance
bei ng pr opane uent containing 2-3 ppnmv 2-chl orobutane at 5 approxi mately
1 bara (15 pounds per square inch absol-U@e - psia) total pressure. The
reaction tenperature was increased from 180 to 200C over a 20-hour period
of time. Catal yst performance was nonitored every two hours throughout the

entire run biengh Pﬁihq ‘P%tab’%b@‘énﬂ-lhierﬁyqxtﬁ?é'oﬂwﬁtbu 3dipee than wagas f?ngl ekl n;o
ackar
a_Porapl ot Qg | R d?rfg‘{%w%%ﬂ%r/%g aé) s Teaq sHedhe

5890 Series oxi rocess was operated at the
descri bed condmploead df@r% Bﬁompbmadm ar‘itEmB‘%e(malaercadygdnf\mth the addi ti onal
190 hours at pe f con |t|ons of, t erature %{%pand t ot al

pressur e (baPQaé’l’?ﬁ ”%Pr L@I” ¢8niguu Hp'w mpehiRfehHape @ésure 21 -

40 200 4. 14 @Eprd}(lmateﬁmwaﬁ@ﬂ)oﬂjﬂés p@llsqua'lré(?n%ﬂ)ébéolgf’e 6 swé‘%%r af10 210

7.24 105 20 The flow rate of feed gas was uste conbi nati on
of oper at| ngrﬁf@’hlmtTbﬁgeadlcmaianmmrattmewstnacrteased frams i186rto00°Crover n t he

d h | ocit
(e of 295-het P Bhe LA RE R st ol e eVaR o Srzz'lgy
f i um and t he

oot Al yat 200 o R T M AP A Qo dding I 1oB8 LT nal

141- 210 hour ieded &rassamnle ipta alRaraplobtt gas clyowamogram% ¢olohe) EpB at a

0 ut adi f
36, 5% e o sial 4 Aelil. PaQkL BRI Bikd Bof b BFORPEArTE foul ant
vvas car ef ul byoxidatioregraveds tweoperiagdte st thehfeseAbad YohdibHS 161020 ABtirs( P! US

mal | mounts of inert preheat material, which were not able to be
very 30s and fhen was operated forgn additional 190 hours at the following

conditions of temperature (°C) and total pressure (bara and psia):

Hours of
15 Operation Temperature Pressure
21-40 200 414 60
41-70 205 7.24 105
71-140 205 414 60
141 -210 210 7.24 105
20 The flow rate of the feed gas was adjusted for each combination of

operating conditions to maintain a contact, or residence, time in the reactor
of 1.6 — 1.7 seconds corresponding to a gas hourly space velocity (GHSV)
of 2250 hr'. Following the completion of the evaluation after 210 hours of
operation, the feed gas was replaced with flowing helium and the catalyst
25 and reactor were cooled to room temperature. For the final 141-210 hours
of operation, catalytic activity was 2.14% (mole) EpB at a selectivity of
84.3% to EpB, corresponding to a butadiene conversion of 28.3%.
The catalyst, which was substantially coated with organic foulant was
carefully removed and then weighed. The catalyst plus foulant (plus very
30 small amounts of inert preheat material, which were not able to be

separated from the spent catalyst) was placed in a second tubular



separated fromthe spent catalyst) was placed in a second tubular WO

01/ 44219 PCT/ US00/ 33715 -20 calcination tubg, hﬁat ed ||n f![ovm ng allr Stt
500C for a period of 2 hours and then cooled. The catal yst was cool e o]
room t enp@CGHE%nd then weighed. The catalyst, which wePGHéd*¥3 7328 ¢
before cal cination, weighed 12.610 g af2@r calcination. Thus, the catalyst
had gained 0.718 g of 5 foulant during reaction, or the weight gain
corresponded to 5.69%of the initial wei i s apparent that catal yst

ht . t
foul i ng of tHCiRAkRR tuhee hgatad indlowing ainatSROPE feaa deyied afi2f kaurmangt

i I VAR I\ t eady;state reaction
condi ¢ ong 1 4eR S8R T bAByst R, e Btk I ruRb el B L AP mpl oyed i n
Conpar ati ve Bxeighkd. Thercatalyst, swhigtaweigt@dd m.328|gﬂ)éfoh@1@él§ilnatia'ﬁ,np I's reactor

t in C Press i.s reactor pressure in bara. Conversion and
Lol bet vity areohaneia RS atRr pekmuton Ths Hhe CotaIRiiEi GHNER RGN 18 608 Mol o

% i i f ; EpB 200

4. 14 0,98 133 pgPuRBhracon. PR GERRR gRIrDOiEb el o 3pIBMfec s 2o

210 7.24 2. 14niigl wegiht31t I3 ANRieht Ihat(d Hatmit yai';fﬁumgggma}agggagf ﬁlla).@lm aﬂdf o 20
added to the

ﬁ)(;ﬁ(ragt 01E hgtS 3@&5@&’0&%&%%@’{‘%’?% . &ﬁr&dasd%é’ﬂﬁé%t'qmcreased to 4.14

bara.. The 50 ppmeatafichcioty BPLEhAYeste! Babits Eafdliond 7 BelAlor i

remai nder of the butadiene epoxidation using the sanme t same reaction
prot ocol det fomkinatien chigastian icosditivnaeinepltyedin €hmpacatolelBExampief 1 Ghe

i . f the 't | ar reactor. The catal yst
Shoned T a0t ERbRe B THER T e B Sh SRR AR G B, @¥ed ot ho

cal ci nati on Press is reactor pressure in bara. Conversion and selectivity are expressed

in percent.
JABLE |
15 Reaction Conditions Mole % EpB  Conversion Selectivity
Temp  Press Produced of Butadiene to EpB
200 4.14 0.98 13.1 83.0
205 7.24 1.79 23.8 83.7
205 4.14 2.30 29.9 85.5
20 210 7.24 214 28.2 84.3
EXAMPLE 1

Comparative Example 1 was repeated except that 50 ppmv
ammonia was added to the gaseous feed stream after 20 hours of
25 operation (when the reactor pressure was increased to 4.14 bara. The 50
ppm ammonia was maintained in the feed stream for the remainder of the
butadiene epoxidation using the same the same reaction protocol detailed
in Comparative Example 1. At the conclusion of the experiment, the
catalyst was removed from the tubular reactor. The catalyst showed no
30 visible signs of organic foulant and, when subjected to the calcination

procedure described in Comparative Example 1, the percentage of organic



procedure described in Conparative Exanple 1, the percentage of organic WO
01/ 44219 PCTIUSOQO 33715 -21 foulant present on the catal yst was determ ned
to be 0.4Qffsa3e catalyst renoved fromthe reactor. Cat @kglcﬁfsmpg{{-,iprnance
at each reaction condition of tenperature and pressure is sumarized in
Table |1 below. 5 TABLE 11 Reaction Cond2ttons Ml e % EpB Conversion

Sel ect|V|ty Tenp Press Produced of Butadiene to EpB 200 4.14 1.52 19.9
85.0 205 7 28. 3 10,205 4.14 2.48 32.8 83.9 210 7.24 2.68
35.7 83.3 EfiﬁNJéﬂ pé‘”@@ﬁﬁﬁi@ g coahstyvas tfffweﬁ@drteﬁé‘a@ 88%qthstcatalyst 100 ppm
15 ammoni a il f tQ ssure
wes Tnoreased e oL B R T PR e g PR e on
of the 210 hjdempefatofseand poassurdes sunalayizedwad ablentbbetbw.r om t he react or
and the anount of organic foul ant was determ ned as described in
Conparative Exanple 1. The percentage of organic foul ant was determ ned to
be 0.17% 20 of the catalyst removed frmitfhg reactor. Catalyst performance
at selected reaction conditions of tenperature and pressure is sumari zed

in Tabl e |11 ReagtienConditions Relote Y¥nEpBndi €ooversionl e % BeBclditwer si on
Selectivity TéempPr eﬁﬂoducemg adlgm_ﬁ_aB 2000 EpB4 1.34 17.2
86.7 205 4.14 %?)(?54 33\.,6; §5. 0 210 % ) .3 83.5 30 MPLE 3
Conparative Exanple 1 l r epeat ed xcept thaﬁ 250 ppm a ia was added
to the gaseous 2@®dstreapywhen theqyeactor prggsure 84.3
10 205 4.14 2.48 32.8 83.9
210 7.24 2.68 35.7 83.3
EXAMPLE 2

Comparative Example 1 was repeated except that 100 ppm
15 ammonia was added to the gaseous feed stream when the reactor pressure
was increased to 4.14 bara after 20 hours of operation. At the conclusion of
the 210 hours of operation, the catalyst was removed from the reactor and
the amount of organic foulant was determined as described in Comparative
Example 1. The percentage of organic foulant was determined to be 0.17%
20 of the catalyst removed from the reactor. Catalyst performance at selected

reaction conditions of temperature and pressure is summarized in Table IlI.

TABLE 1l
25 Reaction Conditions  Mole % EpB  Conversion Selectivity
Temp Press Produced of Butadiene to EpB
200 414 1.34 17.2 86.7
205 4.14 2.54 33.2 85.0
210 7.24 2.50 33.3 83.5

30 EXAMPLE 3
Comparative Example 1 was repeated except that 250 ppm

ammonia was added to the gaseous feedstream when the reactor pressure



WO 01/ 44219 PCTI USOQ 33715 -22 was increased to 4.14 bara after 20 hours
of operation. At the conclusion of 210 hours of operation, the catalyst
was rermvg,q)d‘lm the reactor and the amount of organic foplgRisediesdis
determned in the as described in Conparative Exanple 1. The percentage of
organic foulant was 5 determined to be 0280% of the catal yst renoved from
the reactor. Catalyst perfornmance at sel ected reaction conditions of

' ' in Table Y. TABLE |V 10 Reaction
Condit 1 ons. VoRESIRERRCCE It 314 tTaatiet oD iy O eBiefaiopcALtHS egnrlision e

But adi ene to Ew@ho@@oﬂoﬁéaﬁoﬂ,ﬁhé%a?al?&-v?as ovedftorh the rdgetdr @3ddhe The
results achieved in Conparative Exanple 1 and Exanples 1 - 3 15 show t hat

ppm | evel s of a@eHbhPhOraani feplant wassdetreminedinthe as dessibedisvy ef fecti vel y

| owers the ex . oy in organic residye. Levels as |low as
50 ppm and asbﬁm&aqéts'&égggg%ﬁﬁ i‘r (lf h&é%éﬁ%’ﬁﬁﬂ%ﬁ@%'?Ilo‘g?'?te‘%?? ve at
preventi fg buiétdrminef todsey8150% bOtHeaé‘étaE@t FSMROVERPROAY thefrehttor! TRitayst
catalytic activity and selectivity for EpB formation are not adversely

affected 20 bREHPEARE At ieded spastioncanditignseizemperalure and pressane isThe

data in Table e ; hph that catalytic activities are _
substanti al | y%ﬁ?r%gggdﬁg{fﬁﬁ]y addition of these levels of amonia to the
reactor feedstream EXAMPLE 4 25 ConpdiBlLiEV@/Exanple 1 was repeated except

that 15 ppm ammonia was added to the gaseous feed stream when the reactor

pressureowas Reaeticeetdiiond. 1Moara BiE er cafvérewis of Se%fgm?n and the

D

process was o ed pfesd00C anslodiydéd bar gs BRkffiedd €SSut a total of
167 hours. Catalytic activity atroth__uese comdrtIons as 1. le % EpB in

the reactor 30 @PPluent4dd a sel et25vity of 8968% EpE, cor8|§s7po|ndi ng Ito

[ [ [ [ [ t at levels as | ow as
13. 0% but adi ene2160nver§_|2gn. Thi Sz,ﬁ%sm t indi cﬁ.ss t ha 839
15 ppnv, the

The results achieved in Comparative Example 1 and Examples 1 — 3
15 show that ppm levels of ammonia, a simple, gas phase chemical base, very
effectively lowers the extent of catalyst fouling by organic residue. Levels
as low as 50 ppm and as high as 250 ppm are essentially equally effective
at preventing build-up of organic foulant in the reactor. Furthermore,
catalytic activity and selectivity for EpB formation are not adversely affected
20 by the addition of ppm levels of NH3 in the feedstream. The data in Tables |
— IV establish that catalytic activities are substantially increased by the

addition of these levels of ammonia to the reactor feedstream.

EXAMPLE 4
25 Comparative Example 1 was repeated except that 15 ppm ammonia
was added to the gaseous feed stream when the reactor pressure was
increased to 4.14 bara after 20 hours of operation and the process was
operated at 200°C and 4.14 bara total pressure for a total of 167 hours.
Catalytic activity at these conditions was 1.05 mole % EpB in the reactor
30 effluent at a selectivity of 89.8% EpB, corresponding to 13.0% butadiene

conversion. This result indicates that at levels as low as 15 ppmv, the



WO 01/ 44219 PCT/ Us500/33715 -23 presence of anmonia in the feed stream
results in higher activity than when ammonia is not present in the feed.

The preseQefoAd® ppnv ammonia in  the reactor feed gives parifpbsgigease in
catalytic activity as conpared to catal 1)’_(st activity when amonia is not
fed to the reactor. 5 EXAMPLE 5 Corrparat'%e Exanpl e 1 was repeated except
that the reactor pressure was naintained at approximately 1 bara (anbi ent

ressure) for_a total of 217 .hqurs of .operation.. After 217 hqgurs of

bperat| oh, 10RESEG: B At e fed stierhaes d e idtr i hdinstehered
stream when tAanic?ag (sOfiot frESEMUR hiVRsed. "TRE pR&brice of 15 p Al anfhBRktiki S
point forward, the process was operated using the sanme conbi nations of

time, tenper aherreaslod fegst giyes ee/ AdnareaseiineatalyticGativity asicommxetive 1,

nour & at 205 ANs13 ity e atinote Jonaliehd8Iie RadSor ™4 bara The

steady sgate catalytic activity at 210C and 7.24 bara pressure was 2. 77%
nole % EpB at a sel ectivity of 82.8% corresponding to 37.1 % conversion
of but adi ene. EXAMPLEBUNt of organic foul ant was deternined according to

the procedure des@&rln?%gativ% @Qémgfeﬁ)i/v\ég rgﬁ%ldg%x]c%aﬁgﬁ%t ?Ig(% gege{ktté'lge of

organi ¢ foul ant 20 wa et erm ne cat noved from

COMpOUNTS a7 & ey et Fect] ve. ot Lo o o oxt ant of or et ¢ foul Ant
LAttt N st g

conparison with the anarﬁg{gétc)ﬁg ata in %ﬁ%gg?us?ﬁo&%?e%e ce@éz]lti}?irgae{[c ivity

CONPARATIVE XAVELE 7. BULad o6 cpoxt et Lon 15  conduct ea 1o Lot~ cai e
cont i nuous e"ﬁ%iPaﬁ‘ﬁ%%??Uaﬁb‘géﬁaﬁﬁg?% o f'@fﬂ'OHatOZF'mée%?@tw&w ed to the

epoxi dat i on pressure as described in Comparative Example 1, i.e., 20 hours at 200°C
and 4.14 bara, 30 hours at 205°C and 7.24 bara, 70 hours at 205°C and
15 4.14 bara, and 70 hours at 205°C and 7.24 bara. The steady state
catalytic activity at 210°C and 7.24 bara pressure was 2.77% mole % EpB
at a selectivity of 82.8%, corresponding to 37.1% conversion of butadiene.
The amount of organic foulant was determined according to the procedure
described in Comparative Example 1. The percentage of organic foulant
20 was determined to be 0.70% of the catalyst removed from the reactor.

The results obtained in Example 4 show that substituted amine
compounds are very effective at lowering the extent of organic foulant
produced during operation at high pressures and temperatures and do not
adversely affect performance of the promoted, silver catalyst. In fact,

25 comparison with the analogous data in Table | shows the catalytic activity is
approximately 29% higher in the presence of 100 ppmv monomethylamine.
COMPARATIVE EXAMPLE 2

Butadiene epoxidation was conducted in a pilot-scale, continuous

epoxidation apparatus in which materials were recycled to the epoxidation

30 reactor analogous to the production system depicted in the process flow



30 reactor anal ogous to the production systemdepicted in the process flow
WO 01/ 44219 PCT/US00/ 33715 -24 diagramof U S. Patent 5,312,931. The

epoxi dat i loyst enployed was simlar to that in the ppexjsghssris
exanpl es, R}P(g@%ﬁgn al um na-supported silver catalyst containing 12 wei ght

per cent S|Iver and 700 parts per mllion28y weight cesium The reactor was
a 6.4 neter steel tube with an inside 5 dianeter of 4.1 clm ThE reactﬁr

t enper at ur e s contr d.b eneratln steamin a stee acket with a

di gprret er of 1 'a&‘@mﬁ(’fgé §c%ﬁ%ﬂ?§e3&20?3160 hei@%b'@?%’éca@hl%m?%ﬁ WiRe, 18%
oxygen, 1.5 Z%HYPér%,thﬁ'lﬁ(ilg(égf'ew&w%rﬂblreéoﬂgnéﬂ‘%}l@ﬂq%s fﬂ%ﬂ@’

2-chl or obut ane was f ed reactor at a rate o st an

li t ers/ m nut ecgBlygt containngi iAmeigbtperment elivmraandbﬁ(ﬁ) pards pBI’ mllaormbgl bet ween
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down-fl oy rearingster P41 &8, %@b@fbr@&ﬂbé?&ltﬁré"ﬁés%@ﬁﬁﬂﬁé@g @%h@ﬂatin@ l'ine
gas chromatographic analysis of a small slip stream (typi ca

cc/ mi nut e) of Steent Hea stesl Backed witha diameter oht®agh Algesrcz@@mrmed cFié:‘dl:t i on

oroduet . Thus? Caapufer SR PURkSRE Tk calad oL Bkl £ T6F o Epe

produced per hrgcﬂf/nlﬁbgeﬁﬁh@thnﬁé andl 3189 paneR-dhittobotdingavad fdd® Bxperi nent .
The process was %%Perat ed for 114 days and produced 205 kil ogranms of EpB

per liter of WRAQ I FEte W?ﬁ@a@?ré 'WW'DE’F@ G6-Mr operation, the average

EpB prodygction pounds
EBB Berqcubl c foowgwgﬁﬁg% rH%mEBEétB%Yv%%W énla l@]éé@ég%ﬁse& ?@%58@? hi s
experi nent, thenm:@thﬁ mcilomkpemlbdm&acmemprdssfdreWSIZ%eirar(ﬂﬂfi)sfd’)@ﬂﬁ@e
tubul ar reactor organi c ul ant, was anal yzed by ash

anal ysi s. Ashlop glrga%& aaaﬂe% 83%61&%'%3tttﬁ6 Wtﬁftth@ﬂoﬂ\tﬁhﬂ@\ﬁg
occurring on Fé&%t&at@ﬁ Yipk: reﬁéﬂ%rﬁ@ﬁél%ﬁé%vasd@&rﬁdc@ E@l% ih hiﬁe cent age of

the initial sanple remaining after erature aI cin |on in a high
t enper at ur e nelroatographieanalysis yof nssmall slip stream (typically 100 cc/minute) of

15 the 175 SLM overall flow through the reactor. Reaction analysis also was
determined by separation and purification of EpB product. Thus, catalyst
performance could be determined as kg of EpB produced per liter of
catalyst volume over the course of the experiment. The process was
operated for 114 days and produced 205 kilograms of EpB per liter of

20 catalyst. During an 8 week period of operation, the average EpB production
rate was 0.096 kg EpB per liter of catalyst-hour (6 pounds EpB per cubic
foot of catalyst-hour).

Following the completion of this experiment, the catalyst, which was
very difficult to remove from the tubular reactor due to buildup of organic

25 foulant, was analyzed by ash analysis. Ash analysis was done to
determine the amount of fouling occurring on the catalyst. Ash analysis
data indicate the percentage of the initial sample remaining after high
temperature calcination in a high temperature muffle furnace. Analysis
revealed 93.1% sample retention following the ashing treatment, while ash

30 analysis of a fresh sample of unused catalyst gave 99.9% residue. Thus,



reveal ed 93.1% sanple retention follow ng the ashing treatnment, while ash
30 analysis of a fresh sanple of unused catal yst gave 99.9%residue. Thus,
WO 01/ 44219 PCT/ US00/ 33715 -25 approximately 6.8% by wei ght of the 5sarrpl e
was | ost WPHEal cination. This weight |oss represents FR&TEHHRTS of
buil dup of organic foulant on the surfagpg.of the catalyst during the
course of the 114 day experinent. 5 EXAMPLE 6 Conparative Exanple 2 was
repeated except that 10-15 ppnv of anmonia was added to the gaseous

f eedst r eam andpphxireatedy 61886 bywesightohthersaeaplé wasalopediuty obicila8odays to

kg, EpB | it f tal yst voJunme. Far an 8-week period of
Operat i on. - EpEnruaaE 1455 TarBerts Rrcrigunt o HORURG EBEErON AR Bie
cat al yst - hour s(§a&e BPtHRSatERE @@ﬁngﬁﬁe&ur Fg%trs\rl;% 13@@%&%@%%& Thi's

represents an increase of over 8% n N evel's as |ow as
10 - 15 ppnmv of the total flow to the reactor. At the conclusion of the

103- day gxperﬁ%z\%m ét%e catal yst was easily renoved fromthe reactor. Ash

anal ysi s of t tal yst gave 98.2% 15 weight retention, indicating

that organic foul aUﬁonVWéiaﬁV@EQéﬁ?ﬂ’éQ'Waslreb%@éd éia@emﬁa'wiﬁg‘%nﬂhéf This is
ou

a substantially | ower anount of lant than that formed in nparative
Exanmpl e 2 eveAMMeigwapadirdbinihedaseousifeedstifam aaddhg sxpedsiemtiatashi gher

269 vs. 205 noni a added to. .t he feed
gtream 20 Thgg?tesuidtf\sg?%ﬂ)%%rqp%@a?@%’ a‘?}'ﬁ’p@c‘i\ygﬁd‘gg% eL e ®lnonst rat e
yet again thatatafyst veluehes Bbr amBoNEsk perisdioneperatione EgBprBhaskor! red
conposi Ll'bon greatly | OWS t he extent of organic foulant formation, thus

greatly'Pncr e2¥erRged K104 kg &l pet liter pEcatmivst-hauk (GaeporIBES fF Pkt P%F@umftgeng
e se o S e 1850, Ty e SR AL JAANT
Conpar ati ve Bwaspidded atneveix aspow agC’EOS id SLI_piFlpiem?(t))g gi?tg&%]iemetlr%g&grgggl Eg
gf bggg ggg?ﬁgg ;[ ﬁAgﬁ}%péqec Jﬁé%gﬁ%fgsgweamwge catalyst was easily
removed from the reactor. Ash analysis of the used catalyst gave 98.2%
15 weight retention, indicating that organic foulant was approximately 1.7% of
the catalyst weight. This is a substantially lower amount of foulant than that
formed in Comparative Example 2 even though EpB produced per liter of
catalyst was much higher (269 vs. 205 kg EpB) when 10 — 15 ppm
ammonia was added to the feed stream.
20 The results in Comparative Example 2 and Example 6 demonstrate
yet again that ppm levels of ammonia or amine in the gas phase feed
composition greatly lowers the extent of organic foulant formation, thus
greatly increasing useful catalyst life while not adversely affecting EpB
formation. Furthermore, ease of catalyst removal is greatly facilitated when
25 ammonia and/or amines are added to the feed stream composition.
Comparative Example 2 and Example 6 also illustrate the benefit of
adding a base compound to the recovery process. The loss to diol was 11
g per kg of EpB obtained in Comparative Example 2 when agueous
potassium bicarbonate was added to the recovery process. The loss to diol

30 was reduced to 1.4 g per kg of EpB produced in Example 6 when ammonia



pot assi um bi carbonate was added to the recovery process. The loss to diol
30 was reduced to 1.4 g per kg of EpB produceﬂ IP E)(;arrpl ?h6 \/\/nent am"m?l_rﬁ WO

/44219 PCT/ US00/ 33715 -26 was present in the feed to e reactor. e
giarrpl es 0P W44 %patent 5, 756, 778 show that the loss to dF6TYS8%3HHUt 50 g
per kg EpB when no basic material is adged to the recovery section of the
process.) Thus, the addition of ammnia in the gaseous feed to the recovery
process provides 5 intimate mxing with the acidic conponents and greatly
reduces hydr omgsieserft igpiie feediot theadactos.. (THVEXEADIeEEofEXSVIPaterd

i I 7-10 ! i ed in a 10 reactor
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heated in fl oof BpgBabbutanedidly. at 250C for 2 hours. The tenperature was then

| owered to 225C and the catal yst was "prechlorided" in a gas flow of 10
ppm 2-chl orobutane in n-butane for a period of 4 hours. The thernowel |

confirmed a n IN r rofile over the 30.5 cm (12 inches) 20
| engt h of theegi{a'v”gS yS pe ) ngxi dation of butadi ene then was
comenced by feedi Gomparatie Ezaciply 8 eatidlyahples 7ase ise apibFbheAm
corrposquof 9% ( nol eg but adi ene. and 18% ( nol e) oxggen with the bal ance

bei ng n-But anEaHIRHPPIEIRG i HAIRLESs-steq)piubrlariear dﬁa7n§ma(t18dpmeﬁ)irgl)ately
15 1 : ; taal CC_. per

25 m nute. Thonpaiaiy aR BRI Bieffetefof 88 mi (s Michel afdan fstFor

period of appdieriatet ef 4.830mimo0r £ imches) aTheremtsswhs jackefemiy shrake was

e R oB e BTRT  Beheea ook b mapr e ot e
catalyst temperature profile. An adjustable thermowell was inserted inside

15 the catalyst bed. The catalyst (5.75 g) was loaded into the reactor and
heated in flowing air in situ at 250°C for 2 hours. The temperature was then
lowered to 225°C and the catalyst was “prechlorided” in a gas flow of 10
ppm 2-chlorobutane in n-butane for a period of 4 hours. The thermowell
confirmed a nearly isothermal bed profile over the 30.5 cm (12 inches)

20 length of the catalyst bed. The epoxidation of butadiene then was -
commenced by feeding to the reactor/catalyst a gaseous feed stream
composed of 9% (mole) butadiene and 18% (mole) oxygen with the balance
being n-butane diluent containing 2-3 ppm 2-chlorobutane at approximately
1 bara (15 psia) total pressure and a total flow rate of 310 cc (STP) per

25 minute. The temperature of the catalyst bed was maintained as for a
period of approximately 50 hours of total process time. Steady state was
reached after approximately 20-25 hours of operation. Catalyst
performance was monitored by means of an in-line gas chromatographic

analysis using a gas sampling loop connected to a Hewlett-Packard 5890



anal ysis using a gas sanpling | oop connected to a Hew ett-Packard 5890 WD
01/ 44219 PCT/USOQ 33715 -27 Series Gas Chromat ograph. Catalytic activity
at steady state was 2.14 nole percent EpB at a selectivity of 92. 2%
EXAMPLES YO8 The procedure described in Conparative E§§WSEO/§7%S
repeated except that after approxi matelp720 hours of operation either
ammoni a, nononet hyl am ne (MVA), dinethylam ne (DMA), or diethylam ne (DEA)
was added to the gaseous feed streamw th the oxygen, butadiene, and n-

but ane concenbedes &as ChramatogrpphonSatalytic dedivity at steladystatekyasfitdes was 10

added at a copncentrati f 300 . tQ gaseous feed streamafter 20
hour s of on-IWeBSE(iﬁgffE‘B atmﬁgg%%%f%go at increnental
concentrations of 100, 300, and 500 ppnv. The epoxi dati on process
utilizing the var%i ng concentrations of amonia or an al kyl am ne was
operated for /s ensure that a new steady state catal ytic
activityg15 had be | far . iLLrageno base..,After each steady
state cgt alytic agﬁle\?lltr{)(géd%ggdggérﬁt?@écgpma@ﬁn&?g Ve X%{PP%D%W&H&PSQ@Q t he

i nclusi on of excepithat afterapyddmately i20 Hdigs @Rspetfiohasithes LiMABHMAS _
di sconti nued and another steady-state catalytic activity (with no amonia

or al kyl ani nemopPEthylaming (MMD cdimethylamine (RMAY, pedigthdaminmixAhat el y
20- 40 hours Ak ' I r : .t hen

cst abl i shed g adaBRd theBamtols ReRe R INBIATEEH viBodhsadp sy a e
operati ons arkutshewonicentfatidre tehtainingesaristaroEachesfriesd alkgyrmgiaat wald on of
anmoni a Q" al gaseous feed to the epoxidation process and

Gy GO T PN TR R R O,
N otocen o SRS B OSBRI S0, R0,
91. 3 concentrations of 100, 300, and 500 ppmv. The epoxidation process

utilizing the varying concentrations of ammonia or an alkylamine was
operated for 20-40 hours to ensure that a new steady state catalytic activity
15 had been attained for each nitrogenous base. After each steady state
catalytic activity had been established, in all but one case the inclusion of
ammonia or alkylamine in the gaseous feed stream was discontinued and
another steady-state catalytic activity (with no ammonia or alkylamine
present in the feed stream), which required approximately 20-40 hours of
20 operation of the epoxidation process, was then established and measured.
The catalytic activities of the steady state operations are shown in Table Ili
wherein Conc means the concentration of ammonia or alkyl amine in the
gaseous feed to the epoxidation process and MMA, DMA and DEA have
the meanings set forth above.
25 TABLE V
Ex. NHi/Amine Additive Mole % EpB  Butadiene Selectivity
No. Compound Conc Produced Conversion to EpB
7 None 0 2.18 26.3 92.1
30 7 NH; 100 2.67 32.5 91.3
7 NH; 300 2.79 34.3 90.5




7 NH3 300 2.79 34.3 90.5 WO 01/44219 PCT/ US00/ 33715 -28 7 NH3 500 2.72
33.590.2 7t None 0 2.62 32.0 91.1 8 None 0 2.22 26.9 91.6 8t MVA 300
2.83 34.6 . 90.9 5 8 None 0 2.89 22.9 91.8 9 DWVA 300 3.15 38.9 89.9 19t None
0 3.17 39WR W44 10 None 0 1.99 24.0 92.0 10 DEA 200 2. 4BCBHSEVHIIS 10 ¢
- Operation after ammonia or al kyl am ne_lpgd been fed. The results reported
in Table V show that the addition of ammnia and various amnes with
different levels of substitution and substituents at ppm |evels from 100
to 500 ppnv cohcent Niid on réfl ts in BiMdstanti al33.6crease§015 in cat alytic
activity; e.g.,+incpeases in |l e %Eggzrange_ be en 23- gg%; dependi ng on
t he concentrat?on 0 Oﬁ%rrposit on of t anmoni a/ ne added to the

feedstream AngtherNggaefit of includppg ammoni @y an abky amne in the
feed to the epo\xi dation process is that catalytic activity follow ng
di sconti nuance8of tMMAnmoni3l kyl an288 feed r&hbns 20 8P oxi mately the

sane as en the a | a/ am was ad to the edstream_ The long term
ef f ect o%hammgi al e{rﬁl(rg@éfam nertgddi ti ong'g;g’ treat § sugge {8 that the

catal yst strucure RN or c@guositionghds been a3dgnged dggigng the period
of addition. 25 EXAMPLE 11 The procedure described in Comr:ga_r ative Exanple 3
was used to dth er MeRE t he | dhg term @fifecti vend&5of ammBBi2a to enhance

the activity ofh a orted il ver c | yst us_eé% o] catab e the selective
o8 of B adi end’ i 240 ¢

nonoepoxi dat i on adi ene to EpB. e activ of the tal yst before
the inclusion16f 30DEAO0 ppm20&moni a 245t he gasegug feed gimeamto the

epoxi dai;lbon react o1r_ -\e?pseration after ammonia or alkylamine had been fed.

The results reported in Table V show that the addition of ammonia and
various amines with different ievels of substitution and substituents at ppm
levels from 100 to 500 ppmv concentration results in substantial increases

15 in catalytic activity; e.g., increases in mole % EpB range between 23-66%,
depending on the concentration or composition of the ammonia/amine
added to the feedstream. Another benefit of including ammonia or an
alkylamine in the feed to the epoxidation process is that catalytic activity
following discontinuance of the ammonia/alkylamine feed remains

20 approximately the same as when the ammonia/amine was added to the
feedstream. The long term effect of ammonia/alkylamine addition or
treatment suggests that the catalyst structure and/or composition has been
changed during the period of addition.

25 EXAMPLE 11

The procedure described in Comparative Example 3 was used to

determine the long term effectiveness of ammonia to enhance the activity of
a supported silver catalyst used to catalyze the selective monoepoxidation
of butadiene to EpB. The activity of the catalyst before the inclusion of 300

30 ppmv ammonia in the gaseous feed stream to the epoxidation reactor was



WO 01/ 44219 PCT/ USOCQO 33715 -29 2.0 nole percent EpB at a selectivity of
91.9% corresponding to 24.2% butadi ene conversion. Operation of the
epoxi dat i gy PLRAsHSS Wi th 300 ppmv  ammoni a in the gaseous fpegd;spbseaen for
34.5 hours inproved catalyst performance to 2.3 nole percent EpB at a
selectivity of 91.9% Operation 5 of thed%ocess was continued in the
absence of ammonia for 150 hours and catalyst activity was neasured
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periods of ti R%@@E%P%%a? %P:{ 'g'ﬁge ReIeRM ﬁ%%%e%?\“v%ﬁ?%;}?{“ gé‘?‘?r\#'ﬂ} Wi th
no adver se af betiesptessmertdontinvied Thitte aBEBRVY ¥ AfithondToRaS0fHENGS R as
true catal yst pronoters since, if desired, the ammonia or 25 am ne can be
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Conparative Exanple 4 and Exanple 12 were carried out in a reactor
conprising a stainless steel, tubular {A?gféor 45.7 cm (18 inches)

Vi
10 Hours of Operation
After Discontinuance Mole % EpB Selectivity
of Ammonia Feed Produced to EpB

0 2.30 91.9
10 2.30 91.0
15 20 2.30 91.0
40 2.26 91.2
60 2.28 91.0
100 2.23 91.3
125 2.21 91.2
20 150 2.24 911

The results reported in Table VI demonstrate that exposure to ammonia or
an amine for sufficient periods of time results in long term increases in
catalyst activity with no adverse affects on selectivity. Thus, ammonia and
amines function as true catalyst promoters since, if desired, the ammonia or
25 amine can be added only once or intermittently for short periods of time.
However, if desired, ammonia and/or an amine can be added concurrently

to the feedstream to give enhanced catalyst performance.

COMPARATIVE EXAMPLE 4

30 Comparative Example 4 and Example 12 were carried out in a

reactor comprising a stainless steel, tubular reactor 45.7 cm (18 inches)



WO 01/44219 PCT/US00/33715 -30 long having an outside dianeter of 9.5 nm
(0.375 inches) and an inside dianmeter of 7.75 mm (0.305 inches). The

reactor wge fiaaded by neans of a recirculating hot oil japgkpiysgysysnd the
tubul ar reactor. A catalyst sanple weighing 12.0 grans of the sane
conposition as used in previous 5 exanpl&9 was | oaded into the reactor and
heated in flowing air in situ at 250C for 2 hours. The terrperaturef;ms f
then I owered to 180C and the catal yst was "prechlorided” in a gas oW O
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nol ar concentrations) and 1 ppnv 2-chlorobutane 15 at a total flow rate of
3. 01 st andar d2bPtefer Hbpurs. nthetengperpiurRevas then lpwesslitoe13@PE amd tieai ned at

I mat el . . a) »i.nl et essur an .2 bara (17 psia)
outl et pressuratehRtdial BRée B R 0o biSu Rt e e sriroBgkin R he
react or inl et buamedfoy atperiidlf SITITHMFRIMES A tRBAMDRER thehteauataome Lty i re
run by an in-line gas sarré)lln rl@g&{) that 20 injected %Ogas sanple from a

slip stream lon theeCatalyst b déf’gﬁ L am@dyésogh@mlbﬁd lﬁiso‘t&frtt gﬁrog%[]aphi c
[ [ t - r .
2\19 ![ gpnlzﬁggsshﬁfﬂggg%%% hoef t@%’? %fa%t%%ﬁlasﬁ%p@%‘? a%ﬁé%@%sqx)g conver si on

of the butadi erankesf amecircutatirgchotwiljscket arboRd tie Ribuldtrebletoammnei a/ ami ne
was added to the reactor feedstream 25 over this period of %ratlon.

EXAVPLE 12 ThEP@Xigake PebHiagianenwas cAmmenrachy Redmaiemine reagkos/cataysit ed
IO el BB SRR AT S RIS RS 0,
argon, 63% n-butane (all molar concentrations) and 1 ppmv 2-chlorobutane
15 at a total flow rate of 3.01 standard liters per minute (SLP). Reactor
pressure was maintained at approximately 1.5 bara (22 psia) inlet pressure
and 1.2 bara (17 psia) outlet pressure. Reaction temperature was
maintained at 195°C at the reactor inlet. Catalyst performance was
monitored throughout the entire run by an in—line gas sampling loop that
20 injected a gas sample from a slip stream of the reactor effluent into a
Poraplot Q gas chromatographic column installed in an Hewlett-Packard
5890 Series Gas Chromatograph. After 14 days of operation, the catalyst
was operating at 17.5% conversion of the butadiene fed and a selectivity to
EpB of 93.5%. No ammonia/amine was added to the reactor feedstream

25 over this period of operation.

EXAMPLE 12

The procedure described in Comparative Example 4 was repeated

except that 28 ppmv ammonia was included in the gaseous feed stream

30 after the catalyst reached steady state activity. The performance of the



WO 01/ 44219 PCTI USOO 33715 -31 catalyst over 14 days of operation is shown
in Table VII wherein Tine is the total days of operation, Tenperature is
the tenperature (C) at the reactor inlet and Conversion is the nole
percent cBRMBA438n of butadiene. For the first 5 days, no RARGHPUIAS
included in the gaseous feed to the 5 rgactor; for the next 7 days, 28
ppmv ammoni a was included in the reactor feed; and no ammoni a or anm ne was
fed during days 13 and 14 of operation. TABLE VII 10 Tine Tenp Conversion
Sel ectivity datal§st a&roldHdays ofigperatior? s sh@xn i TaBleMIbwhardinI3me is e 191
18.0 93.5 15 The results qobtained in Co rati ve Example 4 and Exanple 12
denonstrat e ttﬁ}f{r dla¥§&¥§p8faq'gﬁngﬁmeé£mf%€§) 'Z‘? o rg ,{Lfﬁ@t S\é%\fﬁacﬁtg'?eed

st r eam enhanciet ahal Odrversieh iy tHeYmoldpéiteht E85RrBn B RitddIaRe 14% rel ati ve
to when anmmonia is not present in the feed stream The data in Table VII
further illudterdhe firsid days noremnewsia wasdocluded yn ther gasaaustfoed ltotfte peri ods

of time 20 af [ al v fromthe feed. Mre specifically, after
anmoni a gr eno'r\?gﬁo?{?@e)mreggé)?ofr Sggﬁr%‘i’m’@%aﬂ@ yas f'&l&é@%ﬁ'”ﬁbedﬁa?@lgl C
and still nefentcamd a8tamhyidhiaPsT ArAMEERNES fERHUNGY 88)s 49 dnlaaf4 Bef ore ammoni a
addition. These results confirmagain the role of ammoni a/ am nes as

catal yst prdRs¥ab@n. addenda that can be added once or during a short
period of time 25 to effect |ong terﬁﬂ@ﬁg%? in catal yst perfornmance. The

i nventi on has been described in detali articular reference to
preferred enbodi nents thereof, but it will be understood that variations

and nodj fications may effected within the spirit and scope of the 30
i nventi Bh. WD 01/ 44219 US 15  Conversion Selectivily
5 195 18.0 93.5
12 195 20.6 94.3
13 195 23.1 93.0
14 191 18.0 93.5
15 The results obtained in Comparative Example 4 and Example 12

demonstrate that levels of ammonia as low as 28 ppmv in the reactor feed
stream enhance catalytic activity, in this case by more than 14% relative to
when ammonia is not present in the feed stream. The data in Table VIi
further illustrate that the increase in activity persists for long periods of time
20 after ammonia is removed from the feed. More specifically, after ammonia
removal, the reactor temperature could be lowered by 4°C to 191°C and still
maintain catalyst performance equivalent to that before ammonia addition.
These results confirm again the role of ammonia/amines as catalyst
promoters; addenda that can be added once or during a short period of time

25 to effect long term changes in catalyst performance.

The invention has been described in detail with particular reference
to preferred embodiments thereof, but it will be understood that variations
and modifications may be effected within the spirit and scope of the

30 invention.



-32 CLAIM5 W claim 1. Process for the preparation of the nonoepoxi de of
an olefin reactant selected from norbornene, norbornadi ene and ol efi ns

having thg@anas@ 5 formula CH2=C-R2 (I) | 10 Rl wherei npR¥nisgossgd ogen
or alkyl and R2 is an aryl radical or the group -C=CH2, | 15 Rl provided
that the olefins of fornula (1) contain-rfi&e than 2 carbon atons and do
not contain any allylic hydrogen atons, which conprises contacting a
reaction gas conprising said olefin reactant, oxygen, an inert diluent, and
at least 5 parts per mllion by vol une of at |east one nitrogen 20
cont ai ni ng basig fappound with a supported silver epoxidation catalyst at a
tenperature of about 175 to 230C, and recovering a gas containing said
nmonoepoxi de ofl.t he bee%mfméia@pe&naraﬁon 6f theansnoepmiids Dgan@léﬂranelamtbnl\herel n

the nitrogen n 25 ¢ dis a ia or a -
tri-al kyl am n%gﬁerf@ %E{O&' %%r Pi”?fd‘e aﬁenﬁ ﬁﬁ haying tgggenegal Pr ocess
according to @mahgml wherein the ni t rogen-contai ning basic conpound is
anmoni a or a nono- or di-al kylamne having a boiling point of 30 Iess than
about 150C containing up to about 12 carbon atons and the epoxi dation

catal yst conprises a cé}ﬂ‘hl-‘-?@t—gupport (bt erial having deposited on its
surface about 1 to 30 wei ghg percent silver and about 10 to 5000 WD

01/ 44219 PCT/ US00/ 33715 -33 parts per mllion by weight (ppmv) of an
epoxi dattipon catal yst nodi fi e’
wherein R is hydrogen or alkyl and R? is an aryl radical or the group
—C=CH2,

15 R’

provided that the olefins of formula (I) contain more than 2 carbon atoms
and do not contain any allylic hydrogen atoms, which comprises contacting
a reaction gas comprising said olefin reactant, oxygen, an inert diluent, and
at least 5 parts per million by volume (ppmv) of at least one nitrogen-

20 containing basic compound with a supported silver epoxidation catalyst at a
temperature of about 175 to 230°C; and recovering a gas containing said

monoepoxide of the olefin reactant.

2. Process according to Claim 1 wherein the nitrogen-containing basic
25 compound is ammonia or a mono-, di-, or tri-alkylamine having a boiling

points of less than about 150°C.

3. Process according to Claim 1 wherein the nitrogen-containing basic
compound is ammonia or a mono- or di-alkylamine having a boiling point of

30 less than about 150°C containing up to about 12 carbon atoms and the
epoxidation catalyst comprises a catalyst support material having deposited
on its surface about 1 to 30 weight percent silver and about 10 to 5000



selected fromal kali earth netals, alkaline earth netals and thallium 4.
Process according to Claim3 wherein the reaction gas contains 5 about 20
to 500 ppmv. of the nitrogen-containing basic conmpound, the olefin reactant
is 1, 3- bu21&%nd the nonoepoxide is 3, 4- epoxy- 1- but ene PCEUSREFIR i nuous
process for the preparation of the nonoep®xi de of an olefin reactant

sel ected from nor bornene, norbornadi ene and ol efins having 10 the general
formula CH2=C-R2 (1) 15 Rl wherein Rl is hydrogen or alkyl and R2 is an
aryl radical parts per gilbop by-wEghippmw)2df drilepomodatiedcathbist rmoeiferef | ns  of

formula (1) contai re than car hon at ons nd do not, coptain any
allylic hydr o@‘zgﬁg@gcfﬁp q}\%ﬁnbﬁ“rﬁbﬁ‘&@%@ﬁ?'ﬁ? §?@b§‘eq%l§:a%t%@qwnkonti nuousl y
feeding a gas conprising about 3 to 30 nole percent of said olefin

reactant, about 3 to 30 nole percent oxygen, about 40 to 90 nole percent
of an inert dl uenbProcess @porcgla@to €z 3 wheeein the réantiopygasvedniaies ( ppmv)  of

at | east-one i - i ni ic co und to.an epoxidatio one
cont ai nifr’lg a %%%%f@f@f’%&ﬁ&%ﬁﬁ@%@%@%‘”@&%‘T%}%Poﬁﬁwﬁai {ku‘tea‘?qﬂéb at a
tenperature okaghaits 1 5bt@dRIRGNEME mbRdesGNdE RUYUSEYoXyETBYitdHE T rom t he
epoxi dati on zone a gas conprising about 0.5 to 5.0 nol e percent of said

nonoepoxi de of the olefin WO 01/44219 PCT/US00/ 33715 -34 reactant, about 2

28 | j i 28 |
oxygen and a0 eaTOuEPEIcESs afibEtaalith ot o FirCRolRIE S BB s 6.
Process accoralefig réact@hbsetedtedtivnmeinoridiaent t igrgeraeiriabnd BEMRSaving

conpound. i s a nia or. a no-, di-, or tri-alkylamne having a boilin
P ’PO the general formula Y g g

CH,==C—R? ()

15 R

wherein R' is hydrogen or alkyl and R? is an aryl radical or the group
—C=CH2,

20 R’

provided that the olefins of formula (I) contain more than 2 carbon atoms
and do not contain any allylic hydrogen atoms, which comprises the steps
of:
25 (1) continuously feeding a gas comprising about 3 to 30 mole percent of
said olefin reactant, about 3 to 30 mole percent oxygen, about 40 to
90 mole percent of an inert diluent, and at least 5 parts per million by
volume (ppmv) of at least one nitrogen-containing basic compound
to an epoxidation zone containing a supported, silver epoxidation
30 catalyst and maintained at a temperature of about 175 to 230°C; and
(2)  continuously removing from the epoxidation zone a gas comprising

about 0.5 to 5.0 mole percent of said monoepoxide of the olefin



points of |ess than about 150C. 7. Process according to Claim5 wherein the
ni trogen-contai ning basic 10 conpound is amonia or a nono- or

di -al kyl am ne having a boiling point of |ess than about 150C contai ni ng up
to about VP U44HS8n atons and the epoxidation catalyst conpFTdBYB7yt alyst
support material having deposited on itggsurface about 1 to 30 wei ght
percent silver and about 10 to 5000 parts per mllion by weight (ppmy) of
an epoxi dation catal yst nodifier 15 selected fromalkali earth netals,

al kal i ne earth met aéactant] abbat 2ito 28 rBoleRercestofaaib okkifingeactadt, abouf 2wher ei n
t he reaction gas contains about 20 to 50 of e nitrogen-contai ning
basi ¢ conpound, thgoégé'f‘?'ﬁ P%f@%%&%iﬁ'tgeﬂ@f@?%@@ﬁ‘t@dp melRiPe nﬁﬁﬁ%@ﬁoxi de

i s 3,4-epoxy-1-but epeaffidylrodaremt i nuous process for the preparation of

3, 4-epoxy-1 -butene which conprises the steps of: (1) continuously feeding
a gas conprising about 3 to 30 nole percent of 1, 3-butadiene, about 3 to
30 nol e percent oxygen, about 40 t0.90 _25 nole per.cent of a.paraffin

hydr ocar %on cOnt ai hil RGP ?%Coéd'ggrtBE‘Haﬁ? éﬁ%sh%g}@%rp'ﬁﬂ%e%?%wﬁg%%ﬁ n

hydr ocar bon mebmpoindds amrhonialst a rdnde, dif, cralkyfarfifielhdvind a Boilihg about 20
to 500 parts per mllion by volune (ppnv) of at | east one

ni t r ogen- cont 8PHIts §f Iessitear ahpBlih@0°Chavi ng a boiling point of |ess than
about 150C to an epoxidation 30 zone containing a supported, silver

epoxi dation catalyst and nmain WO 01/44219 PCTI USQOQ 33715 -35 tained at a
tenperature of7. aboProdéss aaro?ding tarGlaimn Braiserairethef nitre§ontcontdining ®abrr

absol ute; and (2) continuously renoving fromthe epoxidation zone a %as
conprisilfy afBGPoYNg is gMmeniaira menee Rt dbalkyaminenbayegox baingointetol ef i n

5 reactant, ahé%‘étthgnta‘Boa?ﬁ@d(?S?ﬁffgﬁlﬁ%uggofra%:oglt gb%fa'rtgtgr{ %@J‘Fﬁsa hd Rout 2 to

28 mol e percent oxygen and abo erce sal paraffin
hydr ocar bon. epoxidation catalyst comprises a catalyst support material having deposited

on its surface about 1 to 30 weight percent silver and about 10 to 5000
parts per million by weight (ppmw) of an epoxidation catalyst modifier

15 selected from alkali earth metals, alkaline earth metals and thatlium.

8. Process according to Claim 7 wherein the reaction gas contains
about 20 to 500 ppmv of the nitrogen-containing basic compound, the olefin
reactant is 1,3-butadiene and the monoepoxide is 3,4-epoxy-1-butene.

20
9. A continuous process for the preparation of 3,4-epoxy-1-butene
which comprises the steps of:
(1) continuously feeding a gas comprising about 3 to 30 mole percent of
1,3-butadiene, about 3 to 30 mole percent oxygen, about 40 to 90
25 mole percent of a paraffin hydrocarbon containing 1 to 6 carbon

atoms wherein the oxygen:paraffin hydrocarbon mole ratio is in the

range of about 0.03:1 to 0.75:1, about 20 to 500 parts per million by
volume (ppmv) of at least one nitrogen-containing basic compound

having a boiling point of less than about 150°C to an epoxidation

30 zone containing a supported, silver epoxidation catalyst and main-



10. Process according to Caim9 wherein the nitrogen-containing basic 10
conpound is ammonia or a nono-, di-, or tri-alkylamne containing up to

about 12 Gayfpwk@tons and the epoxidation catal yst conprisegrase@iayst
support material having deposited on its_surface about 2 to 25 wei ght

percent silver and about 20 to 3000 part% per mllion by weight (ppmw) of
an epoxidation catal yst nodifi er sel ect ed fromalkali earth netals,

al kaline 15 earth 1 ﬁé b s process for the
preparation of 3,45 ﬁﬁeé%’/tai?edﬁ{’ ure ugg tt(?ggé(t(’l H @rlﬁsgnfeo(%) 2o
continuously feedisgpa 1g@s1o:ggpéb§¢m@ ahgut 3 to 30 rml e percent o

1, 3-but adi ene, about 3 to 30 nole percent oxygen, about 40 to 90 nole

percent but ar@) whe%ltwushélydﬁyyymgoiu@mrtaerﬂﬂowdeélpnczqng a gas kempriainge of

of armonia to an S g8 IR me BonaPAf i Bfondhai et e idu ™ (PP

epoxi dat$ on cat al yretactampabsitZotoR & aiohs vétceﬁtlbp@éltl cASfinpdatar! abening
deposited on its suré ace about 2 to 25 vvel ercent silver and about 20
to 3000 parts per 3?‘8#?89"%@# @mgqrb@mvja QP" (hto BB snelamererntedsaldy st

nodi fier sel ected érﬁmncﬁfd gl rubidiumand nmaintained at a tenperature
of about 175 to 2 (g) contl nuously renoving fromthe epoxidation
zone a gas conpri5|ng 30 about 0.5 to 5.0 ggle per cent OL S?IS Pnnggpox:de
of the olefin WO Q1/44219 PCT/ USQ0 S . - reactant, abou 0 nol e
percent of sald ol 'PCASE B5EP" Oaégﬂf‘]gZWh?E?'Q@%l @gﬁér%ﬁ@'”&@ﬂﬁﬁ'ﬁ and

about 4pto %nﬁ@dﬁcp@,ré}ﬁﬁfonl?élbﬂﬁ‘?nonolzdl-Pérot?le?ﬁﬁyl ﬁﬁr?égbﬁ'tglrtﬁ%ﬂ) m 11

wherein the concentration of 5 ammonia In gas Is to 500
ppnv. 13. A clheut idsasben aterss ahdrthe Ieeopldapana:ataiystcdonmr&eermtxaytalysbutene

whi ch conpri s ( I nupus f eedi npr|5|ng
about 3 to 303‘?%8%5 'Béﬁeig’iFngg d}‘%mf?%é ROt §o§"5¥?& 63}%8% 9 ﬁ‘g le e percent
oxygen, aboutpetferitailer and about 20 to 3000 parts per million by weight (ppmw) of
an epoxidation catalyst modifier selected from alkali earth metals, alkaline
15 earth metals and thallium.

11. A continuous process for the preparation of 3,4-epoxy-1-butene
which comprises the steps of:
(1 continuously feeding a gas comprising about 3 to 30 mole percent of
20 1,3-butadiene, about 3 to 30 mole percent oxygen, about 40 to 90
mole percent butane wherein the oxygen:butane mole ratio is in the
range of about 0.03:1 to 0.75:1, and at least 5 parts per million by
volume (ppmv) of ammonia to an epoxidation zone containing a
supported, silver epoxidation catalyst comprising a catalyst support
25 material having deposited on its surface about 2 to 25 weight percent
silver and about 20 to 3000 parts per million by weight (ppmw) of an
epoxidation catalyst modifier selected from cesium and rubidium and
maintained at a temperature of about 175 to 230°C:; and
(2)  continuously removing from the epoxidation zone a gas comprising

30 about 0.5 to 5.0 mole percent of said monoepoxide of the olefin



nol e percent nethane wherein the oxygen: nethane nole ratio is in the range
of about 0.03:1 to 0.75:1, and at least 5 parts per mllion by dvoI ylme

nv) of _ammpnia to an epoxidation zone containing a supparte silver
(eggxi éati‘gﬂ(’dé‘ffﬁpyst conprising a catalyst support 15 mat eBFEﬁUSH‘Kﬁ"Wg
deposited on its surface about 2 to 25 v@ ght percent silver and about 20
to 3000 parts per mllion by weight (ppmy) of an epoxidation catal yst
nodi fier selected fromcesiumand rubidiumand naintained at a tenperature
of about 175 to 23eagtaabdhcsif 2d028 moteupérgentabsaid gldfiromeactantepootit@at i on

zone a gas conpri si 2 bout. 0.5 to 5 0 nol ercent of said nonoepoxi de
of the gl ef i nrmre38{%'?‘,"%;1@%8?”'20’{369%%PQO%‘&%&@&8?0"%Qﬁacedltgwit?{‘ev
reactant, about 2 to 28 noble percent oxygen and about 40 to 90 nole

percent nethane. 25 14. Process according to Caim 11 wherein the
concentrationl?f FRi9eess aceordingetorelaim gdswhereimthe c@centraioo gfpnv.

5 ammonia in the feed gas is about 20 to 500 ppmv.

13. A continuous process for the preparation of 3,4-epoxy-1-butene
which comprises the steps of:
(1) continuously feeding a gas comprising about 3 to 30 mole percent of
10 1,3-butadiene, about 3 to 30 mole percent oxygen, about 40 to 90
mole percent methane wherein the oxygen:methane mole ratio is in
the range of about 0.03:1 to 0.75:1, and at least 5 parts per million by
volume (ppmv) of ammonia to an epoxidation zone containing a
supported, silver epoxidation catalyst comprising a catalyst support
15 material having deposited on its surface about 2 to 25 weight percent
silver and about 20 to 3000 parts per million by weight (ppmw) of an
epoxidation catalyst modifier selected from cesium and rubidium and
maintained at a temperature of about 175 to 230°C: and
(3) continuously removing from the epoxidation zone a gas comprising
20 about 0.5 to 5.0 mole percent of said monoepoxide of the olefin
reactant, about 2 to 28 mole percent of said olefin reactant, about 2
to 28 mole percent oxygen and about 40 to 90 mole percent
methane.

25 14.  Process according to Claim 11 wherein the concentration of

ammonia in the feed gas is about 20 to 500 ppmv.



