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NON- ALLYLI C OLEFINS IntrgdLipti 5 This invention pertains to an?3nyiRadéd
gas phase process for the selective epoxidation of non-allylic ol efins
WP 81/#d21he epoxidation is carried out in the presBPabUESHWB3BSe or nore

vol atile, nitrogen-containing, basic conmpounds. The presence of a

ni trogen-contai ning basic conpound in the olefin-containing reaction gas
or vapor SGASPHASEEPOXIDATION GRNON-ADLVOIOOLEFINS' €si nous material which
coats the catal yst, thereby decreasing catalyst activity- This resinous
material (foulant) also can coat and foul process equipnent, thereby

| 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 efi hgﬁﬁg@dﬂt ng reaction gas al so has been found 15 to increase
substanttally the activity of the epoxidation catal yst Background of the
ISvent i on Privs swestiongertdins tebr dhprovedgas praseqirocésoicefthels whi ch cont ai n

el S AR St e Shbgtanassang

Muehl ' ./ : JA 0 08 6, 5,138,077 and
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(EpB) ié/ contactin m xture conprising 1, 3- ?ut adi ene, oxygen and

et haET0-tANAINY [AEION QAP QF YARAT SURPERSPSE the farmationeef arenper at ur es.

18t avi ' ' H ichcRits #Hadedth I | . S. Patent

5, 362,% 0 '?@%@%Wtféﬁﬁéﬁbﬁ"&m ting fromﬁtgﬁ}%gg?#gedﬁw& C6 paraffin
hydr ocataiyst agtivitih Thisrresindusemateriah (fotiant)ealso gas coat ahe fepoxi dat i on of
certaip. ol efi 3- but adi ene. The epoxidation of olefins such as
but adPé%eeslgr#-‘#ﬁ%rﬁgﬁgéﬁ%@é’ydmpz?d?%mn‘g%ﬁtf‘f@&g9?& theguolihe,er catalyst to
an epeedaler SN Bssocidtet shasireht. THE PRRISISCE & hilbdeh-LaguRRy ocesses such
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-2 basic compound in the olefin-containing reaction gas also has been found

-4

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, 4,850,773, 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, resinous material. Generally, the rate of formation 23 Fg](]g
foulant material is dependent, at least in part, upon pressur hin the

epoxi dat ivepofeed or Wi th increased pressures resulting i npbfgkaess rates
of foulant formation. 5 This foulant material coats the catalyst and

t hereby decreases catalyst activity whi €, in turn, results in | ower
conver si on of the oIefin react ant and production of the desired epoxide.
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residue. At oug%lcgfalytié]ﬁétf aEﬂ% i5a Y (PS5 A ﬁQ"W%}Sﬂ? teckage ofdass or s,
and et er AT §eql ed Torove 0N n Ty oscals e R esaten M BP0 1 0™
15 with the organic foulant from the reactor tubes typically used in the
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 resutt 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



growt h, or propagation of the organic foulant. Therefore, addition of
water to suppress the formation of organic foulant is act uaIIy23 MAR 2004
detri merlﬁgl Eﬁ#he goal of lowering the rate of organic foul ant

for mat i ono Yk ly, addition of high concentrations of \ABFWSW&S
described in the cited patents can resydt 5 in the degradation of the
nodi fied silver catalysts that are enployed to catalyze the formation of
the ol efin epoxides. Inui and Tanabe, Journal of Catalysis, 52, 375 -
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epoxi dation o ns can be ST gni reduced, and possbily

elininated, by iincl and Tgnabe, dashabokCatalyshg B2, 375C0084(10789 dRRRES
conpounds i 8 the asegus eaction mxture. Qur invention, in its broader
aspects, priogefessotipg ignyef Yaroysrleyels f aspmeonia and substieledxi de of an
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01/ 44219 4 PCT/ U300/ 33715 5 provided that the olefins of fornu
cont ai n oI Ahyleps epexidatiops Thenauthersmpartihathe additianiofl i ¢ hydr ogen

at ons, whi | | i onpri si said olefin
react ant . %E’;,"Sgﬁg %ﬁ?%@f ?H@ﬁ%u Eﬁlth,earghgg%tf 288-94606 ppmv to t?\% reactor
feedstream resuited in decreases in the rate of ethylene oxide formation. At

the higher levels, catalytic activity was completely suppressed.
15

rief Summa l i
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 6f the
monoepoxide of an olefin reactant selected from norbornene,
norbornadiene and olefins having the generat formula

25 CH,=C—R? ()]

R1

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



at least 5 parts per mllion by volune (ppnmv) of at |east one nitrogen-
cont ai ni ng basic conmpound with a supported silver epoxidation cat al3yMaR 20,
a 10 tenperature of about 175 to 230C, and recovering a gas containing
said nogwgepestde of the olefin reactant. A nore specific gehggioRsans of
the present invention is a continuous process for the preparation of the
nonoepoxi de of an olefin reactant select¥d from norbonene, norbonadi ene
and ol efins having the general 15 fornmula 20 25 R provided that the
olefins of formula (I) cggiﬁkg nore than 2 carbon atonms and do not
contain any allylic hydrggem @& ons, which conprises the steps o: (1)
continuously feeding a gis conprising about 3 to 30 nole percent of 30
said olefin reactant, abdqut 3 to 30 nole percent oxygen, about 40 to 90
nol e percent of an inert Rfiluent, and at |east 5 parts per million by

vol ume (ppnv) of at |east one nitrogen-containing basic conmpound CH2=C R2
(r 1 s V\Ammdad Fmai theholefingehformuld #y tomtath Mdré tha2 daYbor &Bheal or
the group -fﬁﬁgf I%%R 2004 WO 01/ 44219 5 PCT/ US00/ 33715 to an

epoxi dat i on @ bRt 69 any 3liylisdivdsegen atams e\pbwh@@m;msesmnbaqtmg and

mai nt ai ned a con ous y
renmovi ng f rotr% %hgﬁgﬁgﬁﬁrﬁ%ﬁg'ggggwadéég r%%ﬁéﬁ??ﬁ@ aé{bij nol e
percent of sait teashBopgrt pdemillion bgmlmﬁewpﬁnwgaﬁéﬂehst&@%o% hD 28 mol e
percent of said qlefin reactant, about 2 per cent “oxygen and

about 40 to SOMAINBIRasicEPMpEUpd with asupperted silver epoxidation catalyst at a
10 temperature of about 175 to 230°C; and recovering a gas containing said
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 formula

CH,=C—R? ()

|

20 R!

wherein R' is hydrogen or alkyl and R? is an ary! 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



The inclusion of the nitrogen-containing basic conmpound in the epoxidation
zone or reactor suppresses foulant formation to a degree which peymvig 2000
operation of the epoxidation reactor at higher pressures which results in
a hi ghawvonat£219f conversion of the olefin reactant and, pousiso@Pigher
rate of production of the nonoepoxide. The nitrogen-containing basic
conpound in the epoxidation zone also TE8sults in an increase in the
activity, e.g., a increase in activity of 10 to 30% of the supported

n
silver epoxidatio St (o) ._advant age. provi ded by, the present
invention is that &E %’2 eﬁﬁ’%@f‘ﬁéé%@%n%%‘f‘ﬁ@ %ggﬁﬁo%%%{?ﬁﬁppééai'ent he
epoxi dation zone catalystrandirdaintdinedas iatefipap yer, { - BRQduct
recovery process des%:ri bed in U S Pgt gnt S%Eﬁ%?g%b?oﬁsef ucéed%Fbrahgtion

of but enedi of4. 260BEUQUSALraMRVINg ftam therapoxitatiayzone argasi sumprisiag i ¢
ds whi ch ' t] ti ' '
ond’ a nes whi ch SEeB0 81650 il B3 Roid BtF0apaRug el oltinty | ner

(nonreabtive) wittedctamteabolito? td28 rablefddicéMaiisa olehil SeARBAERDSL IS
product and oxygen under the conditions 25 of tenperature and pressure

wi thin the epoxi dt£%Malepercent sxypen@ndratout 40ita & mblecpencent dithgsed
I ncl ude nono-, di ineﬂrﬂl rnit-al kyl am nes such nononet hyl am ne,
di mret hyl am ne, trimethylani ne, diethylamne, triethyl- am ne,

monopr opy! anTine inaligion py tisthidgehtddhtSiRINgAHA i e Bbxidati
di butyl am ne, tributyl am ne, higher honol ogoéiu(gcorm QBHHE{{ aﬁ%‘i?ar'tfo%o
al kyl ami nes ZRM¥® &f teagiofsppresses, foulant formatiocntoaniegee ihiahipeesits such as 2

3 MAR 2904 : 33715 6_ethyl enedi ani ne and the |k
vl il Shetatibf et hd chotiiRlios Kadorariighe sassaEs whigh sesuiisro i ded
within the stigher rite oheopversivn of thé%léﬁrpféac@é(rﬁ'dn@bttﬂi’é. Iagﬁgﬁ%@.%xeaaf

pyrrolidine, pi ﬂe[i di pe, norpholine, \mpl perazine, pyrro rirdrne, and
the I utidi nd¥odbskenptihesnpeagpexide. Wihemitroger-containing bativecdmpaowrent i on.

Mono-, di-, ; hs [ | nes .my .be used (n the  process of the
present i nve_'ﬁ{ﬁiqeo%btb 5@%@%&5@“&%&?@%@56@ a%é@?’ﬁ@ﬁ%‘ 1N BIGAANYY. € Suldht .
However, whéncriehsein antivity OfOT0 td SOU)F &S SGbscHed Yilvief epbxiatiod . | he
nit roglesnw;]cont ai ni ng, basi ¢ conpound shoul d be sel ected Trom anmoni a and
ani nes “whi ciFaetaiAnether adwantage provided by, the ipresdritrinventiontis thatith@es t o
nitrogen-containing basic compound fed to the epoxidation zone can
provide the basic compound empioyed 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. Exampie 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



10 nmono- and di-substituted am nes including diam nes, such as
et hyl enedi am ne, and cyclic am nes. The am ne preferably has a t203 MAR]@{JOI;
poi nt of |ess than about. 150C and nost preferably is a nono- or di-

al kyl am pning up to about 12 carbon atons. The ano ni a
N&ofANkAY ty&fg- poﬂgqug

and/or amne used in the epoxidation 15 process is at |eas sed
on the total volune of materials fed to 4&e epoxidation zone. Nornmally,

t he amount of ammonia and/or anmine fed will not exceed 2000 ppnv. The
preferred range of ammonia and/or amne fed to the epoxidation zone is in
the range of &lyignetieminesand fimlikebzaswell @s triamines)tsaich\as etwlenktridmine

gaseous Tt Lind e Bfe FR BRI Rea00 St R ebony Bl ©
preferred nitaeaes SOk 88 gyﬂelidﬂﬁé,' ﬁipéﬁ&iﬁ@ugg:rigﬂbltﬁ-&é p‘?é%%g{n%\?byrrafe? used in

concentrations of about 20 to 500 ppnv bas une’of the
gaseous mat er Pwidinecand the Wdines alsmateotortemplatédewitiinthe seope df the ani ne

be agded i dafi t] J 25 variety of . F
xarpl e 51t ool R Hhe Ferinsnhited Baings redvbs usaddnghe ne
oxygen- cont ai piokess ¥ thd prisehPinvBRtiaS td AsuketBrihifios 8F liibus. Y

id
ammoni a and/ or am ne can be mtroduc_eddto the reaction zone Seﬁgéﬂﬁel y
fromthe feedoglasnt iaweves: whee the pmary goabisincrgaged caldiptic.ativiiyathand/ or

encti on’ zone H1BGRNEBRIINE Hasle EhmBnisy Shout b sdsctad Somammagea pod of 2
3 MAR 2004 \A&rawewﬁ@héoﬁﬁm u&%&%ﬁéﬂyﬂ %d&*‘thﬁ? nhﬁti@%ghﬁﬁﬁ@ow

produce an increase in catalyst activity a process
det er mi Hed f riepnenand disubstituledeannesdncludimgadiamines, isuchegct ant rel ati ve

to the conversgj .ol.efipn priar to. addiftion of anmmonia and/or amne to

t ge f eedst \r/ea%hﬂ%ﬂgagmlﬁ%: %ngﬁiﬁ&&a'ﬂﬁeﬁel-ﬁ?ewq H@fe\?@l}'y bas @i kxing i nued

while the i ” | < . d i od
ile the i nqsoaisss less Birpabst @wc\ﬁﬁdmsef‘bfé;?@% fs%,-r@{]r%.%}% peri ods

of time. The supported silver epoxidation cat may be used in
the process ddaminaicontaining upte @abouh12 cartboroatommt eri al s whi ch may be

prepared accordi ngrf 0, Bkt B SArESraS Sadier aming ! udi nd tlt'ngeep%?(%dzgt%gt
15 process is 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 volatiie, 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



10 manufacturing procedures described in U S. Patents 4,039, 561,

4,169,009, 4,267,073, 4,389,338, 4,769,358 and 5,081, 096. Thus JtMAR 2004
catal ysts useful in the present process conprise a catalyst support

ma ¥ P42¥avi ng  deposited on its surface about 1 t PCIUMEBIHE percent
silver and about 10 to 5000 partsyper mllion by weight (ppmy) of an
epoxi dation catalyst nodifier 15 selected fromalkali earth netals,

al kaline earth nmetals and thallium The weight percentage silver and ppnmw

modi i eine Which iseidficient topreduss ANM@EAse i BaARSEdcMintdify total wei ght of
the catalyst, i.e the finished catalyst. Althoug he nodifier

conpon@hecess predustivity 3s deteayined fomdpcreasas in theccateversiontofdr oxi de of t he

difi fd t.rat.l .of the 20 talyst is b d
on- roa ie T} R rblavETE e EenEBBHAY i Bridrie fan.SEat al yot sy be
sel ect eghrhoaia drtor hﬁrﬁ@tdﬂﬂ%&d@ﬁe&ﬁp\'ﬁﬁ ét?tﬂ?dnia Bﬂ&%f%@éﬁﬁé@@t ory

catalyst carriers or support materials which are esse nert in the

pPesenthemmaythe disspntinietwhile theinereass inccatalystoactivita edntimyegen- cont ai ni ng
gas fe t roduct.s 25 in the processes in which the catal ysts are
enpl Qﬁ(ﬂ'ﬁp@ﬁ)@}@?%@%@ﬁye. materials may be of natural or synthetic
origin and mhefsipporedXiRePbpaxidaBsn Emﬁy&@wﬁdﬁ’tﬁ%yrb% difih the: @

g.

structure having a surface area bel ow dbout 10 ese support

mat er i Bracesgmrewded byaur inventigraarerkngwn matesals efhigh amyee t han 20%

S | L1 d/ | um, . 30 I ti ,

qonor aPTeRst ey BBt 8 Bk bR duresndlifingdng SalEyamR 2004 WO 01/ 44219

SOPCT/ WisHtScitARg proviaiires apScitet IS, PHRLAK 41680 GB1CklNghd e material's
"Al un um'lI)’, pum ce, 'magnesi

sol d under the trade nane "Alu sta, Zirconi a,
ki esel §1@67,073,14.389.83804,769,358 and 65:081a086.dThugdhe cataiggs useflt es

il il | bide, silica, sel d clays,
SOUPTL R kst AloBaEt Shublise & Catali L Slsmirt Mattialihauicos v suopor i s
par t i cobpasitedusreitslsutface Iabonfwéleetwgagfﬁeﬁc@ﬁt ﬁ%?'a)ﬁﬁ?%o;}ﬁﬂfﬂﬂ' in the

process _of our invention conprise the um nous materi I'n particul ar
t hose e@PR RARS REr Anilien by weight(ppmw) bban spexidatieh matalgstumbdifier cont ai ni ng

P800 U riclesBuHh BhER L el BcaliSe fapbieticaid Bt eand. o
weight percentage silver and ppmw modifier (aiso 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 ethylenicalily
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 naturat 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 alurninous

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



[ [ ter
10 an apparent porosity as neasured by conventional nmercury or wa
absor pt Pon techni ques of from about 25 to about 60% by vol une. Thfa23 ﬁNﬁﬂ&
nmet hod for determ' ning specific surface area is described in detail

0, 309-16
Br unauer Enmpett, P. H, and Teller, E., J. Am Chem Soc., 6

(1938). 1‘30?%42#& lowing materials are specific exanpl es ofPCHR083ISyst
supports which may be used. |. 20 11. 25 g11. 30 Norton SN-06595, a

f1ui di zabl e powder having a surface area of 0.26 n2/g, a total pore _
volu:me of O. 275 cc (Hg)/gm nedian pore dianmeter 19 mcrons (), a packing
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- 5.6, Fe2®3 Ti 2-0.1
Norton 5552 ACHIAINROISURRSMS, preferensetis glmgslolthosengamng,aBpeen"asaﬁace

area as measured by the B.E.T. method of from about 0.03 to 10 m%g and
10 an apparent porosity as measured by conventional mercury or water
absorption techniques of from about 25 to about 60% by volume. The
B.E.T. method for determining specific surface area is described in detail in
Brunauer, S., Emmett, P. H., and Telter, E., J. Am. Chem. Soc,, 60, 309-16
(1938).
15 The following materials are specific examples of the catalyst
supports which may be used.
I 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 (i), a packing density of 0.98 g/cm®, and a chemical

20 composition (weight percent) of: Al,Os - 84.7, SiO, - 13.4,
Fe;0; - 0.21, TiO; - 0.47, Ca0 - 0.21, MgO - 0.12, Na,O - 0.15,
K.0 - 0.26).

In. 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,0 - 0.15, K20 - 0.26.
in. Norton SA-5252, 0.1875 inch spheres with a surface area of 0.39
m?/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



of 0.43 nk/g, a total pore volume of 0.37 cc (Hg)/gm a nedian %ﬁAR%UL
di aneter of 7 , a packing density of 0.80 g/cnB, and a chem cal
conposition (weight percent) of: A1203 - 93.1, Si2 - 5.6, Fe2@ - 0. 3,

Ti2 - Wwderdse@ - 0.1, MgO - 0.3, Na20 - 0.1, K20 - 0.1. pudbtidsen
SN- 82501, 0.1875 inch spheres having a surface area of 0.13 nR/g, a total

pore volunme of 0.37 cc(Hg)/gm a nedi angpore dianeter 10 of 32.5 , a
packi ng density of 0.88 g/cnB, and a chem cal conposition (weight percent)

f. A1203 - 85.0, Si - 12, th | ni 3%, Fe2@3, Ti2, Ca0
(I\)/gO, Na20 and sz‘."'eiﬁ(')}%ﬂ?&%f "ﬁéﬁ&f‘l&‘f%?ﬁhbﬁ@éﬁég apé?étl:qelﬁherq‘éll s whi ch
may be used incl uge, 'U'ﬂ%%i'@”hﬁgg%*???ﬁ%@ gP_Isl'lerl{ﬁéc_eo-q_r ea of about 3.9

n2/g and a particle size 15 of anra, e.g., having a
surface aredVof dfatan §552 AdurgireRingspa0.26dnch dhgs hatingkosirf4d: e

cal ci um oxi de; sil.i.Ca, ©,0.,.having a surface area of about 0.18 n2/g .and
a particle size a - A des gm, IAQ pPreur f ace
& O3, 07'797 3. to13) RoTe valime of SyaTuec (Ha)/gm, aieed
area ofy about 1 pfdHeRtGfT L CliBa SeAg 3 n.itride;
silicon nitride; andesi | Cﬁ%gé@%‘ﬁ%%bégﬂgt)ww/ﬁgh ?ﬁggsc%@agport
material s conpri semposition Magightasereent) fofs 202l 983, 8igy ?@ supports which
have rel atively l,Emei?éor ore dianeters and are nore fully'characterized
ST38

by having (1) B. i K0z -1 G20 0. daMa@f 03, dMakbe0t, &0 n/1g to

bout 2.0 nyg, ] R/ gt t 1.0 np/
gpggl‘ ent porggltﬂéog{oﬁggr%zrﬁggﬂQZé%%é*%ﬁgﬁgRggw angrﬁﬁgl:%an%% Z)m
about 46% to abomZIQSMQtﬁlrm)reNdlmheWM'E@I:(HQ}@‘PP& ridtfialf pbfe YiimetdpPor t

i's not .particul ar i nportant. Wiile the formof the catalyst support has
littl &0%ffect ono*ségé&lsﬂ pagiipgHenpity of 888 g/em’c endiajehemicahs such as ease

of heat transfer o LT r [essur op,dueto fluid flow
restrictions, ef F?@éﬁ'&@‘é@@?%’ﬁ?ﬂﬁg %owai 'oagﬁnﬂgﬁt'i ?%0 and s st
durability, and témainire3%ede Feb®, URE,0C atrMged dHk 504 WO 01144219
- 10 PCT/ US I%33715 shdgc;es suchsgg spﬁergs,' p%‘?l 'eqtggé extr%‘gat es, rings,

saddl es, a Pl nRprefemed, otbar suppart materiaks whichenay bé usied dnclbes
Lgﬁg 28:135 u tségclz 'ggﬂtehy %aqgﬂgﬁlhgﬂéeéﬁﬂ?% afea ¥t S50 n|12ylg and Saaééijrtizzlat-:'t Soe
15 of about 75-250 y; fitania, 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 p; barium oxide

e.g., having a surface area of about 1 m?/g and a particle size of 40-75 u;

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 m%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



of a plurality of parallel, or series of, elongated tubes (in a suitable
shell). In 5 such reactors, it is desirable to enploy a support forned
into a rounded shape, such as, for exanple, spheres, pellets, r3§@%R2WL
tabl et s, | i ke, having dianmeters of fromabout 0.1 inch to about
0.8 inch.‘ﬁi&é‘#‘%ﬁerred met hod of preparing the catal ysts fron/Ha%%338 gani c
sil ver conpound conprises the steps of ¢{1P-formi ng a catal yst precursor by
10 contacting, in either one or two steps, a porous support material with
aqueous sol utions of an inarganic silver conpound and a nodifier conpound

and drying t [fBapes SUCN A sRisTesRaliels. wxinsatesdingsi saddies)andihei likeal | y
o drying t : A =2
oxygen. aupl oPsefed! SEoRlEaR Lol NI AReABEd BRAGTS WEd In e sed over or
15 t hrough t lepoxidationssf elhyﬂeurcaw-uﬁkaﬁlrste@@ﬂnﬁ@%@?%’éggg&@t gégg% ot
y

intimately %?nt ctiig? t a tenperature of about 170"
precursor wYARUY ebrgraliel, o serips 19f.plongateditubes fin arsuitable syely. In

t ai ni : . . ti th
ot ol yatndy  ubh Rekcthrs s YR BB R Bl A Sk BT RTLA raffaed oxal at e,
e.q., silver shape2uct hs,lfeﬂeﬂémﬁié!%ﬁhé?éé}tpéllefsg'ﬁgp%,ﬁtﬁﬁletté‘,ear?dﬁv%slik%f (é)

form ng a catal yst precursor by contacting, er one or two Steps, a
porous suppoh@vingsdiamelersafifrom abosit 9. t nchito@boub®.8ainchr gani ¢ si | ver

d and di £ drvipg t | ting | ted
Cupport mater ol | X BicrEe MY SrRRpaing B AR R S ieetdans aner ci n
a gas such asiarcompsuntkbamprisedtins Spdl f (17fdriPS calllghreBidisbHBY O ¢ e

i ke ig,.passed over or .through the catal yst precursor a evated
30

t enper dPur es CORAGHNG) inRither egerardwacstensya popguscsupport material sither at ur e of
bout 150 t : th ' |l d. Th
catal yst pr o2urears SoRBRTEY oK ngoRRTT SRy ARl B A Amaidfer 30 known (o

those of ski tompouhtdeara dryirgiitie rRsult rirlr%?fé@ﬁ%téd Sﬁﬁg@ﬁ%ﬁt@ri&ﬁt(?)gn of WD

01/ 44219 -11 2.3 R 2004 PCT/ US00/ 337 sui tabl e"srlver "and difier
conpounds onoPiRN&lY fRlciniIngHhe catalygharacursortwhereinpa gas suthtisair, of t he

fogether ¢ heoffneoePRERPHE. findlln, afbody ReRim.grdhe fe & pasded'over'or™

15 through the catalyst precursor at elevated temperatures, and (3) intimately
contacting at a temperature of about 170 to 600°C the catalyst precursor
with a gas comprising (i) hydrogen or (ji) 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 caicining 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 themally
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



nodi fier conpounds in particulate formand the |ike. The order in which
the 5 nodifier is incorporated onto the support material is not ﬁébﬁk?@k’
e.g., the support may be contacted with a silver source, then t

nodi f i erwoan/4hi® support nmay be contacted with the nodifiPeTASOOpIFAR,
then a silver conpound, or the support terial may be contacted

sinmul taneously with both a nodifier cohggﬁnd and a silver conpound. 10
The silver conpound enployed in the preparation of the catal yst precursor

is not critical keall Vi, rati h t.al yst _precursor
conprises i rr%?]létg% iglr\\l%?taﬁé @%@8?&@9@&#%}"%? §”§P§@1@f%b‘?{eﬁf‘a‘é°'§i Wer
conpound i n wajprecipRation epihelsilver gh aMdifémImpSinds aiddng suggesr eof .
Exenpl ary conpounds are silver nitrate, silver oxalate, silver acetate,

and 15 the | imaternghdyorinding tgether e supportgvatetial end the sitvartanidn or gani ¢

Sol ubi | oo AHGAief EanbbAnksh BEchIaNE diin NTRIK Bede TRE QR wilie ere e
of suchssol V%bmﬂep?sdﬁﬁé%m%ﬁdtﬁrﬂbmsbﬁpmmﬂéﬂiél% Ast J:ﬂitida'll%.?.r fd i ce of
e C

the present invention, atal ysts may contain about 1 0 30 wei ght
percent si | véHPPOEdNaY batcantacted withed siiver@ouner, 4hen thes modéfier aortheased on

h | wei f i LSt The JLoadi ng | f sl th
Support pr of SPEBPY a7 B Wik the MBemERtomBouty theRzcSiyel gn " | "°
per cent, rmstcom;ﬁ:fwrd@_blrm@b@pﬁor’émétéﬁang@PefHonPﬁtéeghul ke eig§i lver.

The silver typically is present in the orm of uniformy-spac
di scont i nuoudothaneedifier cempevadtang a gilvereompsiund. cal , discrete particles

havi i &by .unif ' f. ab 0. 1. 0 |

bony 1180, Pooem | FnesiBr EaBorhdErEibyed in e brephialiqnring cAtalvgle, y 1 ¢

resul ts wher ppscursbrgmarariticall SPypicdigethd prepardtivH oﬁth cagﬂgstl\%{c%gﬁar as
(0]

uni fornm y-spaced,  discontinuous particles but appear tc WO
01/ 44219 - 12cPMPASes impssanatigiotbe suppart matenial with e salatiomota sijverwn

Y g T A o
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15 the 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 particies having an essentially uniform diameter of
about 0.1to 5.0 n. Catalysts bearing silver particles less than about 0.1 p
give inferior catalytic results whereas silver particles larger than about 5.0 p

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



5 to the inpregnated support in the reduction of the silver salts to
netallic silver nost |ikely converts the nodifier conpounds or sa?ﬁﬁMhpz
oxi de, oxidic or halide conpound- The anmpunt of nodifier conpound presen

on the eade4a3i9 support is expressed herein as the weight ased
on the total weight of the catalyst, of, the nodifier el errgﬁ?ﬁ]rg%glréjt han

the 10 nodifier conpound. The anount of" Todifier el enent present on the
catal yst surface may vary substantially depending, for exanple, on the

articular s ' emplpoyved and/ or, t he surface area thereof and
Ito he anount oyﬂ’giq{ é%'ﬁm%@‘{sﬁéyercﬁﬂ%ﬁmwﬁé?%?@h VP'CHHQS'A'F&)%? catalygddi f i er

el enent on t haviagtinfesior at@itysdud fo 1b3s iof sl UHIE about 10 to 5000
parts per mlli onTgppm by t\’/\‘(/Z(ilght) based on gt e t*g%"& wei ght of the

active catal yst. THe chemiefomn iO(Bme)mmﬁfcb'hrfdcenpoanr&fcfﬂmgﬁmshggi n t hgo(r)ange
of about 20 : ] nts in e r of about 50 to 1 ppm
(same basi s) g%g@%&ﬁ&%%@?&??@?ﬁE‘?ﬁéaﬂ%?f‘yﬁfog@lne‘ﬁ%@ﬁ“%ﬁéﬂmbl y
is cesidm riobtheiinpregnatbd/subpat i : 0S| : iLfier weight
ratio of the fi nigr#e? or act P\Ee émﬁqgmlpgﬁﬁﬁ?%gﬁﬂr%ﬁ{ etggﬂb{%@ut 50:1
to 4000: 1, piiveemastyikely convertstiye madifisrocampoinds bosalSe0an oxed Most

f bl i Q-1 00:1 to.2000: Silver and the nodifier
ﬁ(r)(rang!r fiy zl_r Ie&f' lg%gaﬁggcﬁ%ﬁ%sh? ﬂﬂlﬂl‘go't qgmﬂ}ﬁ%rr@lmw Ptﬁ&_eﬂﬂéoupport
materi al s i rtheatataly$t support iedxprdd e RERRIHAS th%&é{d?@@%g%tpbé?%@oagit ght of

unusual for substantial anounts, often up to abou
an al kal i ndfgitotal weightyof the satalyst) ofithemogifies elementirhttich thas thor ous

suppor{g due of support materials containing naturally
occur rfong a|’b§?¢é¢r8{"§§8“§§- (2) the addition of alkali netal during

suppor t nanuf act UFre afibentofivdifey emahkatd ' halle Suppor t
WO 01144219 -13 2 3 MAR 2004 PCT/ USO0/ 33$f§eﬁﬁ5ﬁé%?F§§a®h§§§@#8?ﬁyrat her

than on the Y&i¥ Pubtantigliydependieg. for exampte, orbineepartictibesppbemaang of
i or o hapiSis AL Y54 SDHEELSREE W OB ASh Ikdmenpbol sbxercriieon as
desor i bfﬁg5tcﬁmmtnmmiﬁ therarelmbriodifieElehint O fbYadtivcdt il LRt ©! Y
% in ﬁ'se 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



precursor, after the optional calcination step, with a gas conprising (i)
hydrogen, or (ii) an inert gas containing at |east about 4 vol une_percent
hydrogen at a tenperature of about 170 to 600C whereby the sil ved 3 MAR 2004

conpoungo @iAagduced to el emental silver and the thalli umpggheesogpound 10
I's believed to be converted to an oxide and/or hydroxi de. The particul ar
conditions enployed in the high tenperdBure hydrogen treatnent can vary
substantially since the hydrogen concentration and tenperature as well as
contact tinmes are interdependent. Alternatively, when the catal yst
precursor cBfgnigash ﬁwecfPGBﬂaéh@'tmEP"c‘Bﬁﬁwfﬂ@,E. dadet appear tani ne 15

sol ubilize cursor may be converted to the
active sta?ce&i)ﬁmﬁﬁet %%585$5§%€ f(ﬂ;’r?yﬁ?%aggfs at tenperatures of about 150

to 300C. Such t'ﬁmnfatalybtpcemasmtn:mﬁpraﬁglar@ﬁafyaakuﬁﬂmﬁ?étéﬂ:a\df’rtavm cur sor

be heated at ratyre and for a period time sufficient t

conpl etely h?éﬂ\ﬂ%‘éan&ﬁg“lﬂ' gﬂrﬁ%nmqnﬂ@rd@wﬂteddhm as desdribedr . 20 The
| ef | d b ,
or borbad oSt anable s cOMerlin 15 able BaREP BT IfimAr ea‘i@&raa%% e'25 30 |

Rl wherein ;Rbcm:somaﬂergba optionalkedliciaatonrReteps with @Pﬁé )t ertiary
al kyl gro%)/such as tertjary butyl, tertiary or tertl ary octyl, or
t he group 1) 3 IH?I ageeniaining ahleagt QbMﬂR‘ Folume\pegeht4214 - 14

i AN O e
groups. Th ecoa’mqund |grredpeed t:pelemttaldslmér Bhd R tRAlIEATHOGI Lémp8End”
SUbSt‘II ut ed gelké/vecr to be gonverted to an oxide and/or hydroxide. The particular
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 sait to metallic silver.

20 The olefin reactants which may be used in the process include
norbornene, norbomadiene 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 alky!
group such as tertiary butyl, tertiary amy|, or tertiary octyl, or the group
having the formula
—C==CH,,
30

R1



up to about 12 carbon atons. Such al kyl groups preferably are 5
unsubstituted al kyl of up to about 4 carbon atons. \Wen the reactf]?ty@
ol efin having the fornmula CH2=C-C=CH2 (1) 10 Lil1l the Rl substitu Qﬁ
be the s jfferent. The aryl groups represented by

unsubsti ﬁjﬁ?g@hg? substituted carbocyclic aryl having 6 to%ﬁ%@%ﬁs
atons, e.g., unsubstituted and substitut®d- phenyl and naphthyl radicals.
Exanpl es of the substituents which may be present on 15 the aryl groups

i ncl ude al kyl pta a carbon atons, alkoxy of up to about 4
carbon at ons%W 'tﬁa‘hﬁé’éﬂv'%%ﬁ%ﬁﬂﬁq’ﬂ@w MY Bioges, atﬁ?‘ér'ﬁﬂpomﬁwa"yllcéﬂd t he

| Tke. The epgid eihgiendheabti b R Bl PE ek e o or dance

wi th the epoxidation process her el n rmul a 20
0 CH2 C .R2groups mpre?seanlel ﬁaymmlﬁtmtésfor Gﬁﬂsﬁb@@alk?%%@cess

provi ded by ourt e s especially useful for the selective
NONOepOoXi dat'i‘BFP@ h?éﬁ?a?ﬂf' 3196%8 2ueh 8lky! graunscpreferably arevel process may

the range of T TBSRAES FE! 8F bbo bR, GHER atoits ot thaseRgardisae 1
wi t hin the eglekn davingnthedoemalay range fromabout 0.5 to 20 bar absol ut e

(bara), preferably Ecixﬁeét 1.to 10 bara. It is apparent 2 3 MAR 2004 WO
01/ 44219 -15 PCT/ US TCtHhe part(l)cul ar conbi nati on of tenperature
and pressure is selected s s to mintain all of the conponents of the

feed to t he epoxi dation zope iln the gaseous state. As nentioned above,
one of1Q@ he advant ages prowRieR by the present invention is that the
epoxi dati on process may be operated on 5 a comercial scale at pressures

hi gher t han thed¥esuisstiblerite neaybe the shhiczstdifferent. The aryt groups

represented by R? may be unsubstituted or substituted carbocyclic aryl
having 6 to 10 carbon atoms, e.g., unsubstituted and substituted phenyl and
naphthyi 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 chioro and bromo, hydroxy, vinyl,
and the like.

The epoxides produced from the olefins of formula (1) in accordance

with the epoxidation process described herein have the general formula

20 O
I\
CH~C—R? ()

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 particuiarly
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



previously. The inert diluent which may be used in the present process nmay
be selected fromhelium nitrogen, and paraffin hydrocarbons sudh MaR 200
straight- or branched-chai n al kanes containing up to about 6 carbon atons,
10 e. gwo fRi4b@ne, ethane, propane, butane, isobutane, pgigrARReaNds hexane.
The advantages and benefits provided by the present invention nmay be
achieved by feeding to the epoxidati e one a gas conprising about 3 to

30 nol e percent of said olefin reactant, about 3 to 30 nol e percent oxygen
and about 40 to 90 nole percent of a paraffin hydrocarbon containing 1 to
6 15 car bothadtherpartigdaregombingtion pf tempenatireiandpgrésoreribseletadsoatio i s

and or an’ 25t ARG AL B Cabeed dong el Be Srasinalion pad y ¢ he
feed gas fHesgasiédus statd ahs mentiingd sovabené oltﬁé)adigaﬂr'tg%% Pg{ of ot her

conponents such as water, carbon dioxide, argon an epoxi de -
product . Uby the presandinvendionds thaidhe epoxidatiom processtmay beaperatedponent  of

the feed gas e of one .o re other inert gases such as such
as ar Son, aﬁ@ﬁﬁéﬁ'ﬁ%‘rﬂ? ?fﬁ'&éﬁ{"reﬁﬁygﬁg% aa§§0§%wgmh eebHtiz8dous

process pp,%fvﬁj._ﬁgw_y conprises (1) about 5 to 25 nole percent of the olefin
reactant, (2) about 5 to 25 nole percent oxygen, (3) about 40 to 80 nole

percent of a 25Tparrertdiueniovbichmnay be asediimtheypreseot process omayabens, (4)
20 to 500 |.a. d/.or .am ne,  an 5),a total of, aboyt Q. to 10
nol e per ce%@g%tpd%ﬁe%ym%?% and %%l'@g'ﬁ\( t?’%qf PB? ,SUEBPB# aéﬁ%i(i de,
argon and dsmmbﬁéd-@mxbﬂkg_n@é%maining% t%%tﬁﬁ.&isvda‘rﬁoﬁfa%cﬁ%. novel

e’p

epoxi dati on process may be increased by 30 perform ng rocess in the
presdbce of.ghdnethane; gthang, pjopane hiutane iisobutang pentaikdand Woxané 44219 - 16
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cat al yst s. peatisienel ibyeferdingsterthe @pokidatieh ZoRs éﬂgééh gtﬁw'gggenpﬁabto%g 3350vi ded

to the process by including one or nore organi aseous
feed, e.g.30 melepemantafsad elefinreactant bogat 8o 30 ke pafventdxygenf such

organi ¢ hald fgSodt 40 t5'80 RERPEIEEnt of a paraffin 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.



having the forrmula R3X wherein R3 is a hydrocarbyl group or a hal ogenated
hydrocar byl group containing up to about 8 carbon atonms and X is A3 MAR 2004
hal ogen at om preferabl y chloro or bronp, and wherein R3 contains at | east

one hydrgqg pgn which is sufficiently acidic so as to reﬂgF ﬁ@pable
10 of wundergoi ng dehydrohalogenation under the reaction con |t|ons.

Exenpl ary organi ¢ halides include C, confdunds such as nmethyl chloride,
met hyl brom de, nethyl ene chloride, nethylene brom de, chloroform and

b f the i h t hyl chl d t
br Sﬁpd? T g%ﬂf’&ﬁf’ﬁéﬁ@’ bau%%gg&?%ﬂwequapﬁg gmlrag agﬁllgé:(@ﬁpagebsaipl ene,
15 trichl or ogfpd m'ﬁ%ﬁ'agﬁg"*g‘%%ﬁﬁpr RALK gﬂyﬁé @;‘hg ropane

di br onopr opane, di chl oropro
conpounds sushmesocall of theuhalide, iob meay be paovided its tﬂeopniwekam ingiuBirgyo-
but ane, chl orobut ene, bronpbu g{émecﬂ_‘ghl or obut ene, di pbronmobutene, and the

like; C5 comPBfdMeiRA 9&%"91%?\‘ gaseous . 8.9., mcﬂéﬁ@r&ﬂﬂm@fpen 20

t anes ol pen dipy t

pen. tenes,  Cyoropaty T orT: qtpies of %%%'L?fﬂ arfefia R AR AT
conpounds shahmgstherfonnulad? X wherem R’d$ mchydroeabyt ro@pﬂbﬁEhéEngeﬁé{éhex anes
or hexenes, penta-, and %exabrom)hexanes or

hexenes, cyc Pg&mﬂ(ﬂﬁ?w FB@ta'Qf?Q IUBH@@WOHF SiRaghon akams apdnk ima,
br onobenzenenhapgént &tny préfekdbly Eﬁlo?& ’6FBEB}§§1 %H& U«r?e?eﬂﬁ”&?ﬁtgh%eéﬁe?%tt o

br onot ol uene, bénzyl chl ori de, nono-
penta-, hexaone Aydregsn alom which iseqmlfﬁnmﬁlwacnﬂemmaem réﬂﬂé@ﬂaxdtapaﬂié -

he h
chi 230892FBL@B?%&%%%&%&@P@%&@E%&% o1 e reARton Condiasunds such as
rono- i - Exémpldgidrganichentias indEC, cBARGtndd SRR GEAG) SHIsHRE. 203

or OCt enes, nono-, -, tetra-, nt a- exa

MAR 2001, mﬂhﬁ@pMEnemmeme cmmueqcmeﬂmymmmmee chlofrstoenapd and t he
i ke, as wel nore thereaf. The organic halide

can be adde rogﬁcgf”tmogpﬁilﬁ g‘ﬁea@% tq\qgﬂgé%'?Wmaﬁ ethd chiardes ethidys. For
oxygen. bont & my ng_ bas memarie! BBkl ioRue diehiBrddilRpe, "
15 trichloroethylene, and the like; C3 compounds such as dlchloropropane
dibromopropane, dichloropropene, dibromopropene, and the like: Ca
compounds such as chlorobutane, bromobutane, dichiorobutane, dibromo-
butane, chiorobutene, 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, cyclopentyibromide, 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; C7 compounds such as chiorotoluene, bromotoluene, benzy! chloride,
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; Cs compounds such as mono-, di-, tri-, tetra-, penta-, hexa-, hepta-
30 and octachlorooctanes or octenes, mono-, di-, tri-, tetra-, penta-, hexa-,



organi ¢ halide can be introduced to the reaction zone separately fromthe
feed olefin and/or the oxygen-containing gas. The concentration of the
organic halide in the feed to the epoxidation zone preferably is alpuMAR 2004

to 20 mllion by volume (ppnmv). Dichloroethan r.obut ane
10 are t%@e&z‘r‘gﬁarred organi c halides. The addition of a ep@ﬁﬂso%ﬁkﬂs

nitrogen-containing basic material in-tife feed to the reactor also aids
in decreasing the loss of EpB to butanediols in the recovery section of
the process. The addition of a base to the recovery section of an EpB
process is begtar,dretioctabtdrSoodtanes br boebes/@Ad i like:; s welk Bk ingiRturdsls
further illustrates the t hods of adding base to the recovery section.
In fact, ad‘af?'i% ®Pr mnﬁ'i'%{eaﬁd/or anmine to the reactor feed provides

e e hacThiordadio haite faf HEURARCR the| BiddiriRBEAHT 2oRE L")

stream and thus reduces di ormation to a ver eve t her
reduces or ‘erigty oiwayst lrorexathpley ibcan be milkkd iwithibeadlefimsebarixidized to 20

t he recover ct.ion. Exanpl.es. The nqvel process of the present invention
o furgner SnGGEHEPBIEECITaINNg 985 PHET ERRIACY Wihda CBialYSidocHRer vi s,

t he epoxi dagi~@hi i ngle& i e i f used
-al um na sﬁ%ﬂggm&ﬁﬂt‘?)’h‘?qﬁéﬁ 0 pgﬂPitﬁ?g%%%eﬁ%%%gﬁgg‘h@an from
0.7 to 1 crieedwleffn angios theedxydenecontainiy gas g Thepwnzentratioh Wetheand 1250

) cesium These catal ysts were prepared

t AR \ igh
D ord v (oyopnBhARes (B0 feed RERE enmdation 20pa Pelarappiie bt 2ion ot L1

therml 2 TARES BEE I 2008 ety TR KFaghohe dhd cHibRMGant ©
“decontdsi t i are/the gneferred argenicrielidesn t he presence of an oxygen-contai ni ng

gas to convert the silyer salt . to silver netal, Catalyst performnce was
nmeasured after s a?d'ﬁf’aﬁ’z agypgen-santaininahasic matenaldn ths fesddn the

ol o por cent ol ehg s iR HELisARiNG trEtbd: 81 EpB 1 fahdabE ingLR o e v, o
i s defi ned resovery 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 excelient contact with the acidic components in the gaseous
product stream, and thus reduces diol formation to a very low ievel 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



Mol es 12ndud effluent X 100 Total noles of all gas conponents in product
effluent 10 and selectivity is the percent selectivity to epoxqu$ﬁﬁ§2m§
defined as Ml es butadiene X 100. Mol es butadi ene converted to

products jc activity also can be expressed as perce on of
butadiengﬁ@ggtyggthe feed streamto all products: Ml es bu?ggﬁg&Mfg?%OO
Mol es but adi ene fed COVPASATI VE EXAMPLE #®-Conpar ati ve Exanple 1 and
Exanples 1-3 were carried out in a reactor conprising a stainless steel,
tubul ar reactor 45.7 cm (18 inches) [|ong having an outside diameter of
9.5 mm (0. 379ecaugpesiticeduantion beatment intbe gresénce Ghamoxygers66ntairings) -

Th t | lar 25.4 nm (1 inch) in dianet
o mai nt ai n SASABRPORPded sivethall@rives el oryot omperature profiie. an
adj ustabl e t her M0 GAthlyeRpeHOMRIARS WS Thessurkh AR s sth'éjo didfiofiat & yst

(12.24 g) was |l oaded into the reactor and heated In Iovmn I'n situ
at 250C for haddaen reps edé@qs@ammmmmlmmmrocmmaﬂmmﬂsoamtt the

catal ys I f R hl or obut ane i n

n- but an foragﬁ%@fgoeg[%gg%(? ##H&'% Gﬁ{gqg@#ﬁﬂgﬁ%é@h fhe raagtel nearly
i sot her mal  beffiugn®WHepe AvSIE %B@%@aﬁﬁ@d@@ inches) 2 3 MAR 2004 WO

01/ 44219 -19 PCT/ US00/ 33715 Iength of the catal yst bed. The epoxidation of
but adi ene t hen was i [s)ise el gfflibnt r eact or/ cat @ yst $0@aseous
feed stream CONpe&: |_ar) but adiene and 18% (nol ar) oxygen wth
the bal ance bei ng%‘&ﬁ%‘ﬁg gﬂoﬁaﬁg%%?%ﬂﬁ ?‘g’% &MU chl or obut ane at 5
approximately | bara (15 pounds per square |nch absolute - psia) total
pressure The reaction tenperature was i ncreased from 180 to 200C over a
20- houlOper i @M selactingy !%aemgenmlemdoeembmmmﬁnemsy t wo

hour s t hr oughout nsé oop that
I njected a gas sarpl grapht“-col um

Moles butadtene 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 em (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)



10 installed in an Hew ett-Packard 5890 Series Gas Chronat ograph. The
epoxi dation process was operated at the described conditions for 207 mpn&i
and then was operated for an additional 190 hours at the follow ng

condi ti qpg oPhsignrerature (C) and total pressure (bara angcpgisgdsszdours of
15 Operation Tenperature Eceasu r 21 - 40 200 4.14 60 41 - 70 205 7.24

105 71 - 140 205 4.14 60 141-210 2161224 105 20 The flow rate of the
feed gas was adjusted for each conbination of operating conditions to
nmaintain a contacg or resigggc time.in the reactor of 1.6 - 1.7

seconds cor leagioRlithe,catalyst herenpxidatiop ofdutediepe tgrswas of 2250 hr' .

the oed galomERes P ocling IFwey @alibrcaPaif haddol BHfidam 500y O™
react or wereompoked of 9% (rmolarpbp@idisne and 8% af) Wigeh it fHe hours  of

operation, catalytic activity was 2.14% (mle) EpB at a selectivity of
84.3%to Epkalag REARADE: dluend gerldining 2chppeivs-shlosebuteng@at The

carerirly rSpmoxtactyPHerd (18 potindOkE Callrbiing) 98806nq SR Ol L ver
30 snal |l anpresssref Theeeactipreteraperanire wad incridziseld frsrh e 80ab Z0U°E dver be

separated fr t he spent catal yst) was placed in a second tubular 2 3 MAR
2004 WO 01/ a%g]l'@olﬂﬂs?pﬂﬂéwfdsn@/ £iatalystperiormancewas Foniteeed evenyiwol owi ng

air at 500 ' ; b | ed. Th | yst was
cooled to E%%%J@%ﬁtﬂg{ﬁﬁ;@ %ﬁtﬁ%ﬁofﬁfn& Iggga%ﬁs%rﬁ@{rg k‘?gf)(iﬁ%ﬁl )éh wei ghed
13. 328 g beihjsoted al gasnsdrnple, inteea Fordplo Q6d4s ehrehitbgdhid Ballinfn.  Thus, the

cat al yst had ined 0.718 f 5 foul ant during reaction, or the weight
gai n iQS)r res'BB%@@g IR @”éﬂ%‘yl%%bﬁaf;ﬁ!d 5&%0t$%nles/\6a§ﬂ?hromatogr@ppamet t hat

catal yst T Qo igatin bUchsTUAR oHcal b ik Shdkhbed Ronlihs 8 20 ¥3lus |11 ™

at extended periods of operatio
and then was operated for an 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 foutant 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 tubutar



Catalytic activity at steady-state reaction conditions for each of _the
combi nation of reaction conditions enpl oyed in Conparative Exanpl é SIM&R 04
10 summari zed in Table | wherein Tenp is reactor tenperature in C and

Press is a,«fﬁﬁ} pressure in bara. Conversion and selectivity are
expressed’ "l %?cent. TABLE | S 15' Reaction Conditi onsNMoF&ETHJS00/33715

EpBConversionl ti i e ec v ty B TenpPres2®Producedof Butadieneto E P

2004. 140. 9813. 183 .0 2057.241. 7923. 883. 7 2054. 142. 3029. 985. 5

202107. 242. 1428. 284. 3 EXAMPLE 1 Conparative Exanple 1 was repeated except
that 50 ppmv €@ ianutukes haatesiintflowing ay-at SOGSCtord periodarh2ldurs a2 hour s

of 25 operati t r _pressu was [ ncreased to 4.14 bara. The
50 ppm annortlﬁé;lh é\é@ﬁghi n a{‘%gﬁ}sfﬂ'agﬁé’@%ﬁ’m peratyneandtifignrnder of the
but adi ene epwi@ﬁd.oﬁhgmygﬁwme;ghgdsg@%g gagéfbfggcaéﬁn%ﬁﬁ&l tdet ai | ed

in Conparative Exanple 1. At the conclusion of the experl he
catal yst was Weighsd 426169 after calpination r Flaues, the catalystdizal gaihed l0oregigng 30

Vi si bl egsi gn ' apt ,and.. when. subjected to the cal cination
proc edure de_z%@%%{e)ad! lii ﬂj @)Jr%’lgbaﬁﬁt the "&'&ﬁgﬂe'“ﬁﬂqwoag?eéﬂﬁa@%%@ the gani ¢ 2
3 MAR 2004 initial weight. Itis apparent that catalyst fouling of this magnitude wili result
in short catalyst lifetime at extended periods of operation.
Catalytic activity at steady-state reaction conditions for each of the

combination of reaction conditions employed in Comparative Example 1 are

10 summarized in Table | wherein Temp is reactor temperature in °C and
Press is reactor pressure in bara. Conversion and selectivity are expressed
in percent.

JABLE|
15 ' %@5 Mol;e % EpB Cfonvers;on Szt_aét;\_/aity
200 4.14 0.98 13.1 83.0
205 7.24 1.79 238 83.7
205 4.14 2.30 299 85.5

20 210 7.24 2.14 282 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 Exampie 1, the percentage of organic



WO 01/ 44219 PCT/ US00/ 33715 -21 foul ant present on the catal yst was
determned to be 0.40% of the catalyst rempved fromthe reactor. GCaE Mar3hp;
performance at each reaction condition of tenperature and pressure is
sumari zegb pimaisbl e 11 below. 5 10 TABLE 11 Reacti on Condigdmoousoybhas%o
EpBConver si onSel ectivity TenpPressPr oduEedof But adi enet o EpB

2004. 141. 5219. 985. 0 2057. 242. 1728. 684. 323054. 142. 4832. 883. 9

2107. 242. 6835. 783. 3 EXAMPLE 2 Conparative Exanple 1 was repeated except

that 100 ppm_1 ni dded to the, gaseo feed ream when the

r eact or pre?ngaé‘qraigierﬁr?\é\‘rB@g}@ggYﬁ was e[ggp\éne&ﬁ%pegfﬂqc.%@? &fal@istat i on.
At the conclgm@redfromithe réd&oh olkatalpst rRRRIAIENEE at EA8h G &Edf?éoﬂl?r@orﬁ emoved
fromthe reactor and the anmbunt of ©organic toulant was determ ned as
descri bed i rofdemperaiure and pressiire is suMimarnzeddanfabie lidfelowgani ¢ foul ant was
determned to be 0.17% 20 of the catal yst renmoved fromthe reactor. ;
Cat al yst performance at selected reaction conditions of tenperature and
pressurg is summarized in Table I11. %’,ﬂ%ﬂl Il  Reaction ConditionsMle %
EpBConver si onSel ectivity Ir.nPressProdur&iof Butadi eneto EpB

2004. 141. 341ReactionyConditions 2. Mol Y2 EPB0 2Convertidr5033. SededdivRp EXAMPLE 3

Conpar ati ve EXemg e 1Pigss r epefredueed ept of Batad@aie ppm tar 1l a was added
to the gaseou5268edst rf?ﬂ‘ when thgzreactor ‘Pé_sssure . 2 3_MAR 2004

85.0
205 7.24 2.17 28.6 84.3
10 205 414 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 seiected
reaction conditions of temperature and pressure is summarized in Table III.

TABLE Ill
25  Reaction Conditions  Mole % EpB  Conversion Selectivity
Temp  Press Produced  of Butadiene lo EpB
200 4.14 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 -22 PCT/ US00/ 33715 was increased to 4.14 bara after 20 hours
of operation. At the conclusion of 210 hours of operation, the catzaﬁi Mﬁﬁ 2004
was renoved fromthe reactor and the anount of organic foul ant was !
det er m n@h diuqbfae as described in Conparative Exanple 1. TperpRirRHsage of
organic foulant was 5 determined to be 0.50% of the catal yst renoved from
the reactor. Catal yst perfornmance at sed2cted reaction conditions of
tenperature and pressure is summarized in Table IV. 10 TABLE N Reaction

Condi t Mol e % Sel P P dof But adi t
EB 2004 14198 10583580 Y5 01 P B35 Rerd blucs Ghrparaton At thersanspamol |
Conpar ative E’FG'H%'U@S of éﬁélraﬁbﬂ”mee&tﬂysgﬁras]réver fﬁhéct | \F:é%&tﬁ?’ Sha i

anmonia, a sinp 0?as phase chem ca ase owers the

extent of caamo;usrt cmam@fm;}aerdetemmemmHeeaseﬂescrmEdmw as 50 ppm
effective at preventing

and as high 250 al | al |

bui | d-up of @P&Hﬂf@ﬁ‘{%ﬁﬁamp?ﬁ %'yzS@f' ?ﬁlﬁ’rﬂﬁéﬁfﬁﬂl@”t% alytic
activity anddspinfidd/id i quf’}ér?ﬁ ﬁa@ d 20
by the addition of ppml %ve | s of th n’@ﬁg ghr@gﬁliél{%g xgwﬁ?Tabl es
| - 1V est apeifennance atselectedireaction uondwsnaoétauberfawr@mid préssorecigsed by
t he addltlog Qf .the e be%i% of ammonia to the reactor feedstream
EXAMPLE 4 25 t@fﬂﬂﬂz& 10 ﬁ{)l e 1 was repeated except that 15 ppm amoni a

was added to the gaseous feed streamm&e react or pressure was
i ncreased to 4.14 bara after 20 hours 0 operation and the process was

oper at at ar re for a tot of .167 hours.
Catal ytic aCI??LEQ:{‘Z oﬂfiﬁ]‘égg c ggézm VEESIABI e %mt he reactor
30 effluent a el ect49A ty of EpB ndi ng 0%
butadi ene conggpsion. 4@ s resukipg ndicates {digt at levelg as low as 15
ppmv, the WO 01/44219
210 7.24 2.46 32.9 83.0
The results achieved in Comparative Exampie 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 ievels of NH3 in the feedstream. The data in Tables i
— 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 totat 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



-23 2 3 MAR 2004 PCT/US00/ 33715 presence of ammonia in the feed stream
results in higher activity than when anmmonia is not present in tzrge éﬁ@@‘
The presence of 15 ppnv ammonia in the reactor feed gives a 7% ncw

in cataM@PU4@txivity as conpared to catalyst activity WHEHUSHMMSa i s
not fed to the reactor. 5 EXAMPLE 5 Compar ative Exanple 1 was repeated
except that the reactor pressure was naintained at approximately 1 bara
(ambi ent pressure) for a total of 217 hours of operation. After 217 hours

of operati opreski@e Rif @vnrabnikOnithe fee] Siyéami resuleim kighefatvithafdrpys feed
stream when the reactor pressure was increased to 4.14 bar. Fromthis

poi nt f or vaRMMenja ippetpesenhinthgfecd: dheresgnesmef 15 pprmvamimenia ims of

;E | ren-% tzgnﬁgﬂfetsllé;a?tcgggﬁfi %g‘%%séi?%4ﬁ‘§5r X, C@ﬁ%x{jgagﬁw*\%a%@glagr 5::LI 70

hours at 20Bb&tafyt adfivity whehahemoniads Aot felifosthatredlfle and 7. 24 bara. The
steady state catalytic activity at 210C and 7.24 bara pressure was 2. 77%

nol e 9PEpB at a selectivity of 82.8% corresponding to 37.1% conversi on

of but adi en mount of organic foulant was determ ned according to
t he proceduEXAJ bed in Conparative Exanple 1. The percentage of

organi ¢ foul ant Eampsative Exaimphs 1 wasdRepRatédlesieptiRatankakustorr enoved from

the reactor. The results obtained in Exanple 4 show that substituted
am ne conpBfFgYrewas Feziptained at approximatehe baga (ambisat pressare)foani ¢

foul ant pr ' j_an ' res rat ures and
do not advgj?ésllgﬁ% 1zﬁdec ogg’?? ?}‘P@m@%&%@%@ﬂﬁﬁ?@ﬁ@ﬁ@ym yst. In
fact, 1@5 compaohrethylamine Was aitedapdhe gasbous fecthBir€arh WwhENhd fictat al ytic
activity is apgrom mately 29% hi gher in the presence of 100 ppmv

monomet hy| aRigssure wepmqeasettakAnmar. £rom s poist iywarddhedmooess
L e L L Y T
producti on presserma akedescritibd in CdraparativesBxdrhple £ i NRha0R%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 resuits 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.
PA P

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



WO 01/ 44219 PCT/ US00/ 33715 -24 diagramof U S. Patent 5,312,931._ The
epoxi dation catal yst enployed was similar to that in the previ ous) MAR 2004
exanples, i.e., an alumna-supported silver catalyst containing 12 wei ght

percent swouvp42pnd 700 parts per mllion by weight cesiumpcfiRodf9fd Or
was a 6.4 nmeter steel tube with an inside 5 dianmeter of 4.1 cm The

reactor tenperature was controlled by g'e%rati ng steamin a steel jacket
with a diameter of 10 cm A gas conprised of 60- 70% butane, 9-10%

but adi , 18% - B 2% -16% of | /nit / meth d
35 ppmy 2 BN OLH. SibatedE 32 0a1 Theshondadomcataes! Smpiyscwandar d
lit /' m nut gj : i | - ' e bet
213°215C | durt Be e et oL eepIes TR ) M o 85GE; 2 157"

psia) at thecatalystsiontaiping:42 weightmréert4iloer and 780nwirts pért millish bpse of
t he down-flo 'rmgr' -line reactiaon, anal ysis was conducted using
g ap

in-1ine gas ereaelonwas a x4 matapsieel tube with@ainsidepi cal | y
100 cc/ m nut glarAbtet of YN chy i

Reacti on anal yasi s al soh%ygg'é%tgéf%ﬁ’re yéré%ﬁ'g%él)g%“é '@%‘Ef@%%&!’?%n of
EpB product . steam jn aateehjacketwitti adiameter o6 dDerhe Algas ebinprided of 60- of EpB
produced per over the course of the experinent.

The process \?\/leyé b gﬁg{ea?g‘géﬁw&%qiﬁ?‘é;ﬁ%awﬁ%%a&ﬁ% waten Bt joofs of EpB

per liter of rfatRigepmefPdne ¥hd 8- ' rati t he
aver age EpB gr?%bduct'?;gn rpgte was %QMS%B@L*?{‘?@P&%@&@}? yst - hour
(6 pounds Epteasder alimrate afdots standardiitgss/mimie YSLM)| | owi ng t he conpl etion

of thigpexperi men A catalyst., which was very difficult to renove from
t he tuagl aP react}éﬂra’@ﬂg"m{? | t§nPeiatuse was ’E‘a"‘jg'"ﬁ&hwn\?é@-%?ﬁfpyzed by

acur T ng on Lhe Lot ol yae FRaod RfactRrfiigsblie ak 220 BAPA B2 Brial el
the initial Baefiteerencioniang b4 darai thpsiepapthebase of edowhiflow i n a hi gh
emer at ur e Bleldr® SHIRRTRachIR lRbs vt Sa ko T s oo ¢ o
unused cat al gtronaavgrapHiOInaRSishia sthal Siip 3talMRygiRafy Y6b QLhFAaES 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,



-25 PCT/ US00/ 33715 approxi mately 6.8% by wei ght of the sanple was | ost
during calcination. This weight |oss represents the anmount of Ezl I c&uﬁ of
organi c fouiant on the surface of the catal yst during the cour MAR Z0fe
114 dayw@giagigent. 5 EXAMPLE 6 Conparative Exanple 2 vvaa, coBeRbeHsexcept
that 10-15 ppnv of ammonia was added to the gaseous feedstream and t he
experinment was continued for a peri od 4 - 103 days to produce 269 kg EpB
per liter of catalyst volune. For an 8-week period of operation, EpB

production rate 10 er. 0.104 kg EpB per liter of catalyst-hour (6.5
pounds EpB 5@?'%8?%“’ 5% weight plthe. sarople was fost dufipg saleination. i ncr ease

of over 8% mﬁ? f t he
total flow Po%t e reg)(?}tg?r%p At Q{ecéﬁélﬁhg)ﬁﬁu'!) tﬁ%@gﬁ‘céé@'aﬁggﬁ# %nt
t he catal yssuniace obthie gatalystrdueng theoootiise ofdhe 104 .dajsdxpenipiami s of the

used catal yst gave 98.2% 15 weight retention, indicating that organic
foul ant was approximately 1. 7% of the catalyst weight. This is a

substagtialmwﬁf_?m)unt of foulant than that forned in Conparative
Exanpl e 2 even ough EpB produced per liter of catalyst was nuch higher

(269 vs. 205 kg EoeB)pasative Examplé 2ppas remaledéxw;ﬂthdﬂﬂm-ﬁq:ﬁd‘rﬁof eed
stream 20 The results I@ecg? arative Exanple 2 and Exanple 6 denonstrate

yet again tHROYYHWasad e&’”@r e&ﬁﬂﬁ%amraanéemepmv\faéed
conmposi t i ons&HtRrlddYfol AW rio g,:]@'g(aEYrg cPEar ulgg notid;gbg erfllPér tion, thus

greatly increasing usefu yst sel'y a fect| ng EpB
formation. ¢atatysévolums. Easanc&-week@bylsd of epevation, £p® produytibmeatei t at ed

wh d d he feed st t
Compal Q1 | veReIaREN - 504 R SR ppt Begof Fatmatour (EBocbneSIRRRPPLCatic aadi ng
a base conpraunds atalyse HoRPL VP 1BhREBAE ar RLrbaSSof vt WhSnNH3 0 Per ko

of EpB obtained in npar ati ve Exanpl e Wnen aqueous potass
bi car bonat evag@ddeded levels ae lowas ) y ‘kﬁppms'mf tﬁ'élmthldm toothai r@lacﬂ:ﬁ was

RO AL =S TOU N STE
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 Exampie 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 Exampie 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 aqueous
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



was present in the feed to the reactor. (The exanples of U S. Patent
5,756,779 show that the loss to diol is about 50 g per kg EpB wh rj no
basic nmaterial is added to the recovery section of the process.§ THARS2004
the additjon of amonia in the gaseous feed to the recover rocess

provi des Y8t %mt e nixing with the acidic conponents andP§F&SPIPMEduces
hydrolysis of EpB to butanediols. COWARAII VE EXAMPLE 3 Conparative
Exanpl e 3 and Exanples 7-10 were carried out in a 10 reactor conprising a
stainless steel, tubular reactor 45.7 cm (18 inches) |ong having an

out si de di anatas prdsedit &bthenfieed t8%he redite). @he edamplesdt U 81 pagdir of 4.83
nm (0. 19 inc%z %ﬁ }ge reactor was jacketed with a brass collar 25.4 nm (1
inch) in dia ? 77§ shawthat theylpss ip digliisrabeut 5& gipesikgeEpB svhen pe basic

tenperature L es ' [ I i nsert i nside 15 the
cat al yst bed?ﬁﬁl}%glbg[ast%@oﬁgﬁbg‘fé%?gﬁ%ﬁgtH.'\,%aﬁ'ioc‘}ere‘ﬁ‘é f’gﬁ%{l@? and
heated in f| @dditipreof ammania in te gIGCuETeed tdHE feco_Gbgr bRITASE PreNifeyas
then |lqwered to 25C,an%htg catalyst was "prechlorided" in a gas flow of
10 ppm=2- chIYfBBE TG Witk tharacidic compengats M greatiyrreduces Tipdralysis mowel |

confirmed a peg; B’ﬁd Eﬁﬁggm‘#hbed profile over the 30.5 cm (12 inches) 20

| ength of the catalys e epoxi dation of butadi ene then was
commenced by feeding to the reactor/catal yst a gaseous feed stream
conposed of adj ene and 18% (nol e) oxygen with the bal ance
bei ng n-but ar ARG P- 3 ppm 2-chl orobut ane at approxi nmately

1 b 15 oa &) resoir o 2 : te of 310 cc . (STP
25 m put e, The 1 ecomaRiigE BAFaREd Snd Bllples TP WErS baid S0 Bor ) o
peri od16f appeactoneombyising astairsiess sfeel, alibMap fedciot 457 cri(§8McHEsst € was

reached afte[ appraxinmately 20-25 hours of operation. Catalyst
per f or mance !&5@ ’Eﬂ)‘ﬂ?g m%?ermaﬁ@teﬁof&% mmi(A&5jasheskamdaodnsigei c

Si7ls15 U5, ERY ST BB Tl e DL O it "
Catal ytic accolariab.dmms(@addghsinatiametsr t8.mdintdilan disiresitatEPBofHermal
selectivity ggtaﬁfzs't %eo/ﬁnperature 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



A -1 5 The procedure described in Conparative Exanple 3 was repeated
except that after approximately 20 hours of operation either amrqry ﬂAR 2004

nononet hy| (MVA), dinethylam ne (DVA), or diethylamne

added t(l}x' a@“aglgeous feed streamw th the oxygen, butadi er?é:'r(":ﬁ‘r‘a ?fnsbut ane
concentrations remai ni ng constant. Each23f- t hese al kyl am nes was 10 added
at a concentration of 300 ppnv to the gaseous feed streamafter 20 hours

of on-line operation. Amobni a was added at increnental concentrations of
100, 300, an&eses Ganfzhramatogranpd. d@atabytuqoamtmysat steady stateywabe. v4ryi ng

concentrations,of a operated for 20-40 hours
to ensure thd°® I%%é%?@%#%?ﬁ'?é’%’&ﬁ? &-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 ammobnia or

al kyl ami ne iE&ﬂMEbEﬁebné_Qf eed stream was discontinued and anot her
present in

st eady-state cata |c ac W th no amoni a_or al kyl am ne

the feed stream, |p(fﬂ gc&.& d:eéﬁ'('%%%%apmaé?@vezﬁxﬁ@mﬁ)ér"éa%fepg@t%erat i on
of he epoxisrterannar amarsporitmatély 20%70.8 ok BBHMRALITFRA Hihdnia, The
catalytic activities of the steady state operations are ovvn I'n Table 111
wher ei n ConcmmthWQNU@lﬂﬂMR)ad noethylaminegBMA)o or dlétWIaaﬂmeleDEA)t he

meani ngs. sot “pATRdIB AL S3586L% FeRtetiag witn\ e oatien chitadiens, anei v o6
02. 1626, 302 T D 1000 Bras ol 3"%%’*%'88%%%%%%@&%% Vo
01/ 44219 added at a concentration of 300 ppmv to the gaseous feed stream after 20
hours of on-line operation. Ammonia was added at incremental
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 I}
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 JABLEYV
Ex. NHiy/Amine Additive Mole % EpB  Butadiene Selectivity
No. Compound Conc Produced  Conversion 1o EpB
7 None "0 2.18 26.3 92.1
30 7 NH; 100 2.67 325 91.3
7 NH; 300 2.79 34.3 90.5
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8None02. 2226. 991. 6 8t MVA3002. 8334. 690. 9 58None02. 8922. 991. 8 73 MAR 2004
9DMVA3003. 1538. 989. 9 9t None03. 1739. 589. 2 10None01. 9924. 092. 0
10DEA2004vdBrdnfPl- 3 10 t - Operation after ammonia or al k*l@ ' been
fed. The results reported in Table V show that the additio m%ﬁia and
various anmines with different |evels of -8bstituti on and substituents at
ppm |evels from 100 to 500 ppmv concentration results in substanti al

i ncreases 15 in cat tic activity; e. g , increases in nole % EpB range
bet ween 23-66% d Adi ng R0t he” conk&Rt rati on 3.5conposBlidn of the
anmoni a/ am ne <tadd t he feedstre Anot her efit of ,including

anmoni a or an7 al k;ﬁ%e'jrﬁone [ notehe feegﬂbg t he epé%? ation bﬂo{cless is that
catal ytic actigvityNdng | ow n@ di scont2 pgance of dghe am‘mn'g?[cﬂl kyl am ne
feed remains 2Q approxi rrateI% t he sane as when the anmoni a/ am ne was added
to the feedstyeanMMAe | ong0Perm ef 1288 of anm@4.6/ al kyl 86ithe addition or
treatnef suggestspfpat the tal yst ucture or co ition has been
changed duri ng t he period of Q)f';lldditioni'héS EXAI\/Pi%dé The ggggedure

described in GnpabDMAve Ex30ple 3 wepigsed to a3gederm negglee 1ong term
ef fectiveness of aggoni a to enhance the activity of a supported silver
catal yst used% o cMCBByze thP sel ect i%47nonoepodBcati on  89.2but adi ene to

EpB. The actiypty he cat gl yst bef t he ingl.usi on of 0 30 ppnv
10 Nk 0 ﬁ?ﬁe epoxi égt %f@ s WO

ammoni a in the gaseous feed Streamto on rea rwa
01/ 44219 2 3 NAR 2D&A PCTI 2800 33713 489 208 91.3
10 T - Operation after ammonia or alkylamine had been fed.

The results reported in Table V show that the addition of ammonia and
various amines with different leveis 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 moie % 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/alkyiamine 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



2.0 nole percent EpB at a selectivity of 91.9% corresponding to 24.2%
but adi ene conversion. QOperation of the epoxidation process vmth% S@qujm/
a

anmoni g . gaseous feed stream for 34.5 hours inproved cat
perforﬁ?nog“s{]g 2.3 nol e percent EpB at a selectivity of PTG &ration 5

of the process was continued in the al29ence of amoni a fo_r _150 hours and
catal yst activity was measured periodically. Catalyst activity as a
function of tinme after discontinuance of the ammonia feed is shown in
Table VI. 20 mleﬂenognbEpammse‘lecﬁwm'cgﬁ wot,ycoﬁbspondﬁngct@aulmance Mol e %
EpB tQ - of , PraducedEnB i 091 8?102 3 91.0 202.3 0 402.2691.2
602. 2891. ob‘i'ﬁgke%‘é‘l“‘{?’i%z%ﬁ alio pracess with 3 epmyd i n

Table VI dgmpiisiia & the Bééecﬁ)é%ﬁHrs?re%ﬁ] WS% Bifs m%(}gt@%j&g{d}g%t suffici ent

periods of time resultS in |ong termlncreases I'n ivity with

no adver seperforseanceoto 23Imeleiparcgnt BpBist aseiectivty G191 '%rgﬁ?ﬁg on as

atide ihfﬁfﬁheﬁgrﬁgé’%ﬁ?{véﬁﬁpﬁfww%@rééq%%pst Sarasaspr iEpdousenGVer, | 1

. he
desired, asEfRRsPadiiyhas el de g h&idn
f eedstream toﬂ'gl ve enhanced ca{:@q st per fvcj)r mnc@%A%

of time after discontinuance of the ammonia feed is shown in Table Vi.

TJABLE 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 91.1

The resuits reported in Table VI demonstrate that exposure toc ammonia or
an amine for sufficient periods of time results in long term iﬁcreases 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 stee!, tubular reactor 45.7 cm (18 inches)



30 Conparative Exanple 4 and Exanple 12 were carried out in are gtor
conprising a stainless steel, tubular reactor 45.7 cm (18 inches? MR 2006R
2004 WO 01/44219 PCTNSOQO 33715 -30 |long having an outside dianeter of 9.5
mm (0. 37¢d s¢ddefy) and an inside dianeter of 7.75 mm (0. 308~+06dRsHs The
reactor was heated by neans of a recirculating hot oil jacket around the
tubul ar reactor. A catalyst sanple weigB®ng 12.0 grans of the sane
conposition as used in previous 5 exanples was | oaded into the reactor and
heated in fl?mﬁn air insjitu at 250C for 2 hours. The tenperature was

then | over ed P79 NB¥EIANOUtside digmatosel $,8.mmMy0:2H ibchasliand andngjde f | ow of

-chl o ' = | f ' .
Chermovel || SLAmEIA 775 P B B nChes)) TRE e ddtaPval DRt bEdredhs ot rea o
nearly i sot hernegirchiatingrhaft idil§acket mrolrel e tablfar¢sadtd? iNcaRNst sanpid of

t he catal yst bed., Th&éeactor was heated by neans of a recirculating hot
oi | jacket al"‘fﬁl&@“gh -9 @ramg of tae same compositign as used im peevious adi ene was

d b ' f eed
composed o §SERHIESES Ibddert 35 196 HeRd AR nedle 3R FBling A in i &t W
nol ar concen568°Cdos? haats. 1 The vemperdtling way tiseitlolerad té 1800 and B rate of

3.01 standard |iters per n?'_lnu_te [(SLP). Reactor pressure was naintai ned at
appr oxi nat el W?'ﬁ‘t%ﬁ‘g Rrechigadeg” in# gas fewwefil0ppmZichioptndane fn a- psi a)
outl et press j ' ' 5C th
reactor inl eP Dﬁ&ﬁ%‘%‘%&r ?@%@@g{e\%ﬁ?ﬁ‘%ﬁ%ﬁ'w{ﬁ%ﬁ“ﬁ f"ﬁ'tﬂgn ﬁti re
run by an i nof theecatalyst bagdidondirhed @ néerly i86thennarhed profi@sveptrd 30 5rom a

slip stpeam of e reactor eff]Juent into a Poraplot Q gas chromat ographic
col urmtlbnst afffe 2 'Hcﬁﬁg)l-‘@ﬂﬂﬁl ?}-‘B&ﬂ%ﬂﬁt brgh oThe reaciorwas beatethbygr aph.

After 14 day ' ; ' t  17. 8%
conver si on O?ﬁgﬁﬁ?gﬁ?ﬁﬂa@ﬁhgﬁ%ﬁ@ géﬁ %@?’\qwg&@dlg%%& 9@?%% No
anmoni a/ am nepoxidationl ofl butadiére waswommérests by festing to theefeddibfedigiyspd of

operation. EXAVPLE 12 The procedure described in Conparative Exanple 4 was
repeated ex@ &?PePHﬁeﬁ SHEW %Bﬂ\"%peﬁé%%i tiitpdigna and 1876 %@&ﬂugg?/eed
B te ; ?gpnaﬁgea% tnhgb% A RENE (all REAECbnteRtdtoRd) 3y APbW 2%hidBButane
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 iniet. 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



2 3 MAR 2004 WD 01144219 PCTI US04133715 -31 catal yst over 14 days ﬁ
operation is shown in Table VII wherein Tine is the total days of MAR 2004
operation, Tenperature is the tenperature (C) at the reactor inlet and
Conver Wwmo/4421% he nol e percent conversi on of butadi ene. gerusdogafisr st 5
days, no ammonia was included in the .ggseous feed to the 5 reactor; for
the next 7 days, 28 ppmv ammonia was | cluded in the reactor feed; and no
anmoni a or am ne was fed during days 13 and 14 of operation. TABLE VI

fesul ts ontnsore 88 days of dpcfubiti Sndyhdy F3plE Mrelsin Bie RdBai o ¢ nat
|l evel s of wiatadEys ctf&);iematms T%&'Ipmmumﬂs tHeetengssrature ?1‘@0) atsthéQéﬂ?:t%Phance

catalytlca I Vit in this case m)rethan l4%relative to
anmoni a is' ﬁ% fé@@vﬁrsm 'FﬁéempﬁmwnWél%@fabMﬁdmle VII further

20 after ?nérﬁ‘ﬁ?aﬁf?‘is O T Smioria Mo X BBHT 10 gbBEou B IS here, ' 1T
ammonba  rreaotaa] forthe neehwavstZBrppmtammoﬁwasb@clbewir%e%aéfért0 191 C

and still rral nt in catal yst perfornmance equivalent to that before ammonia
addi ti on. fe? e@@ Pé’sﬁmﬂ'@" AF smiReawas fed Hering iday sl 3antbit &f ani nes as
cat al yst addenda that can be added once or during a short

period of t| rre 5 to effect long termchanges in catal yst perfornmance. The
i nvention has been described in deTABLBWNh particular reference to
preferred enbodi nents thereof, but it will be understood that variations
and nodifications may be effected within the spirit and scope of the 30

i nveqy i on. 3223%041@9 Conversion Selectivi

5 195 18.0 83.5
12 195 20.6 94.3
13 195 23.1 93.0
14 191 18.0 83,5
15 The results obtained in Comparative Exampie 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 Vi
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 resuits 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.



Claims 5 1. Process for the preparation of the nonoepoxide of an olefin
reactant selected 10 is from norbornene, norbornadi ene and ol efin haV|n
the general formula CH --C-R2 (1) RB2 wherein Rl is hydrogen or Zﬁ

R2 is an aryl radical or the group --C=CH2, Rl provided that the oleflns
of formula (i) contain nore 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 20 nmillion by volune (ppnv) tEaI®O ppnv of at |east one

ni trogen-containing basic conpound with a supported silver epoxidation
catal yst at a tenperature of about 175 to 230C  and recoverlng a gas

cont ai 8i ng kai d-Processfanthe preparatian of the monpepQids, of ap olefinfeastari setacied g
to Gai m 1 pulienbiBorBRe hbRRRAIERS Bl HiThsTRAY thépermaITLAfulas amoni a

or a.nono-, di-, or tri- ?ky | ami ne having a boiling points of -less than
about 150C 3. Process according to Claim1 wherein the

ni t rogen-cont ai ni ng Wﬁpoundl) s amoni a or a nono- or di-al kyl am ne
having a boiling point of,less than 30 about 150C containing up to about
12 carbon atons and the e*yoxi dation catal yst conprises a catalyst support
mat er i1al havi ng depositedion its surface about 1 to 30 weight percent
silver and about 10 to 500 parts per million by weight (ppmy) of an

epoxi dati on cat al yst nodi fier selected fromalkali earth netals, alkaline

earth netal {hal |j ‘ cess
according t V@‘%’f&dﬁ] Mﬁ@'ﬁ?ﬁﬁ&léa‘i%‘sggﬁé@ﬂ%d@‘é%{wzo to 500
ppmv of the nitrogen—d€&F@GHRI ng basi ¢ conpound, the olefin reactant is
1. 3- but adi ene and the pnnoepoxide I's 3,4-epoxy-1-butene.
15 | .
R!

. provided_that the olefins.of forrnula (I) contaln more than Zs:arbon atoms and do not:
,contam any allylic hydrogen atoms, which comprises contacling a reactlon gas
comprismg said olefin reactant, oxygen, an inert diluent, and at Ieasts parts per
20 million by volume’' {(ppmv) to 2000 ppmv of at least one nitrogeri-containing basic
* compound with a supported siiver epoxidation catalyst at a temperature of about 175
to 230°C; and recovering a gas containing said monoepoxnde of the olefin reactant.

2. Process according to Claim 1 wherein the nitrogen-conlaining basic.
L] 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 less than

30 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 parts per million by weight (ppmw) of an
epoxidation catalyst modifier selected from alkali earth metals, alkaline earth metals
and thaifium.

s



5. A continuous process for the preparation of the nonoepoxi de of an
olefin reactant selected from norbonene, norbonmadi ene and ol efi ns havi ng
the general formula CHs= CG--R2 (1) 33R wherein R is hydrogen ﬁshﬂh§MQ
and R2 is an aryl radical or the group -C=-CH2, R4 20 provided that
the-olefins of formula (1) contain nore than 2 carbon atons and do not
contain any allylic hydrogen atons, which conprises the steps of: (1)
continuously feeding a gas conprising about 3 to 30 mate percent of said
olefin reactant, about 3 to 30 nol e percent oxygen, about 40 to 90 nole 25
percent of an inert diluent. and at |east 5 parts per mllion by vol une
(ppnv) to 42000 RrpoessaceardingtoClair wherejrethecreactionigag dontalns abopd 20ctat o

and mai n- oD HBrREBE U5 RilgBh el @F@%‘?gﬂwéb%“ﬁz@é%ﬂéﬁﬂﬁ%%ﬁ?é? st
cont i nuously3-butadieng ang gﬁemw desisi Horepox-1byieBeconpri si ng about 0.5
to 5.0; nol e percent of said nonoepoxi de of the olefin reactant, about 2 to

28 nol e percent, of said olefin r.eactant to 28 nol.e percent
oxygen andS- aboh ComiupUsPriGess fAE 166 Arerraticn %mpnpﬁmﬁe&?am&ﬁﬁngs
34 S2 3 Nhﬁﬂﬂﬁﬂsﬂedaddmmmbmmngommdmm andindeRnschaving the general
nitrogen-c i ng basic conpound is ammonia or a nono-, di-, or
td-al kyl amne having a boiling points of. |ess than about 150C. 7.
Process according to Caimb5 wherein the nitrogen-containing basic
conpoynd i s ammoni a@H,===0wR3- or di) al kyl ami ne having a boiling point of
| ess than about 150C conjaining up to about 12 carbon atons and the
epoxi dati on cat al yst coni)rl ses a catal yst support nmaterial having
deposited on its surface lhbout 1 to 30 to wei ght percent silver and about
10 to 5000 parts per mllIgbn by weight (ppmyv) of an epoxidation catal yst
nodi fier selected ]‘rom al kali earth netals, alkaline earth netals
wherein R' is hydrogen or alkyl and R? is an aryl radical or the group

15 .
: —C_——‘CHZ-

|

I

R?

20 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:

(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
25 percent of an inert diluent, and at least 5 parts per million by volume (ppmv) to
2000 ppmv of at least one nitrogen-containing basic compound to an :
epoxidation zone conlaining a supported, silver epoxidation catalyst and main-
tained at a temperature of about 175 to 230°C; and

30 (2)  continuously removing from the epoxidation zone a gas comprising 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 of said paraffin hydrocarbon. :

5



and thallium 8. Process according to Claim?7 wherein the reaction gas
contains about 20 to is 500 ppnmv of the nitrogen-containing basic
conpound, the olefin reactant is 1, 33Butadi ene and the nonoepoxide is

3, 4- epoxy-1-butane. 9. A continuous process for the preparation D§ MAR 2004
3, 4- epoxy- 1- but ene which. conprises the steps of: 20 (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 to 90 nole percent of a
paraffin hydrocarbon containing | to 6 carbon atons wherein the.

oxygen paraffin hydrocarbon nole ratio is in the range of about 0.03:1 to

z5 0.75:1,,_. abo 20 to 500,,pa er I I IO vol une of at | east

one ni t r &en- ch M&k@ yae 'Q'OESFTQOH&]E'BQQ | ess

t han aboutcomfdld i mmbdatmomzdhﬁomﬁélwmmm naﬂn?mmb Sty A
about 85 to 225C

epoxi dat i S I ntained at a tenperature o

and, a pﬁgi%ﬁ%i‘a%qh&bﬁwqato 10 bar absolute; and 30 (2) continuously
renovisng from the epoxi dation zone a gas conprising.about 0.5 to 5.0 nole
percent ofy sai nol e
per cent of ‘sai §=£PQ$§‘ reactéa)l ‘%’l‘)ﬁju\t%gl%ﬁﬁgcﬁﬂapen%ﬂ 'ﬁiflgoxy en and .
about 40 tGOMAPUAS 'é%@ﬂt%ﬂﬁobﬁ VE‘&"QI'Q!’;Q*‘&! aiﬂlﬁ?dﬁym%bﬂlllnsmqleSMn
2004 10. %measmwmhmmt ﬁmmtamatddi@anum@eaamaanéﬁbaﬁl t

ip to abodBnisesh SR B Baﬁanr%"ﬁﬁauv&m°écaﬁit%bm%wﬁmﬁ G{ta3t
cat alhztyst e?tmgmnemntasahmlr a!ﬂdmhau’ag Ode;‘.ioﬂ()malscperlmlﬂlmthyf weight fppmw) af@n25
\(Af):ogn/v) gf e?‘éﬂfdga?imﬁl n cata yst rmé(g“r | er se cte ?oérllkg aPlxmeﬁt‘g@'s”

metals, a@0#tha®UBhrth netals and thallium 11. A continuous process for
the preparation of 3,4-epoxy-I|-butene which 10 conprises the steps of:

1% it ol ane PrpSSY abéhrditifin COTR 7. whéldir 88 Heationd 03P ol ah5 20 10
per cahit 500 ppmv of the nilrogen-contalmng basic compound, the olefin reactant is
1,3-butadiene and the monoepoxide is 3 4-epoxy-1-butene.

9. A continuous process for the preparation of 3 4-epoxy—1-butene which
compnses the steps of: ' :

(1) continuo'usly 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 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
25 0.75:1, about 20 to 500 paris per miflion by volume (ppmv) of at least one
nitrogen-containing basic compound having a boiling point of less than about
150°C to an epoxidation zone containing a supported, silver epoxidation
catalyst and maintained at a temperature of about 185 to 225°C and a
pressure of about 1 to 10 bar absolute; and
30 : , ,
(2) continuously removing from the epoxidation zone a gas comprising .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 80 mole percent of said paraffin hydrocarbon.
35



but ane wherein the oxygen:butane nole ratio Is In the range of, about
0.03:1tois 0.75:1, and at least 5 parts per mllion by vol une fgpnv% Eo
2000 ppnv of ammonia to an epoxi datii¥n zone containing a suppor AR 00
silver epoxidation catalyst conprising a catalyst support material having
deposited on its surface about 2 to 25 weight percent silver and about 20
to 3000 parts per mllion by weight (ppmw) of an epoxidation catal yst

nodi fier selected fromcesiumand 20 rubidium and maintained at a
tenperature of about 175 to 230C, and 12) continuously renoving fromthe
epoxi dation zone_a gas conprising about 0.5 to 5.0 nole percent of said
monoepoxi del®bf  tiwcessiageordingta Glainadavhereintthe Mtrogen-eonkiinieg baglc sai d

ol efin reaq;@,%g . C . n 25. about 40 to 90
nol e per cent ut%ﬁ%ﬁ%@gﬁ@ggﬁﬁ%ﬁg}rf'g%%ﬁé'\m@mlt'P gbout 12
concent r at iGH#PeA alpmsand the eppxidationicalalyst eomprses acatalyStfuppon/madéridi3.
A cont isnuoutavirigdepesitdd onildsupfaiRatitu T LC
conprises t g[Jdg gf: \@%)‘ ?(;jri:{.i E%QQ?%dﬁﬁgzeagﬁnggwrméggﬂw ]
to 30 nol em BRr i ﬂ%‘gﬁ'ﬂg g‘?p'@ébﬁfa%e 86 o® catalystmedifiex sglected
about 40 t ér0 alkalicearth awetals3 alkalink zasthwhetals and Beallupigen: net hane nol e
ratio Is in the range of about 0.03:1 to 0.75:1, and at |east 5 parts per
mllion by volunme (ppnv) to 2000 36 2 3 MAR 2004 ppmv of ammmonia to an
epoxi dat i o Tzond 66?\'5)@!‘?#519’%3% fpitheqieparation of eheporaili-butene wiivkt

conprili ng congtises\the stepPert material having deposited on its surface
about 2 to 25 weight percent silver and about 20 to 3000 parts per

mllion by weight (ppmy) of an epoxidation catalyst nodifi er sel ect ed from
5 cesi um aft) r uspotioueusty feedinga gasicamprising MbOURBUYO B00hoRDEEcehT 8f | 3-

230C, and (3 aHaU ' idati 7 a, gas

conpri si ng. gszuﬁg([)g. dégHi'(;%g%trﬁD@gb g‘gorl% é%?g é(;? ?’%‘gg%%r%%ﬁ%ﬁﬁ’ewlg Rercent

oLef i nQr eact2 gnt , :"Eﬂﬂﬁjw ¢ip the %Q%z'ap\?rmelﬁtfgfp is gﬁﬂmamgemf,raimﬁ o03:1 to

about 12 to NOL%S: peand it least Soparts)fer AMUA by Yolufhe FoR0tE Bbmy. of

gen%gﬁi”:' i ﬁ5 t ﬁg' a6 ARt 8pakiddtbR 25h& 'cg?'lt%}nir\\’\g %rs%prﬁotrtged. si v%?eerﬁx%ellt%% of
catalyst comprising a catalyst support material having deposited on its surface
about 2 to 25 weight percent sliver and about 20 to 3000 parts per miflion by
weight (ppmw) of an epoxidation catalyst modifier selected from cesium and

0 rubidium 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 reactant, about 2 to 28
mole percent of said olefin reactant, about 2 to 28 mole percent oxygen and
25 about 40 to 90 mole percent butane. :

12.  Process according to Claim 11 wherein the concentration of ammonia in the
feed gas is about 20 to 500 ppmv.

30 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 moie percent of 1,3-
butadiene, about 3 to 30 mole percent oxygen, about 40 to 90 mole percent
35 methane wherein the oxygen:methane mole ratio is in the range of about
0.03:1 to 0.75:1, and at Jeast 5 parts per miliion by volume {ppmwv) to 2000



feed gas is about 20 to 500 ppnv.

(3)

0

36 23 MAR 2004

ppmv of ammonia to an epoxidation zone containing a supported, silver - -
epoxidation catalyst comprising a catalyst support 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 temperaturé of about 175 to 230°C;
and

continuously removing from the epoxidation zone a gas comprisiug:ébout 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.

14.
feed g
15

Process according to Claim 11 wherein the concentration of ammonia in the
as Is about 20 to 500 ppmw.



