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WO 2005/ 039757 PCT/ US2004/ 033219 CATALYSTS HAVI NG
- ENHANCED STABI LI TY, EFFI CI ENCY ANDY OR ACTIVITY FOR
woMlk¥FiE OXI DE PRODUCTI ON 5 CROSS- REFERENCE '
RELATED APPLI CATION Thi's application clai ms  PErus2nsnssy
‘benefit of U S. Provisional Patent Application Seri al
No. 60/511,975, filed Cbtober 16, 2003. FIELD OF

the correspondi ng RO

et hyl ene oxi de, which have enhanced stability,

eff|C|ency and/or act|V|ty by i ncorporating sufficient
R E P I®Ubstantially as

zirconiumsili ate CK THE .| NVENTI ON The

or oduct i oGP f%?f’ 8%‘8“%@1 e P8 negglﬁ’?}“rgg r%ﬂ%%aéﬁeelamy@canon Serial
Nobg0/6 NE9T R @itddi Gdloliek 1€)098N Or  oxygen- cont ai ni ng gases

Wi th ethylene in the presence of a silver-containing

catal yst at elevated 20 tenperature is an old and
FIa) brkRg@N Ay For exanple, U. S. Patent No.

2,040, /82, dated May 12, 1936, describes the

manuf act ure of ethyl ene oxi de by the reaction of

oxy &S Riemion gelpiss lerretalystsfathe eperadation of alkeiey especially ethylene,
to hatersspbadiMhARY eSO, !br%\ﬁxlnﬁl%set leRE3de. GAhRN Qhanced

A
sa SRl ehey adlpr b AR ewoming e?h@%‘)eﬁwgm e o

compafentsubsteniedly e yirdvaived iicdsted by causing olefins to

conbine directly with nol ecul ar oxygen in 25 the
BAUKGSROCIDOF I IWEENTRINI yst. (An excel | ent

. di scussion on ethyl ene oxide, including a detailed
~description of commonly used manufacturing process

* st-epBe progugtionrad ajkylere pkide,. Suclﬂiimbjrlér& dz‘;mrybjr thp eeticiondf oxygen or

ox}ggﬁ gglgt)@{mn%%h%%%%l a?ﬂ)lf‘é % 15%4,%%5%%2 ansb gFrt Jjué.ﬁ%%%yst at elevated

temmraanre écan al anthWemn@fm em hpbiesxemble, Pr S.dRigdt Bohy bAE2, dated
are sev I | - known _basi c conponents

d Th
Mg G e e oy s 55y ey e reretion of oxygen with
eth{IGRNBY Bt bitsdick YL aScARGE! WheH C@IQBM %)cias@oisxlﬂ%ttalawn 1mng promoters.

support/carrler for exanple alpha-alum na
In Reissup |5 - Prtenta0Sre, datadi May 1&HPEH L@émtepixscgoses that! the fonmation of

t
olcHIBEA 6L ALY AELLOLURN § e BB S Bnitbfolecular oxygen n
the @tdsymoemf agitvateatalysu ¢Anekédleht digusieeon ekendasdd tcluding

e catalyst's efficjency in_producing ethylene

a RS fiiof ot Seymmotly et T HITHIE REpITLBIPs b AR e
Ottier 8 ElRQEl oI BH (Hotidal Tho oD YATRE(1904) Volume 9, pages 915 to 959).

The catalyst is the most important element in direct oxidation of ethylene to produce

T. tes to catalysts for
c/}%t%@%ﬁ f,‘gF % JOR(ALCTIVITY FOR
l e, '

ethylene oxide. There are several well-known basic components of such catalyst: the active
catalyst metal (generally silver as described above); a suitable support/carrier (for example |
alpha-alumina); and catalyst promoters, all of which can play a role in Improving catalyst
performance. Because of the importance of the catalyst 1n the production of ethylene oxide,
much effort has been expended to improve catalyst’s efficiency in producing ethylene oxide.
The use of zirconium and or silicon components as either promoters in the ethylene
oxide catalyst or as modifiers to supports (that is carriers) used for such catalysts are also

known. -1-
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35 oxide catalyst or as nodifiers to supports (that is
carriers) used for such catalysts are also known. -1
woM2PR54-039757 PCT/ US2004/ 033219 U. S. Pat ent

5,703, 001 describes a rheniumfree silver catBf{/L2004033219

pr 18 kal,i t al ent nd a Goup

VEC o sl P e e TP Gt e Arorpsechlitb gn alkal
metaBcontpoaentpad adsrb@y IVE cémidreHbwheYEn GRE GRAp I@glcglkﬁtgnem is added as

2|rcon|un1co%gounds where the Group | VB conpon

a compoypd Bviag @ Cpowsr [ eagion5SeJule zpaorawn BmpdEd8 Rdiere the Group TVB
cou%%ﬁ&[t 1sb§§ati%n alpg J %g} A8 onot ed et hyl ene oxi de silver
suppor on a carrier conpr|5|ng al pha

aI uTmSnBatemrﬁ bbolid dekdeibles i theimid-Profiite eth eriefb‘éhdfe%ﬂ%l Qhtals =
xide, silicon. n the forn1of an oxi and from |

supgoTted ngs GHSGCOTETHAE elRht 2 Hwnaaard@aiedﬁﬂha&mﬁaumqﬁalm ghe form of
an ox@eMifford BQh@erEl%f ah BxiHe 3nd %’03114%1@ foab p&e?c{em %dgﬁ%

" is used to refer to sinp e oxl des nm
zircppg in ghe fpanlof e chdvplheid Soﬁﬂéesﬁ’ﬁmﬂetmn “otidé¢’tie used to refer to

cated,10 and one nor e t he ot her
simplg 88 ad O TES Y o e R el BamPTe itdes gt phhe fnsicated
metﬁ:laihﬂ Ioﬁé ot ofd MthOot@er th&ald 1RE SRbuRSF Qﬁ(@ltme(e‘ﬁﬁh m&al used in the
measured as the oxide. Simlarly, U S Patent

carngr SGCﬁOTQ 8d5dadersige emantdwh bl msasxsdies thawade stimilarly, U. S Patent
5, 80@92'3@&1'6%1‘%95 phﬂﬁﬁ'&: @Md@&?ﬁ;ﬁ %rﬁ%x%nmé%m v%rr %,Plélﬁ)récrm t)%esg)g a carrier

by “m xi ng a TUni na
prepatddibyanixmg adpha durdinky dkaline eartit metal aideltsilitbn 8%i8d, and from zero to

the, f th de. The particle sizes
aborfyr SR A A A D600 Hhegivstns Saehibetsarmingomponents

are cﬂﬁ»@éﬂ sugh dRnSetpaciahg téRitgbi BE dG8d EdrBE
reater than etpﬁgt of % e fired car rrllie}[?&]%téF %?%Bgéat@loﬁmn that of

of! AR ity ehelimaainerthe nase Jerrrearhu burnott aggentis. 834nand 259
paten§ 2he aRGier ArRureReFERES frofh esta?‘alﬁn% fn%\rtm{y C)éét%‘éﬁgﬁ?@g ahgw&a and

froma starting mxture contal ng a
requntréqmeraééltlph of alitdline carth afeta bkidk i The eenhtldm draticdirceiufioxide

Comggr?en?gdqpl of the zirconi um oxi de conmponent | S
I ona "There are several exanples in the prior

ar tThefe @ kdvietd] Sxdifsies ke RidiMHeM Sarﬁéfsqge&i%{’ &huyléﬁesomde catalysts
whi ch.cantain siljcon- contaln%ng @g?oun S.
whigh.Gogiain sijcenreoniaining sempeusds o-SrRatamic,3 165326 escribes a méthod for the

procﬂﬁ@&y&ﬁe‘ﬂ%ﬁeﬁg oW &SNS t}%)%'blq'?er §'P§1r bl H/sg ul?}?“r rc#fy ac?dfmG an

the catal'yst 1s obtalne
alunggwp camgdoural, gisilicon nompond mndiaxaﬂ]dalamwﬂl Kéhpoun®tcad low-alkali content
Ikall ont ent pha-al um na

al ha- uarl1d tg a |l ow
P \%‘é‘? PQY I Al ﬁ’&?ﬁl%‘nt %IH}XéurFrf%éba%’éﬂ F@r@\h‘émfgmatmg 1aye1 of
alkaﬁ ﬁlﬂéﬁldﬁnﬁuﬁﬁ’%ﬁ&m&@hb@%ﬁkaQfmnlgg’o@{hié Yuter Tak Je ofRE %31%%1%

anor phous silica alumna on the outer sur ace 0
carrigy ﬁﬁiathamﬁr prafage pf the porgn therded Camdiangutcha 3000786tdeseribes

<o B8R IPCEA: o RABR AT e 00 S5 SREGH DR
meagiirghiaaclliyramberystalk of Al,S50diwhith Mtb Id@ﬂ&ctfaﬁl% by X-ray Diffraction analysis
(XRD).

Several terms are commonly used to describe some of the parameters of catalytic
systems for epoxidation of alkenes. For instance, "conversion" is defined as ‘rhe molar
percentge of alkene fed to the reactor which undergoes reaction. Of the total amount of alkene

which is converted to a different chemical entity in a reaction process, the molar percentage

which is converted to the corresponding alkylene epoxide, that is alkylene oxide, is known as
-
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 repfpRRe

nmeasur abl e acidity and crystals of Al 6Si 2013 which are
detectable by X-ray Diffraction analysis (XRD). 30

wEensroadrst erns are conmonly used to describe sg ggﬂ% 004/033219
t he paraneters of catalytlc systens for epoxi dat1°6n

oD DRy, BOTVAL 0 o B L ot o

the\ﬂaraeht afﬁciellcg’(tesesrtm%tdoﬁ{?ermﬁﬁ (ditided B} BI0Y@tddBYerOfrom % to %) is the
is con erted to a different chem cal

h
Pef%ﬂ{t?&ey Yi‘e\quj ﬁ%’éctb %Psféé%tége tfitke sHmarfedibride pergaed into the

Quuerted to the correspondlng al kyl ene
cmﬁ%%%ngfq?hat is al kyl ene oxide, is known as -2 WO

2005 he 387isiry "R@'E_/%B@Mh@ﬁ&ﬁ&lﬁlﬁeﬁhﬂa hedibdr of @20y 'oné WEhE the mole
R S el s e
inlet QYA ﬁthé)i‘ho(eq:bc‘lldefihﬂ(ﬁ~ ah&&lelﬁ@?f@h@e HORY ﬁﬂét s&éaﬁms (9%3 ¢y But not

is the percentage "yield", that is,
necEsaElnEHy eersﬁnti Whilgihg snetor eanerasere |1%m¢10ﬁu@dtse&$tannakby constant,

andgzﬂl% ef BELEHR é?&ul%qgﬁlugg o glailglli]ziem a %therll ¥I ! g\%%}lg’lencagzr?gomde

yst e quant | in a nunBer o

prohedtiog. {Thet 1smh eanp mstaﬁcﬂs m‘tlvﬂil ksykhed@\eree pot Iadﬁn@@ﬂi @&h & 80terms of

I t lative to that
the pfbg RSl g Gl SRige e &mﬁé?%@q%é@%ﬁ cQistag] \egeRREire

Alt&Revell abtivityBay BY BtasSlel ﬁﬁﬁnﬁhﬁtl&ﬁ/ @f' e eramfé re'&gfred to sustain
necessarily, zero percent) while the reactor

Progygiige 04 e spesifies cppstant ajokepereant gf dhylmwl dgymdcm%eameful lifnaf
{
- a re@l&gcg{]@%tg? g% 1&%@1 éfgﬁgee%%%r)%?c anti ul Irf;g)a%sgé) %Wg%fﬁ%{eaﬁctgon system

dunnlg wiscly resul it a2 Gl Sine @ hick iateyconSid SFe@ By the Gp&uRF tPbPRLégsble in light

' f the nolar percent of al kyl ene
Ofag]ﬂstg!vﬂrr_gflnterrrso p y

Yetuced at a specified constant tenperature.
Al t BeRivhivc, ¥s usd@ hbréint % EF8Y PferfBAY fo@goiaa%uf}&r M&' 1ency
of the tenperature required to sustain production
thatis.cflesraapecia agbyistandtor pficienpe wbishtcawfot bd tegdrensl. e"p':mdteﬂieabove
ctian s
proa—moﬂ%ﬁgl%lrelé% g écg e ?%(fggﬁ an be a1%c§ a&e(flmrgﬁ&gqg%{g glaxar? d)Ht the

neeéy(sblmmte 46a hhlghe:rngnpdmmfe 16 ﬁ&hﬂﬂuﬁ adaricOlat Atd\fhrovduictibn Bl €

t.h tor.to be acceptable in_Iight
Swﬁw&a@? iins, Adiid endjer %ﬂencaée%%@erm@msno proceed

more@hsifE W&n&u@ﬁ[ fga&ﬁf‘ierﬂp@x%ﬁlr&f ar@Ehpbbddy ’ﬁ@d‘é@&hﬁ/ 4 of a catalyst is

efficiency, that is, decrease ITn"activit

- invegpely ETC’@H’G&QH@MP e Té’&mﬁ d@acb@atr@c@a@ssue ramofni@meaiseaiﬁ efﬁe;ency
' I uct..can
andf: QOHAL, S e O U e SR B PR S8 by onensy i

to Eq)) be atmsidatedaatifghey, 4 cugdest aiusrieve BccBBbbIE aktii and efficiency,
ﬁular te of oduction is representative of
a5 SEY ks

VS pshlsq Rave sefficleptytatilityysothel iovilldere e peffieipntly long useful

life d@REH el @bhcl aRESr 4BvRY szfgﬂal%ﬂﬁsec}ercﬁﬁgg% %.%\an%geptably low level,
hi gher reactof tenperatures ar

typical{ysthe r¢actpr myfst e shat downsdndipartially dlsmantled to remove the catalyst.
This results in losses in time, productivity and materials, for example silver catalytic material
and alumina carrier. In addition, the catalyst must be replaced and the silver salvaged or, where
possible, regenerated. Even when a catalyst is capable of regeneration in situ, generally
production must be halted for some period of time. At best, replacement or regeneration of

catalyst requires additional losses in production time to treat the catalyst and, at worst, requires

replacement of the catalyst with the associated costs. It is therefore highly desirable to find
-3-
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i nversely proportional to the rate of deactivation,
that is, the rate of decrease of efficiency and/or

woaobdosoty. Lower rates of decline of efficienc _
activity are generally desirable. 25 To be coﬁglﬁgg{rogi 033219

' st have acceptable activity

Waygﬁ%lfeé‘l’ %@éﬁ%eﬁ lffgn%l %(a?]gelysggt al yst nust al so have

sufficient stability, so that it will have a
SUMMAREIORTTHE INvBYTUISKEf ul  1ife. Wien the efficiency

and/or activity of a catalyst has declined to an _

un LRI AY/ t be .

ot abae oht Bise ¥fention ¥R ca@lvidfo} UR AERELL: PkySR oxide
by tavapoy-phase Thixsdaties of alkeriensaid saaigst conthining, inpraabet sWek ¥nd at

| e silver catalytic materi al '

d mat.erj al f !
teastife PSP AP ERAF BRI e BRFRFETIIACHEPER £ J9TPOTtus

| incoBSorit@Y ARERti@ mbiie of kirdRiunt BbMAREH: BlenhMIELEleast one %ﬁ catalyst

_possi bl e, regenerated. Even when a catalyst Is capa
actiity, pliigteney and sability as¢qmparegetearsihilay capiystiwbich dnesmes torigin the
: . i e, .At_bes epl acenent
i g S8k Bhonk SR B o it L R Sty o
zircérowmaedicate. production tinme to treat the catal yst and,
at worst, requires replacenent of the catalyst with

t he BPUIEE aTRg e thegupsent inyention isfle extelyve depagibeg abrsivrhentie the
refrdcford 501 su %MQS %Q)@é—/a%é %aﬁgﬂah’?ﬁ yé?ﬂéﬁé&%ﬂ&@%&g&%gﬁistmg of

| engt hen the useéful life of a cata

interjoqyEmgTI@MeES. One aspect of the present invention is a

ca nuf act ure. of. al kyl ene. oxi de y the

CoN A Kl kG AR APLUL L BL R0 O e DG
alkylenabaida) sagh bsgliydgeatxedt of iptopslen@bgddatby thedor-ph&e epoxidation of
e ef fi.ci ency-enhancin Pr onoter. on a refractory solid
altkerq iRy et argoaedsﬁ&&g? thisqeymgerat i ng a suf fici ent

amvile @ prekdit RMBCARA BE Rhdd-QoSINARGR Lgfc R B %ny

~of catalyst activity, efficiency and stabiTity as
partighlaptheed, ¥ ¢ beligvedithat theczitcamiymi silivatedhomdmeslyneferred it aizircon),
I {: J: conponent.,. said zirconi um conponent .

R et R R LR
rigowsiof dgendaitinifg procat eithAndelng oxatfRe 6t ofbraiBCuddefHM 2 substantial

i.nvention |C§t8t he catal yst. descri bed above wherein the .

chemigal change, gn IRy %B@ﬁ tn miegl parhobthg miodified carrier, ultimately
tABiitir g R daVor AEY heftOurft el | 51,08,
Y o PR, B 1 e o
inveptiiserpploying syshimpdifisd dahéerpr ocess for the manufacture
of’ . oxide. -suy as et hyl ene .oxi de o[ . . o
or opEPEuRSs Rl Ry HER: AR et i at greogim siticat
withaltkee naw ugidnglstid Molifp BRMRSH, eetadloysioldfsubptirs(shVAM I Mumina)
Wiile the present invention should be understood ‘as
usediisia, fATTHER Bbh Benngr Aedribod hergin, neigF to dempsiing sibsr thereon with a well

knmp&}?}o%%é} (hl¥Bdtnd Ia?trléﬂoa?] ?&’cﬂﬁ%@j Blchifed fe éa%%rerﬁt%”a' chtalyst. Zirconium

)

.. referred to as z _
silicate is employed in such a way and in sufficient amount that its presence in the modified

carrier ultimately enhances the activity, efficiency and/ or stability of the resultant catalyst of

the present _invention. Zirconium silicate remains substantially the same chemically throughout

various preparation steps (including multiple calcining or roasting steps involving relatively

high temperatures noted herein) for making the catalyst of the present invention, from its initial

introduction as a part of raw materials for the modified carrier to the finished catalyst.

4.



20 added as an ingredient wth other raw materials

used to formthe carrier support, survives the rigors

of the cal cining process wthout being oxidized or

ot herwi se undergoi ng a substantial chem cal change,

and thereby becones an integral part of the nodified

car Fugher, thereiinprowidgd the wee ofi theicatalgst accordieg foah@matxit'@ndmdhe
mapﬁgét%reecgt% erxllgroQ%t B Ithsetvlgﬁ;rl-p g?eeed)%%&tﬁo %St s of

resen | nvent

car Fughe, thede ifalkeprodided i figthos orie lﬁtepdr&t[cﬁh dﬁl chiaBst to be used for
present invention is the use of zirconiumsilicate

the\MaP?f RiesfeTPoxidatioptf@thens.comgrsipgi f v the inert,
5 r ef BACHBkiMg § rkShiviH PARBInchS Pebenfsu hﬂltﬁl'yaals lim:(ﬂfﬁ)m sﬁﬁﬁg with
as a carrler in a manner descrlbe erern
deposi parngr ra materialhenmepaisingialumiaa;we | knovvn pr ormt er

I dd h
o okEpRRAd St oY BlenE it e SRR Gty o Py o

a way &mtberdnuxﬁ Uds§ thah @ P40°aN® Btin 4 d’aﬁﬁerlcbﬁpﬂs’lﬁﬁ@ﬁﬁﬁdﬁalhﬂma wherein
the nodified 30 carrier ultimtely enhances t
acti vi f CABTOf FIPRIHES 2 IECPNIVER CIBRATERG Prpsest subpfantially as zirconium

10 resultgﬁgmgq&alyst of the present invention.
Zirconiumsilicate remains substantially the sane
chenl ¢ a}#hsyqttehtﬂso@@h@ung silvar arulLag lgastepa efficienny-sit@psing promoter onto
(i ncl ugi, Q¥It|ple cal cining or roasting steps
|nvoIV|ng ref‘atively high tenperatures noted herein)
for making the catalyst of the present invention, from
its initial introduction as a part of raw materials
for the nodified carrier to the finished catal yst. 35
-4 Further, there is provided the use of the catalyst
according to the invention for the manufacture of
al kyl ene oxi de by the vapor-phase epoxi dati on of
al kene. Further, there is also provided a nethod for
the preparation of a catalyst to be used for the
vapor phase epoxidation of al kene, conprising: 5 a)
m xi ng a zi rconi um conponent, present substantially as
zirconiumsilicate, with carrier raw materials
conprising alumna; b) calcining the carrier raw
materials wth the added zirconi um conponent at a
tenperature | ess than 1540C to forma carrier
conpri sing al pha-alum na, wherein the carrier
conprises a zirconi um conmponent, present substantially
as zirconium 10 silicate; and c) subsequently
depositing silver and at | east one
ef fi ci ency-enhancing pronoter onto the carrier. -5 WO
2005/ 039757 PCT/ US2004/ 033219
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Al | yl ene oxi des
made using the catalysts of this invention are

WOrANHe9eYi zed by the structural formula Rl- Rgc : .
wherein Rl and R are lower alkyl, for exanple; CHECRYH033219

DETAEI@’DEQCRM©N%E@%NWW- 10 Most preferably,
the al kyl ene oxi de 1's ethylene oxide. The al kyl ene -
oxi des are made fromthe -correspondi ng al kene, that :
i s, RIHCZGkRene dhdesihudde aming ghald s5:014854 1R s i - :
thd {Eﬁltc L5, and with reference to ethyl éﬁvgﬁggr?éjgtcg%ammed by
et hy enerfnélll the sake of sinplicity and illustration.
However ,Qt he scope and range of the present invention
i's genera\ |y applicable to catalysts for the
epoxtddi & Bf suitable al kenes. 15 In comercially
usef ul catial ysts for the production of ethyl ene oxide,
the carrier upon which the silver and pronoters
resi de nust have a physical formand strength to all ow

roper _.fl.ow of gaseous reactants, products and
wh ‘?aef‘f)lgsat“dt‘% PEUgYet Ay rion examplaidtey] wa thy Bompregratly, Siyaaken,

Mdstibregdblyy 1RV t i Si,gni.fi t catal yst
b?peak ag e}yor agigyrlggi%&é?gé etﬁ%ﬁﬁ? ?/“ﬁ%gttﬁ ég’gF’ée oXides agf made from the
corgsPeninglieamsithat sl Fo B CarHRS a ke YolRswihl 81BusSidf ik presented in terms of
andjﬁﬁﬁ?e‘%@r‘éﬁc%q g?ln cau,sg. lilT/'Jwe catal yst 20 must al'so be
abl e to W thSeHiTa° PHfs py ¢ihylgre ok fhssrler efrsémplicity and illustration.
HoWweverf thatdope andahbd 6F thE 8reb 8RS ol [ st.ructure i
and ﬁhem al_ ine% nessﬁof&?%‘%%ornrllg ?;Peg?lgy aﬁp&%a%‘fe to catalysts for
FUoR01 pytapleratkenpt nust be considered for opti mum

cat & 3stm fractory material s, _

par 1 R ORI S 8 (AR, e ctuisbe oxidahy carier pon
whigh et silyertand prayaoters e¢sideating hiyd S sX 80 GA F&éﬁg&s{o allow Broper
ﬂé%pggseg%rrga%? r ef rgct ory carrier or materials Hhay &figy prop
~ be Sed A& T BRyPREuGHRA ballasttaoagh the Fepctomevhile immirthiaing physical
integrigseet eatafst life Sﬁ%gﬁ&éﬁkat% Stfb?%%ée(%}tagpa Poglﬁsghi‘iggfyémfigmble

oxi.dati on and t product epoxi n

€
becGeRE PEESPE prpand sfetyauphlims sivh debredativards cied, THS Gatalyst

mu alsalb¥ able & Mthﬁmgilrféﬂ larp8hd; Ler @%&ﬁgp@m g'greactor. The pore

al pha- al um na, si on “car bi

Strugfure chemivalinersieas ofithe barisr ok as irAFHAL Kt Efat st Re considered

f e tal yst_of the present invention
for ?é%@gfﬁtﬁgﬁg F%Wé“%‘f'oﬁﬁ%‘i‘it% mferials, parkigiletealpBOalomiitie have been
suceugthliyassed ki the @BieO for @hyldnk B1de |c‘lat91‘§§kr§r_b 8?1#3'? gar%%% Iefiactory carrier or

tetql:{gl ene, | s supported on a zirco ,
matgrals By also hepssd 8 Iopg e theyaramglatiselp iead invh $8senée & tB@reactant
I

f L LCQR | {hcat has . the chem cal fornula
oo PR B RN B 6 Bl e gt a0 S s ovrigiang preparaton

of

condligphsowhanonvertedten catlyse Hor kaawle REREAAULSS: ﬁdﬂﬁﬂ?zsgds of alpha-

_ hat_..gi ven, i . Va).ero, B. Durand, J-L. Gut
' alm%ﬁ%ps’lﬂ%on fcﬁ;}?ﬁigoﬁﬁ‘é%nﬁé?“@? REPRESY Snaghesip vatiensZilays and infktures

ther&&si c.. Fl uorinated Medium™ -6

The catalyst of the present invention which is useful for the production of an alkylene
oxide, such as ethylene oxide, from alkene, such as ethylene, is supported on a zircon-modified

carrier. Zircon, a naturally occurring material which is also known as zirconium silicate, has
b

the chemiqal formula of ZrSiO,. Zircon may also be prepared synthetically, following

a number of well-known procedures such as that given in R. Valero, B. Durand. J-L,

“Guth, T. Chopin, “Hydrothermal Synthesis of Porous Zircon in Basic Fluorinated Medium,”

-6-
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WD 2005/ 039757 PCTI US2f 104/ G 13219 M cropor ous and
Mesoporous Materials, Vol. 29(1999)p. 311-318.. In
wogemesalbs; the carriers are mnade up of an |nert

‘refractory support, such as al pha al umina, haVCAR/Sa004/053219 ~ ~

o R AR G I i Sy ——

- madsjupjof at énert, refraothue Silj)p\mtttdnc}t healphNHmiVhBL £ g(ﬁjoﬁ #%%gue and

the carri In preparing a cataf yst
rela IY]eéy B’lgg %Cel %%ﬁihll as E?qn\}:@?dl gd bﬁéﬁ@ﬂr tsentetdfi thtglﬁlﬁnltsﬂlbate
intrédiBe PRIB thethd N ew Gt dr si.lver netal.
Pr ofr:mt ers, such Py kgﬁqué.@{’? §r8§ﬁ‘cce che BB B ATSRATNE 4 prgalyst of

the Br@g;egb;rgegtu}m elﬂvqmlsxcteppsated tpuggnathe otdd b® tHeRBRALLd refiuced to
ronoters are

e.step. These
Sllv%enrl%%a ?’?omotggss 6 a]ga{}\ﬁlﬁ < Beaddeqawith @Lﬁgﬂ@lt{bh@}lvmee
lmpmlgﬁzﬂe&)&xt@th%f‘c@ﬂ{er 0naddeg it Aldphek bnas 8l
rove catalyst effici encé;r/), aecsft%ﬁ@gsgg%fmms 8 etictally
aSS°§1a iWith §ilven @ltirpnghrthey mest asa b srefenr ot e canier i The d;;fgﬁlbters act to
unpﬁ)%e Qitaﬁlytfé{t;ﬂ&leﬁ a(RMtk t'a.Xd/grott hat there is limte
reacti on between any- corrpon ? t hereof and the
4 r,lsti]gm umsilicate to be added during the preparation
| &% Fraiqrials fop thgcawie E\‘#&TebmftSEfﬂctam peritg bo thgsthef it hrited
reacﬁgﬁmg ﬂ such reaction ensures
that t h% a g@?ﬁ%%%ﬁ% CAT P ERgitigae to be added during the
prepaighien ahthe abltry:r unsicandgeg Wltﬂ”lﬁﬂtdhahhgs SMhOHBHA IHVEBE)H Limiting

na. o r.rier . and_the conversion o
suctEREEE Shile et B 48R0 ircim &1 Stegie sernpies w}m@v unchanged

Cheﬂﬁeﬂl}ﬂ’hﬁﬁlghdnﬁmh@}ﬁroéés&ﬁe of e &irdet m oxi de
2) is a-particularly undesi %ﬁfb etczr?%‘ge%: tﬁl § mto the

cata ?}c R & rarién) idegamnesitipn pfzirdverved silisaté rcomemamd@det oze®2) is
a paficuldhy GRMMHABIE 'rédcﬁ@ﬁ S egxee ge%r o ef{Cﬁ.gﬂ)b}hg Qsﬁlﬁi’iés f5gm the addition

zirconiumsilicate doncen

— of ziggopwonsilieats id the asreieradt | lhﬁlee aﬁd:dllyurﬂﬁh@ﬁt‘é %bx}'cﬁfégtrgibng hie presence of

di ff action analysis of the fired
zncoggﬁx% 8&61?3%8 ﬂag b&ﬁg? spmea By 429 yse §f X-ray diffraction analysis of the fired
carrien N0 e @AM &iifAO BindBiSiibhe ,
e Jetectable by 20 ‘the same anal 3@’?"5%&%‘@ - nﬁtebe detectable by
e Sfﬁng %ﬂﬁ?s ooV EYEdhE JHWS%\Q@ oksZifcopimm fi)l(‘ﬂiysﬂhe)fnlﬁiﬁiy%tdeﬁcted using
1 m@%ﬁﬁ] @g’f@@é SucC as - uorescence.
I an)?%cs ase, Hai )@E%n%@?%f“’% “er T BN q%abt"ﬁ? | effect on catalyst
perfqymenesr andritfe awrttie bmﬂleryandacdtdi}a)ﬂﬂid Prédence Gﬂiu%@ﬁl% s‘ﬁfca{eh Especially

nce of..zirconiumsilicate, especially
a logérfzzrgm T QA St e WAtoRs. 1 " _entrations. In add| t | on
t hrn it thelZB@bd i 8BHShud 6 8F u3H [11}
i npuri ties ther ol nudoe 25 é]gﬂt%hﬁ%%ogﬂat anylmpuntlest erein do

not P&é‘ﬁ%ﬁﬂé@%ﬁ%ﬁm&fﬁ eQIdin zireordad duromjthe prepiragor dfehe carrier.
urities i n Zircon

hnp‘glglﬁg?{%tgbg ??I?rl&ng%’] }ge/l'll'“ar 1y :ﬂﬁzglp g%ﬁ% %Pﬂ%’dﬁ tragsition metals

(excluding gircordmm et abkninfiewaich ﬂhﬂﬂﬂm &R0 W& K,
hmxté'}@t I ch, nat U{hal Ly, oceurs with zi ?conl um, g E%u fah&l referably
H e Ay APl Voot Mopsommananergamic $Olﬁpmds %h’d‘ﬂbﬂﬁn metals

occuﬁﬁ@’ﬁ@ Rmb i Gan 'zﬁccﬁpﬂp Qﬁﬁggsoﬁ:fanélﬁgwme%ea 021" wd:ae ﬁf common oxide

occurring as inmpurities in zircon ar
impupifighaye ttitasa anst imdmsoxideso of t he ‘conmon oxi de

In the present invention, the zircon is mmed with the other raw materials for the carrier

prior to the final firing at high temperature. The zircon may be incorporated in any number of
ways, including the adding of the zircon in the form of powder or flour to the other dry raw

-7-
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30 inpurities are titania and iron oxides. In the
present invention, the zircon is mxed with the other
raw materials for the carrier prior to the fmal
firing at hi gh tenperature. The zircon may be

m%%aq 8.0@(? t?e %xm an%.l'larziger eo?ﬁigmmx méta-'f’ éérj d%%%ﬂ}:fi&eof a%idmon of the.

nin rmo PO

 zifche 1othB 8thelfalv fabirialé isTRéteritiadls, f ol | ovved by mi xi ng and

adding of liquid raw materials. The order of addlél on
of tFratablesharss ferghe FTISE pichisimygnfian ic|udf any of the pvide variety of shapes

lmgwh%{sﬁ%lﬁ clﬁﬁie'%tasglgﬁ%rﬁsh ﬁf&?ﬁ{t{@xllg Eﬁuﬁérﬂébﬁ{s @% hbe‘ilets rings, spheres,

I 'nven e vati et
wégbﬁw‘hefeksf toﬁdiddﬂh@aigadtatsha;ﬁdpmmﬂaad/or mnd:nﬂﬂrfaa;pspaddl th¢ hke of a size-

R et B R b B PR Bt Bt coven
xR Blctsd rﬁ%ﬁ@u%&nihﬁu} S lulitybfhrafelbioaf2ldfutied (in a suitable

enpl oynent I'xe ed reactors.” Conventiona
sheld))mbentl tl 3 fnichesd215ddo étéﬁydemetem)(DdA and 4 6t46rfeetd#.672-13.716 meters)

t 'cIl in th for a.plurali.t.y ,of rall e . L
ong/ Bl cosyie To et R BraoR i o§hingfiR g pBloy ogrier formed o
a foBEQRSshige, 3dchi A, br BXarfS1B! pR&EE peiletS)rides, aﬂﬂet&&xﬂﬁxeflﬁethavmg

4.572-13. 716 rreter(s&% Ion fllled w th cat al
diarnethrsifiore abays 8. Irinele (054, cemlmmgr)d@ gboug BI@%@%& cGptuneter)

g;‘ ;:Tj[;l? Te tﬁ&g \Mf ,?,g{hg}f{‘ gigcg eﬁa?ﬁg S%;SEHQ@E ererse in ethylene

- oxhdd‘c&taHjWI Stgne off sﬂﬁlﬁfn@ftﬁ)dﬁ mrdeadm;eﬂ qudr elxﬁmble( 0.2 Pétents 4,379,134

S0 157 3085 abe s oA 0 i Fafeet Abaticaten AFBDAFTRRY aba the k. As lomg

asGRY EdrBErSmateliilg Qﬁ@m@ﬁ%d ‘é?ﬁre?ﬁaﬁ&ﬁ" 4b B6tQubatitidRy decompose zircon, these
cat al ysts Some of such hods are described in, for

odgrian be Lgn@lowdlt@mepar@ the7zircpg modifiedgggies pfthe present invention.
F°§88§‘8&%2§15‘§ A uphlrPor fH 8645 Ak Rl @ilve o sirconiums
comﬁoaemtalbaa l&rni'epmemb)ﬁcmﬁpq)mépgr(amﬂog) thkoramormaterials, extrusion, drying and
S.u stantlall dec.onp zirc ese nethaods can.b -
o BB SRR GIGRIPE’ hEISPT O SHSRF ey RsPR Sy iiade one or

m&re%ﬁﬁtalmamrﬁowasr(s)ﬁmh @fRraat roperies}laRiy=19pd Miafeial which may be
port. of at |east 95 % purity (exclusive of

adﬁlF avbinden to pvistsRhysiralsiengsh, Edadumayt mpatesighivseallyiangraanic

| r .
“ (ﬁh{i%)rfper a'thur e E@'{’ @H?gtd?%%%% qgerclgsréﬁﬁ% Wfing fhe calcination
stqt dFHe lngels afmpaticies althe figishdd oarrieraresdbtermireddry tRBOpurity ef the raw

* maeglied el ies AT el liggobn otaiBe BERBRRAR (Gmmon -

25

30

inffuPities! Brah chideallical AIRAIVAAY alRdlfhe Rafb! BAV bxid8 £idi thdce amounts of metal

(usual ly”an organic_ conpound) used in the mx to |
WWOG@@Q%‘FQWH}J@P@FW% after its renoval during the

cal ciynagion V.

o BheE Bl P Db S e 8 b YA B Ay s
prbﬁ&mefrﬁir ethybdns onkie datalfy@ﬁusiabewmpiﬂgs mixing zu'comum 3111cate with boehmite

vol atilizati on duri ng Ehe cal ci,nati on ste

25
sl GAIDEED R o BT ST RePU AP e LS R FRure ontaining an

| ac‘?ﬁEtchﬂEﬁéﬂt A hARR aB10Hs (Fre@ bl BiHGE affondiRb Blovid PtpREed

non- et al - contai ni ng additives.
halogenated alurmna formmg (for example, by extruding or pressing) the peptized halogenated

alumina to provide formed peptized halogenated alumina, drying the formed peptized

halogenated alumina to provide dried formed alumina, and calcining the dried formed alumina

. to provide pills of modified alpha-alumina carrier.
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Anot her nethod for preparing a carrier of this

i nvention having particularly suitable properties for
et hyl ene oxi de catal yst usage conprises i xing
zitrconiumsilicate with boehinite al um na (AlOO—I)

o) i AR RSP A1 B AR et

ha8 @ lspétﬁﬁc( frRteambloyaiflbasoibale 0 ann’mgm&ﬁ.ore @rdfér@tdllyd'ﬁ)m about 0.7 mz/g to
peptized hal ogenated al um na, m ng (for exanp
absyt &mrlwamgr%wlw@géatﬁaﬂ Thout %é ﬁt:/lgi@erwrﬁ%aéha@r% ‘about 0.5 colg to
t 0
L L
analmadnaiq:drodmwr dienciatioat] fooabord5Ginicrdnsa In hisicase,|the miodified alpha-
the dried forned alu

t d I I f
alypiga gamier APRBrses P?méi;s each Ofﬁ@pf:?gle\%sme ke tapé HQJSQPH%IXI@“ major

 suftidd heingd BRRNIAE op lafelﬂé? %ﬂﬁﬁﬁﬁ bR OkiRRARY %e sha?e of a hexagonal

preferably has speCI |c surface area of at |eas
plath (some(pafiiqley pvingowe oprwire flatisugfadesy at kel 30 %9 offwhigh byt mumber)

about .10 qu of at | east about 0.5
naed gagisigensn o e oM Wnftod' s cary to about
2.0 mqﬁcgﬁmsmrdahyer(oenﬁlpﬂésexﬁnoénubhrlﬁaﬁﬂmgwmapfepa@aby the two

‘of at least 99 wt. % al pha-alum na, 5 and. medi an pore
pagticaas resthads éﬁsoalbe@ gboveag 2 35y @ 11bIStraK Qo BiFeoniymy, silipgte is present in an

arrfo%ﬁ?wacﬂqs , agchéﬂéfga W@l{e %ngl%ﬁ gf‘h’Uﬁ] #Qut%lr foea'i)o W%t A Tléht more

part.icles s at least one substan
préfemblynfegm abowt W If wcabotieid Pigbyawkighe hiditnestqurefptablyefraah about 0.3 to

abfivist oy S O tetto el RE Rt Bt RO B Shmhe varid !
sur f%ﬁé the iA¥enti6A N not Qoﬁﬁh@ﬁle%% ahy pdtcdlathedry, thé" ?h\(\ﬁnﬁtenals used

maj or di mensi on of |ess than about 50 m_crons.

‘to mpaufaciire the ¢arigr shaujd ret containdprgs amounts PEreaFve, calcmm compounds in

or&J}Q{% Wil hid-d e §%e§5§§€t§g§1as§¥mémltﬁ g adﬁ@f Hcﬁﬂlluﬁf silicate, resultmg in

ds descri way of ustrati-an
the farmetionuaf lsss biepefiaalispeqese paticulanly zirconan(@ody, alsh lcallledI Zrconium

ol ThE Bial norpEOn B ¥ BRSO PPy bt B opigralsshould be
lirfl o thatQhd/fikeyd cuiied (dxcludiig Ao shiua ipoaditycontis 18ahbin 2000 ppmw
0.3 to about 3.0 % based on the total weight of the

_caqu&s@rqbbakf%@@amwceam er. 15 Wile the

| nveRtiiflioh Scel@in ARG HiKaRRE ELuPY: l%m/om%scﬁ{hf‘ﬁlsé E:%ﬁ{d(e the

the raw materla S used 1o manufacture the Carri
desbmpbsinotmf zirooninmrsilicatete zimuoniat %’hcxfuml.datutel owecena’amruuﬁ alkaline earth

ounds.i.n order to, m e

mBERPRDR 1 coiter it B e B 55 1ho"the Bed PGS (exluding
zchmuIrh&mﬁ pOnBRY Eetitaias lebe@an bmlﬁﬁfmﬁlaﬁ&ahﬁ@&ﬁ‘ttﬁﬁetal (excluding calcium

parti cul arly zirconia (Zr02 so called zirconium
cogipoyags), wuwérmﬂmq%neew@bw%wéﬁ of cal ci um o

CONMPPKN r

limt ed&g odl 08 i ww?"'lF r @% garr é?étﬁr #gg?l?%r éll(a?tcaésnal ?Jenﬁonu-oned
to dmpﬁnehﬂxhabdncbmpnatxbmeﬁzltcbam ﬁﬁmmamzhmh ocratstinulm pure state at

r ef er abl y I f;@ han 350 ppnmw cal cium In addition,

terOpeTALITSS 35PKe aline earth metal conmpounds may al so

Pr onhglykd %or the production of alkylene oxide, for example ethylene oxide or propylene

oxide, may be prepared on the modified supports of the present invention by impregnating the

~ carrier with a solution of one or more silver compounds, as is well known in the art. One or

more promoters may be impregnated simultaneously with the silver impregnation, before the

silver impregnation and/or after the silver impre%mtion. In making such a catalyst, the carrier
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deconposition of zirconiumsilicate to - zirconia. The
cunmul ati ve concentration of alkaline earth metal
compounds in carrier raw materials should be limted
SO that the fired carrier (excluding 25 zirconium _
t tdefc;
1s nean‘@&?éea; dgpg g%gller{g"nésﬁal?nth o@%gr éxgpe ?’m"%ﬁ%g g&uﬁﬁ{s sufficient to

allalvktﬂé siber Golsd ﬁpﬁ(ﬁte’iﬂ onatkie dﬁner'ﬁlilean(aﬂ{dnhmhﬂcb fanges from about 2 to about
enperature ifll‘ln tenperature of t C rrler nmus

kB AboRtS b aRgt SOHE P9 PrZFaLY %Jyu{i%w about

Q G, dJEANR Which occurs in the pure state
40%0?'&& Ji at&gﬂes above 1540C. 30 Catalysts for the

pr odmmmugh sMer@hkrpleesm mmnptmanf ole xeaxgmqs Inet mertopt. efratable silver

oxide o ene ared on the
paﬁ% %l?ee%en&mﬁ ranggyol; ﬁh%%iﬂ‘? 9 {30GFTIS-

| MPreQRaLE RGBS of kAGWA EfonYUtérQ tﬂatst.@ ItHied 3T RhicR r\?héﬁrpresent in
nore silver conpounds, as is Known i n the art

- codbiénatipn withrpartputamostalytic nmyerb@ ifqrppcggpﬂa; sikyer, benefit one or more aspect

Itan ousl h the ver | nat j, o
of BB B Snck of atpRa e A i RO S SR i gy Make  desired
prodiet, F8 exaindle ethyler®Pd«idorPe6pyléhe @RidR| Bath ploffot&aid themselves are
Is inpregnated (one or-nore tines) with one or nore

gengrRlRotcoRpderad caialylie marrsials, {Tie Presercetod suc) Rremotefiain the catalyst has
be_:g\é1 TL'%% n t%%ogﬁlb?{régﬁ] ggégﬂling% Heﬁéﬁ(g@lfje? &é 81'1 @@&taﬁw B&Iformance for

ranges nore

expmpleenhimcyng the rataboathount bHprativetionod d%:rempsddupr eédacmg Ithye
from about. 10 t o, .about a8%of t he .wei of th

terppgragR Requie tPtaﬁ'b‘G‘{fha i ’érra‘ﬁe?f faction, & &“‘Igéhe rates or amounts of

unbiéRRA redtiond, BR. CRRFRAS rddOtiorR BEER WimuBtahbaRlyEinShd M8&tor, and a critical
particle size can be in the range of from about 100 to

factor in@igteamiing basifectiveness of the pveralipeaogssos therfpeasure of control one has

ovEf ?rlg& c%'irﬁyetlflg ?Jacth otrs. XofhGle] LAl whitdd isqgrmemﬁg?ﬁ'b{%f' F}P% d#sg}‘red reaction

nat1on. particular catalytic errals
caehamn irhibigir lof emgthdyeeastipg, fonecamplcrmccenlaspecteacmfn What is significant
act

s B B Be SR HPRIRT o ety LN R o8 Pl S Bl et production

of Ereadusired plolivdtefae exumple ehylepé ORE.CTRe @hcetiratioh 6hthe one or more
pronoters in thenselves are generally not consi dered
ProraPiETSRIPsentithe pakHust mayeyapt @i AdEdoTangs depepdipran diecdepied effect on

i
ca{r%rlot&%é ne %:Ql’ 2%50 ﬂ?‘?ggfﬂs 6%1% fteaq)c at a d}'r/g ?Hfggtr’ P%rp%gﬁcﬁ and chemical
chimcterigticoh Ithe @rrieanidribe epoxidagive reactiemannditions.

pro ction sired produc u i N he _

P emniiert fa® eath Thp bfpes B BBHois - SEPlligtels pad gasgqps promoters.
A kSlaCproftdter i £MUSHBRAddIAtOMBE Efialdt pﬁﬁptéﬂfsals@feltllér as a part of the carrier

undesired reactions, etc. Conpeting reactions oc cur.

(ﬂ@F mmpmr@)@m 8F § PRy Of fhe silear componen applied tharetea When ol promoter is

pr og‘gi“? grahgl? oftht %%%dyglg ﬁ?—?ﬁ?ﬂgte} Pxﬁ)égé,{ Gidlalto the camer before the

e nmeasure one over t
sﬂ&m’q:dﬁtpdngntnedqiosme‘dsthenéomaﬂdcd giinuitémieotsiy s.'ldlehefmﬂleﬁcomponent or

not er desir.ed. reactio n be an i nhibitor. of
sl PPy Bamive i ocasainn & e SirpESpRORTT GhBe cgficr. Examples
of WellkrdownSdoli iphd R RBis for Gatdlyid udel & Holi®etetiBiiedetide include compounds
pronoter on the overall reaction iIs favorable to the

' of pptasyiuay rubjdive eesiuon rhenium, sulfur, manganese, molybdenum, and tungsten.

During the reaction to make ethylene oxide, the specific form of the promoter on the catalyst

may be unknown.
_ - -10-
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20 of the desired product, for exanple ethylene
oxi de.: The concentration of It he one or nore o a wide
ver7s present in the catal yst may vary ov .
“K?ggggnﬁgpegding on the desired effe?t on fatgfggﬁzm””n 219
DA o gRponents of a particul ar
Rt ol o o R R s conBHUP i Suoss thercof
whiglf anehetraglaeed tera reamat fotthe PR@DUCAGE b ERO R for example ethylene
conditions. There are at |east two types of ‘pronoters .
OXK?GS)‘%V ) ivap%—f%et Epdandh Jugfaisesiod cpr andotpge, SBEh prosmitere] also called
@BOhiIghiidS of e Loto the catal yst prior to _
mocimt’ls ’use?ltd()er?to Egg@gg&% part @%antc- e eé’ﬁ%%’f“é%cef’f%%‘f’ o gatalyst, working
In ceRjpRsdiOn pidror s addipar b i solideproimbiety. GHRIR HRALNIBRIY.- L Gaining

Waen a sol i ronoter is added during the
Comﬁﬁpg%‘g%ag? obicaly Spplove ?%%3%%‘1,8. I PREOtSTSORFOE well {kaywmm thelded
Othérthalii® cardininglcoRPbine hilaisS b% Heelt 16 BITHGdE A bimilgh effect. Depending
deposited thereon, added sinultaneously w ¢
on ths Gomposigigeb Risrselid eralysidding srdored; mr&|dr¥]lnﬁr@gisetyﬂs%n{phﬁent5
lefid ileyer conponent on the carrier. = _
Capa%x arrpé: £6é§9t%10g0 %fl éavve(f]}%-ekfvﬁ%%cy'se ARFIH BFBPE 08 2 freflox half reaction pair

@ay@gtegj,pyybé agigasclotsranowdiic & i€ Wl 8B/ n G Sl ﬁﬁﬁ% gge?%rrrﬁd gaseous

f potassium rubidium cesium ! L
comécgrfrggﬁ?a’%gﬂg I‘?g ATTEEANE 4B YIS @RbiTPRhansthetrumgtssr ofia redBy halfigeaction pair

_EIn&ﬁﬁmhaﬂﬁ&bgﬁ}&ﬁﬁﬁﬁﬁgc&hﬂﬁkﬁ_e oxi de, the specific form

of the pronoter on the catalyst may be unknown. -10

; 004L933%;.19.,Ln contrast, the
TSRS ML Sl i
its ugg yks e Eqrhieu; the frermatcomipownid I refets 10 @_&%&)%b?&ti@ré )E()gﬁg%ﬁemular element
. . ' f. all ene oxide (for_
i g o B B Bl BN L 0 [ Lor Sl T
covakhyrdésresoariin Xy SRihg. e Rerl] Q8RLRLS nalrsf%rs g lgllﬁ %lgﬁtgigaﬂy charged
-~ nodi fi.ers, inhibitors or enhancers, Fult er _
Chel_Itli;Fg nﬁ’é‘?‘t?so';cﬁté%%" Bt catiogi' being pasitiveyatd "amibfﬂc:' _Bg"a'ﬁidnn being negative.
' in i ll.tl, -'.n t|0n0_t0t,eqso' ' ..
e oot ar s it oA RAT 4 Rkt v gmres spomatlas
one Qyyaen @tpqngg combmatxdrow el aﬁtﬁhe@‘aﬁ@ﬁ&iﬁ. Bh ORPUNRInSis tHRS ah ﬁxygen-
el aﬁi@ﬁ"i’?'in t he rt..(lger hal i de-containing o
contet on%onen’t L 1shpgdersiog g Hhakions dg NPHERT SIVASEO.US feifdrand in combination
with ebdrpe balaidneasin®g iond WHel 8d&RMRATbpAMAL 183k | Snce in the
catal yst beji ng enpl.oyed, one or nofe gaseous :
catalxs&ﬁg%ﬁ)&qtosf thedgﬁgx@ egisgfot gle\r@ers ooy and tﬂe@ﬁ&fl?taﬁﬁay Itac_: present
. i i i} ' er _of a.redox half reaction
e R Sy R rlon LS REB dios o & covi
madeRith c4shwmhydroxitibmagbt anafyed 36 e6:R4ih @6kiga BEONE hydroxide in the
. G . abl e of generating an o : o _
ﬁmsh%? gﬁtgﬂgtﬂg‘)}g(g ‘%"ar‘fBﬁnH@;“‘I%é ik asgikay el xideafor exaramt Eesum oxide,
or trapsliion miefal pRIAES FHUmle NSO 09 GOM ARG SOMpOnEnt; ;.
' The solid pronoters are generally adt 5
comp 188 cptglystimepamatipns in wse dor the saltd of el f uﬁ_&erk&&%ﬁng, the
¢ i 8 ve 4 w f to the conbination
solid gf{fngdt%g ?Jti? ?a ?’%’%ﬁ%eq té ﬁ%nﬁ%g gf cartl%nse zrnic’d an?ons regardless of their form in the
catalyst under reaction conditions.

It is desirable that the silver and optional one or more solid promoters be relatively
uniformty dispersed on the zircon-modified carrier. A preferred procedure for depositing silver

catalytic material and one or more promoters comprises: (1) impregnating a porous zircon-

modified carrier according to the present invention with a'solution comprising a solvent or
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15 with one or nore different el enents by surface
and/ or chem cal bondi ng, such as ionic and/or coval ent
Waaxidi/es976D0r di nat e bonding. The term "ionic" ofper@B404/033219
refers to an electrically charged chem cal noiety; -
solubtlafih®nidedt, siver compleRBnd B Aanioni ¢ or.
"ani onﬁgr bei ng neggt ive. Tﬁgnt&g?rﬁrheggrﬁgﬁﬁénfﬁ m%gﬁer trediing the
lmp'r%@gt&m%ﬁw refaar et the sdvaregata Sﬂblleyrnciahmgi&tffentxie@bsmon of silver and

nbi nat
.the %Lcﬁlélﬂ té)?th&é F)g?rﬁ"’e(%rtang %ﬁer‘?@% %P %ﬁ aggs1 ({f Cc%g#rgg geggné promoter

depcst\Im ane g@eaailhymncodl;thshai yrigteting et attabe él%@edqgmﬁﬁﬁunes to

ut are found [ n conbination
eva}&q{gtred]ée E%ﬂug Wé‘S‘Hg‘g% ERIREEAndiciest ‘\}/ﬁﬁ’éﬁtl@ﬁj@@be sitvenamioprpmotets onto the
1nteh@r ddee G RloXSier 311939& ' g?e@%au&a&fqﬂé/ Cé“%“ﬁ ds %F%%%géq% thgipique for

t he pr onot er is not alwa nown
silvgredeppeitiembecandetingilizes $ibermond ﬁﬁbﬁﬁﬂ}aﬁd@ Codtif ipR@edil&s, the latter

Ll t al | tal yst
o R A S oSS e 2o
carre® s I diidn, BSdted VAR £6 moke Eﬁ@ep%i%lef r;tbe ? é‘?é? ks ggh@ Yitcal abrasion.

Li kewi se, conpounds such as al
for l%?x%WEI wlytwgiuged toungregnaty rthet qaamruat preferembﬁ AmpeKedlea silver

iyl being ionj ¢, may convert )

comf‘pgﬁ?cgm c 1‘%3%%%@% Sloﬁl%ﬂl%{l%? &t Suﬁ*‘ @%ﬁ‘?éﬁY%ﬁOI&}POWSﬁhSCIOSCd m

the ars eThé-partitider S]akxe:onfpo&ﬁSmplfoybmﬂx@j’ Bé g Gor ekiBpleSPdrh mong
ers be r ferredtomterms of cations ana

Sﬂv n°°8ﬁ’gc"r"érg“¥¥‘éflflé‘§§e -SRYFI08Ide o §HYsTicArbprdates sucll apsilvarndetate,
oxalﬁﬁasiftﬂ &) pR@HEie! 12808, praBiohhtel ' /
Ive ra aﬁd optel gnal % ngloortengl.}tgﬁgoaﬁxﬁglcr%g% 1%0 aCII(;l; szblts Silver oxide
Compkqxa@ Wy aninegrip £ prefimed fpomef siber fon u!;ehﬂ tizd present mem‘ohed
C oA Ml vl 8 IR oL SO o i R Ot i B¢ emploved o

‘cataly ter a and o
solubidizp ISIIWSO tl(eli)esuambﬁcgma’aumgm&h@ﬁﬁp}b@aﬁh& ﬁm@&mni%cf)ﬂgetﬂose
a

d r accorgll 3‘? the pr esent i nvention w th
13°§°8F‘B?ﬁe‘6 rFE‘S RURrsaRtace acify anpyponigos¢deB7uch as ethylene
ulycmhwm%/aggggdeogs mﬁ%gpéﬂdrﬁlh&g agent, silver conpl ex
and one-or nore pronoters, and.(2) thereafter treating
the i npFegHamals. Azfrjaarbetdissolynd ara sohttensit byaic sl dndt 0
n _of .silver and the
e e SRR BB PSBh BY picef .{s?cuﬁwgmrevnauon of such

a sobioh @oEsa oftriertvd apmoxinekely Gi7l ceqr po@(ﬁhﬁh ﬁésu%ts ina ctatalyst
eatl ng he

ositions a nerally cco
con 3ERRE BTG REL, A G CEH P LT HeE e ogtbmwmhttoﬁ@e ctalys:.

Accbideidlg it ddRird @ ob@id A @:{tal?ﬁcﬁa%fnL Gl eRg ?}n‘&tc;f%?e ? er Bq,an Sbout

si|lver and pronoters onto IfAterior a

" 25 og 3P Ph-eandgngre.deweuld lgmﬂr dhyriwtneoessafy 6 hbjcatheiciriet & dt Mst twoor -

tech | ver. deposition because It
morf b EhE 8 b R P e Y oo g o cssired amount of
sﬂvq:n nod:@id)unﬁson thBeartiat, tiakomb ﬁisﬂﬁlc&eﬂx%rcﬁﬁdeﬁtr&'t%kﬂf%et iver salt is higher
ef f ect. substantial, silver dep05|t|on onto the interior

in the [atfer impregpatiqnesolutigns thap i the fissgdnt ats instapgese dpproximately equal
amotid ¥ et af epbfel diHSE ERE Hl%neegh'ﬁloﬁl ¥k, b Ler e%ual deposition in

mechani cal abr asi on.
each impregnation, the silver concentration in the subsequent impregnation solutions may need

to be greater than that in the initial impregnation solutions. In further instances, a greater
amount of silver is deposited on the carrier in the initial impregnation than that deposited in
subsequent impregnations. Each of the impregnations may be followed by roasting or other

procedures to render the silver insoluble.
’ =12~



10 The silver solution used to inpregnate the carrier
is preferably conprised of a silver conpound in a

sol vent or conpl exi ng/ sol ubilizing agent such as the
silver solutions disclosed in the art. The particul ar

silver ¢ und enpl oyed. may be. chosen, for exanpl e,

F ron A St e R CahE Pesmodified imes mpgpentalg gkl metal and/or
alihting @ah nfetd] WS EatioA PRSMeAL ExeniPrl oPfe 2ikal HhetACRIAN Gikaline earth

oxal ate, citrate, phthalate, |actate, propionate,

mesgls wrepkitivamsodiugh eptapsimyrubtdivmseesiug, bSiyllner, nagndgurhS calcium,

' it h ] i f f f sil L
sobFBhSHEY b IS R S AL Bl e
larftRAn @ §eFie® et PinesmeGhslceRithd BloRdter 86MpasddBYmiXure of cations, for

enpl oyed to  solubilize silver to the desired )
eXBHRICFEIEL 30sPtilgast one qthesalialianetaly tonabirin msymersisyc effisisacy
enflh; [ [ | F [.S.puUrpose.are
o SEHESEE SRR (5, LA RUFRRREY B frrece. Noe
refgtenced to the\BerdodinEsblahererghal be tovihat srpablisHeddyi th€ Cherdital Rubber

For ex l.e, . Ag20 cCi e dissolved in a solution of
oAy s CIRuPIaih 0. O HERTenR 96 Chemiiy and BRysicy 46th Edition, nside
badiPBswexl mately 30 % by wei ght. Vacuum i npregnati on of

such a solution onto a carrier of approximately 0.7

cc/ ghsoransentsation pf thelalkalirmeetal promiotersinelaxt fhigkdd catalyst is not narrow

i : 0 - . _
oo S, s BB R S i ot Emcation oo
paAiutirduaBsywill be ddpehdent @por SEHdrMardelcBirdcRrisitisdbuth tas catalyst .
having a silver |oading of greater than about 25 - 25
. effiienyy, mfe ofratalyst egmgenampfaorg@mpmy be necessary to
subj [ I £ re. .
o280 sPRPEAROR LS gy (6354 oL U8 iy b, gramplc s
in ghediroshedsatalyshinay vadydrahe sbawe @.0000 tnt.0 oft. Y%Sprlef@fibly From about 0.005 to

lepqsi ted on t carrigr.. In sone |nstances, the
02 8RR Pl PRGrSheniaint of Fiop Podihores AEPRfGaR O PR eRon the srface of
the @driiey orl capilyRg Béliet 01y 158 lbetweA abbita0 ahdaBdie 4000, SrefetaBly about 15 and
ot her i nst ances,Fggg'r oxi mately equal anounts of

abeyy 3000, apdamers PEefFraBl beti ¢eicrbotH andbewR00 pRmwOb cation calculated
on:tfl:?]e ftd1RGirier Midria e RBDhis Mtk in3BofidH *Aaa IBdt 2088 iagtrﬂ’are frequently

e silver concentration in-the subsequen
mostrprederabiei Svhencheislkaln metad gesimnds used itmixyure atieh oth&edations, the ratio

- hat _in the,inifi.al jnopre tion sol uti ..Jn further .

of e 18 sty Stper kol mel B R ns oo Rt Sl o acipve desired

petfbfimartefi§ hétmatrowldA@ mdyi varpbvdrARFi@IRAkd. OThd ARG of B&um to the other
deposited in subsequent | npregnations. Each of the

catip PROGHIEIS 51y viamyTera about) : :lbtp. 1p‘9gg:t1; prgfepably fiiosr about 0.001:1 to
1 QP BRI SRR iEs ULAPL P P B Broterdly (Mo 20 10100 9%

cat al yst pared on thé Zircon-no

(weight)aif theatokad il dededliedli ] aid alledlioalebrtemest trhfisiEiedl caBflysts using
cation pronoters. Exenplary of the alkali nmetal and/or

CCHPRASIAEOPAIFh  netals are |ithium sodium potassium
r ubi ghtABleCEISoRINof BEY Atidd HOnoRORERD WY bE RN wi
_stronti Larrﬁ= and bar | um C&griwer gget??oﬁﬁgm%%b@ll ncI\YJl('ihethe present
ID@nHgp H&bldmhahal_i@ﬂ,sfot exampi¢ figortdes and ¢tdoriidts, sk the dxyanions of the
elenrﬁ?%(r{?{](?tger:)tﬂa% gy{;rfggh g\trigggrelgfongig reluxg{ag'rg? % 8§ g?&%t?p%%b%o 7b and 3ato 7a

of the Periodic Table. Oné or more of the oxyanions of nitrogen, sulfur, manganese, tantalum,

molybdenum, tungsten and rhenium may be préferred for some applications.
The types of anion promoters or modifiers suitable for use in the catalysts of this

invention comprise, by way of example only, oxyanions such as sulfate, SO,~, phosphates, for
-13-



h

10

30

exanpl e cesiumand at |east one other alkali netal, to

obtain a. synergistic efficiency -enhancenent as
woesevizbed in U. S. No. 4,916, 243, herein incor p}pcgﬁ

by reference. Note that references to the Peri

i ; ' blished by the
exaéhﬁpﬂeﬁ’ @46.1[%6%%‘25? glglCoIt?n”G[;% :ltﬁ ga’n]éa%%}a,/ 2qu gg%mpllaqsf%gs i aqtpidates, for

em cal

ted
82004033219

. expapldbdoR: oia@deres,sor gxamptt, Physi 6Bron Ak o Eeh anl Rl CrPr('; Izlirconates,

k cover. The concentration of the a

- fqénegx?iiggl%p%%pﬁ;’?}goﬁ@hoﬁp}la%’ HINgRRHesel 1¥TATCA] Gdarates, bnabates borves,

silRa@s, KRB oAssy nRY Qhted t%gﬁfa{eg%&tesgﬂg ﬂ?egl;l{e;niﬁe zlle\ﬁ(?elsimay also be

metal pronoter concentration for a p
P"@ﬁﬁdﬂ?ﬁﬁn&ﬂppﬁﬁéCU@pén@amhdupmhmpﬁmf?;nance e of
.Sti ciency, ra
N L .
Or OOIECoIThY, &irie&ﬁ)m@fe, &lﬂkﬂhﬂmd%tﬁﬂh n{e%ﬁﬁﬂafépaiﬂge%ﬂ rg‘,tm }f/bdate
cation, for exanple cesium) in the finis ed catalys
OXYANP™G S aF MR a bt Mo: @6 Osdt Mo D-U. Whe o%franmregﬁy&woy?clude mixed
) (SRRt - : .. % The preferred amoun
A oxP o dh i oYy RS ot e Rgnangancse and
modybdemurecapfform heniged meml oxyanioAt SinYifkly ISNE Abthi¥ \!vﬁé?ﬁe{ grovided in
-%%t ween .about 1q and about 4000, preferably about
{0 To 1 (0110 : Oéﬁ%ivaﬁeﬁ‘f IH TRV 510 paiowssstructbeat 20

ted I 20 .on the
Rotal oo CREfRrhREWpRbuse 1 IR oS, B e A g3 aiiSons
iImpEERHnDy OATiER i ia pessivtecttatainting thermaditipnﬁf@rqmaeion\éhﬁf& catalyst

i i ' i th ot her
an&ég}fdiu%h% ﬁéelt, H{eé%%%{ﬁuoﬁ %)Icc))lf’la%colélif ﬁ%%?r@grgﬁ&aﬁ{/ H.rgger\g:np@gme converted to
anqtiesr &irma frdieed, Kiad ¢1omee atdyibe Bk ted &) 4 ERibnicl dr cH\?aZQn ot In many

chi eve desired. performance is not narrow and may

ins%gt];e);, agelézpc etatent u_FsaIH@ér_Lot-pﬁ guffigienigo pfeciselyi identifp tHelspecies present.

Theinkettion ¢addt Oiteiicd ®bETRit BB 1 b¥ach L Qb0 WBROR4IT exist on th
?o 10,(,)800: 1, gﬁfer ably from about p%m(?g% thaéﬁug’%naeyemsmn €

catlyHGRHng uspy ef er abl y, cesium conpri ses at | ((aas_t ﬁtb;)m
’ . t. 20.to 100 % - (weig . .
of -1 e BB P e oo iy e St pp e sdetprovided in
varipes firms,rfoff ¢mainphe ds tatnadial s dd$1BE cokBSIMES cRion o as an anion.

. I me of the anion pronoters _
. Th%h?%roﬁ}n%rgvl%ge%ﬁ%:ﬂ%P%@@%?l\;@ﬁnqeﬁ &ffigieagy and/or avviwiny isaiot certain and

: i - yorides .and. chl ori

e S R B

durB]}g!}lg%’ Fratal ampploneforheniurb unds il hési It h
i v & P:?Iing(fji cSTabI e. nge or rmrec o

Lt .and of. .t h 0 , o .
e Bl Sy L0 e 1k e i
of themral Hioweverpthy atkah uivtal perdgsh@es aahile Eﬂmn?@yalgﬁine earth metal
referred for sonme applications. The types of anion

per&%%t gfvgr BFTheBees o81eE Pethenatpy wudfrbgniug @;meﬁh ear} also be sutably

. ' . i J V. i ri.se 0 . 4
et ST e o —
HReg(pho sToitviressn peuhenate] THng 1200 d3ES0SiTs specification, rhenium heptoxide

" can be considered to be a perrhenate, that is, ReOy. Similar chemistries can be exhibited by

other metals such as molybdenum and tungsten.

Another class of promoters, which may be employed with the present invention,
includes manganesé components. In many instances, ménganese componehts. can enhance the
activity, efficiency and/or stability of catalysts. The manganese species that provides the

enhanced activity, efficiency and/or stability is not certain and may be the component added or
-14-
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PCT/ US2004/ 033219 exanple, PO4"3, titanates, e.g.:

Ti 03 tantal ates, for exanple, Ta~06 no:ybdsges for
woexenpbesr MoO4 "', vanadates, for exanple CTIUSZ004/033219

chromates, for exanple, Cr04-2. 2|rconates C? s

thate’éﬁém%@mt}éF %mppéaym E&?g}aﬁ%h 0 aglgs% gié %%‘ly%gﬁ}éztnggnese

chl | orates, broﬁhtes aces

. compumgm la¢le¢q btitdre aor 1fm1tasm BRHPIRS AR Manddnks. ang\ggmum sulfate,

es SO resent, including Tl uor

ma“@ﬁ‘i"?ﬁ? Figate. %’?Bwﬁ“ﬁsé’ dét.brkpn?@dma@gaqeﬁe Pelaipimanganoog nitmed manganous

sulfhtB adnd FRRYarAM zﬁ‘ﬁb% %\éﬁarﬁg%%?ﬁmgge b hea%d dnd; Yo stabilize the
exi st in one nore f

mangaRdso GURREPSTIEn ammmgnmglmm@m utiag] rrhh@f beafeb@bléi'v to add a chelating
04 and Mp7024" and

conBU! & G B AR B i F (P E it A salt thercof
metTle -aﬁ@ﬁﬁt&ifﬁhfcbg PRNABH BB vhRGlHE NG 9}9& @8(5%91 zﬁgxgt 0. OOOS to

Ss ructures. For I nstance, manganese and enum
2 Wi i Prefirphls fremabgui e tod),@gﬁ | “6rpasei ani thawotay weighh ef the catalyst.

{
Whégmg@rr&eﬁl%earp@ﬁmc oV F)Réﬂttg%eorér%pr{gvﬁ ?11331% 3“%18%032‘? f?ﬁ?tc,aboutl Say:

at leggt rbatt Dr fos chz\ﬂlplé ebaur 10Xy 2000, uftedibedveRfi 86 BR® AI00! Hpd calculated as
ed | sol utions |npregnat|ng a

the ‘ggl"ﬁ} ok fh ehHm %%SC‘E 88 ?f%f’@ PR glihe fyabHe conditions of
Pr M@ bainders %r dahi®ysEdhBloyRk the Rk Lﬂ@gﬁthﬁ%&agr o & be N the type
particul ar oxyani on or precursor init
Compgiging gdeashpnetielgnaveenhancing s4iesf Afoemberlofid B&Bldx—hfﬂf@eactlon pair
Whl?i 1@ gﬁﬂ{ozm J?Ieepg)gﬁgtleornt 5 dCCtsg H'gﬁhg ?)teé%]czlet%é g rﬁ?ﬁ%a%/?gggg!&y) conta1mnc

I NS

compaienberpshit of fdrmn{o 4 QsERe %fﬁ&éﬂbvle%ﬁﬂ{dﬂyméﬂ?@er %P F ?écﬁﬁ-hélf reaction
s ent The |nvent|on i s not i ntended to fe
pair 819

ﬁ%‘lcg%%qndgwg&. &k feqnt'T ekey-halfreastio] iy déimed&lemm toheean half-
reacfi@isei¥ Sosel WhindGn bfBtio¥GBsehie iRE RS starru?ar lfféladf% orgpyidation

rhenium the rhenlun1conponent can be
poteplials, alse khoymas stanslardesramgie ;:lealsodehmtdm‘a}al of tisStype found in, for

t n anion
o TP MO 0P o Pl Bflio el e P omapey. oc.
pageani@l b 2180l P61 toy "CRCrHMndb6sH &f Cheddistry mayfbﬁmwesagth Edition, CRC

h
Prest oD RSP Tof ?Pég%ﬁ?%ﬁﬁ&eéggﬁgJ%F@m‘?“'g@%éémgreacuon pai’
clud
refeigad ﬁﬂe)}‘)ﬁirs oGP Infstees o %Hsl 7 I I@gﬂbqg‘of gﬁﬁc&ﬂmda‘uon or

rheniumsalts such as rhen
redugigrhia|speielanli-repetiontegnatians. Suttetepas ssredad et reich@ln@&irﬂ Qr%l used
he alkali neta

e e Qe BT A e e e a

perfqnmanhﬁﬂﬁbﬁfbmeﬁt katkdr tRET 4 RBERIAE ofthDBHenRER JE@IEH’%ES pRAIIE: rably,

r heni um hept oxi de can_al so be suitably util
suchF%qgerP ShBETh3ssefaatedRuith the aaiadyst d sadto bl mdmbers whi Ralf reaction pair,

are ANIMAIHM&LHe L RioRELE %Qp&ﬁoﬂf:fln%ferably an oiyanion of a polyvalent atom; that

1s, the atom of the anion to which oxygen is bonded is capable of existing, when bonded to

a dissimilar atom, in different valence states. As used herein, the term “salt” does not indicate

- that the anion and cation components of the salt be associated or bonded in the solid catalyst,

but only that both éomponents be present in some form in the catalyst under reaction
conditions. Potassium is the preferred cation, although sodium, rubidium and cesium may also
be operable, and the preferred anions are nitrate, nitrite and other anions capable of undergoing
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- HReO04, or hydrogen perrhenate. ThUs, for'pur pols,es of
this specification, rheni um heptoxide can be

‘waoensidersed to be a perrhenate, that is, Re04. &%%%5)4/033219

chem stries can be exhibited by 30 other netals
dispincemént ol otsnetRftcd WABSSE ha f%ﬁggﬁ : of i

p'(ﬁowoter s, which nay be enpl oye °\?vlﬁt{% ?rﬁ,(znsﬁlpggre‘?ﬂom‘imon
CORHyI FEHOTed 3k tnglide FaVIgemekiEN O EETIENDS beih nifBMWreferred.

i nst ances, nanganese conponents can enhance the .

act iNae tsw ofeef miembenp”y redro/ ol f Seb@ltinl dalr¥s Qfde® 8 @L ¥8thRrst in an amount
Suf'gg%n%régﬁ%%s&es ci es % at provides the enhanced-

ACt VI LY. TF f1cT eHERY £hdiccPosidation Teagtions The precise taaionnt will vary -
depemdingmipon such Wari SEDRRENE A A8 AL, 44, WD 2005/ 039757 -

PCT/ US2004/ 033219 t hat éaﬁ‘ ener atlgémg |]e AP (P FRIGFT of @ redox-half
reacipThSFd A e s aRtERtion thearoldthe icompensstioasr atheadadhptients in the eas

S ] de,. but are not linmted to,
phNBIHE RS of 85(%? g&ﬁ%@%d % %8‘3“3%(%55‘1‘% SirfAce ater &f ghe support, the process

manganese acet a g

conditimgafes exapiple glaes valBGane @Bkt ORat S, P@ggg&eg}% ort.

Altoxal.a{it’bz, na%hqanous nitrate, nmanganous s
R YUt U S Precyrser compepnd mak alsa he adiatl sucknthatthe adred amount

of thB€alt bfiEmertBerolr @Pédok?2 i nganese. canponent in L

. certain ilfrpr ergnat [ r?gqls%(l)fltrgi&lu%ﬁ ; lr%( {gﬂﬁiﬁlﬁ %ﬁé&% HPQFTteBOdeaUOH

conggipng, %h@llaélt&'ithsguglcmmmndit}s dgdorasore of the gas-phase xeacti?n components.
Lcor

| .am net.etraaceti c acid (EDTA) or a suitab
Gl BOSHEN QRS FRBR Bt i iraion oF Bivweidsd ohlsioncarephancing se,
or preatedoy thetenf, cakcaiiiddeas chii N ARRM 0 oy 1% )
b f,)eoiabl y.fr ommgébojtc_ (1)&1(;1(1)1 t oE %@15%“?’%“%?56‘&1 réé‘éérglgb‘iahgx 0.02 to
a 0?1{)? &1 OR{eEke baed: anethe roal weight of teeatalysie dviost PesferablyithdRalt is
adde® BPANERSunk §f9;0¥1{3@0?fooégog??ﬁt.ﬂ'{o an amount of at | east
about”

about 1, say. 10 at leas 5, for exanple, about

10 : ween 20 and 1000, ppmw cal cul ated . :
as T%h‘g‘g%egi“é %geg‘% ﬁ%‘%‘?‘: N DASEE TRCPHa ot 15a-hold regrtionypairs are

compipgndstoatajrng atHlempt@apdlds 6f @4ting &t AbktharB¥R! QYiiag stall€

ent inventio al sq . he of the type conprising
pre%%a%?}e%g{)a% It gé'ifl ?tgsrlr%%/‘%?m@%%}’é migferahivt oofeem Fhenpeseowfcomponent
capable efigpoditahd a RAGE! &M @b halMrhaGihnl S oved in ap. .
oepoalﬁi dati on- process in t he %?@ggtﬁgﬁgﬁgg&é%as?g%§°n£“°ns 15
2 ‘_”qr\]l?{ 86@‘11@%?510_8“%% g5, suehpofee nf:gmﬂ@ﬁ'?i@x@dea flﬁfd%'bili\ fﬂicﬁide and/or
dinfd8&ORE RS IGHERRY 1§ i ng_ menber .of _a redox-ha
“reaction _ pé]? r ungl’e %gggaﬂl%%mcm?”ﬁ’&H@ParFﬁénst(&rrﬁXﬂmple,
nitrometiianc) fratrdaromatid ¢ommpounds (@&t dxBR@lehtk dtefzehO) f@ﬁﬁo%@ln%’ounds and
m-tl_ltrleesa(?(;rieo,ns 1I I ke tholse ound in equations presented | n ’
Abl 65 OFP &1 LAREITES) e BRI 6f nigReetatonBming gasents frbmoter to be
usedinSteds A sRSs ShadHEAsd si.ngl |l egctrode potentials L
of the Lype found 1n, paticiPhild efhdnect PR O Gl the activie
of thefatalyst ﬁsﬁ? parfiguizly tha affisientdnf the catbly& a¥e bhddenBRRK of the nitrogen.
GRHIRAN Y e o 0} es. 1213-1218 (1961) or "CRC - =
P Eandbo oﬁoucs)g %&%grﬁ g ? ?tyg/mgﬁadz %%%Pe@w}ﬂassfﬁﬁlem-mh@mmm ofa
];%gtf'c)ular alkene

The term "redox-half reaction pair" refers tot
undergoing O?ﬁa % ﬁ’é‘i( by piherciariess ipeludisg theamonntaf gaden e o the injet

reactibh gabeti NEGHAMMPR! 0&L PANDY504053 discloses that when the nitrogen-containing
gaseous promoter is NO (nitric oxide), a suitable concentration is from about 0.1 to about

100 ppm, by. volume, of the gas stream.

Although in some cases it is preferred to employ members of the same half-reaction pair

_1n the reaction system, that is, both the efficiency-enhancing salt promoter associated with the
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reduction in such half-reaction equations: Such terns
as redox-half reaction pairs are used herein to-

wo N6 udest hose nenbers of the class of substan whi ch
provi de the desired 25 perfornance enhancenen%%Tpg?ﬂBﬂB3”9

hani of the chem stry occurring. . _ _
Ca‘af%?g#}‘éiﬁg f%czs,""?‘ﬁ?ﬁg 0‘5%%‘6‘8?{&5%%%%%“5@&0@ ar gﬁ@}fwiﬂt:ﬁm&]@preferred
combaiadby 6f padsssia digai@ andBIREH $id0 fthid i)k hede8AF 10N P&t achieve
re salts in which the anions are oxyani ons, i '

.a .t he
satighcdprresylts, . @hepsophinasionssuch gy OaNeds, KON OL HENO,NSO,,

NG t ' whi ' ded. |
DRI ol 8P AT B L

and gasedud thembet mupbe framdst aifsent Aalf-H5E60M S HREH e pfdddht HRY st and last
"salt" does not indicate 30 that the anion and cation
TeACHORIBASATES Bhaireacagn pastionsefFaioyerall reactimnded i n t he
solid catal yst, . _but only that both conponents be
© pr B @Ry event. disrrelid apdier grseqys premetkrp ste pnvided ineE@DMOting amount.
As lﬁgdqﬂérglhqmtegﬁﬁ;?&?%%&ﬂth &r Ee?’{af“nr [ %q})gg}gggiogg’caﬁgfst refers to an

al t hough so um and cesiu

- amoypearfdlt epmporetnt thet Yokt efféctidelynd prvidaraa iMbtovaieat in one or more of

nitrite and other anions capable of undergoing -15 WO
the “2%?3%)%’5 BpFres (15%%‘ Eﬁ%@ﬁﬂ*ﬁ@sﬁ?@areé T p Faelustaet contaiping epid

~ comPbesit. CBkankR@CSIcHlyER SrdpRFEs Rgh e %?Jé gl[i% %'b&%il; gggﬁ%{ﬂfe to run-

egpoxi dation condi'tions. Preferre s Inc
awag)ﬂ SElequEEty. agtiviFy. RINORTien, sigbiitisandpried ekt nehdedsaeddgt one @killed in the
f redox-half .reaction pair is_add to the .
o oo AP R PRl Sh0SR0 ring

i cataly N an anoun

‘amoefitf indiile pther cdtalytiep@pertiesiiby 6fmbEaG e @lhantBE oSS bR be

i angu t.will var 5, d%gending upon such variabl es as
1rnIps eé}a% Fppersend thabdikigraf saialiiqreperties may be enhanced at

differ&f QperBand an@ﬁ&B&.%rl&%%p@pgcﬁﬁ% %ﬁ\%xﬁﬁgﬂh%?ﬁ%ecﬁ sge[aegg‘\f/ity at one set of

the concentration of other conponents®in

operptiRgseonditivas map b pperhted it v diffeontead faiditions Waereat tht #Sprovement

how - . of the su rt, the process -

shoshe b S AL PR, o NS TROE i dpcipelpratng an exbyiene oxide plant

will imcmmmalﬂ)ycttangemhd opEtiMtoRgitiont inSH#RQ6 take advantage of certain catalytic
ternati vel i tabl e precursor conpound may al so

Al , a s .
PrOPREReS it L THPFHGO! PIRET ST Y cRIOBSRBR oIr Y meHBzsairofis by

- taki® infd 49060 feeftodk é&%?é’ﬁei : Jo,slrs,ﬁ@‘;%rg%t Fe?ﬁc{vai gos[soarrigﬁﬁjq Ilr.k)r;a

the catal yst under epoxidatio I ons, especi a
t hridagrometngteiser rabvifledhiethe promptes ofn chdfegd bphasber of

: vanz{b?&c‘shblp% foPERAGO L Sie o (?n%itﬁoég%agglg%\égz{réﬂvae tchﬂn}ci%Eé, esurface area -

range or conce tratiron o

and pdrbistigme)ané sivéaee chgnisal propedtiesRf @eUHSRYr, HREEISET and co-promoter
cal cul ated as cation, |s about 0.01 to about 5 %

COHtERté’% A33)Ysh B RTePNER 0k Qiher gptans and gpiomspragsntytn the batsbyst.

The Bfts L.aht o st. Most preferably
P o e klf A B R S hmprovers

can glpwefifect thatprodetinpredfeprsef er r ed gaseous '
effici ency-enhanci ng nenbers of redox-half reaction
pairs are . conpounds containing an el enent capabl e of

ETHeXIENT BRONIDATIGN PRATCANOCHRDENe St ates,  preferably
nitr ogen and another elenment which is, preferably,

Oxyﬂgﬁﬁhdaﬂﬂ?acﬁ-%*ﬁﬁ&}‘&t&gm%ﬁpéas recycle is used for catalyst testing. There is

some variation in gas phase feed concentrations depending on the process conditions used.

Two cases are illustrated: air process conditions, which simulate typical conditions employed in

commercial air-type ethylene epoxide processes where air is used to supply molecular oxygen,
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capabl e of producing a nenber of a redox-half reaction
pai r under reaction conditions is 20 a generally a
nitrogen-contai ning gas, such as for exanple nitric
"oxide, nitrogen dioxide and/or dinitrogen tetroxide,

'anmésis/géll ﬂ}scesm/&i{dmaﬁls ayhiBE sifful ABWRIN R corditi SrRRREHhbbR Rl oxygen-type

. exanpl e, nitronmethane), nitroaromati c conpounds
eﬂ@ﬂme m@mp@smswmﬁeme rEygenie added os empueaTdiourcan§ach case provides

_ a et Qn t ).,
» e Rt i AR PG GCR ARl ebase BB AR pte onveen feca,
lowBe&Rordd ¢ okFhén dndl etdt}aéneaﬁaum veiéH will geld dne iy ee ethylene
the performance, such as the activity 25 of the

epexida Mhich ia abous Arte S parcsniage poiatsdpw prcthamibpt when pyge oxygen is employed

. as o%%? rys%grce-r%ll%gal%nﬁarcﬁtx%ugc@d cgottggxt e@ﬂrﬁeﬁggﬁ%nec%rwe" autoclaves

al'ning gaseous pronoteée
depér{ied G FEG. 2afttieciapBchy B Maﬂmmnﬂadi tRekcton forﬁ&&pble]’hasé Catalytic

Jedox-half reactjon pair used the concentra
Stedigh e @fChanealﬁalgme%%Fmg{%é{? uNae’Sr gaseﬁgg 51%‘?‘1 gff used as one

of FheRoR! Rk il AoRlfiohd B AL B follgwigount of carbon

oxide in't reaction gases. For exanple,

U. S. Patent 5504053 di scl oses that when the o
Tadle £ S HE R EREE St e RO L otaRiats o aben No(mtrie
G@rBRerent oo ppMABYIFSIume, of q%e@g?cﬁsr eam Owgth fss
in some cases |¢°11d$°%‘|5€ferred kondiiggsdy nenty&rondsiong
sane half-readiMele%air in t|Mdoledacti on syqiMele % hat
Ethylebot h- t he dflii ency- enharfcl0dh_sal t_pr ongt36r0
@sgeai ated W tjr.0he -16 WO 4008/ 039757 8.0
BedndJ)S2004/ 03321§0-00at al yst gdralst he gaseous |@@not er
ORBBEDid<Aad NE [[£edsiream as,| dor exanple, WEH a
Nitfogtn gpeo CONMDJigdde ¥ of - POl[aSaiadéidlohbAd al € %‘i’aﬂ%hﬁéé‘s

¥ NEGESSary e5 T Y
Sq)%lﬁl ry ; % P 9&?& 54 @btﬁaﬁm?ﬁsons’ ,ﬁﬁt & For
P Bﬁio' Na‘}g' ot X %d : o X %or
éfgl S PWed in the dan® system In e
nf‘l fal (e Fal mmro AY ||nf‘|

T)ﬂ)erﬂfaﬁ%_t_hﬂwﬁ represent {qgmirqf
Apeuntoft  react8difs. in a serli#ccof hal f-regdlicsn -
| Gatalysti ons of aAn overall reactlion. In any event, the

"Bamalildleand/ or gaRe®8E€FHr onot er{s22:6 8CBHovi ded |ild.3a8SCFH
FoarRdte Ng anount63996 standatid hejr (@§3996 haaddardn | (1300980 stgndard |-
amount " of a clejubit Metepparonent cubic Metepper! ySt| cubicanderger

an anmount of Jtgyak) conponent |thwak) wor ks ef f gégfobel y to
provi de an I nprovement 1 n one ofr nnre of 10 the

cat airyd *&ssﬁ[‘@ﬂ SdiniERe® bt 4038t 2 %%Im Bhsdud Q:‘Eﬂﬁft? ga&%z) (19.3391
. catalyst not contalning sai
klhgtzahsypar squqne optinteitery andth tratal ﬂovn tsemalatlamad at)qhenab] B or32.6 SCFH

g o Fec bt 00 7 8561 Mandirs Ebevbtpsg plone).

S@Fﬁ rotésltd @ﬁbxb Rect e& hoff ht ddiRbrdBRpSAnRIOLR IS}Essﬁltéenamel¥ 0°C and one

i ndi vi dual catal ytic properties may be enhanced by
atmosphm i Ertyyl dﬂmﬁetdbnwmeorotswéﬂlsmtt@ Bc,hlmvc qsampvemtqf@@ency

Tem eraturenzg&) an cat yst e cTé:n%Q ax%r obtaLXecle as tEe responses describing the catalyst

performance.
The catalyst test procédure used for autoclaves in the Ethylene Epoxidation Process

Conditions involves the following: 40 or 80 cc of catalyst is charged to the back-mixed
-18-



15 dimnished. It is further understood that different
~catalytic properties nmay be enhanced at different
- operating conditions. For exanple, ‘a catalyst having
- enhanced selectivity at one set of operating , ,
auohue and e weightioé thratadyse i notech Theftagk-ankedsaitogigve is heated to about

condi tions wherei.n the,i ve p. i .
e ph B R RO Do G e i g s bprandard cubic
m&Er f0 Bl WidinBe Bl dHRrading At 1500 thin. ITHe @it dgRAF dvyistha@dsontinued and
the operating conditions in-order to take advantage of
the ghavaidesaribed fgedistream ipmypaduesddrtoeven at the expense of
ot her catalytic properties in order to maxim ze '
profits-by taking into account feedstock costs,
energy costs, by-product renoval costs and the |ike.
The pronoting effect provided by the pronoters can be
affected by a nunber of variables such as for
exanpl e, reaction conditions, catalyst preparative
techni ques, surface area and pore structure and
surface chem cal properties of the support, the silver
and co-pronoter 25 content.of the catalyst, the
presence of other cations and anions present on the
catal yst. The presence of other activators,
stabilizers, pronoters, enhancers or other catalyst
i nprovers = can al so -affect the pronoting effects.
ETHYLENE EPOXI DATI ON PROCESS CONDI TIONS 30 A standard
back- m xed aut ocl ave with gas recycle is used for
catal yst testing. There is sone variation in gas
phase feed concentrations depending on the process
conditions used. Two cases are illustrated: air
process conditions, which sinulate typical conditions
enpl oyed in commercial air-type ethyl ene epoxide
processes where air is used to supply nol ecul ar
oxygen, -17 and oxygen process conditions, which
sinmul ate typical conditions in comercial oxygen-type
et hyl ene- oxi de processes where pure oxygen is added as
t he oxygen source. Each case provides a different
efficiency but it is the rule for practically al
cases that wwth air as the oxygen feed, |ower anounts
of oxygen and ethyl ene are used which will yield an
efficiency to ethylene 5 epoxide which is about 2 to 5
percentage points |ower than that when pure oxygen is -
enpl oyed as oxygen source. Well known, back-m xed,
bott om agi tat ed "Magnedrive" autoclaves described. in
FIG 2 of the paper by J. M Berty entitled "Reactor
for Vapor Phase-Catalytic Studies,” in Chem ca
Engi neering Progress, Vol. 70, No. 5, pages 78-84,
1974, are used as one of the reactors. The inlet
conditions include the following: 10 Table | -
‘Et hyl ene E oxidation Inlet Process Conditions
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Conponent Air Process Oxygen Process Oxygen Process

Conditions-1 Conditions-1 Conditions-I1 Mle % Mle %
Mole %Ethylene 11.0 30.0 30.0 Oxygen 7.0 8.0 8.0

Et hane- 0. 00-0.24 0.5 0.0 Carbon Dioxide 5.5 6.5 0.0
the\reaeten ehheBatah geseinist figwss Behadisstedto yhs SBEHARIS89 stgmiard cubic

e I oL T TR

8operofhialys0 MTHYQBBpévafiee foRidjudted dver the hedtfew hodds @8 provide the desired
Effici enct}é/1 | Type of Reactor CSTR CSTR CSTR Anount of
M €.

pegwnEputighe n@m@ée ard teypprimumpeffirieney s obzined bgeriystioe @hyl
6399
e e Sy ROt B Edon O3 R0 MRS LR8P e carayst s

standard I c meter
reduheé its peak steddi Stateesforpaiice. Mbigrehyh Olubbldé?@ l(llkb:oc'lﬁbﬁly adjusted, and the
P

ressure | s rml nt ai ned at, about 275 SI g ounds
ﬁaa%ﬁw thecatalyps tRyethyleneoxide and mbmr%;ap %acb@uogdwmram rise) is thus
obﬁﬂ%ﬂ gﬂ?k% Jch%t%glﬁcg%%i%i E_@opﬁ)%%e under

ste(adgi@w&@ndmhonﬁw%l St andard Cubl C l\/bter per Hour)

f bi c .f eet t .standard
t eanE*; ng%{dér alcagﬁog of a?ﬁlg'qqtgg{gﬁyﬂ rgea@rtél?.sgjcaagﬂgsrt efficiency in accordance

wig {HepRiteidre dEsdmbkd GHOWIis B0t OBCR R @Ldc) Anits "PKQ t’;‘gltcgdstandard -

to achieve maxi mumefficiency. Tenperature
deyiatign pEa singleitest eqvuly repostingragdlys dctitytin ecqoe@aygn %ﬂ; the. procedure

dop R PRIt L V3P st daVaER of heocpr] Pesrad o the qualiy

of ERoxquiiiien® BndpreeRivh of G eLliniQies ubddvialcuductiBg the tests, and thus will
following: 40 or 80 cc of catalyst is charged to the

vap Maess stenlard deyiations arediedievssitoraRel v thgttest agsulthreported herein.
~cat ahyﬁ;r b8t stlitfgRatles: Maxeti A %’\é&ﬁc ?ﬂi@ﬁ gﬂ,mﬁmm
gen oW O

to ab reaction te erature In a nitr
arg getailedlg TabeHI. ( T288 1B 8cto fortioBe SecHica nditrectataiyisi preparations on the

carriers of Table II, including catalyst compositions.

CARRIER PREPARATIONS

Carriers of the examples were prepared in the following manner. Zirconium silicate
(if used) was added with other solid raw materials to obtain a dry mixture. In all cases where
zircon was used, it was introduced in a powder form with a median particle size of about

130 microns. Liquids and additional dry raw materials (optional) were then added.

" The amounts of such additives are expressed as percentages by weight of the starting dry

mixture. Water was also added in an amount sufficient to obtain an extrudable mixture.

Such amount depends on a number of factors, such as ambient humidity, hydration level of the
raw matcriais, etc. Unless otherwise noted in the following descriptions, the mixture was
exu_uded as cylinders wit_h a single opening along the axis, or as multi-partitioned cylinders.
After drying, the extruded greenware was fired to alpha-alumina under conditions chosen to
ensure complete coﬁvcrsioni of the extrudates to alpha-aiumina. Firing temperatures between
1000°C and 1400°C and firing times from 45 minutes to 5 hours were used. Outer diameter

dimensions of the fired greenware were 0.31-0.35 inches (.7874-.889 centimeters), cylinder
: -20~



meter per hour) with the fan operating at 1500 rpm
The nitrogen flow is then discontinued and the
above-described feed streamis introduced into -19 the
reactor. The total gas inlet flowis then adjusted to

longihsg) W@@m@@ﬁ% Sajaemamsty)candbe ol diskndsoat e mul-
b0 S 2 ST B AR

tenperature is adjusted over the next few hours to
provi de the desired percent outlet ethylene oxide and
the optinumefficiency is obtained by adjusting ethyl
5 chloride. The outlet epoxide concentration is
monitored to nmake certain that the catal yst has
reached its peak steady state performance. The et hyl
chloride is periodically adjusted, and the efficiency
of the catalyst to ethylene oxide and the rate of
deactivation (tenperature rise) is thus obtained. In
determning activity and efficiency, the process and
catal yst shoul d be under steady state conditions. 10
The standard deviation of a single test result
reporting catalyst efficiency in accordance wth the
procedure descri bed above is about 0.3 %efficiency
units. The typical standard deviation of a single
test result reporting catalyst activity in accordance
with the procedure described above is about 1.2C. The
standard devi ation, of course, will depend upon the
guality of the equipnment and precision of the
“techniques used in conducting the tests, and thus wll
15 vary. These standard deviations are believed to
apply to the test results reported herein. The
properties of the starting carrier materials and the
specifics of their nodifications are detailed in
Table Il. Table Ill sets forth the specifics of the
catal yst preparatlons on the carriers of Table |
i ncl udi ng catal yst conpositions. 20 CARRI ER
PREPARATI ONS Carriers of the exanples were prepared in
the followi ng manner. Zirconiumsilicate (if used)
was added with other solid raw materials to obtain a
dry mxture. In all cases where zircon was used, it
was i ntroduced in a powder formwi th a nedian particle-
size of about 130 m crons. Liquids and additional dry
raw materials (optional) were then added. 25 The
.anounts of such additives are expressed as percentages
by wei ght of the starting dry mxture. Water was al so
added in an anobunt sufficient to obtain an extrudable
m xture. Such anmount. depends on a nunber of factors,
such as anbient humdity, hydration |level of the raw
materials, etc. Unless otherwise noted in the
foll owi ng descriptions, the mxture was extruded as
cylinders wth a single opening along the axis, or as
multi-partitioned cylinders.
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30 After drying, the extruded greenware was fired to
al pha- al um na under conditions chosen to ensure
conpl ete conversion of the extrudates to
al pha-alum na. Firing tenperatures between 1000C and
. 1400C and firing times from45 mnutes to 5 hours were
propsaels aduthe pomib girreiteeweighli peedeat ofsrcof i the nfddiRd carriers and
-n%reenvvare. were 0. 31-8 5 incres (.7874-.889 - o
COMPARTRS RIS 2re @ep Ay dpble Mo ahl| peiggntagep imie follpavingddsersptions are in
weight/p2é@m: 8636 centinmeters), and the wall thickness of
the nmulti- partitioned cylinders no greater than 0.075
i nches (.1905 centinmeters). Physical -21 properties

| Demgivg @b/t 0111 0)601] 0. 52 0.[491 D.54 (nﬂE) Packing 32| 5

nd the approxi mate wei ght percent of zircon in the
Tal‘-i%-&:f&ﬁ‘eg%??qeéi A mr?‘af_a.t_L_Ler rriers are gjven
_CEE.E"_]?ab!n!}A‘ABI pbredhtlagis' i f th& flolH gwi hgl  J K| L M |

Surges; 4F9apt dr%lhrl% 129 Wl [ght6 pdrl@f 49| 0.6%{bp.84| PS0| 0.52| 0.49] 0.54
(M8 rieor Propértibs Carriler IDABCDEEHR GHI D KL

Packmg Syr f ab 8241 2%l [1 364|34.6/323.5pF48| @T.41. 2665 2541931.8| 205 | 304 | 30,

. 33.1 34.2 3416 2b.5 4.9 27.4 25|5 25%.4 31.4 32.5/30.4
(kilggyargs pepe n 63204580 bISHT (554 k4P B (308 (4381 (4BI0404.5302.| (520.| (486.] (488.
cubjcrmezer) ( 55400} 2081 83130839)( 4T84 36Q0IO6Y 406)|  §029300 @) | 961) | 563)

Por¢ ¥algme( 4B8.68{@6b| 0.6kP1.€5]) 0.66D)0.82] V. B31). 7730927853 BOGK| 0.63] 0.63
(cc/gDB) 471) 869) 980) 600)| 961) 568) Fore [Vol ume 0| 68

Zir@n@akee0. 5120, 66 0. 76/l ©.[8020] 59 0. 3700987 0053 0. b6 P 0
(Wt@s631 0.651 1(00 g) 1 Zilrcon Target 2 001 -02 0 3 0.8 -

021020 (W.% Carrier A was prepared from _
cal(§i'ned al um na which originally contained 0.06 wt. %
CaGr i 2138 RIPArefcEone s eins alumitawhich originalbetdntinedi 606 wt. %

Ca(s OFHét d1@Hind Wehs e atbRkd it LR odf Lbs stes mith, oo
stirring, then filter ed aﬁg/v%%%%grﬁ%ri @Agﬁejodl'atn\ﬂn}%ggtee\ﬂ }p0°C for
15 mipptey @il sz, theatidtered pod Pherunernded dwink withiot deionidkd water.

The B4SHH Slnidt 00 to coptain 0.03 %.Ca0,
A d%ﬁﬁl xt urvégsv\%gdgopepg Zé‘f ﬁjrbggna’?‘i.‘vis 298¢ 1q fAntain, .08 &b CaO.
A dry|mujipefuse wag prepasi drogmil .t %pof the fatbddnumil 1814 orflark: Jére-forming

but nusi,on. aids,. <l %flux nmaterial and 1.4 %granular
w5 GoRh S Rifh 1 e TR i e Aedomi1 % addiiona

extrsiod aidtand k1 We befREME FefSadded! 8PMme s ESwih L cient water to form
an eSdabfe 0nd. YRS biend whe ruded dried and fired fo alpha alumina. The final
sample contained about 2 % zircon. |
Comparative Carrier B was prepareti_ in a similar manner as Carrier A except that no

zircon was added.

* Carrier C was prepared by blending a dry mixture of 79.2 % pseudoboehmite,
19.8 % gamma-alumina and 1 % granular zircon. 5.5 % formic acid and 4.6 % ammonium
bifluoride were added as aqueous soh;tionsWith sufficient water to form an extrudable biend.
After mixing, the biend was extruded, dried and fired to alpha-alumina. The final sample

contained about 1 % zircomn.

Comparative Carrier D was prepared using the same procedure as that given above for

-Carrier C except that no zircon was added.

~ Carrier E was prepared by blending a dry mixture of 75.5 % gibbsite,

22.5% pseudoboehmite, and 2.0 % granular zircon. To this dry mixrure was added
-22- :




an extrudabl e blend. This bl end was extruded, dried
and fired to al pha alumna. The final 15 sanple
cont ai ned about 2 % zircon. Conparative Carrier B was
prepared in asimlar manner as. Carrier A except that
zircon was added. Carrier C was prepared by
3 lkﬂ %manigteav@wpmmhe@rze less tipg. 6009migpmsd bE e hmineiuh Juride,

= AR 0Bt PSR ) S AAE: oo

aqueous solutlons with sufficient water to form an
extrudabl e blend. After m xing, the blend was
extruded, dried and fired to al pha-alum na. The fina
“sanpl e contained-about | % zircon. Conparative
Carrier Dwas prepared using the same procedure as-

t hat given above for “Carrier C except that no zircon
was added. 25 Carrier E was prepared by blending a dry
m xture of 75.5 % gi bbsite, 22.5 % pseudoboehm te, and
2.0 %granular zircon. To this dry m xture was added
-22 31.4 %graphite with a particle size | ess than 600
mcrons. 1.7 % Amoni um fluoride, 2.0 % nagnesi um
nitrate hydrate and 1.2 %nitric acid were then added
as aqueous-solutions -23 WD 200S/0397-57

- PCT/ US21) 04/ 033219 w th an appropriate anmount of
water to form an extrudable blend. After m xing. the .
bl end was extruded, dried and fired to al pha-al um na.
The final sanple contained about 2 Ox, zircon.
“Conparative Carrier F was prepared using the sane
procedure. as that given above for Carrier E except
that no zircon was added. 5 Carrier G was prepared by
bl ending a dry m xture of 74.8 % gi bbsite, 22.3

- Y%pseudoboehmte and 2.9 % granular zircon. To this
dr y mixture was added 21.4 % graphite with a particle
size.less than 600 mcrons. 4.6 %Nitric acid, 1.9 %
magnesium nitrate hydrate and 1.6 % ammoni um fl uori de
were then added as aqueous solutions with an

~appropriate anount of water to form an extrudabl e
bl end. This blend was extruded, dried and 10 fired to
al pha alum na. The final sanple contained about 3 %
zircon. Carrier H was prepared in. an anal ogous manner
to Carrier G except that the anpunt of
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granul ar zircon added was sufficient to give about
0.73% zircon by weight in the finished carrier.
W& AP4598475T . was prepared .in an anal ogous nanner 5,%3/1 N
_IC]:arri'er G except that no zircon was added. 15 Cafrp¥p/i33219
wit) apapprppregs@drecurtd i blae et fem MY Finid B8 Of 68.6 %
extﬁfﬁeégdobge?r}i grite, 0 29.4 % | bbsi T e ann%H‘E’S‘b ‘%}?%‘PE%% thegblend was
S WK Rt Breddd alnhrrelumina. oF hy ind xympplevhtained about 2 9 zircon |
met byhe&hli O58er Pvwi BAcetic acid and 4.0 % '
hydr ofFuorl icach \\Rg?ée{) ﬁ%ﬂ,”ﬁ’&%@?%‘@%ﬁ@r@éﬁ@as_thatgivml above for
Cargist Beresnsthal nchzimon appmo@sd at e anount of water to form

an @%r@ri%ru abl e bl %q)é The m xture was extruded, dried
~and T red "t PHIPAIS-25 RisRding 2 Trvembdurabf Faspd gibbant ai ned

)

22 nboprendbb¥%etEhitCoR 2 29, SOHRAT AL ve Tg%feg:d}‘?{ @g‘“gaz’%@é éédcd |

21 {JE,_epar ed in an anal ogous nenner to _ N .

=11 Keagrapiute szlthr?czmlcy]asmaﬁﬁednanmomhj&rons.M.%ﬁ\%@ﬁ@iﬁeﬂ g,ka/%"ma o

nitre §PaLRAY LA T ostur e of %&8% pseudoboehnite w th - 2 9" magnesium
granul ar zi rc8n, BORjutignde wegethen adeigd 2s dqu¥ous solurions with an

apptopdirefameani of vagdrdo Waharl S ous . : :
ﬁregﬁ(! Bgt ions with gnoappr%p%tdgﬁgﬁgeaﬁt ng%gﬁlkﬁé?aste&@@ﬁdnﬁﬂed and

RheralraBee The and sampke avnkbnedeboass %28rcext r uded,
driegrang ok - ha-al um na. The final sanple
aIgl:l)nt ai ned gbéﬁ? ar%g%? %‘F?%aé?‘%ouw?ﬂﬁ?ré? (CgEiechr picept ttwsamount of

Erargyas gapardadded was suffibiegoy giveRIASH 089 SaLS bl EXCept th .

no zjreqn was added. CATALYST PREAEAT! B EHREE the fntfhed carrier.

carfi ers BFEPRIRCUR AR BRYP &S arastenio tQurderG €Xdept that no zircon was
add¢dipr egnati on silver solution 30 typically containing

30 w-. O{o silver oxide, 18 wt. %oxalic acid, 17 weight

pe (G 't prevend tarhlerslingss dty. mPuID B0, H 9N AT YA ADN

29 43¢ JMbsite IS i,,cl .ed . The first inpregnation

) 1§§ clpetlJIt lus léer{&n\%}a“s'é. { y%‘ue "85;1\%%%‘? BPEMEIW #y240e <Hokivdmpxiprbay]
me iglogd. Bt iy Aeeriedicadrimued. § B BftiroMirctay; Wit h
soltodGuBALL S of distilled water 2) §|3§ﬁ%&gg})&“€8&i‘% asgaqueous

parts of OXalrt AP ohwaterioHpmm an exi(udebigdikndg ITag @Yixture was
extrydeds dreedagd GesdSio Qi SE L af | utj on suc hat the.

t enper at ur e of_O t}_%\é sol ut'] %Qggaggm% 16_089@3’@83 PHLE, % zgFon.

s| ORMPAEHYF Ramier Sewprpremared insinl anelo gox gncARE AA), 7 except that no
zircaOfaddde. 40 parts of nonoet hanol am ne (Fe and

free). The carrier was inpregnated in an appropriately

si #atiegLaxs pocpasidbyrblesdinst afkmedrioRd) }8&@&01?0%?;{,%2 sel

cks 10

2 o, WALGH, Was egyipped with suitable stopc ;
=7 %‘?@%‘%Pnﬁg l/‘fqg)r@é‘f 3q1bpnd fh 1 & hyidaefinomic acidl etk tadl28ded as aqueous

solus@p aitht Dy pfowRBE | any¥al, used for caontaining the -
e JTPT egnataly)gg;)klj sol Ut onp%a‘)é@?rntgz?%ﬂ‘ ?’ﬁ?‘gg&ﬁ blend. |, Bhemixture was
il 458 e it siphopliofing MBhi SRl CgRRL LBRIoYES Si5thet 2 Wircon
S -

| MpoegRakidg, vessel contajning the carrier wa
ev acugt eg{/ t %argﬁlbr ‘SY?WF%*WFI 1. 2pranglp gGup 1BATMSr to Carrier __ except that
no zigeentwasatidgds ) ' -

CATALYST PREPARATIONS

The carriers were vacuum mmpregnated with a first lmpregnation silver solution
typically containing 30 wt. % silver oxide, 18 wt. % oxalic acid, 17 weight
percent ethylenediamine, 6 wt. % monoethanolamine, and 27 wt. % distilled Water.. The first
impregn;tion splution was typically prepared by (1) mixing 1.14 parts of ethylenediamine (high
purity grade) with 1.75 parts of distilled water; (2) slowly adding 1.16 parts of oxalic acid h
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‘mercury absolute for 10 to 30 minutes, after which the
i npregnating solution was slowy added 10 to the
carrier by opening the stopcock between the separatory
funnel and the inpregnating vessel. After all the

dibyaldid (r@&eﬁﬁ%ﬂe@% ﬂﬁtaﬁuéotﬁ@ e&%@&gﬂﬂeﬁglu\ﬁgﬁ $&dh thatkRe temperature of |

. Second S vacuum was rél eased a pressure

| thersetulionatbes gotaxesd JHEC.i(3) SI@dlyIa@mxmgl Stiutrtsiof s G oxide, and (4) addmg |

10

15

: 20..

25 .

30

| ve%sselmmmﬂé&wt%gﬁs e@cgate&tozar{psowa%%l 382t

ol uti th arr -imrersed in the
046 QEEPP ﬂﬁ§8 ﬁﬁgpﬁ eg t conditions for 5 to

30 THRIcRtHeR Svas & egmedt xhaﬁagﬁrbgﬁadryaglz&a 313§ 0LSHAIRMRSs steel cylindrical
solution for 10 to 30 m nutes. 1.

vessel whieh i \m p@gnmdeuﬂb%utablé rstqna@clqs rf@nmma@ag the cAIplET Wdst vacuum.

{ n.the catal yst . »
A $ftle B MY i o ol for PPl B el polyion wes
inseitétheod ghjacrabise? stoppériihto3be top lof e iMpréenafsd velsselly Thé b@“regnatmg
pl aced on a stainless steel belt (spiral meave% and

PDReentimeters)
megcg#g:éﬁsohﬁ@%rrlg 1596 dﬂ% 8 %Qﬁ'th%slgxgﬁgn s\é u%ﬂ'ivas slowly added |

I'ONS  were use roger
to theeafrieaby nperingthe mpcatklbntvmmehie wpaﬁ%ﬁlﬂimyxelpmﬂshd’lmﬂ?égnanng

d .t hrough. el.t- and about e, cat al
vessel, Sttor S0 Sy cihied o 35 inprrenp oty $558) (<1 Shende the vacuum
waS FdedsedBACHS pRASurk fdirhed & 4&%6sﬂ}ﬁh8 IF6IRARhEdddiflort Bthe solution, the -

heating zone, the .catal yst was cooled in"the open air
caryigr remquempmrmiun theampragaatifigewlution,at ambieat conditions for 5 to 30

| mu?dtl:sy Gha (\qu [q%%ﬁ&e&aﬁl@d {)f cestdoln \(()u‘ﬁﬁ%}“i‘o' tgef)%%m?teed W th

sécon ver 1 npregnation solution contalnlng bot h
t he ThiieIsilesr-inippdganted amrieewsother razsted aslfolloers ek aicy sddudfon of silver
ronpbters. The_second i npregnati on sol ution was
¥ ifacs /1B {RTRERARL T A5 SEEER: IR B fimeleayer on stainless
steéll Wisd meSP N8 ﬂﬁbeﬁ'oﬁ% s@mﬁje&s_g}eeeabelﬂdgﬁalqﬁeab%ﬁlrfaﬁsported through

sol ution, or a new solution was used. The pronoters
P % 221 (6198 1R eemtimetss) squarsheating zoze forgk 511mw§¢8e orgimiélent conditions

we‘d lgkﬁﬁ I%(% %gpgélp(gp @ %g{ ;[g‘l gg hzrogé %vtﬁse %Bmt%%\%) alt %Ogd by passing hot
air agwmckaﬂhﬁmgﬁ ﬂm‘bencunamn itheneaedtyst Ipemeds anthe gite bf 2660SCFIE (7.53228

EDTA e t.h the anese 30 pronoter
S“’P‘%”%F {36 ThSters pepdiopy ze‘ﬂieﬁ iR FRPSIFA4E e fepg zone, the catalyst was

codl BPIFHP BpddAir &,%Hﬁ]ltaﬁpermre%tda&a@sea 11 and 12., one =
excess. equi val ent di anmoni um EDTA was added for the

s arré\lqm ﬁb@sb'er-megrramds@m W vaciua impregnated wittes $dcngd silver

im regfl)aﬁ'l sg*u g{) golftecon Pg{@le rsrppat | %ﬁ it %@ r%ea%d the catalyst

pro2dibrs0 39€ SetoRCTrhpiS2ekiéh 63ABRADwad . h@nﬁd&b@&f ANPFtBgartrd solution from:
carrier, that is, the finished catalé§1, was again

ﬂwv@ﬁ@;lﬁwegnaﬁan PIyR 3 Sshpfisivot Aehe.frY Relugen fr opew Felution was used.
ThG?Fd' Frggﬁ %aﬁﬁ&ﬂﬂ%l’uﬂgﬁ Sgﬂ@:ﬁ %ead%d ﬁ.ﬁ%e%&&ﬁm numeric

e Concentratlon e pronbters wer
Ordtallsmﬂ at 'Eablé [Bswith stirging. eln Catal¥stbB ehrbtgh 1Q, two equivalents of

diammonium ethylenedxammeteh‘aacetlc acid (EDTA) were added with the manganese

promoter in order to stabilize the manganese in the impregn_aﬁon solution. In Catalysts
11 and 12, one excess equivalent of diammonium EDTA was added for the same purpose.
The impregnation, draining and roasting steps for this second"impregnation were carried

out analogously to the first impregnation.
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In so.rre' cases, the preparati on of a catal yst was _
carried out on a larger scale than that described 5 -
AR 'ng-sui tabl e scal e-up of equi pnent and peetuU3osls /033219

The_finished catal yst was then enployed in an

et hyleReceaRr@atd sarmies dbatiiarihe finehedestalyiss wak aMA’iﬂl ®Righed. and

: ba%@t[ (gl'tﬂg{f}el t«;ar}b fﬁ? ‘E?rlffgn(slﬁl Table Hl: Catalyst

par at | ons < the pecrpy! mprognaiag. thew i pqﬁcem of

sil a@d@ho Rinoemtzion b e 2R MR 2ARP4 k. SRRl i .
lvCs SO4 Cs, SO4 C22804%CSZSO4 Prormter%%@ht ROS" bif T

In S‘[‘?/W(3 NeRHR Zthe @?B‘I‘raﬁ‘qqﬁf a/qgERhst BT O DRA) Iarcer scale than that descnbed

0 5 30.7 135.40
el AR Pl ey T b
- emyppadot en edyleme GERidasion AAcksn, MO HDF m%@‘lmvax% 2Re Examples

3; m104 Mh 94 Mh 10 Table is Catalyst Prepar
Catal st No. 56 7 8 Carrier No. EF GH

ons

' _"Tah_lﬁh talyst freparatiops €Rayy ICsOH  Pronoter 2 Cs, S04

Capadyssia. s, &04 Cs2SO4 Promoter 3 CS 2Mb04 3Cs2Mb 4
Camﬁrﬂth%\z M NOB) 2A Pr onbt er 4 BVW(NO3) 2 Mh(dNOB)Z D
Prameipral | ng AGeRiSQNHA) |, H] (elSiay)  ( NFE) 5BHEDTA) CsOH..
Proohg)2, H2( EDTAR,SON 4) 2H2( EDBA), _Tot all kg7 ST ver 50
Pr@foté 37. 0 38.8 Pronoter [1I; pm 1584 ‘%@5Q§’?.JUI MAINOs)z
Ch43find{"scenPr oot er 2: m 129 S04 1 75 S ﬁé@m‘i m@Hz(EDT )
TobAve by ivet ¢80.55 M 15 Mysg§ WD 74 Mysdqd Wh—rrangt e
Prémotdr 2oppH (340, TaDT & T hE~Lat a ySYsH Eparat-ol 552 Cs
| Prombler 3; fth A ¥5T cNO-— 9 10, LE~12 1162504 150 SO4
Promoter 3; ppm [ 104 Mn 94 Mn
Table IIT: Catalyst Preparations — Part 2
Catalyst No. 5 6 7 8
Carrier No. E F - G H
‘Promoter ] CsOH CsOH CsOH CsOH
Promoter 2 Cs,S0, Cs:S0. | Cs,80, Cs:S0,
Promoter 3 Cs:MoO, CsaMoO, Mn(NO,), Mn(NO;),
‘Promoter 4 Mn(NO,), Mn(INOs),
Chelatinv Agent -(NH,)-H-(EDTA) (NI‘Lt)sz(EDTA) (NH4)2H2(EDTA) (NHL),H,(EDTA)
Total Wt.% Silver | 34.8 35.6 : 37.0 38.8
Promoter 1; ppm | 584 Cs 796 Cs 409 Cs 420 Cs -
Promoter 2: ppm | 129 SO4 175 S04 115 804 118 SO4
Promoter 3;: ppm | 15 Mo 20 Mo 74 Mn 77 Mn
Promoter 4;: ppm | 53 Mn 71 Mn
Table ITI: Catalvst Preparations — Part 3 _
Catalyst No. 9 10 11 12
Carrier No. | 1 I K L
| Promoter 1 CsOH . CsOH | CsOH CsOH
Promoter 2 Cs,804 | Cs,SOy Cs,S0, Cs,SQ,
Promoter 3 M_D(NO})-_) MII(NO3)3 MH(NO3)3 CsrMoOy
Promoter 4 I Mn(NO;),
Chelating Agent (NH.),Hy(EDTA)| (NH,),H.(EDTA) (NH,),H)(EDTA)| (NH,),H,(EDTA)
Total Wt.% Silver | 39.5 28.4 _ 274 322
Promoter 1; ppm | 489 Cs 439 Cs 383 Cs 364 Cs
Promoter 2; ppm | 138 SO4. 123 SO4 108 SO4 81 SO4
| Promeoter 3; ppm | 89 Mn ' 79 Mn _ 70 Mn 9 Mo
i Promoter 4; ppm | - . - I L o 32 Mn
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Carrier No. | J KL Promoter | CsOH CsCOH CsOH CsCH -
Pronoter 2 Cs, S04 Cs2S0< Cs, SM Cs2SO4 Pronoter 3
Mh(NCB) 2 Mh(NO3)0- Mhi(NOD3)2 | Cs, Mb04 Pronoter 4
- M1(NGB); Chelating Arent (NH4), HZ(EDTA) |
TAN: IdaefiiDrephions2(FaRT4) | (NH4) 2H2 (EDTA)  Tot al
(78 Nol VeT 395 2§57 - #1152 Z[4PTOMOLer T3 459 [os
CilaNo o cos Morroter b0 Fo bt 0 Ws) M
—4 rmbH 26 |3 ; lei
mepgz i ons qf*3$94 4 Cat allfeMoEDTAY 1 hKiMDERTA) ¢
| Pregmotet 3 K PriérsoMeds] CsOf KNOB KNOB  Pronpter 2
Pesa@erd K2Vn D Mu@EMp DTA {Pronoter.3 Cs2MoO4 Pronot pr
Cheldting 3 gentChAl(NH, (KT | G, FXADIFG | BTIA)HEDTA)
Tbehave. Y} silver| 388 32.9 31[5;32. 7 Prono §7Ll, ms/is K
P & [R79FRIer 2 §PROF 1A% Whgstga vh
romoter ;pf)tn 83 S& ﬂ omot IMMI{HUO h 144 Mn
Promoter 3; ppm | 9 Mo
Promoter 4; ppm | 33 Mn

In Tables IV through X “Mlb EO/CF” denotes units of 1000 pounds (453.592

kilograms) of ethylene oxide produced per cubsic foot (meter) of catalyst.

Example 1 — Catalyst 1 and Comparative Catalyst 2

" Eighty cubic centimeters of each catalyst (61.4 g.) was charged to an autoclave reactor and

tested under Air Process. Conditions - I (Table I). Outlet ethylene oxide was set to 1.2 mole
percent until day 6 when it was increased to 1.4 mole percent. Table IV compares the
performance of the catalyst containing 2 wt. % zircon (Catalyst 1) with one containing no

zircon (Comparative Catalyst 2). The catalyst containing zircon has higher initial efﬁciéncy

.and lower initial temperature (higher activity).

Table IV: Example 1 Catalyst Performance

Efficiency Temp. °C
. %
2Mlb | 5Mlb 7Mlb |2Mib |5 Mib 7 Mlb
EOQ/CF | EO/CF EO/CF | EO/CF [ EO/CF | EO/CF
Catalyst 1 76.4 74.7 71.7 260 269 280
Catalyst 2 74.8 73.4 71.6 266 274 281
(comparative) ' '

Example 2 - Catéllyst 3 and Comparative Catalyst 4

An equal weight (63.5 g.) of each catalyst was charged to an autoclave reactor and tested under.
the Air Process Conditions-I described in Table I. The outlet ethylene oxide was set to
1.4 mole percent and temperature and efficiency monitored as the catalysts aged.
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In Tables N through X "M EQ CF" denotes units of 1000
“pounds (453.-592 kil ograns) of ethylene oxide produced .
Weamwseubit foot (neter) of catalyst. 5 Exanple 1 - .
"Catal yst | and Conparative Catalyst 2 Eighty c%%T/ESZ”‘”/““”"
Talgle Mt omgtaesspedbrmemehofds alySdrall Gl ad 2 Funer! charged.to .

an aut{)cl ve reactor and testsedauﬁg%ar tlﬁlﬁﬁfgﬂu&ggg&épromcedper
b B 30 B M She g c
ovareimel fhe by AL I L. U . ; ! as

i ncreased to 1.4 nblcgtglggtraéesn .ei%‘S‘SP‘éy?W' CORFaRESatastower rate.

performance of the catalyst containing 2 wt. %-zircon
Tableat: aEymhpik)? @athlysOP@-fsiipaiNi Ng N0 zircon '

(Conpar ati ve Cat alptgEieg. 1H€ cayal yst—eont-ai-fhg
1zi rcon has . hi gher ini %i al efficiency a;qamP'o r '
- [Pnitral Tenperarune, thtgheraci+vi-ty)—-15-Table | \L :
[Examle 1 Caj‘?" “%@Ngﬁorr%% ﬁMbenéﬁM&m 3EMIM |b
.. h 7h Py OVt b _“/ MF @F:FEOEE/CF
. o-cF-'Tatalydy 1 7674274 7249 .7 1260 269] 280
%IY%? t 2 P8 7378471 6|260 2742281 |(xsenpar AbEye
Mraive) . | Cat gl yst 3 and.Conparative [Catal yst 4 An

equal weight (63.5 g.) of each catal yst was charged—to
an autocl ave reactor and tested under. 20 the Ar
Exa?mpieésscqu'tsbﬁm&,}upqeﬁwei@ﬁql}iS%Tabl e |. The outl et

et hyl ene oxi de was set to 1.4 role percent and
. tenperature and efficiency nonitored as the catal ysts
An 8@RUweigh?(63 WG POQRLO3A /s PEI/,US200t / 033219 Table V
oo Sompar esz(pe}régor mance o%ysté‘ﬁésg%dclgtaﬁla%’f: Vaundgr Oxygen Process
ondifieet -d T difle Podivdist aliylé® ouicrctimeshtRfion widBiiGe F.g%?1953rcent.-

Catgad: al LA though the initial efficiency is
2 t 2%% h%égien"ggr SHFSTSy\pad &Y%F%ﬁ?‘ At empdrereto Gongparative Catalyst 6,

* whigh dessmetani-an pirevg. cat al yst ages in efficiency- and

tenperature at a slower rate. 5 Table V. Examle 2
- Catal yst Performance Efficiency Tenp. C8 Mb 20 Mb

Tablé VESENbfpft MRt bhfforthakd® EQY CF EQCF EO'CR EQ'CR
CrH I~-n

Eﬁiciency (%) [Temp. (°C)
1 Milb 2.5 Mlb IMlb | 2.5Mib
. | EO/CF EO/CF EO/CF EO/CF
Catalyst 5 80.4 80.0 232 230
Cazalyst 6 76.6 77.7 253 | 2353
(comparative) ' ]

Exampie 4 — Catalyst 7, Catalyst 8 and Comparative Catalyst 9

An equal weight (63.5 g.) of each catalyst was tested in an autoclave

Conditions — I (Table I). Outi

under Oxygen Process
et ethylene oxide concentration was set io 1.2 mole percent.

Catalyst § i tains ~0 3 % i ' fic
yst 8, which contains ~0.3 % zircon has the highest efficiency and lowest efficiency aging

and temperature agine. Catalyst 7 i fai 20/ : -
. p _ ging. Catalyst 7, which contains ~3 % zircon is more actve and efficient than

Comparative Catalyst 9 which contains no added zircon.
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Catalyst 3 7 8.2 77.7 77.2 249 253 256 Catal yst 4
- 79.9 78.4 75.9 243 251 259 (comarative) Exanple 3 -
W@azt"a‘l"%t’"S and Corrpar ative Catalyst 6 10 An eq%/uszmumssm :

aé63 5 g.) of each catal yst was tested |n
@mMérC@legeﬁearmm Condi tions - (Tabl e

). Cattet—ethytene UA. de "encem_r_al_l_an_JAﬁiset to 1.0
ol e percent|. y2¥B has higher effileinenty and '
ower tenperajurﬂ mm/m ed to Conparative Catal yst 6,
hhich does not-S &8t a0Mibi r E6h0 M6 Tabhay 5.0 NE6AD b oas |
Cat al yst Per|/fEPK&NCcBORH i ci BOATH %EJ@‘F{J- OQF 1 'Y!(?/CF
pChtaish7 1 M|b79R2'5 M4) EQ G EQ q,b4§u't. - EO’CF 56
Catalyss 5 8% 80] ®.832 28U Latalyst 6 7P 6717 253
26 salykCO®M arjaig ye) | iK@npl e[ 4 - Catoi;_'st 7 —Cat-al \,rsfs 8
a@gmgg,rgg@g-,ative Ca{al yst 9. An equal‘ h%6*(63 3
- of each catatyst—was testet—i-n—an-laut nr‘lfmm under ]
Oxygen Process 20 Conditions - | (Table I). CQutlet
Exempyd TACanalystel (GHACshp AhLHOR WRSIysef; 10 1.2 mole
percent. Catalyst 8, which contains -0.3 /0 zircon
has the highest efficiency and | owest efficiency aging _
Ana®gda]t @t yro 77, which contai ns -3 '
5 B e L8 B e
fr-at i eleCe aeysw@e wdnceRr it vadsist 10Q . :
sho“?s%né(}/egmﬁp%/ 0397--2 PCT/ U 52004/ 033219 RRGr {"CO@atalyS‘ 10
Exan “Cat'RF \7eye tlggl? SPRAFREYe Erfalys ehb’iﬂcﬂfeinps ndCcontain zircon.
1.5Mb|50Mb;70l\/b15||b50Mb .0 Mb - _

TaEQ3 5, EQ CF EQ CF EQ/ CF ED/ CF EQ/CF Catal yst 7 79.8
a T Gatabyst Performguee 8 80.2 79.6 78.3 246
244 246  Cat aI yst Biciencs 76.0 - P51 26 Temp, °C

%
I1Mlb |3 Ml SMlb |1Mlb |3 Mlb 5 Mlb
EO/CF | EO/CF EO/CF | EO/CF | EO/CF EO/CF
Catalyst 10 80.9 §1.1 80.1 231 230 230
Qata]yst 11 80.8 81.1 80.0 233 233 ;35
(comparative) j

Example 6 — Catalyst 12 and Comparative Catalyst 13

' An equal welght (63.5 g.) of each catalyst was tested in an autoclave under Oxygen Process

.Condmons 1. Outlet ethylene oxide concentration was set to 1.0 mole percent. Catalyst 12

prepared with zircon, is initially less efficient and less active, but shows 51gmﬁcantlv lower

temperature aging than Comparative’ Catalyst 13, prepared without zircon.

Table IX: Example 6 Catalyst Performance

Efficiency Temp. °C
%
2 Mlb gleb 7.5Mlb|2MIb | 5MIb | 7.5 Mib
EO/CF | EO/CF EO/CF | EO/CF | EO/CF | EO/CE
Catalyst 12 80.7 79.8 79.2 242 | 242 '.744
Catalyst 13 | 8.1 805 1796 |24 |oid 245
(comparative) ' i
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(conparative) Exanple 5 - Catalyst 10 and Conparative
Catalyst 11 5 An equal weight (63.5 g.) of each

catal yst was tested in an autoclave under Oxygen
.Process Conditions - |. Qutlet ethyl ene oxide
Exampdn r Liatdystidsinde€ ompariatyer@itelyptekScent . Catal yst 10

- "shows nore stable tenperature than Conparative

Catalyst "I which does not contain zircon. Table
Tiirtyl cubfxititimeteRs (26182, YSICIRGpdrMivERNEAydeT a6 98§ '

T VD 3 M EoMe T A e EGCF&E%&@mlyS”S)Of
egcdy cafalyspperciryedito Eoawpclaga reacios and Gst8d neded Dxyg@OPrbeess Conditions -
0 ..Cat al yst 80.8 81. 1 80. 33,233 235 .
H?@étﬁ%a .aéil%égsun%op%&%l%lagégager e P%}&ee&%ém 55% C,2 conditions were
adjostpdifortaitonal e of Y58 SCFHANGEI Y8 Istai@ird Bibi€ Rt por Bou?f, and
each catal yst was tested I n an autocl ave under Oxygen

- tepSERYS wa@gggﬁqllegﬁgmﬂmtaind}ﬁ mele ‘Gromtletethylenciagéde. Initial efficiency of
| C%t%ﬂ%le% Wi Hn Vﬁ?lt%hn Ezslonrlél(\)e%tﬁ'ﬂ tﬁatpo?%gr}{agptilggggta){yssg 15, an@ the

prepared w s 1Nt
efficfency detflinandle iseeducadt i ve, but shows significantly _
| ower tenperature aging than Conparative Catal yst 13,
prepared wi thout zircon. Table I X: Exanple 6 Catal yst
ThBlel0r BRIGBIH ChtalyRP P¥rfofiRAncd O0no L Mb 5 Mb 7.5
VITD Z7M D5 MO EdeigndyVl 10 EQ _
FO' CFl EQ'CH EQ CF alyst 12 8p.7 79.87FR. 2 242,

A A a P~ F | PR Wo 1 1 nn_S ?J 6 04: 244 24
romparer o013 DR, | Dol LPRLlY [ Peylg [ Doyol
2! g 4 V=) 6’:5& Thi r‘&6\-TI1 CLu 2 rprwtziqmt er "24"&6
' gca?léBiSt Bopdré4td vel ¥hBal yst| 8B4 an24%. 1{g48for | 250
HIDAEAtiVeR) of ch catallyst wals chariled to ah
aut ocl ave reactor and tested under Oxygen Process
Conditions - 5 11 (Table 1). After initial operation
at tenperatures between 220 and 255 C, conditions were
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adjusted for a total flow of 21.3 SCFH (.603149
standard cubic neter per hour), and tenperature was
controlled to maintain 1.2 nole % outlet ethylene
oxide. Initial efficiency of Catalyst 14, which LLOYD WISE
cnmﬁgntains zircon is higher than that of Conparative
talyst 15, and the efficiency decline rate is
1. Arcathliyse ¢br thOmAalfactudé ofEqurmiee)deeCW tak yaporiiadedépBRMaton of alkene,
EffICIenC 12 Day 16 Day 21 Day 12 Day 16
R s s W zﬁdeazawmsfﬁclency-enhancmg
&bd i )i
T S W Ao o SRR hpal SRTRSAAY Dhzirconium
comperfeat tpesenioin ek yhippost &)hSt#atlﬂjly heircapon- piiaste, said refractory
pr%rs)r eg)?cthtls?\ée %tf qlvg?ﬁgﬁ%?nﬁo%[s%agﬁ tt ﬁeﬁétséS 9 %y v5e1§’ nSJpha alumina.
ef fi ci ency-enhancing pronoter on a cal cined
refractory solid support, said support incorporating a
2. The cat)yst ohiclaum dpuheasin thy issegnated stlier i prssenttfrom about 2'to 60 % by
weltis bAfkicafal g4t @s zirconiumsilicate, said refractory
suUpport, exclusive of zirconium conponent, is at |east
95 @6by wei ght al pha alum na. 2. The catalyst of claim

ated silv resent. from about
3. Tt Qi o fey" ST U Inanpenale iy %rtlgpse.senrrf@n&amt;g@ 50 % by
wefgh€baih@cdtayRer ei n the inpregnated silver is present
from about to 50 % by weight of the catalyst. 4.

The catal yst of claim3 wherein the inpregnated silver

' 10 to 40 e
4. Tﬁesffﬂ%lg JF%:L e Ca% he Jap SH»]Vé_/f 1§\Béq%81?tr£cg{1 aF(élgslto to 40 %
byneight of the cafatyisti ency enhanC|ng pronoters conprises

at | east one alkali netal, alkaline earth netal and/or
oxyani on of an el enent, other t han oxygen, havi ng an

f : f .
5 THLAETOTE] Sri0d A B 00 60 G, [0Bing promoces

cqraprissdiat leRsthdres, alkali Tieel o&lkaiirly:sﬂartbﬁnelhlearﬂfdt oufparien bf ah element,

otlh%ra téurl%g(g'gé)nf Ihtgglglﬁ %{q%{tcﬁhﬂ%n qeegﬁ g :%g arrJld%réPntgesr ?ected fgom groups

3b through 7b and 3a through 7a of the Periodic Table.

6. The catalyst of claim 1 wherein at least one of the efficiency-enhancing promoters is a

member of a redox-half reaction pair.

7. The catalyst of claim 5 wherein at least one of the efficiency-enhancing promoters is a

rhenium component.

8. The catalyst of claim 1 wherein the said refractory solid support, exclusive of zirconium

component, contains less than about 2000 ppmw calcium.

9. The catalyst of claim 8 wherein the said refractory solid support, exclusive of zirconium

component, contains less than about 350 ppmw calcium.
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7. The catalyst of claim5 wherein at |east one of the

ef fi ci ency-enhancing pronoters is a rhenium

conmponent. 8. The catalyst of claim1l wherein the S0P WISE

refractory solid support, exclusive of zirconium

tai ] : [ .

O S aRe s PRy ol DR WL f Breonium

sahpehent ppd ralciuex cdmpxiunds, gontainsdessi than aloout3500@pinw alkaline earth

contains | ess tha}g 1about 350 ppnw cal cium -31 LLOYD

{RPSE metruredias theglkglipseah mefalioide: wherein t he sai d

refractory solid support, exclusive of zirconium

conponent and cal ci um conpounds, contains | ess than
11. Bsowtalgn of sleiy lavkeipinribe sad refractasy aolid snpaetis exglusivetdfeirconium
' ear b ' The catal yst of claim
%I)rh eﬂregl?’ﬁse?r%gég?é? ir)}é%ggf é(l)lpli}/al%lgfnin%ii'support, excl usi ve
of zirconium conponent, is at |east 99 % by wei ght

ha gl um na .12  The catal yst of claim 11l wherein _
12. FHE Gutrof Paisiol |, \Wireia. Gt Ferriskay islide port, exclusive. of
£iréilth LOMEOMRR N Rlains IR iRl ol CAOI AR Ejetdfn, 2000

ppmw cal ci um 13. The cat al yst erein the
said refractory solid support exclusive of zirconium

t ntabns | ess than abgut 3 my cal cium. . )

G ORRERb AN 3 erF TP BRG0P Gl B ziroonium

tahp@rhocontsind less e pstt 35@ypmusda¥tu@l  zi rconi um

conmponent and cal ci um conpounds, contains |ess than

about 500 ppnw al kaline earth netal, neasured as the

[ e : I i: : a t of claim .

14, ThE Raldbe 8 ERHTCL P 6 e i FHEcy ot afboof, Bebusive o
PICAuinoh agynpoentparids caigumnt@npamds,Nepnpdiad dsettbar0bibout 500 ppmw
alkglha- al um nal.a 16. Tcge ﬁatgl st of claim 15 wherein
plale g raetals peatUured s the alkg hyptalpxid-f ace area
of at |east about 0.4 n2/g, a pore volune of at |east

about 0.5 cc/g, and a nedian pore dianeter between
15. Abeatalyst pi2elam chlomdereiry thermefracieral salid edpportahas @ morphology

I ' ' t _.conprises from about
%ﬁgt"gg %ﬁ%%k&%%@dt%séﬁ?ﬁ g? '%thr?lg%ni um silicate based
on the total weight of the support. 18. The catal yst
f claim 17 wherein the zirconi umconponent conprises
: ﬂmﬂﬁ%a? Clgim T gy hergimihy,sgid TRERGPRY s6iid surRosias msurface area of at
fhét £RLE oA O I;)Bltéevcglgﬁl@lofv\ﬁ! 195% Bbut §8 &Vg%qfdta dedian pore

The catal yst o [

1

W

1

[@))

_ claim 18 wherein the zirconi

diemgsten bettwesn ppeutdde 26 monroabout 0.3 to 3.0 % by wei ght
of zirconiumsilicate based on the total weight of the
support.

~ 17. The catalyst of claim 1 wherein the zirconium component comprises from about 0.01 to

10.0 % by weight of zirconium silicate based on the total weight of the support.

18. The catalyst of claim 17 wherein the zirconium component comprises from about 0.1 to

5.0 % by weight of zirconium silicate based on the total weight of the support.

19. The catalyst of claim 18 wherein the zirconium component comprises from about 0.3 to

3.0 % by weight of zirconium silicate based on the total weight of the support.
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-32 LLOYD WSE 20. The use of the catalyst of clains

1 to 19 for the manufacture of al kyl ene oxide by theLoypwse

vapor - phase epoxidation of al kene. 21. The use of

clai m 20 wherein said al kyl ene oxide is ethylene

t { :

A o e A S it 10Q e A m MRS i)l Thide by the

yeparnplaase epoxddatinyfalkgoe.i vity, efficiency and

stability as conpared to a simlar catal yst which,

i nstead of a zirconium conponent present substantially

21. He wselof 0N P0SiHeréiabad alkgTeRkioRRfe idethyFhe 8%igamount  of
zi rconi um conponent present in the support
substantially as zirconia (Zr02). 23. A net hod for

22. TheusRY ot R &t Cfiafs@ cmm?d ﬁla({lcﬁh% %b or 91 %héfélﬁqhé g%talﬁeq%(ﬁﬁﬁggt least

phase epoxi Ion o conprisrng
one of enhendadratabysp activity, effficaeyandsuitsligris IcainlpyredSO a similar catalyst
ni UE1§SI licate, with carri e]ggttr aw material s

whidh SRR R PO Gy PE R PG LHG AU RS Fironyamsilcate
compBdeg fal sehBarinidunt BEziaddReh &'nﬁltg&i%h SAMRORE Blppdkt

?ieﬁ erature | ess than 1540C fg;ﬁan a carri |P% sibstantially as
erccéb;g?ﬂps) ng al pha-al unina, wherein the carrier

conprises a zirconium conponent, present substantially

as zirconium silicate; and c) subsequently depositing

23. Ainletterd fantheqtrepagativh dineatlyst @ BNGYd BHROGAped pREse BRb lation of

onto the carrier. -33
alkene, comprising:

a) mixing a zirconium component, present substantially as zirconium silicate, with
carrier raw materials comprising alumina;

b) calcining the carrier raw materials with the added zirconium component at a
temperature less than 1540°C to form a carrier comprising alpha-alumina, wherein
the carrier comprises a zirconium component, present substantially as zirconium
silicate; and

c) subsequently depositing silver and at least one efficiency-enhancing promoter onto

the carrier.
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