;e3eFF, :f"6Tgp~a , PROCESS FOR REMOVI NG | ONI ZABLE SPECI ES FROM CATALYST
4SURFACE TO | MPROVE CATALYTI C PROPERTIES Field of the invention The
invention relates to a process for the preparation of catalyst with

i nproved catal ytic properti Background of the Inventi o [iciresgnce
of certain species @\ “@Mt he carriers of catal ysts can be
detrinental to the al deposition thereon and/or catal yst
performance and it is comewsly believed that the concentration of these 10
detrinmental species nmust be controlled throughout the bulk of carrier. One
way of controlling the anount of inpurities through the bul k, although

expensi ve, | I erl ent No,
PSS e IR BN S EBCER BP SETP i RO 5,
al um na pomdAer. e pH DO he wash water may need to be adjusted for
extraction of other metals and Japanese patent JP56164013 di scl oses the use
of a low pH 'acid) to extract uranrum and thoriumfroma cal ci ned a-al um na
raw material . 20 Sevesalcnpr egedyeesnin the art teach that washing after
deposition of t arytic ne s hel pful. US Patent Nos. 4,361,509 and
4,366,092 suggest tH® 1OVR)PFEAB BR1YeeTatAIY PrOGESTafef Wished after the
deposition of spiyefradicsi brechgal gdsoniide Gyrdves. c2ba BRi#x 211521

di scl oses washi nl? of a catalyst with hot water to renove basic naterials
left on the catRFSRI*F46m a silver inpregnation process or the physical
depositipn of apkatdramicabs. thS Patentidp. 9, 367, 167 di scl oses a process
for preparing a supported catal g?t V\héarei n_an, 11 I\/Prgé: izno%ge

i mpr egnat ed support* 1% B'ATEFSEd° n“an-F HertPSwdfer “PRnf st 1€’ or gani c

sol vent cont ai ntauy e sfolcweedlast phadh coandateindBtPat enttio A BILYLE89

di scloses deposj i Dg .o ver Coupeund. . deramasing.t ng. sidueinc cagpound
to silver in the preser?ce of “an -arkari fetal conpaound, " renovi hg organi c
deposits by washi ngs ardwmontirodediayefir elsht ajHealdongenakabyon s edies€i on
during py asteryihe, I1NQo3ade. mbs S ?Eaécﬁ{‘ct NGSa #n 186G angd 4, 125, 480
di scl ose washing with an inert liquid after 10 deposition of the catalytic
nmetal and bef oreubleoliaarad esf- aCprondY e?f margmodlingurke #awht Mo 4, 908 g

73 teaches that b, Fay: e t88DuGAbk Be LBy [ RMOME HeRIGhO RS p¥AE CHe Aries by
exchangeable with the al kali and al kaline earth netals font al nedt the 15

¢ in
i mpregnati ng softi v o PRHEFWIRYr MAEEEIBYS 1 e fO4t ABRTPES” i Yr i Ue and
reuse of the inpsegnatdng 90ldilsicabseblows®s hadsmmg taugbdiud¢arcsuch renoval ;
however

it is commonly known in the art that acids,are highly ef tive ca

n on retdval sof St YhsSOBEFhE fpAfof L ATLR? S 'coﬁggr%gdggvi%/rhet ags%t ot al
amount of inpurwitées;mdy emeed Mpubet adsubheduthowixtirhetbah kof Wifrgt unat el v,
the inpurity renoval techn ta t_typical tt Jigl itself.
It has now been™Fbimd %rh&;{yﬁ%seﬁgt §%Q gpogﬂlj%?loén%e{%dfig%glé%%%;ﬁp ZSe
properties of aofatalgwtpHreiedial)greatkyraaproned Uy acdnthofimgt EHe 3purity
of the surface of,fh rj.er .rat purity of the carrier bulk,

»such that the tg?é%l!g?r%%tés‘“&m%ngéh %‘?ggr%%e/ actually be high as long as
the surtace anount ssefeiaipyriddeeisiraseinating eeizrte(teatchatB@tlwl’lliemal. Sunmary
of the |nventi 02%8?%9;56‘&&%&%‘% epRodLpRnL. OF e i nyepLiga,; there zs
provi ded a process tor Tnproving the properties of a carrier for a catal yst
by a treatnent, UshPebent étsrerft, 363,504 and 4,366,092 suggest that

ethylene oxide catalyst be water washed after the

deposition of silver or silver/gold on the carrier.

25 EP-A 211521 discloses washing of a catalyst with hot
water to remove basic materials left on the catalyst from
a silver impregnation process or the physical deposition
of alkali metals. US Patent No. 4,367,167 discloses a

process for preparing a supported catalyst wherein an

T
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35 performed on one or nore of the materials fromwhich the 11 March 2003
-3 carrier is forned and/or on the conplete carrier and which treatnent is
effective i,n lowering the concentration of one or nore ionizable silicates
present on the surface of the conplete carrier, the |oweri My Reirélw2003
expressed as the 5 lowering of the relative concentration of Si atons, as
nmeasured by X-ray Phot oel ectron Spectroscopy (XPS) perforned on the
untreated and treated carrier. the concentration, as neasured by XPS, of S
on the surface of the carrier is generally lowered by at |least 5 10 percent
and/or the Si coBcenhsatd ofupSodOWRr ethmBy sati Lgast Shdper cankr Mre
preferably the concentration of Si is |owexed by at |east 7.0%. Optionally
t he concentratﬁ@WlFS%B;?n%EQ?Q%ﬁrﬁﬁﬁyeF§ F8FF6h%ﬁn%yaéhd¥Vﬁﬁ6dstep. 15 Thexe
is further providedaa:prasess. f s Paepati Ng. ad cat@) o8t diespeskal ly an

ol efin epoxida%ion cgtalyst .py d%positi g a_catal tic&!ly effective anount
of one or nore CRPAFyETIEaT I3 FEdcGVTE MBI §C 8P O TDHAS ¥ 13KE  or nor e
pronot els mat er icahpoondatcasiierr prepaeedrbyeacprotess AxalQ defafined above
. 'there is ye%o%ugth r pggviggdc%ug%ggegs ggrttqg vapor %hagé catal ytic
epoxi dati on of “ancalkene Wt h &h oxygencontar nihg”gas,” Udien§ a cat al yst
prepared by a pnocesgscasg def¢gied lddadueme2blbegcrmpptepradiont herPnefer r ed
Enbodi ment s |1 as DeAD oUihd Nalgkarrecs phieh. Nave heeRqliegt ety !o
reduce ioni zabl'e 'silicates Ith are 'p f'ace 6

,

resent on the sur he carrier
provi de cat al y$t 32 ¢ 80| drpr ol c@tsdliygi eiphoperinest Mlsendcefpared with
t he penf,or manc 30. cat al vy, I i i een so
treate&p The p?ggégggfgﬁﬁi#i@&iéﬂggﬁ%%ﬁgnbgeé%pgﬁge tc%@p?%éég??égpof most
catal ysts, no Wit BePrPBNES pldtenidd -bul k carrier material, conpared to a
catal yst made withyas upi¢sat ad, carxiogl s4FUELDEL. s the Ppr.ocgas well work for
organic or 35 inorganic carriers. The process is effective in inproving at
| east one of CEFiRAPER DDOBOIWS KétegNal YRiLen pR oHeriGreddsrLaecHt & yst

wherein a catalybi gakhyi r&ag¢td M& MRl ariks FAePOsE t&hQf1 detPregrated upon a
carrier which contains ionizable species on its surface. "inprovenent in

catal yti>c propéfPregnagsny st s indeit? RearY fhe MPpart irePesfabheleat al yst

are inproved asncenpaned imdardiadedlofsthendepteenat ey SHRItGARN | ekowhi ch has
snot been treated to | ower surface ionizable sgeC|es. Catal ytic properties

i ncl ude cat al y8ETREEFVRTS, T3 HCtid PChacelored’ atioie el ectfvity

per f ormance ovebnhbARy Afowpeirahilg tat( LBSkShanEs 4O NMINANGY e £ffe6DYes Si on
and work rate. TQe rocess rg&&!Qgs t hat the concentration of ionizable
silicates pres&Att8h tREEUT fAce 0" e carrier be reduced. As used herein,
the "swunof ace" of theecarioerars rEmatinat canearonéd tdeclcarhe entahi ehoumy be
nmeasured by the_st . ret hod, of . r t d.Tel ler, (BET).

Speci fically, %ﬁeaggggggéggf %%@’cé&%ﬁgﬁgﬁggt er%?%2§%h éh% gﬁlFéaction
takes place. AWnfiognirabéby, spexilewurortysickinoat g, tésnm gpecitesghor
silicate, whichoscapable: ofc A belng Lendenedel onic.ihelg bheaterm
"ionic" or "ion" refers to an electrically charges chem cal noiety. The-
sol ubi | i zat i on feand §h3t| et atayddpesitasnr edd byr | ¢ripdtitiel y coupl ed

pl asma sl CP) techpikauessand & he,@munt n@f, skl LR fpeGias, R dysurface may
be measured by%g-?ay 25sphotoelectron spébtrogcopy %XP§%§ rn dgfining t he
present inventiGRTFR&LARBURRS BFEEY idfokheprBEEAEe o tHE SFFAEE of the

carrier, as neasuhed b¥arPShe bof:ong a3d takt enrtieatwent, accor dhag teethe
i nvention, have been chosen as an indicator or the anmounts of ionizable

silicates. Anoﬁﬁ%ﬁlnéﬂgﬁ?ﬁieﬂ impurities may actually be high as long
as the surface amounts of impurities are maintained at a

30 low level.

Summary of the Invention

According to one embodiment of the inventicn, there
1s provided a process for improving the properties of a
carrier for a catalyst by a treatment, which treatment is

35 performed on one or more of the materials from which the



30 technique is to neasure the change in electrical conductivity of the
streatnment solution. Carriers are comonly inorganic materials such as, for
exanple, alum na-, silica-, or titanic-based conpounds, or corrbi nations

t hereof, such as alumna- silica carriers. 35 Carriers my g %r@ﬁﬁgge
from carbon-based materials such as, for exanple, charcoal, activate

carbon, or fullerenes. 11 March 2003 -5 zoni zabl e species typically
present on the inorganic type carriers include sodium potassium
al um nates, soluble silicate, calcium nesi um al um nosilicate, cesium

lithium and conbinations thereof. O pariicular concern 5 are the

i oni zabl e ani onic species present on the surface, particularly ionizable
silicates. Lowering the undesirable ionizabJ.e silicates concentration nmay
be acconpl i searigy &y frevarad (RO cRD $hef feamAlas e reqwrios | apdt Waich

ioni zabl e sitlHea@hRntl AR Ceﬂ&hﬂl&ﬁ@virﬂgchMnﬁgJeﬁh@ScoﬂéeﬁttatMﬁh cHf 18ne
renders the ionizable_sil ggtes b{é kﬁgg e &III% g}ich r nders Eh h

i oni zabl e si95 CRUES FAtBHT GaFeS & gfen gdt Ve S the
di scour ages caspillesee wadiractrendthe dilowekusgt hbetagr i exprea‘aedct aSOOthEICh
material §r Q.’E‘Wte'i‘inQU' Ef aﬂ‘i’egef@.raactﬁeacbgh‘éeﬁﬁrQ@%ﬁ St el nattlgﬁsporgg

Aci ds, besides beln r essi v medi,a, W || _renmove the catiops on_a carri er
but are fai Fﬂeﬁl%‘ﬁ?&df &Yt R FﬁﬁrPHeSBEHEEP?ﬁﬁPe afFBhspesfiermad
silicates. kEf et watireanedohndoveeatgd conaeirdr.ati on i ncl ude washi ng the
carrier; ion exc ge g)_pr L i se sLerin 20
i mpur i ti es; caus?ﬁ% a ?%Cgérﬁfa{elt%rp %Q g@}l%%?zg%f egisjish e%grfeé?on héﬁ&
surface i nseurfieee @fd tembFANELORS 1ﬁha@€ﬁralé>van%ﬁ%rﬁﬂ Resktanedsh 5

exchangelosopéﬁc%% 'a'ﬂﬁ'/BQfetﬁ@UQQuéoﬁEQﬁefa@i&Qni§ SOU¥ER - bpsed sohstions

which may a ocontalntetrae r oxi nium 25_acet at e,

li t hi um car BEREEET balfPdMm 355%3%8% E%ﬁt Fﬁﬁ?ﬁ]&%’ﬁ%‘fh‘m g‘?gvxﬁl etRerowere

nmet hanol , etlyaatl ledshelfytfor mam de, and m xtures thereof. The forned
carrier may be tpgatigHa1 0y tEﬁe”atzeﬁbéhéré'@féntOl&%ﬂxt@e ERALLEREnERY bE
treated beforgr the carrier, i s manufactured. When the carrier materials
are treat ed ioef6Medt R¥ Baﬁﬁ%’?g S€C¥Rrmed, still further inprovenent may be
seen by Wl so treaherg tie furthee qfrdﬁeidd)rae@xfcarersiserfoﬂ'h@xwarﬂmg nmy be

d d foll il t t
i o ol ouaquuie TopLcabler sl seton gadboian breatpent 98 To e e
conpound(s) depemirérgs)R cqqalmﬁrwléwoyﬁfeemeorawm%)o& oTel vasd herey

sui tabl e 50l::‘é.‘é@.tty%ﬂféﬁlﬂéyerﬁeé&:.dﬁéooﬁméﬁapé larﬂa GGﬂeﬁ_snéll?ﬁt adnd | eel | ¥ore
effective armunt of rret aI g the carrier. herein cat alytically

effective aRoGRP ufit & W%e’f hBFeB?Bﬁide’é” a2 Fabt®

catal ytidd ef:i’eé@;nedFeboeﬂarrpl e, a catalytically effective am)unt of net al

when referring tenapeoliaf Iyzetepmm@éf OPr &t dd oy S peotzaea FRunty Of s al
conversion of olefin oxygen to alkylene

whi ch provides a ne

o~ci de . PEGFFhe‘Fa #ﬁ'r%?enﬁﬂ?xf‘ﬂa'fﬁ%n c&fal 5t a&%&ﬁ‘@r tYeS? af@ sEYBShen

t he net al depnsiau.hdmgi gaef,f attio by cantdystnpreparedr her awigdocaizs as

| npr egnat i 0Og$QhLuLi ngyxgose hydrogen ion activity has been | owered.
"Hydrogen ion act|V|ty as used hereln |s the hydrogen ion activity as
nmeasur ed by PEEET1BEHAR o Hh e&8sPBective el ectrode. As used

herein, a solutiog hhewaeeﬂ fhuudrﬂn&ﬂ t@ﬁrf@ﬁs Wit Yol EiBFS Bem Sedatlddn

whose hydro gn ty: y ddi tion_of a_base, such
that the hyg g]g%&‘f%én alc%hlai\s/ziat%%' g%‘?ig g\g?gr e"5 St ui™Sn PESFERES e‘&nco%r ed
to the hydr sgsharen 20 aklre vﬁ%ﬂﬂ@fert h@r%#éesopetabﬁsm awitimal irepevest at e.

The base sel:sehsgitie 9kb§érl:h€ssobv%h0&oﬁi§¥r€§ heser Her %ﬁ'&n@iﬁ% CH
conpoun(% W th a

£
t | ut
a1 cully | ERLYRREI BH0e ERIBsERErbeet Yhaoh VG o deen o0 tréated.

The process is believed to work to improve the properties of

most catalysts, no matter how impure the bulk carrier
material, compared to a catalyst made with an untreated
carrier. Further, the process will work for organic or

35 inorganic carriers.
The process is effective in improving at least one of



whi‘ch does not alter the fornmu~at~on of the inpregnation solution; i.e.
Milch does not alter the desired netals concentralL~. on present zn the
i npregnation solution and deposited on the carrier. Organic bases will not
alter 5 the inpregnation solution netals concentrations, exg{pif&h2bowhi ch
are tetraal kyl ammoni um hydr oxi des and 1, 8- bi s(di net hyl am no) - napht hal ene.

I f changing the netals concentration of the inpregnation solution is not a
concern, metal hydroxides may be used. 10 Wihen the inpregnation solution is
at least partially aqueous, an indicati on, of trLe change in the hydrogen
activity may be nmeasured with a pH neter,"wi th the understandi ng that the
measurenment obtained is not pH by a true, aqueous definition. "'Measured
pH'' as used 15 herein shall nean such a nagn-aqueous system pH nmeasurenent
using a stafisrd pREPLYHES ERFPREFNISShaRfes ®n tFRE ur ¥R r ofh t he
initial inpeegaayteraldiyutienctové hatetwilt hiaddésbbeseedr eref iopreynaaad

i nprovenents_in catal c_r rfie .Laue; as. o ed_pH:
chance incrE888s i t%X%%%%Pa%ﬁﬁtﬂon%oﬁfﬁgkh%as;@ggﬁ%%nfﬁqﬁeﬁ ggemlFS
adversel y aBlbefaceat al ysimpegyamenincdn heabsdytini @reppitiasls 8 used
hyar oxi des hayeiheqdas@en Hed p@%‘b&@é&gﬁm&m ééo@al%% eghat i pPrsebat hen,

. _. a creating nanafacturlqr/]sgﬂc]if flcualr%ltertsj%oV\herg t he base 25 a d}létlon is too
| ow, the hy&PBEEASForCad i XRY m W $RS £ BYS TRRTRYRT ofRhCR oft2s
activity | oweti npe@rpcerisarad atso howee efbtefécoe whenzabke bgoetiebf;
i.e., when i.eni.zab Iy r at.i r d [ b Qa

| mpr egnat | ofSCAgUTAS EEcPRIEIES 1RTARE BurQlpafy SoLOTERT BELBLc Outy,
precursor, @stiNatyri e@ndfOfhe FEEERE¥IBY anPBFABEPRBFR WhPEATYal sbiF@duces
the catajgyt ibpeFabal ichr yipesi®taess keoWauhawhPpe, ardonverdiule sheanweeyi ng,
drying in an %t nosphere with a controllea o0:cygen concentration, drying

11 March 2063%%'n a reduci ng atnosphere, air drying, and staged drying
using a suit abl eThanpepireress aggequanper atihat cuthe. Byenggntafatawanpl ef t he

process will; g deserisiedchies BREBefe! 8h! thor sareatal ¥t tuyi tableatopet he
vapor phase 5 production or gpg\g des, al.so kno as_an_epoxi dati on

it 1] p i
catal yst. Frespcegd.cardPePsp redtad the {BRIEIRR" oPFaltiep SR TR DNt S
cat al ystist hehaarraesai s dgpivdsd | gaanienomjenihc may eideal measeheds Hyor the
exanpl e, an Alux.oa- bRRdoh0 63 M EElnsch ASEARBLUM DA | BetHercasgmal
a- al um na- c&ntarni ng carrrers, . pre=erente I's grven to those Jﬁav,l ng a
specyf~. c. Seefidfdcaldy, astheasuréachy 2he tBeE. @rfi@hodsof e omiFe03at0 10
m/g, prefepablon f+oMOiOF trakiRoublSca?/ g, ARDr ©idBi pawier akippciean Oo to
3 m/g, and a.water pore vol une .as rreasureﬁ.l.b tcon%ﬂti onal water,
absor ption E&cffiPGGes ¥ Pr FRGISF0 B°75Y J‘Fé By VB, *FhEBPIE  REt hod
for det &0 bedggspenderedsdrhice whezei thdetermbbéionncleeni 'ion" Brafianer ,
S., Emett, +B. o) ed@dtFebhely Ehardes ARemibLNaMic39s. . 60, 309-1b (1938).

rtain f_a-al ntainn r=l r
Certain types o T%easgqhgglggaggon rdes%F SiTifafes may be measured by

inductively coupled plasma (ICP) techniques and the amount
of silicon species on a surface may be measured by x-ray

25 photoelectron spectroscopy (XPS). In defining the present
invention the amounts of silicon, present on the surface of
the carrier, as measured by XPS, before and after treatment
according to the invention, have been chosen as an indicator
for the amounts of ionizable silicates. Another measurement

30 technigue is to measure the change in electrical
conductivity of the treatment solution.

Carriers are commonly inorganic materials such as, for
example, alumina-, silica-, or titania-based compounds, ox
combinations thereof, such as alumina- silica carriers.

35 Carriers wmay also be made from carbon-based materials such
as, for example, charcoal, activated carbon, or fullerenes.



particularly pre=erred. “hese a-alumma carriers have relatively uniform
.pore dianmeters and are nore fully 'r characterized by having B.E T.
specific surface areas of 25 fromO0.1 to about 3 m;g, preferably fromO0.1
to about 2 m/g, and water pore volunmes of fromO. 10 m/g t@1§%93529055
m/g. Man~~tacturers ef such carriers include Norton Chem cal Process
Products Corporation and United Catal ysts, Inc. (UCI). 30 The concentration
of undesirable ~.onizabl e species present on the surface of the carrier are
reduced to create a "cleansed” carrier. O, alternatively, the
concentration ef ionizabla species inthematerials used to make the
carrier may be reduced prior to formation of 11 March 2003 - G the
carrier. If the carrier raw materials are treated, the forned carrier may
be retreated for Ibuithblei Mpsiementypioal Tablpressadi esnprdgentinonganic

a.-al umena %@b%'%&mrée&@r1%é§ﬁaéesoexamcabbxabashﬂdeaiqﬂhﬁateaot§§§tgmb
al um nates, soluble silicates, calciu magnesium. al u, ilicates, and

conbi nat i on§iLASAESH . I?a%%%“rb'eenmﬁéf}ﬁélf‘ﬁ‘at SRRt Ligatrer t SPRTBTher
ani ons, ar elnarhtmmul g eodbinadbbesi aherablfe spoci gearticulakd epozedat zon

catalyst.c ALler {ie ¢gReeNkLialion ool et Acs. Lonizable (noPEaLes-ale

| ower ed, the carrzer s oafll ona vV arc gqueous or organic SO
washinc is PeEEicydprdy dondGaPlei rﬁllla-lcaﬁféﬁhod #%W?J'e’é%ﬂrrrﬁlﬁ%leﬁntiésﬂﬁlbiace

the 15 wash is@lishinoa khaAchRescabhteht POE €6n ﬂbﬁ Eéfébeémp§1@@&ﬂr5ﬁd¥n?0r a
catalytically reactiye tq%e to be osited_or r’? nat thereon
d ‘F"z’a

carrier havi®§The {1bnt 180l TS TT NS oft ™ af B nat 8™ & }P-'}'l
netal ions enldeapesnd{s)ic 2@ndompmxads)y ahdabr mqm)s d| tssol (ed i whach

sui t abl elOSO|r\é?1'ater%Ufé L ?Bhl&gbjc.@u%ﬁltﬂé%t@‘i;s' {ﬁ&ﬂ%' then on hhe,Rackier.
When silver ~. osition materla, |c dep05|t|on is from' to
40 W o, prefFEREEP f‘?‘b‘% 1opdZ3abLGe (f"t}flcéltle\?e mrggg.}lse,t hBYWBY§Ft &% het™
total 25 catajoyetssiVhe napisgnid edicaouregess ssbsewrmnt medsepatahdd toom
L1 oot ut) Rl e GRDORELEd Bt A LAPEUAT hal CAluCed; 4P ERA | Lhe

silver. ronot may be ep05|ted elt prior
coi nci dent alhu}lw thndorgﬁsﬂﬁﬁé(ﬁjeﬁ?ltiéct M ddFeect i 6ht%® off t ﬁélenepares

pronot er g f@rcg_@@,om ggtgb_gescab@ixy§t Sag’rgleéés}ﬁw@palrdeyh&el eetied feremvsdl fthe
phosphor ~:'s, bar fl uor net al rare

earth netal &2 &ﬁ&%é’ﬁ’b.%aﬁ%’?fsert ﬁ%“}teo?re Tﬁ%l%ﬁfmﬂ% P%%’f%ar]i at™ r%&"%%%
2003 - to ithet ypidesdirpbdenpouieds) avdlhorasadilisatefs t heEfformiee means

d~. ssol ved g} Mﬁ?%]pl Céﬁélmamﬁm ohefhdle epaxhdali eneoXids atal yshs.

Goup A netals are y. sel ected from potassium rubidium, cesi um
lithium so@MGRANGRd CHMR ARG t NRFRTIPIHGINT . 6t ATURACETdASr €RRi um
and/ or rai dmpiirieieg;pr ehesied. a reaction to make the ionizable

silicates on the surface insoluble; and combinations

thereof. Examples of wash and ion exchange solutions

include aqueous and/or organic solvent-based solutions which

may also contain tetraethylammonium hydroxide, ammonium

25 acetate, lithium carbonate, barium acetate, strontium

acetate, crown ether, methanol, ethanol, dimethylformamide,
and mixtures thereof.

The formed carrier may be treated, or the materials

used to form the carrier may be treated before the carrier

30 is manufactured, When the carrier materials are treated

before the carrier is formed, still further improvement may

be seen by also treating the surface of the formed carrier.

The carrier may be dried following the ionizable silicates
reduction treatment.

35 To make a catalyst from the carrier, the carrier is

typically impregnated with metal compound(s), complex(es)



Even nore preferred is a conbination of cesiumplus at |east one additional
.&Goup A nmetal, such as cesium plus potassium cesium plus rubidium or
cesiumplus lithium 10 Goup I1A netals are typically selected from
magnesi um cal cium strontium barium and conbinations theq¢qfarckFzoa8 VI ! |
transit~~on netals are tvDicallv selected fromcobalt, iron, izc;~el,

rut heni um rhoaium palladium ana conbi nations thereof and rare~earth
nmetals are typically 15 selected fromlanthanum cerium neodym um

samari um gadolinium dysprosium erbium _ ytterbium and m xtures thereof.
ion-limting exanpl es of other pronot ers Gncl ude perrhenate, sulfate,

nol ybdat e, tungstate, chromate, phosphate, borate, sulfate anion, fluoride
20 anoi n, oxyanions of Goup IlIB to VIB, oxyanions of an el enment selected
from G oupsahblorhsalighsVl HBssalkefli An?ansnitabiet sohvent asubhtcbénthatodes,
and oxyan-~ oaggggﬁct&d F&%%&Qﬂpsal 'é&é&%éﬂﬁﬂdekkb&ibéomu\‘ﬂﬂ BofThe

anount of rofmoter is tyAp| cally in ran rom 10

ppmt o 1500“‘55#}1 eRPr ekBed BRTTHRY net alPS pyaEd g I]Fler@Fmt'he FB?QP'YEAF%HY&
and th he golﬁﬁfgbfbvé’etaaioluha"l essmrishain B&E&Hptpnbfemltaasemaas pheridkisal a by
wei ght of. the total ,cata Eor er r c

properti é&s, TEREY §6£%gdrot)eé§g(|%n acﬁ%ﬁw #“ h%\éfa ngﬁllg%eé%ﬁrtg?‘%}hl
optional |y Ecﬁxﬁepédvesuémo'aét by hemetertd t |"6"f¢1'bf r&fﬁé‘g'éngThéot yﬁﬂca?lefln

i trrpr egngt' ORp %Rhara!é%nf g&ttaﬁyge?)&bd%wa@n nfudlty £ b@@&mtmuicfle pﬁ@vsdcleéo af
strong base Is use urt her | ower rogen jon_activi es o

35 strong bésé%e?wetﬁcj“ee SPRS‘/’Frﬁﬁ%mClﬁjn ﬁ%gb’% adjé% SH¥E R © 1'15%2?% ©2003
-11 tetraet bglidsnoni um hydroxi de, Iithium hydroxide and cesi um hydroxi de.

xn order; st o nai n%‘ﬁk@h&?e g§§b{,&q€ﬁ ;ﬁggﬁél ggtéwgﬁl?goﬁgfﬂggtépg 20dn

netal | oadin a or Base® additions in these systens

typically r# aRt F%eamer@ésuﬁéaoﬁwl‘e%arﬁfe. rAA§TREUPY 0 SABEECEI Ty B si ng
that the "neagwhied phiths amot 1ﬁpi:d§glﬁaipi'd>rSI rs;@authem nqmcﬁ@@aw:rog)eat efoh s

not aqueous S i t| o} e at ed
carrier is ?ﬁ%%é’&ué’n % ssl?epara rom tﬁg% | on dntt théeérg‘é%%éll ted
met al conpobegeils riésudde PV@F?@E@FS l%nﬁé’ﬁéﬁtlfrwm%%h Wﬁ@@ﬁﬂf ebVi vell§ to

provi de 1gn pesmea\ﬁga@ntof a %}Qre eﬂDr:.%rpfsé]I'@:tﬁlai@' ¥1é6t:@5d)é)ertlpﬁ£ '@§ec§ he
cat al yst whglg conpar ed

éo ~caf, ot ntal nin sucF npone

STSo be. depBSFESH: off ERAGEAPT, GLoNEFRE! TECRPSE LOn BSFALH EnTelTSE with,
or subsequent saluthendepuosid i byduofgemeactiviyyihaal byenea:dttlaredrrehﬁal th&he
resulting eg Bey Hidabhoncat abysd s bHé& grser ihed r@r&og%%d T ddresvaRprophase

production of epoxlies, such as in't gro uctl on et hyl ene oxi de from

et hyl ene an&"&n %%?5@9 ?81EBF1P§| ﬁFnc};"B ge Iﬁo‘l‘ﬂ‘?Ee‘%pﬁ% Bt BrdpeeRiesio®ne
or nare 20 t hegérioy ¢ (kX pamay sellacibe adﬁahtuname(efeédstacle t o Pleest

catal yst co I‘SI rhor e vi de
cat al yot s gy e tee I (Eftest (Y EIPOELER"bay b hdRENAA BLP
descri bed thésﬁnv@h‘tl é‘ﬁ'ﬂ‘PauﬂértHéFhunﬂer E@ndiﬁ@eﬁayt]féénobﬂ&? ne‘élrbs'lnal
reference t@mbE«egh@tLew ngoBxedgr es. ItllidbrgdrtdQidarli2 dEé@ﬁﬁb@é to
Carriers Tabhe shoy)vesl the carriers used for the Exanples. TABLE I



5 Carrier ABCDEB. E. T. Surface Area0.840.970.780.~60.87(m-/9) ~a>Water

. Absorption (9% 39.746. 237.632. 543. 4Crush Strengt h6. 538. 0712. 291C. 935. 44(kQ)
~b' Total Pore Vol une0. 4080. 460G. 390.,.430(m /g) ~~'" iMedian Pore

Di aneter1.82.71.34.6(mcrons ) ~ ~Si O~ (%) 0. 50. 80. 10. 5C. 5Byl March 2003

Aci d- Leachabl e4387521861907339Na ( ppmv) Bul k Aci d- Leachabl e85438109 ~7137K
(ppmw) Bul k Aci d- Leachabl e2Gr508526293123Ca t ppmn) Bul k

Aci d- Leachabl €79415536571978499A1 (ppmw) Bul k Aci d- Leachabl e808| 8791560>
2000600Si O~ (ppm) al pha- Al uni na (~ w) Bai . Bal . Bal . Bal . Bal . a Met hod of
Brunauer, Emett and Teller, Loc cit. b Flat Plate Crush St ren% single
pellet. ° Deterkllﬁ%ecfjot?}f REFCEF§oF nttusi PH6 308 RE 108 PLRIGHGE o0

M croneritics futwpcere 3260, omQ&iC&ic(és’BQm(tOIatLa@tr aﬁgl @esﬂ:e‘b w3 chlim surface
tension cf |-i i 1 March 2003 3 ier r-washi_n

Pr oceaur es fergﬁceannt;ﬁ'athT Dﬁes%nt 1n 5tne lmpéegi}atl(ili S ell.ét.lteér Ial gl’ V\B.Shl ng

was carried oadephwsutrﬁmrogl ngelﬁeﬁ)rgr@nm cﬁrgaalmz:l easen @00l granmmlakrboiling
de-lonlged vat & égig%gtnbﬂugff% %1 %ﬁ%ego gnEp rﬁﬁovﬁgmﬁggas Thi s

pl ace~si in a Yres rans o I water Of 6r - anot h
procedure was ¢#pdutad a@ﬁceenm@llf‘okanandronm hofirthiees iamerisiobss-at whi ch

poi nt the Ca”tc?{mé’@@l%gxgﬁé?t ggp%kp%gg,{ge Lg"haglﬂgagr&ﬁg mdk A el |

ventilated 10 oven at ours carrier was then used
for preparati orerferdreatanyst bye thepgrowedenesoduthomeds inptt ke fol | owi ng

Exanpl es. Trrpr@@rq@etg,pnn@gl @th%‘r&(ﬂéé’%a rglengs yal ate stock solution was
prepared by 15 the fol | ow ng procedure: 5 g of reagent-grade sodi um

hydroxi®¥e were di S96INvERS] ATRBATH 1 &e Sicdmllt:}@é Wat ef BRAFt Rarteapérat ure

was adj usted toq8Q s, 1699ndi RhghoPWr ik %@%@Er QRUER: HjdMRfennitrate were
20 dissolved in 2100 m de-ionized water and the tenperature was adjusted

to 50 C. The s¥dmsthTydrexPEe™3dT HEbrivyids aa@HeHQEPB\M WLt e sil ver

Nitrate sol Utl@rlil:le&&étn@u%br ERLE , Bhe WHA £ Bent-abBt Agned & $aldH ip@Nby
tenperature of 50 C. The m xture was stirred 25 for 15 mnutes, then the

tenperat ure wad Poier SEUEEUA0TEL LREHIAT was MearEved P omahéiS5Ceci pi t at e
createrhin thengdedimghatiepmand &ihen ca)rrdjmtalqwlebmsofsytsh@nvmt er, which

cont ai ned sodi um and nitrate ~.ons V%HB{IE sureg> AE m)JInt of fresh
dei onzzed wat eFSEPRATTS PRE"EnDURE2T & RESPEddEET DT o TREIEP| ver
solution. The soltitd Omeaasrsti pledt fan tie mnmntxesk athpB&grG tikdre process was

repeated until C t t ter renoy ess than 90
unmho/cm @00 rréﬂftr thg’elttg%%z%ﬂgg Cﬂ? aI\eﬁjav?/é?s atrﬁen%g%%\%ld nfl March 2003
-14 630g of hi g’rvpmant%nt@xahl caa@lyitﬂefwmmaetrélwsr eontldmee |éns aqdnﬁr oxi mately

1009 | 06T eMent S M1 CTROT BUES: VAR KERL. AL, 40C, 300, Lhe pHves deent above

7.8. Water was rem)ved omthe " m xture to | eave a 5 concentrat ed
si | ver - cont ai nP#Re sAdiirionFheosnyeseax di ataaivelrgery %e%‘bd?f?et@lﬁ’GCSOC

performance; however, high additions of hydroxides have
been seen to cause sludging of the impregnation soluticn,
creating manufacturing difficulties. When the base

25 addition is too low, the hydrogen 1ion activity will not
be affected. The hydrogen ion activity lowering
procedure is also quite effective when used by itself;
1.e., when no ionizable species concentrations are
lowered prior to impregnation.

30 The 1mpregnated carrier, also known as a catalyst
precursor, can be dried in the presence of an atmosphere
which also reduces the catalytic metal. Drying methods
known in the art :include steam drying, drying in an

atmosphere with a controllea oxygen concentration, drylng



699g of 92%w et hyl enedi am ne (8% de-ionized watery was added while
_maintaining a tenperature no greater than 30C. The resulting solution
cont ai ned approxi mately 27-33 %wv 10 silver. Enough 45 %w aqueous CsCH and
wat er was added to this solution to give a finished catal ysty Masshn@og4. 5 %wv
silver and a desired cesium |l oading (see Exanples). Sodiumand Silicate
Measur enment Procedures IS The XPS anal yses were perforned in a VG LSCAL1LB
nkll Xray photoel ectron spectroneter. Nom-nonvchromati zed Al ka, (1484.6
eV) X-rays were used as the excitation source. The electron kinetic energy
anal yzer was a,130 degregy sphesdal, Sector 4apalyzer, pauipRad w 1 a three
channel tron detnect iron 20 %ystem&%rl ‘spectra’ were obt gsligr?gz% inw%'liuegconstant
anal yzer pass “€néfgy ﬁ’éH_EaWr‘E hr%wdp%s_séﬁéﬁéytg@ﬁemtm eVIVPrior to
anal ysi's, sampl esgpengyl b ghdtamprdished biodsueriar and diauntgdaonio a_
sanpl e stub using doubl e-sided tape. The anal ysis region was roughly 3nm x
5nm The AltsT9&&k a8 25T 5 el Fo0ra ltvdr gereobteciPrthmdaras BbrFected to
118.5 eV. Lingabdhasebhnes uese dised ML WRaSHN L0804 hg dgakhehghts of the
Al'ts, Si2s, and N als lines, and a horizontal baseline starting at a
bondi ng ener gy35f1¥65:5 eV was used for neasuring the height of the Si2p
line due to an intrerkerencea3bhon tihy ariakbuplinum Augercddenes Rgak
intensities were converted to. relative nolar values using the foll ow ng
enpirical |y dEPFEd25ER8i tFVI1YS T ddtor8rrASSsd. PPy 8M32, Si2s 0. 24
and Nal .s 1. 72norganhareat20038] - skfrh ard ferhaxéeplepwrma el at-besshi p:
Rel ative nutn6er e~ a~ont = S&)Ea%‘l; Ln~en::.~v/sens~r~c; -~actcr; °~ LOD (:117s
m ensitty/ 0. ~252Fhd  FeSift s*o-*1He"™PS measur ement s are given in 5 Tabl e la.
The numers repor tgdfOr ca&S SeapI1RNBRLS Bheat AEnHUMES; £ls,at ons det ect ed
relative to 100 al um num atons. The XFS silicon values =eported are the
average of therSi2peand Sbtg! v ues.tNPABLEavinaDh aseerd [Sic XRSIfer Sel ected
ce- Al umi na Canrle@r §sXRSa MarsXR%, Nadhange r NXESH S5 XPS from 0.03 to
S~ChangeUn- ashedP. | aUn- unl ashed. nwasneaCar ri er UnwasngawasnedCarr . t er Un- Car
rierCarrier(atl@n™~y¥o RERiRECANr iF&PTal oft? ) ekt &t 81 34 (B)eat om
0)t cVished (~)}A@serhB1956rdi30 4 (dil. Hind/ 2B 02. 752 Q1403 20T s
| 3.80.878.911.310. 11 G bD11. 25.8S7.9 ~10.49.75.9E 'S.5...3 ~01.2 ~[ 2.5 i10.0
i 15.2 10 pH MPESSFERENPY ProRERut e adi [M3ér T s8PaPrBh! PH tReASGABRENPS were
done using a Meomobminedet . 744npH Mt e, udBpPl oynérs & & madehon. 6320. 100
conbi nation el ectrode and a Pt_100 nodel 6.1110.100 resistance thernoneter
for tenperatuE ESMPpBRREL RS THe SiE HiEfef Ras Eaf P BT atsd Wit ASEBhhercial |y
avai | abl e buf fier ssahatieenss pef in=teaclp .use. ah @ely®i cal. ,n@asarenment, a 50
mL al ~quor _ cf. .t he doped sjlver,sol uti to be used for a catal yst
i npr e& Ation WASTFi gfjgr'édg?htbé’% ﬁ?)oglr%%%él'ass beaker through a 2 mcroneter
filter attached i mekknmeant oy@28s aoplastlivtnisyr zogsaidheg pH preke was | ower ed
into the magneti cal lX st;rre~, solution, and the reading ontaLnea 11
March 2003 particularly prererred. These a-alumina carriers have
relatively uniform pore diameters and are more fully
characterized by having B.E.T. specific surface areas of

25 from 0.1 to about 3 m‘/g, preferably from 0.1 to about
2 mz/g, and water pore volumes of from 0.10 ml/g to about
0.55 ml/g. Manufacturers of such carriers include Norton
Chemical Process Products Corporation and United
Catalysts, Inc. (UCI).

30 The concentration of undesirable i1onizable species
present on the surface of the carrier are reduced to
create a “cleansed” carrier. Or, alternatavely, the
concentration cf i1onizable species i1n the materials used

to make the carrier may be reduced prior to formation of



- 1b after 3 mnutes was recorded as the equilibrated pH The probe was

. cl eaned between each measurenment with deionized water, and checked far
calibration. Special care was ' taken to prevent accunul ati on of AgCd
solids on the 5 el ectrode nenbrane. Such accunul ati on was rgnQ4eHh 2003 '
soaki ng the probe in amoni um hydr oxi de sol ution, as recommended by the
manuf acturer. Exanple 1 A catalyst pre-cursor was prepared fromCarrier A
by 10 first subjecting the carrier to cagrier washing. collow ng the wash,
approximately 30 granms of washed 3 Carrier A were placed under a 3. 33 kPa
vacuum for 1 fiqute atcabi@nt fempecalir g, APAXIATRL ey DO, las of the
i npregnating solution was then introduced to 15 subneérse the carrier, and
t he vacuum was'RaifRrRPAcER BI1 S I8 vkPa ferramteddian duakthdrm nutes. The
cesium target \was4aleRPM gram fini shed catal yst. The vacuum was then

rel eased and the excess inpregnating solution was renoved fromthe catal yst
pre-cursor by cenfPPL&Egats otPeR SS00TEpANR0CT 03" tohws limaDe eSar IHRE «cat al yst
pre-cursor wa h i ed i in e 4 mnutes In a
st r eam of air%foltro%?ﬁgﬁgtg' 1%%31%;1% .lg %‘?r%l%o?{am%’ ﬁ%ﬁ%gﬁ’@b) ; Carrier A
was i npregnat eduagngdeser i pekthle Brdapheed; 5lhowevewrgneheusarrier was not

subj ected 10 calkhabsWashiids, the CBRLYALL ALYet ¥A% 200 ppny ar audd ni shed
catalyst. Exanple 2 Carrier B was subjected to carrier washing and 30

i npregnati on 9U88sEPPbed!  FrabednpleadiceThaleexiiat BAAGEE, WakE 9S0 ppnl gram
finished catalyst. cExarpl eude LGRAMIRr abhYLIp LAarddLsi B Wasahnpregnated as
described in anmple 1; however, the carrier was not subjected to carrier
11 Mar€h 2003 ePordafiaeRi T2 M -cesi um t arget was 400 ppni cxram fi ni shed
catal yst. Exanpl ea3t€arthercdacsas rsubpechedei® farfaicer ivashipg: and 5

i npregnation as described in Exanple 1. The cesiumtarget was 300 ppni gram
fini shed cat al\P§EIExaRpI "B Mp&r SEFVEFT Caf rc?-‘é:rloéag/é§ fhpTeygnat ed as
descri bed i n Exesmpheudsubomevergantie seaveherwa@as otissubpect @€ty iray carri er
10 washing. The cesiumtarget s 360 m gram fini shed catal yst. Exanpl e
ACarrier D wasorsﬁﬁj‘“gclsélal{ cr%?\rl\%oéir 1%5%?%@%%% troeéiﬁﬁ?iﬁﬁea "Yescribed in
Exanplie ?. Thevacesisonbian getomeahe4d@@rppat grare s i nitdkedacai at yst .rfkvanpl e 4a
(Conparati ve) Q:aer&lri er. D vas éa r.eqn tledrzélsc egcrnint%%ﬂ itn Eéa IoeSl'h wever,
the carrier was not "Stb3ecied 1o carri &rwashi ng.c The CeSrunttarget. was 900
ppnf gram fi ni sired2Pcavakbysd . thergdne S5Carrier A was subjected to carrier
vashi ng andi oY egnaL! a0 s AGRG/Iaedn LN EXAD] fod o oT1E, e25L LB ATAG!, vas 450
ppni gram fini shed catalyst. Tn addition, ow aqueous tetraet hyl ammoni um
hydr oxi de ( TEAR) 1nRsadoeded o'itte mettadk 1Pnpregne@iwsinsigisliti on at a t ar get

of 11758 m crom)es QhiebiM 2 AG $OIUNIQR,) L LOWeLq thehydregen bon activity to
a "measured pH' of i3.2. Exanple 630100 g of Carrier A were imrersed in 300
ml of boiling5ColvEAR FBELISI§RAT LQ 1564 SENRBR s88S 578 t4epes 1 Lion 30 The

of boi I'i ng de-iGhirzed waygenfory As My whesq4ea6hi « Ihecarkires 1 Was then renoved
and dried in a well ventil atedoven at 150 C for 18 hours. The carrier was

t hen35i npr egndt’®d Sfitt ASRCEEST UmtSartger ¢f t2080 ppind grdmieF AP Shebrom 1

to 30 wt% of silver, basis the weight of the total
25 catalyst. The impregnated carrier 1s subsequently
separated from the sclution and the deposited metal(s)
compound is reduced to metallic silver.
One or more promoters may be deposited either prior
to, coincidentally with, or subsequent to the deposition
30 of the metal. Promoters for epoxidation catalvsts are
typically selected from sulfur, phosphorus, boron,
fluorine, Group IA through Group VIII metals, rare earth

metals, and combinations thereof. The promoter material



11 March 2003 - 18 catalyst. In addition, 35 ~w TEAH was added to the
_stock inpregnation solution at a target of 117.8 micronoles OH/mM Ag, to

| ower the hydrogen ion activity to a "neasured pH' of 13.6. 5 Exanple 7
Carrier A was subjected to carrier washing and inpregnati on{aQaets2aoded in
Exanple 1. The cesiumtarget was 720 ppnmigramfinished catalyst. In

addi tion, TEAR was dissolved in water and added to the stock 10 sol ution at
a target of 117.8 mcronoles OH4/m Ag, ibo-l ower the hydrogen activity to a
"measured pH' of 13.2, and NH4ReOg was di ssolved in water and added to the

stock sol utionstoypiavide cbmpohal 9ohes, le/gramdi pirshed gasmdost . 15
Exanple 8 Carrier A was subjected to carrier washing and inpregnation as
described in BXARPHEEA . 10TRe SHSREAFL 8P YR Wwas 450 ppmi gram fi ni shed

catal yst. In addi topnidiicHepas,dhs56h Veehdd dmatalysaRd added 10 the stock
20 i npregnation spolution to Ioﬁer t he g%drqggp ion activigy to a "neasured
pH' of 13.2. EX&fpPe*da (Eomfardt FUes© ‘?_rﬁ R%Silffﬁ‘rggﬁbo& s .
described i n Exanphe Hthhaevebdithe sadrd@tb was rols subpectedvtun carri er
25 washi ng. The cesiun1t%{ et was 400 gRQ%Q%ﬁp1fini hed cata Exampl e 9

1L\}%/st.
300 g of CarrP8FFA WET €1MTer SEG 'R 99 WG PEAGIOPIE M STIUL i on of

ammoni um acet avenfoord prafrerréd thea comersad dm c30@erkuaf ptes iaoni zed wat er

at 25 C for ° i nut es, ., .f.ol | by i rsion three tinmes.in 300 m of
boi ling de-i o%%ggg‘ %;I\Wla% eard l&rlofg\ﬂﬁeﬁa%(%sf%g%%“rhesuc carriera fen
renoved and dppedssum Wweldiweptivbatedidwen atr %G 1Gnf piud8lhithusy. The

carri was th 2 z i pre escri i n Exanpl e
1. Thgbcesi umuﬁgl#%e%ﬂ%val\@t%g& %%r% gtﬁ/é?nc?firrﬁps%e%%zztgegaﬁsoﬁ. a%é‘nhg%ﬂi‘r{%’i on, LiCH
was di ssol vedcahcwan ers armd taddedbeoithe stdcienymeggrati ohesedliti on to ;

| over the hydgogen ¢ actdnd,ty on &Qtaﬂl;n;@éusﬁoqc%hfivofseigﬁzed4@srawpl e 10

The a-aiunina source material for Carrier A was washéd with de-ionized
wat er at 25 Ccobakh horAigeniiZ&d lwi ratipel wanerhasgredi eat sadsed, tand or m

Carrier A bef@pgplfa@XdddRGecdt YhAG: (A0 Jd SN GdR18 qubTLgoflumace. The

15 selected from lanthanum, cerium, neodymium, samarium,
gadolinium, dysprosium, erbium, ytterbium, and mixtures
thereof. Non-limiting examples of other promoters
include perrhenate, sulfate, molybdate, tungstate,
chromate, phosphate, borate, sulfate anion, fluoride

20 anoin, oxyanions of Group IIIB to VIB, oxvanions of an
element selected from Groups III through VIIB, alkali(ne)
metal salts with anions of halides, and oxyanions
selected from Groups IIIA to VIIA and ITIIB through VIIB. 5
The amount of Group IA metal promoter 1s typically in the

25 range of from 10 ppm to 1500 ppm, expressed as the metal,
by weight of the total catalyst, and the Group VIIb metal
1s less than 3600 ppm, expressed as the metal, by weight
of the total catalyst.

For further improvement in catalytic properties, the

30 hydrogen 1on activity of the impregnation solution 1is
optionally lowered, such as by the addition of a base.
The typical impregration solution for an epoxidaticn
catalyst begins guite baslic, so a strong base is used to
further lower the hydrogen ion activity. Examples of

25 strong bases irnclude, alkyl ammonium hvdroxides such as



resulting carrier was designated Carrier E. A catalyst was prepared from
.Carrier E ~n the sane manner as outlined in Exanple 1. The cesiumtarget
was 360 ppnfgram finished catalyst. 'In addition, Li OH was 15 dissolved in
wat er and added to the stock inpregnation solution to Iomer1L“ﬁ“EN§bg en
ion activity to a "neasured pH' of 13.2. Exanple 11 Carrier was use
prepare a catalyst in the sane 20 nmanner as described in Exanple 10~
however, the carrier was subjected to the carrier washing procedure before
i npregnation. The cesiumtarget was 510 Epnigranlflnlshed catalyst. In
addi tion, LiOH was dissolved in water anhd'added to the stock inpregnation
solution to 25 lower the hydrogen ion activity to a "neasured pH' of 13.2.
Exanple 12 100 g of Carrier A were imrersed in 300 b0|I|n 0,1 M
sol ution of tehFRraRhEtaTEPRIM Sydeopdre; 5 Wo-hiym %ﬁéﬁ%ﬁﬁ% eSO i
of de-ioni zrgavekedeat 2pnColrderltan mumealﬁolchemmémadrrrmpregmm@e

tinmes in 300 of b on d r [ Ju h

carrier was®? Eﬁl?’ém%l\?r&'l g?'ghe ‘lfnmg@%\gll dlg,'gl’ tedggéaugiig bf%% l?

18 hours. Theefarredr \A/agsemddltiqnwammlz@e@ Syg0ems npypieRt By mesult

describeg iy, Eéaﬁme%shre O?}@eswa&é@rgsﬁgmg ﬂQOth"ku%m%,' N:&4egsing
wa

catalyst. Tn addition, % olved in water and tpo the stock
i npr egnat i oRB86I uFR8N’ tB‘eIa(?\WﬁF t h@Hhy dit§gem9ton Bactiiie y B t S HSredsht ed
pH' of |3. 2impExgnat ol 3syaremeis Aotasagudguect ed to carrier washing and

i npregnation as S b 1.1 <EX I Si t S p ram
finished catal ys‘gEig fénﬂa %ﬁc!teilégn 8 0 lﬁ? egm%l%?lss% ﬁ?ii(?ﬁ \Ajia\@fe‘rlggﬁd g%%d to
the stock i hPPEeEREFed SEREFLSR t bS| oNBPSEHRSRYY 0 BPI AT 2k ~i ST thR

"nmeasurag psb1atids %@ﬂ&é\lH@ReO demmh&smbuad | FormBdaid ang a:dé@lﬁicéd) t he

stock inpregnati nsolutlonto m |l e / ram.fini
cat al yst. gr?wg catal fs?f?onfanﬁxarrp J%g ]1w \/\é%ggcg%edef}g groa%éﬁéfhy%éne
oxi de from etnpybEﬁmeahd ioxyepeh. o8 ers @rhanthef catadiédcc ARARAAT iler eof

| oaded intorge6-3Ra1YktNghes EbapREEd @&%%5@51%@6@&@8@@%:: esuéfrlﬂe U
t ube waswrrrersedlnarmltenrre??aﬁ het rredlugtj and the en 21%)

connect ed t 6°EPEAENFEow "t EAEOT 15RS haR 4t v SATRLET a‘?‘u’d
inlet gas fpeworat etowerec@iimmam:aldyachﬂme, a gas babskeyuspace teel oché y of

6800 nl of &@éogﬁ?h% g £atal é%]lﬁefqha}l% eble A stetg@s pressure was 1450

kPa. 25 The S mXxture asse rou cata (in a once-through
oper ati on) dur| n§hehaeshdtiadt @PméﬁtGPﬁcI%ﬁﬁy%ﬁaﬂt@l}p) BRER REH?  25%

et hyl ene, 7u9&’a0>fwerthéOv@ﬁdﬁDOph@&@xpﬁl@du@BDoml bfogpBxiaBy 2ulht @sb. th ppnv
ethyl chlor Hjle rodgggllogl to%a tfx fecﬁgro 1§ fr@rﬁj é‘i{ﬁyfe%@errﬁi s g@gen
20 containing gas. In this epox:.dat:.on process one or more
nitrogen oxides (NO,) may also be added to the feedstock to
boost catalyst conversion performance.
other embodiments of the invention provide catalysts
made by the processes just described.
25 Having generally described the invention, a further
understanding may be obtained by reference to the following
examples.



180 C. The tenperature was ranped at a rate of 10 C per hour from 180 Cto
. 225 C, and then. adjusted so as to achieve a constant ethylene ox.tde |evel
of 1.5 ~~a in the outlet gas stream Perfornmance data at this conversion 35
| evel are usually obtained when the catal yst has been on 4 11 Ward¥p2ods 2003
- 21 streamfor a total of at least 1-2 days. Due to slight differences in
feed gas conposition, gas flow rates, and the calibration of anal ytical
instruments used to determ ne the feed_and product gas conpositions, the 5
measured selectivity and activity of a given catalyst mad vary slightly
from one test ggg %Peé he next. The initial performance val ues for
selectivity at—1: hyl ene oxi de were neasured and are reported in Table
L. TABLE | £&rrPerd ormance Characteristics cf Catal ysts Prepared From
Un4~rashed and G-l pagh t Sy ierP tion
Condi ti onBase Additi o%jrrlgrsgg%hgtn?ﬁg Qﬂt]gtjélsgnﬁ%rreggg Eg p%%ﬁ?‘%%tl vity
(%) Temperature (lAwater crashnonell.. ' 82.7229] aAno
washnonell. 28| . 32372Bcr at er vvashnonellTABLZ§21 , 52aBno _
washnonel 1. 282. 12323Cwater wash - _-none -11, 282, 0229nq ., rashnonell .
? 82 . (359Dcr|at er washnone%3rpsex ZZ~99aDro washhon€11.{282P22~55Anat|er
washTEAR! : 3. 2827 - € hTEART 43682 =72 22 7F et
crashTFAHL3 aZSﬁg?%gﬁé\é/at epr‘f%\&hsthm%]-IL@ﬁ??Z%ﬁngo CELsT
washLi OH13. 282. 02‘277@Anmmrl i um acet pt e washLi OH13| 283. | 22210Er aw nat gri al

washLi UH13. 283. G221 TRp axT TR BT g Wag i+ wate 7. 6.]. 32 13 4
taashLzO~i 13. 282 722212Aba?| um aec%gt at e washli 8—63 2382 742613'£vrat3r

washLi OH13. 286.|Zr(282SNrahgth 6.53 8.07 | 12.29 | 1C.93 | 5.44
(kq) ®
Total Pore Volume 0.408 | 0.460 | CG.390 ] C.430
(ml/g) '
Median Pore Diameter 1.8 2.7 1.3 4.6

(microns) <

Si02 (%w) 0.5 0.8 0.1 0.5 0.5
Bulk Acid-Leachable 438 752 186 13807 339

Na (ppmw) -

Bulk Acid-Leachable 85 438 109 71 37

K (pprnw)

Bulk Acid-Leachable 207 508 526 293 123

Ca (ppmw) .
Bulk Acid-Leachable 744 1553 657 1978 499 :
Al (ppmw)

Bulk Acid-Leachable 808 1879 1560 | > 2000 | 600

3i0; (ppmw)

alpha-Alumina (% w) Bal. Bal. Bal. Bal. Bal.

® Method of Brunauer, Emmett and Teller, loc. cit.

b

w

Flat Plate Crush Strength, single pellet.
° Determined by mercury intrusion to 3.8 x 10® Pa using
Micromeritilics Autopore 9200 or 9210 (130° contact angle,

0.473 N/m surface tension of Hg).



c~~NOOW 11 March 2003 - 23 It can be seen that significant
_inprovenent in~ catalyst properties are seen when the carrier is washed
before the catalytic nmetal is deposited on the carrier. Even further

i nprovenent is seen when the material used 5 to make the cgfrgichiz08ashed
before the carr.~er.is formed. The hydrogen ion activity of the deposition
solution for catalysts in Exanples 5-13 was | owered by the addition of a
base. It can be seen that |lowering the 10 hydrogen ion activity of the
deposition solution further inproves the catalytic properties. It is also

evident that LNG,Rhenomenan, Ol iNe BH.ELigC! -b8 Aol iest il ot dyto. 2
particul ar c ; and 13,

where a sel edtiVi.t ¥, ehPanking dopant, 15 such as rhenium is added to the
| npregnating sol Bhiole: | . Mid, baapaatent Lo ofle QlnaLdhpaiyoskill in the
art that many changes and nodifications nay be etot i nvention

wi t hout depardriang ProfARfEsespin iX00ogregsperagoseind srrhonereiinvaten ]l March
2003 24 REVI SR} QEALMR das A BIHRCRSS H QL ART ONd NG 4R BT QHSr{z!@éeﬂ)f a
carrier for a catal yst ba/ a treatnent, which treatnment is pefforned on ono
or nore of the matfé&PPal 309 rommehioch PPRé 1BaXTABRT | 0 GmeEAandPor on the
conpl ete Car 1@k c@Rd Whh £h groaldqieat Wag _@EF@&&M%M@ l@uwer icpg §he
concentration of one or nore ionizable si,|xcates present on the surface of
the conpl et e t@4Ari 8F, TRRR® | BWHSAGSei A§ BReph eRIEY dd'et RETFOREIYHY of the
relative concs%rpfarr)aftiaanf@ém Sziheatv&rf%,r a&drraawgednga/ v?élrla)bgREQlQ@é@Ct ron
Spectroscopy (xXPS) p of on the untreated and treated oarrier. z. A
proceds accoPg'ieﬁ‘galto?E@ai ﬂ?’ido,r carQUteri zeasi L hai2 THE Tt FBAL FRTR Ls

per forned by useansoef peepaneiion xgadeanglyhe benilzahseceduregates ionic,
or rendering thﬁ.iﬂggi §abl e sili.cates insoluble, or rendering the ioniaabxe

silicates i mABitae 3t AbibE o AEEoFdPRG D cl ai m 2, characterized in

that sai d nedmgriesinsebect &dl friem washi ng, ion exchange, volatilization,
precipitation, sequ ration, and,conbi natijons,thereo=._ 4. A _process
according to cl a?&msg:f%%ﬁaarrglc ee?éll elﬁl(%ie. rsltf’ﬁ!étt Sgéﬁﬁl%s aﬁsnariega%%??b& med

wi t h,1%an aquedes fandbeingrgrasiegiw@ :vent - based sol utions sel ected from

wat er, tetraethyl,a nge U Nydroxj de. gg‘ggmnug},glcgha%ee,welriet hi um car bonat e,
barium acetate, strontium acetate, crown. ethef, nethanol, ethanol,

di et hyl f or nefisdel veaaAdLiii %34t 68 tdferioof zed5wa e pr otk s cadcCoPEIraguUE®d any one
of claims 7. .0 zqighacacterigeq.in that the concentration, as neasured blr

XPS, of Si on the surface of the carrier is lowered by at |east S percent.
11 March 2003 251699 g high puraty “Spectropure” silver nitrate were

20 dissolved in 2100 ml de-ionized water and the temperature
was adjusted to 50 °C.

The sodium hydroxide solution was added slowly to the
si1lver nitrate solution, with stirring, while maintaining
a solution temperature of 50 °C. The mixture was stirred

25 for 15 minutes, then the temperature was lowered to
40 °cC.

Water was removed from the precipitate created in the
mixing step and the conductivity of the water, which
contained sodium and nitrate 1ons, was measured. An

30 amount of fresh deionized water equal to the amount
removed was added back to the silver solution. The
solution was stirred £or 15 minutes at 40 °C. The
process was repeated until the conductivity of the water
removed was less than 90 umho/cm. 1500 ml fresh deionized

35 water was then added.



6. A process accord~.ng to any one of clains Zto 5, characterized in that
the concentration lowering treatnent xs followed by a drying step. 7, A
process for preparing a catalyst, by depositing a catalytically effective
anount o~ one or nore catalytically reactive netals and optq@mrbﬁzggg or
nore pronoter material.s on a carrier pxepared by a process according to
any one of clains 7. to 6. e. A process according to ola~.m?7,

characterized in that said catalytically z~eactive netal and optional
pronoter nmaterial depos~.tion is effected by subnmerging said caxrier in an.
i npregnation solution wherein. a hdeOQEIll ron activity of said solution is
|l owered. 9. Ta process according to c7.a~, m7 or claim38, characterized ~.n
that the catalyst is suitable for the vapour phase epoxidation of an

al kene. 10. A présegsoficbbglirngriby cPaphic, achdrdchydraiel vere haddedeln
cata7.yst ig gybk%ats_uﬁombaelaa%{neﬁlegl on1ofe aldnfangure iy |eds: oxd de,
co~, tai ni ng |Iver as, the main .catalytical 7.y reactive netal oa an

ahumi na- bas&8°Eappfefhe 19H %@%r‘%§§§ﬂ¥ e thécatal ytic epoxidati.en of an
al kerie with'an wxygenwepntrémévery gasm wher enixtareat abydtease @ ehigklly
accord~.ng to cla r u ac di cl,
characte3|z anceﬁkn%ﬁe g?lh%ﬁé?ggﬁglé%nﬁhghﬁgﬁﬁigen%g%lJﬂgjfg'adgé%&to t he
oxygen cont aluicry yas.cooled to 30°C.

ﬁlY{ AA3L\FAY6 A9Aéé559 Yo/ﬁ BoARF. éi«ldh Zlﬁr!édlélmlﬁélz (B33 . eV . A x&ﬂé?r])A&j:ﬁ] ABi’/o
+ e XSni c a ca aJ.ca] cal ca aJ ca
ca] ca] ca] caf‘égf“éa]”&?a]i %‘]t@"*a‘]lgga]ac?] é‘}f] 3,"":%] SJa c‘c}ﬁ%;;a%]] @Lﬁrca:?@e813@6
N The resultlng solution contained approx1mately 27-33 sw
NZ\ uw} x sy %%L tca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
P 12l n

78 Ca] 031 50031 BRGUSBA oY R T Ea % AT I c2F ~ HPCAT o HPEaPEREEa ) Bk a] ca
] ca] ca] ca] ca];a;a]:ﬁza]mca]ocag]m&] ca] fia].shéda]:a&]itg];tahaa].n@a]l@a%é?gvﬁ%&(lh@ﬁ 2919
99~: |
] c~al cg] g"fﬁtf@%} ca ? ?%ca{%?ﬁ ]ch vﬁ%lca ?}clcaf’ggf?gf?gfggf?gf?gfggfﬁ
HPMVEENONGNI SRISBMMS J RABBHL s Measurement | gures _ZU] ca]ca]ca]ca]c”alc
a] ]ca] ]ca] 1isa] IC<':1]40<;1]rﬁa] gghcaléﬁiabsﬁ]Bﬁeaé c%ﬁﬁlﬁrﬁ@?iz@aﬂ ve] E@d:mk]f@lmhcg]wc a]
ca] ca] ca] ca! a4c eeeee el ol a c
~a] ca] ca] caFé¥a] ttf’eg'] gg%%]‘a%%‘} & ca] & %a?eﬁ] \@X] catcna]l
Ca]Ca]ng]CQhﬁéhCQ]QV&]Qﬁ%? = wegeFusfd as the(eﬁ%ltatlon\;i?ﬁge The] |
nonzn: o r<rurrss uuvvv8xFx z ca
c’a] ca] ca]og ][]'8512'58]% fEQEFSaFEngyafgg'F‘g%%%%a] ca J]Zé{£ ﬁ?%% Li]% '% %a] ca]
cAa]ca]cAa]eapcba]@aawygpy}@qaapgg UWlth a three channeltron detectlon
QISS?ZZF@nga]ca]C ] chodl %ﬁ} calca ce JJ‘JE cac ca] a]ca ca cAa]c
2] cna vy BORES SSEFRUTHESR o z@] ]r@] aw}sas] Caheeg] calpoleseelial C gl
a] i:a] g?] ([:)?] ca] Caa:]adzdm&)] ]Wilm:bﬂﬂcaiveaéﬂ da;]aha]lva]dm]sd‘@]fhaim“a] cejrtalc adnd] cal
calca :

109’ ()_|21§aé86%é E%%ﬁﬁ,? %%§ iﬁé& @sé% Eouble—31ded tape. The

@ 10%& () - ! anadysip) regian) ow@g (Joughly 199’ ¥) Smm.10ofhe) Al2s peak was
25 used for charge correction and was corrected to 118.5 eV.

Linear baselines were used for measuring the peak heights of

the Al2z, Si2s, and Nals lines, and a horizontal baseline

gtarting at a bonding energy or 105.5 eV was used for

measuring the height of the Si2p line due to an interference
30 with an aluminum Auger line., Peak intensities were

converted to relative wmolar values using the following

empirically derived sensitivity factors:

Al2s 0.22, Si2p 0,32, Si2s 0.24 and Nals 1.72
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"0 rzXeh] > D #10%&' () -0! 1" #109%&' ()-0! " #10%&' ()-0!1 #10%&' ()-0!;

#10%&' ()-0&10%&' ()-27m} <. > 10xx! #10%Wx& ()-0 #10%& ()-0! #10% ()-0 #10%
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10! " @ 3109 ()-s!! " @P10% ()-s!! @PL0% ()-s!! @$10%& ()-s!! @ $109%& () -
sI @ $109%&' () -sid? @BPT6: 1k nc relatrcnship:

Relative number ci atoms = (peak lncensicy/sensicivaicy racter! * LOO

(Al25 1ntensity/0.22)
The results of the XPS measurements are given in
5 Table II. The numpers reported for XPS measurements are
the number cf atoms detected relative tc 100 aluminum
atoms. The XP3 silicon values reported are the average

of the Si2p and Si2s values.

TABLE II. Na and 51 XPS for Selected e¢-Alumina Carriers

XP3 Na XP5 Na |Change 1n{ XPS Si1 | XPS 51 | Change
Un- Washed Na Un- Washed n Sz
wasnea | Carrier |Unwasned| wasned | Carrier Un-
Carrier | Carrier {{atocm %f Z0 Wasned| Carrier | (atom %) | wasned
(atom %) (%) (atom %) Le
Washed
(%)
A 6.2 2.7 55.7 13.4 11.5 14.2
B 0.0 2.7 55.0 14.0 11.2 20.0
c 3.8 0.8 78.9 11.3 10.1 10.6
D 11.2 5.8 47.9 10.4 9.7 5.9
E i §.5 3.3 0l.2 ; 12.5 10.% 13.2
10 pH Measurement Procedures

Silver solution pH measurements were done using a
Metrohm model 744 pH meter, employing a model 6.0220.100

combination electrode and a Pt 100 model 6.1110.100

resistance thermometer for temperacure compensation. The
15 meter was calibrated with commercially availabie buffer
solutions pnefore each use. In a typical measurement, &

50 ml aliquot c¢f the doped silver solution to be used for

a catalyst impregnation was filtered into a 100 m! glass

beaker through a 2 micrometer filter attached in-line to
20 a plascic syrainge. The pH probe was lowered i1nto the

magnetically stirrea solution, and tne reading obtainea
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t' 10%&f() @EE@AaAA@BQEQYSt pre-cursor was prepared from Carrier A by

10 first subjecting the carrier to carrier washing.

Following the wash, approximately 30 grams of washed
Carrier A were placed under a 3.33 kPa vacuum for
1 minute at ambient temperature. Approximately 50 grams
of the impregnating solution was then introduced to
15 submerse the carrier, and the vacuum was maintained at
3.33 kPa for an additional 3 minutes. The cesium target
was 450 ppm/gram finished catalyst. The vacuum was then
released and the excess impregnating solution was removed
from the catalyst pre-cursor by centrifugation at 500 rpm
20 for two minutes. The catalyst pre-cursor was then dried
while being shaken at 240 °C for 4 minutes in a stream of
air flowing at 11.3 m’/hr.
Example la (Comparative) ™
Carrier A was impregnated as described in Example 1; )
25 however, the carrier was not subjected to carrier
washing. The cesium target was 400 ppm/gram finished
catalyst.
Example 2
Carrier B was subjected to carrier washing and
30 impregnation as described in Example 1. The cesium
target was 450 ppm/gram finished catalyst.
Example 2a (Comparative)
Carrier B was impregnated as described in Example 1;

however, the carrier was not subjected to carrier
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Example 3

Carrier C was subjected to carrier washing and

(&2}

impregnation as described in Example 1. The cesium
target was 300 ppm/gram finished catalyst.
Example 3a (Comparative)
Carrier C was impregnated as described in Example 1;
however, the carrier was not subjected to carrier
10 washing. The cesium target was 360 ppm/gram finished
catalyst.
Example 4

Carrier D was subjected to carrier washing and

impregnation as described in Example 1. The cesium -
15 target was 400 ppm/gram finished catalyst.
Example 4a (Comparative)

Carrier D was impregnated as described 1in Example 1;
however, the carrier was not subjected to carrier
washing. The cesium target was 400 ppm/gram finished

20 catalyst.
Example 5

Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium
target was 450 ppm/gram finished catalyst. In addition,

25 35 %w aqueous tetraethylammonium hydroxide (TEAH) was
added to the stock impregnation solution at a target of
117.8 micromoles OH /ml Ag solution, to lower the
hydrogen ion activity to a “measured pH” of 13.2.
Example 6
30 100 g of Carrier A were i1mmersed in 300 ml of boiling
5% TEAH for 15 min, then immersed six times in 300 ml of
boiling de-icnized water for 15 minutes each. The
carrier was then removed and dried in a well ventilated

oven at 150 °C for 18 hours. The carrier was then

[P%)
ul

impregnated with a cesium target cf 400 ppm/gram finished
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catalyst. 1In addition, 35 %w TEAH was added to the stock
impregnation solution at a target of 117.8 micromoles
OH™/ml Ag, to lower the hydrogen 1ion activity to a
“*measured pH” of 13.6.
5 Example 7 —
Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium
target was 720 ppm/gram finished catalyst. In addition,
TEAH was dissolved in water and added to the stock
10 solution at a target of 117.8 micromoles CH /ml Ag, to
lower the hydrogen activity to a “measured pH” of 13.2, )
and NH4ReO; was dissolved in water and added to the stock
solution to provide 1.5 micromoles Re/gram finished
catalyst.
15 Example 8
Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium
target was 450 ppm/gram finished catalyst. 1In addition,
LiOH was dissolved in water and added to the stock
20 impregnation solution to lower the hydrogen ion activity
to a “measured pH” of 13.2

Example 8a (Comparative)

A
o

Carrier A was impregnated as described in Example 5;
however, the carrier was not subjected to carrier
25 washing. The cesium target was 400 ppm/gram finished
catalyst.
Example 9
300 g of Carrier A were immersed in 900 ml of a
boiling 0.1 M solution of ammonium acetate for 15 min,
30 then immersed in 300 ml of de-ionized water at 25 °C for
15 minutes, followed by immersion three times i1n 300 ml
of boiling de-ionized water for 15 minutes each. The
carrier was then removed and dried in a well ventilated

oven at 150 °C for 18 hours. The carrier was then



1090VE () -
109V () -

1090V () -
1090VE () -
109VE () -

10
15
20
25

30

1090V& ()- 109VE ()- /
10908 ()- 109v& ()- /
1090V& ()- /K~] A 109%vE& ()

- 19 -

impregnated as described in Example 1. The cesium target
was 450 ppm/gram finished catalyst. In addition, LiOH
was dissolved in water and added to the stock
impregnation solution to lower the hydrogen 1on activity
to a “measured pH” of 13.2.
Example 10

The a-alumina source material for Carrier A was

washed with de-icnized water at 25 °C, then homogenized
with the same ingredients used to form Carrier A before
extruding, drying, and firing in a muffle furnace. The
resulting carrier was designated Carrier E. A catalyst
was prepared from Carrier E in the same manner as
outlined in Example 1. The cesium target was
360 ppm/gram finished catalyst. 'In addition, LiCH was
dissolved in water and added to the stock impregnation
solution to lower the hydrogen ion activity to a
“measured pH” of 13.2.
Example 11

Carrier E was used to prepare a catalyst in the same
manner as described in Example 10; however, the carrier
was subjected to the carrier washing procedure before
impregnation. The cesium target was 510 ppm/gram
finished catalyst. In addition, LiOH was dissolved in
water and added to the stock impregnation solution to
lower the hydrogen ion activity to a “measured pH” of
13.2.
Example 12

100 g of Carrier A were immersed in 300 ml of a
boiling 0.1 M solution of barium acetate at 25 °C for 15
min, then immersed in 300 ml of de-icnized water at 25 °C
for 15 minutes, followed by immersion three times in 300
ml of boiling de-icnized water for 15 minutes each. The
carrier was then removed and dried in a well ventilated

oven at 150 °C for 18 hours. The carrier was then
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impregnated as described in Example 1. The cesium target
was 400 ppm/gram finished catalyst. In addition, LiOH
was dissolved in water and added to the stock
impregnation solution to lower the hydrogen ion activirty
5 to a “measured pH” of 13.2. -
Example 13
Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium
target was 650 ppm/gram finished catalyst. In addition,

10 LiOH was dissolved in water and added to the stock
impregnation solution to lower the hydrogen ion activity
to a “measured pH” of 13.2 and NH4ReO, was dissolved in
water and added to the stock impregnation solution to
provide 1.5 micromoles Re/gram finished catalyst.

15 The catalysts of Examples 1-13 were used to produce
etﬂylene oxide from ethylene and oxygen. 3 to 5 grams of
crushed catalyst were loaded into a 6.35 mm inside
diameter stainless steel U-shaped tube. The U tube was
immersed in a molten metal bath (heat medium) and the ends

20 were connected to a gas flow system. The weight of the
catalyst used and the inlet gas flow rate were adjusted toc

achieve a gas hourly space velocity of 6800 ml of gas per

ml of catalyst per hour. The inlet gas pressure was ‘\
1450 kPa.
25 The gas mixture passed through the catalyst bed (in a

once-through operation) during the entire test run
{including start-up) consisted of 25% ethylené, 7.0%
oxygen, 5% carbon dioxide, 63% nitrogen, and 2.0 to
6.0 ppmv ethyl chloride.

30 The initial reactor (heat medium) temperature was
180 °C. The temperature was ramped at a rate of 10 °C per
hour from 180 °C to 225 °C, and then adjusted so as to
achieve a constant ethylene oxide level of 1.5 %v in the
outlet gas stream. Performance data at this conversion

35 level are usually obtained when the catalyst has been on
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stream for a total of at least 1-2 days. Due to slight
differences in feed gas composition, gas flow rates, and
the calibration of analytical instruments used to
determine the feed and product gas compositions, the

5 measured selectivity and activity of a given catalyst may
vary siightly from one test run to the next.

The initial performance values for selectivity at 1.5%

ethylene oxide were measured and are reported in

Table III.
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sald washing is performed with an agueous and/or organic
solvent-based szeclution, selected from water,
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5. A process according to any one of claims 1 to 4,
characterized in that the concentration, as measured by
XPS, of Si on the surface of the carrier is lowered by at

least 5 perxcaent.
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