;e3e""| p6Tur14 March 2003 1 PROCESS FOR PREPARI NG CATALYSTS W TH | MPROVED

q;ATALYTIC P ield of the Invention The invention relates to a
process for t | IMWMFn of catalysts with inproved catal ytic
properties, p nproved initial activity, 5 initialyagt@cidoy ty

and/or activity aneler selectivity performance over tine. Background of the
I nvention Nu ds are known for the deposition of catalytically
reactive negﬁﬂ@ﬂ@@“@mw@mrier in order to 10pmanufacture catal ysts. For
exanpl e, U S™Paten . 3,972,829, issued August 3, 1976, discloses a

met hod for distr®fi ng catalytically reactive netallic conponents on

carriers using an inpregnatrocesdl thr orrEFACAIAIASTA I RsaGUKRSEH conpound and
an organic thioacid or a 15 nerc% t ocar bo S. Patent No.

xylic acid. U
4,005, 049, issued January 25, '8 YEPegéﬁéiYFEE BREPEREIFDN of a
silver/transition nmetal catal yst useful in oxidation reactions.
I nternational publication WO _96/23585, published August 8, 1996, teaches
that boosting tHAeS2E &folhe SOVENEAON netal pronoter in a silver sol ution

results in inprovedTm@pg@&@h@gonL&@Q@@@grQoagspr@@ég§ agaifngd certain
met hods. US 4,908, 393, issued March 13, 1990, warns agai nst having a silver

sol ution whi ch PRHERRIAYIGRy Odcicditey- Yt Spaitsi LpPosvad eakatYrdngly acid or
Ease sol ution W?iﬂcﬂ:é@:@.fé&ﬁ@éﬂt&ft@ﬂ%&!l@ iimpubbbhaﬁpiﬁgmét Q@tﬁ?\if_‘j}ﬂ, ]
econmi ng _part of, the silver catalyst in amunts whic vers af fects the
per f or mafce of tﬁﬁ??ﬁﬁ%ﬂif eéﬁ+%&ﬁybiVﬁQ FbﬁcFéX&FVoﬁ?d??rh%%f%%FbY+§¥ngIy
been found that dehef amialce3®vdapasind.on and catal ytic properties of a

catal yst may be]Baéég;ound of the Invention

Numerous methods are known for the deposition of
catalytically reactive metals on a carrier in order to
10 manufacture catalysts. For example, U.S. Patent
No. 3,972,829, issued August 3, 1976, discloses a method
for distributing catalytically reactive metallic
components on carriers usaing an impregnating solution of
catalyst precursor compound and an organic thioacid or a
15 mercaptocarboxylic acid. U.S. Patent No. 4,005,049,
issued January 25, 1977, teaches the preparation of a
silver/transition metal catalyst useful in oxidation
reactions. International publication WO 96/23585,
published August 8, 1996, teaches that boosting the
20 amount of alkali metal promoter in a silver solution
results in improved properties.
Literature also warns against certain methods.
UsS 4,908,343, issued March 13, 1990, warns against having
a silver solution which has a strong acidity or basicity
25 as the strongly acid or base solution would leach any
leachable impurities from the carrier, becoming part of
the silver catalyst in amounts which adversely affects
the performance of the catalyst in an oxidation reaction.
It has surprisingly been found that the metal

30 deposition and catalytic properties of a catalyst may be



14 March 2003 -2 greatly inproved by | owering the hydrogen ion activity of
the i npregnation solution. Sunmary of the Invention According to one

‘enbodi nent of the invention, there is 5 provided a process for preparing a
catal yst suitable for the vapor phase epoxidation of Olef'”$4hMﬂEﬁg@b99 t he
steps of: selecting an inorganic carrier; and depositing silver an
optionally pronoting materials on the carrier; 10 the deposition being
effected by an inpregnation solution the hydrogen ion activity of which is
| ower ed whereby the neasured pH of said solution is at least 12.5. In
particul ar the hydrogen ion activity of tBe i npregnation solution is

| onered by the addition of a base. 15 Preferably the hydrogen ion activity
of the inpregnation solution is |lowered by a factor of fromfive to a

t housand. | rexgrtEdduebuBraEaduly tirarimigueies S¥Arespondoro et svity teé pH
by nunmbers ofphd. mppgrhthoh seipesbhvel y. Description of the Preferred
Enbodi nents 20 It hasaagen foung.that | oweri ng the hydrogen ion activity of
the inpregn ° posit catalytically reactive netals on
a carrier provi désaadingts whie hethoodi metpr ovEdtat ahyéntiqn opehséresissuch
as activig yﬁxscﬁj'fé\éd v tﬁrc?ék%é %@‘Hﬂe‘ﬁa&&n@ng :Eratﬁ‘?a&rgﬁt hﬁ%é{b?e BSLT er!?ance

over tinme. rocess is beljevedta npr.ove ropertres o

nost cat al ys‘f@%é-‘rl’tﬁsr? r?é%"&‘l’-d@§18€p8§| Péﬂfb‘ﬁsa B@ﬁqudéfngoﬁh&sétéi’saﬁf

i mpregnati on sol Wdl¥rting akd ikbrgAn2003axrriey; Gaidl ysts are commnl y made
by depositing a c Al I e v f_on e, tlcaIIy
reactive netals oc% %%légrl%ger%tﬁ;efr %&Ki % F{Q&% 9p gcﬁrogé?g%’a ?an%//
carrier is Shentapismsd with netal or corrpound(s) conpl exes) and/or

salts) syff "@:leenﬁieggsﬁj@@@ﬁ' tbeQ.'hg' nPf £gNHE bPe LAt %ﬂfédj:?édi’ov{ easiiiveon
mat eri al . f ans .an anount

"cata || ef t
of netal thaﬁheprg¥ %é%eélg r’f‘é’%gtﬁ %1"3’ g’at qy‘ﬁlgclé:‘ ggcﬁ°wfﬁe’flhg%?erﬁﬁbé’gn’é
carrier, or malnst pit efusedd, spsutiiordis mt heegatedende of an at m)sphere
whi ch al so reduceg, theacai@dhydic prial @%SQQH ”EBROdSaéEQQ)%P/‘e” die and

i ncl ude steam ar dry| |n an a nDsph control Led oxygen
concentrat i dﬂ‘P’iﬁéﬂa%d'qrhSP PR 51 AV RES h‘%‘lf(-)"she 1d"r1§"|nn@ énEa§‘Faged
drying using a suidefldrallynmpedher sh&gedgbanpeiahureacutv£tyln dhe ptloeess
of the inve vggﬁ t r esca e t he
nmet al dep05|t#éﬁ%gd%€§ e ec%' b@ 3 18@%9%% Fﬁpgeeggﬁ%%nggo £ ﬁoﬁpv%hgg

a thousand. In an aqueous medium, these figures correspond

to raising the pH by numbers of 0.5 and 0.5-3 respectively.

Description of the Preferred Embodiments

20 It has been found that lowering the hydrogen ion

activity of the impregnation solution used to deposit

catalytically reactive metals on a carrier provides
catalysts which have improved catalytic properties, such as
activity, selectivity and the activity and/or selectivity
25 performance over time. The process is believed to work to
improve the properties of most catalysts wherein metal is
deposited on a carrier by use of an impregnation solution.



20 hydrogen ion activity has been | owered. "Hydrogen ion activity" as used
‘Eeréin is the hydrogen ion activity as neasured by the potential of a
ydrogen ion selective electrode. As used herein, a solution with "Il owered"
hydrogen ion activity refers to a solution whose hydrogen 2f peldypdys has
been altered by the addition of a base, such that the hydrogen ion activity
of the altered solution is |owered conpared to the hydrogen ion activity of
the sanme solution in an unaltered state. The base selected to alter the
sol ution may be chaosguk fyanm ane Q%%ﬁowlﬁqlaa@mgUp pﬂswl pKb higher than
the original inpregnation solution I's parti 3 y d rable to choose
a base which doektabitetalely tfd Somme amogntob it Reei apregrati on sol ution;
i.e., which does,doty@lder f e dasivedmhal gcancenptiati g &15'1(%
i npregnation solution and deposited 35 on the carrier. organic bases wll
not alter the catal W ohreDOFOr.q Typhnedgnat itbs sekuironisetal s
concent rsat i ons, fggg Ghye 4 n d
1, 8- bls(dlnethyﬁan1no) hfﬁ21ene frgﬁgﬁxpﬁéhﬁgv?n%¥§F2¥g %%Lc%ﬁ%?gglon
of the |npregna§¢bm %bliﬁ i ientdie aleposdicern impeeghahgdtbgi des may be
used. Wen the | At 4 [ ;l.8ast jpartiagl eous, an
i ndi cation of t e ge J{i)lnr&/ ?%%elg%oé%ﬁgct ?Lwt 2 Us gekﬁégg}dred with a pH
meter, with théVHﬁ©@¥$¢%ﬁﬁﬁku;QﬂﬁﬁCQﬂwarﬂmgumménmnangbaa|nmduns abtmptrby 10
a true, aqueous.defi JOks "2 MeasHy a8 ed in shall mean such
a non- agueous s@s%éﬁ?%éif§%y I's neagﬁgg%%ﬁftﬁs§ﬁg% ? ard pH probe. Even
smal | dianges in t Hene neestaah (s danmneuheorlnataéwsmnpregnasbon 59l ution
tothat with adgedbape e SI{aaldyeand, T3 IRRARIRALS,! 01 €8l BLYLLES
properties continue as t ed p changeé “i ncreaseée base
addi tion. High b@@ecaUMlYtnmSWakakmn Qﬂﬂﬂnq(mawwwessahpwaftectheaaatyst
per f or mance; hougygiqe i g addigl ons afy fufngxides ake een, gegn,to cause
sl udgi ng of the inpregnation s creatlng mantr ac uring
difficulties. V%@mtrhblbas@xzakhtaqntem;nanlanNdnymaghydrogénCiog activity
w || notc be aff es b e r cess i frectiy n_inmproving
w'r' 215 | east %ﬁ%g%?hﬁegca%% yc'?[%l gopaglr ies' 95 éﬁ gg v ?n% wherei n an
i mpregnati ng sotuttapléesrampesed tor deposid uﬁmpammﬂgﬂam@raecatalytlcaIIy
reactive nmetal upony r ?ﬁf it al yit | r tigsi,as used
herei n neans the progegﬁéegf%ﬁeéﬂggga rk%déﬁégah l% %3g§§8§% Egre gto a
cat al yst nade fc@h&lhelsameommptegmaar§n3éﬁhswﬂanluhm weiteld Hason@tlhad t he
hyarogen ion aC%évé%i‘ LQ u%t%}‘ Yid G %0 ratétlo%' e caakyst
activity, selectivi |v ty and/ or se ectin ormance over ti
operabildty (rerStagee wnr@mamyt)y fta e egi dmvaatcédmrkﬂwaitcegen ion

activity” as used herein is the hydrogen ion activity as
measured by the potential of a hydrogen ion selective
electrode. As used herein, a solution with “lowered”
nydrogen ion activity refers to a solution whose hydrogen

25 activity has been altered by the addition of a base, such
that the hydrogen ion activity of the altered solution is
lowered compared to the hydrogen ion activity of the same
solution in an unaltered state. The base selected to
alter the solution may be chosen from any base or

30 compound with a pKb higher than the original impregnation
solution. It is particularly desirable to choose a base
which does not alter the formulation of the impregnation
solution; i.e., which does not alter the desired metals
concentration in the impregnation solution and deposited

35 on the carrier. Organic bases wi1ill not alter the



14 March 2003 Further inprovenent in properties may be achieved by
| owering the concentration of ionizabie species present on the surface of
the carrier prior to the deposition step. Carriers are commonly inorganic
materials such as, 5 for exanple, alumna-, silica-, or titanardhe2eiB
conpounds, or conbinations thereof, such as alum nasilica carriers.
Carriers may al so be made from carbonbased wmaterials such as, for exanple,
charcoal, activated carbon, or fullerenes. |onizable species typically 10
present on the i;RErAARIAE1LYPE TR LE" fekATLUASSOHE WAL 1 DOt ASStdPles of
alum nates, soluble silicate, calcium magnesium alum nosi |icate, cesium
Lithium and coibiFst Pfs LERERESKY LRBRERLRG PHETAHEBSE abt el i BT %l e
speci es concent r(@tm%h@%m@%oacmgnlth%m@qeby 2RY cARAGSnd O hd )mdMHGH 'S '
effective in renderlg% the ioni zabl e species ionic and fenoving that
speci es, or (ii FoRedhresi@sr &t heei dAPZaBRatspacresurasdl ubl Ot ot (iii)
whi ch repders t heni-@ninZ alle a3P8C e i BERbLLE; Lhoweugr. use of aggressive '
medi a, such as acids or bases, i's discouragéd 20 as these nedia tend to
di ssol ve the carrleWhe@xﬁhﬁcﬂmPéégﬁﬁéhOﬁaﬁéﬂuénOﬁr®ﬁ1@hel%@ﬁk,P%ﬁ@i@éh@rate
acidic or Dasic a8kl ahNe ket okl LeCkhucEans of LRUSHiAg,
concentration include washing the carrier; ion exchange; at|I?2|ng
preci pitating, @ﬁtséqﬁéSF@ngg meesBednpatit epH vatskngwathedrtion to
make the ionizab| ec| b Al LLubl 0
t her eof . Exanpleg g%g %gtlgﬁ chhg%QSJQER ﬁ?o%gtggg ﬁdgpdgﬁé&ﬂp é%d/or
organlcl§olventabagy@rs@mmﬁp@msdwﬁu@htnay al 86Meentiaed pBtf az$ hydetmoni um
hydroxi de, 30 appmnai;ymgcstate, | ithaiu b bar,i tate, .
strontium acet at €, é#bﬁﬁletherapng%%gng}ﬁgk %g ﬁ?sdggéggbﬁggrnanlde and’..’
m xtures thereoﬁmaﬁwgem@mﬁe@saamrweﬁtﬁawabe pHeatrete . oEvehesmal brétdsrased
to formthe carrlerh Y { "bef e the r act ured.
the f or med carrlert o gggfpéggé or th ehd i%%ﬁlgﬁ ﬁbgﬁgéng?gﬁﬁals used
to formthe carGQ$uﬁﬂ@p be mm@atedtbehdhedtheseaameeeffscnamafamdures When
the carnpker nater e Jd qat f,Q arrier
further ?nproveﬁ%ﬁﬁyéié ts ggh%%t%% trea 6%tﬁee§uf ggggggE?ﬁ §%§forned
carrier. Foll ovvi“m@arsermmfﬁf qna@qeomnmlelas%pmmes pasheadditien. i sHigh
oppionanty Al edaeudG SR Y ALRRS oS IR NALALLD B0- 2EOUS
sol ution, drying 4% recommen way 0z exd He process w
descrlbed i n 10 peorie wetraid fhﬂwayeaataiwmm &ddlmabhe bdrhvheoxaQQth@hase
production of e al epoxd dat i t
carrier is sel e(%foe)gc? eﬁsee htZ" c%g%vggfsazlrﬂéﬁdiioﬁagﬁgnqﬁﬁ %gggﬁéi f% Elgn’ al I y
an inorgé@nic . Xewtigry algnsicitwsing ol fiamiltd,esan #heni hhebased carrler

such as a-alum'yﬁdition is too low, the hydrogen ion activity will not
be affected.
As described, the process is effective in improving ﬁg
at least one of the catalytic properties of a catalyst v
25 wherein an impregnating solution is used to deposit or
impregnate a catalytically reactive metal upon a carrier.
“Improvement in catalytic properties” as used herein
means the properties of the catalyst are improved as
compared to a catalyst made from the same impregnation
30 solution which has not had the hydrogen ion activity .
lowered. Catalytic properties include catalyst activity,
selectavity, activity and/or selectivity performance over
time, operability (resistance to runaway), conversion and

work rate.



In the case of a-alum na-containing carriers, preference is given to those
. having a specific surface area as neasured by the B.E T. nethod of from
0.03 n2/g 20 to 10 nk/g, preferably fromabout 0.05 n2/g to 5 nR/g, nore
preferably from0.1 m/g to 3 n2/g, and a water pore vol ung4addaraidled by
conventional water absorption techniques of from0.1 to 0.75 n2/g by
volune. The ' .n B.E T, nethod for determring specific surface area is 25
described in detail in Hrunauer, S., Emett, Q Y. and Teller, E., J. Am
Chem Soc., 60, 309¢3chd938pr SAIFAMN 1Y RAS AN :aal WALNB.CORhAL Peflby
carriers are particularly preferred. These a-alum na carriers have

rel atively uniféPhEpoPre gh%n%@%ﬁ%@%ﬁﬁﬁ%ﬂ%aQﬁn%9nﬂGPPye3§Péﬁa?écPé?ﬁ?éﬁ by
having B.E. T. SB%C'tEszﬁk'E&@@eoPr&@é @Jréf&mp&l%vﬂ?c/ogtm deBbLgciBref erably
fromC. 1 n2/g to , and water pore volunes of fromO0.10 to 0.55 m/qg.
Manuf act urers oft&dch 85FFF%¥% 3 ¥R | CRIETQWYY o CTEmiicamateTdaMEr snCR08s:
Process Broduct $,COLRAMAE EON, il ALt egh Gatal yshS ¢ skRes a(HSkLg- The carrier
is typically inpregnated W th net al conpound(s), conpl exes) and/or salts)
di ssol ved in a 5°88PtaBEe $b| GRMRiIRAFIoRS denepfoagsieht Be dévmind-

deposi tion on t@gleearbgméésexcf@ﬁrpérg LAl ¥ #akut koByi S, Usgh. the
i npregnated carrier I's subsequently separated fromthe |npregnat|on

sol ution and t h&agegosrtedlabs afucdnpountPy xadpleed chericrslnetakivated
state. In the praeess of t ?E’lié‘i’@rﬁ‘ééonﬁérﬂgzatm%r %%%ralegn gg&hvu&g of the

I npregnati on solutlon is lowered prior to beginni aeposition

i npregnaPi on pr EesSNtThE t9®|t®¢rgm@¢©g¢wnqcﬂﬁ%ﬂﬂ&ﬁﬂ GﬁCﬂ@ﬂEaHOépgmvdation

catal yst begins QubLe;basi &1 uithc oLt 00, seegdﬁﬁ%ec%tea&e&mer 15 | over

t he hydrogen ion activity 'S partlcu ar egsirabl’e to chose a base
whi ch does not alegaestha, fé#ﬂml®@$bhl©ﬁt¢kmﬁammMBgnaﬂmenmsobuﬁlon such as
organi ¢ bases; hapgygr u'oRsCBﬁé‘Eéé'ﬁ th@wé“ﬁtr?& % %*a'b% %nﬁggble

i npregnati on sol Gt on is not a concern. ases ol

Exanpl es of str@@nga§e§Onﬁenu€i@ta¢lkymW|mdmm:ln@hede:b,y goghmaens
t et raet hyl ammoni i meg cxlidee  20Q IPL Al o YEHAKL 465 12191033 b ENHAL

hydr oxi de and ceS|un1 r oxi de i nations of ses nay al so be use8S
order to nalntauwnuheaddsmﬁedv259|ﬁb@bgﬁ@&¢t&ﬁsdﬁhtﬂ0ﬁ M@nwmla@mdﬁrand

metal |oading, ag Orl%%q_é%f)@gs?pé?g% s 38n 161 (@Rl hyd anmoni) Urd?h*l%%r %‘n@%r

preferred. These desire eve ase additions ty |ca result in

"measured pH' cltdiegé ondirgiag $P©ﬂ1@boumebE1¢x)hﬂxﬂnena Uﬁ@ahf2|ng that t he
measured pH' i Q:e@%tlv% FnEH?a?fEuéhné‘f? Lbeqd oy egnad ']h%%ts%@u'r% Rqt

aqueous. If an e ess of inpregnation solution is use e | npregn at ed

carrier 2i0s subsegudrmelsg QegaﬁateddftonﬂLﬁQObtﬁthqncanﬁmm® tehé réao ioed

{Tgt "S'r O\‘iioggound It e HGRY 1 239 £ FEAMPLET Su £OMRON &Sl e UL e 1WA K 6 g G Emel Y
sites in the pores. Effective means ¢of lowering
concentration include washing the carrier; icn exchange;
volatilizing, precipitating, or sequestering the

25 impurities; causing a reaction to make the ionizable
species 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,

30 ammonium 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 1is

35 manufactured. The formed carrier may be treated, or the



14 March 2003 _ g _ an inprovenent in one or nore or the catalytic

. propertiesof the catal yst when conpared to a catal yst notcontaining such
conponents, nay al so be deposited on thecarrier either prior to,
coincidentally with, or5subsequent to the deposition of thagqaarhyzoozal |y
-reactive netal.If the above described ionizable speci esconcentration

|l owering step is utilized, theconcentrati-o® of the ionizable species
present on thelOcarrier surface is |owered prior to the deposition
orinpregnati on mgdedrid onivall &SRS Rl €S8Rt e@Nmal 8s' tredtéd Beddm na
carrier, for eﬁggyle, typically include sodiunlgotassiunl_aIuninaLes,

sol ubl e silicat®s THTIUM™R LAnCeGm SR E8e§2 T ARGT bR Hatl%ons

thereof. 151t hasrdegred b diate IHd Calreserang i) ether afioisar are
particul arly undesirabl e ionizable speiggs i nan epoxigation cat%%%st. The
sol ubi | i zati on YREHIEH deLHaEPBe HedSired thydi f8GcEPFERSS upidd ‘
pl asma(1sCP) t echvifiv@scatididhe agIuiviofy Sidrosan sFeehesieni addser face may
be neasured by x-ra hot oel ect ronspect roscopy .( XPS); however, since sodi um

(XPS) ;
i s sol ubl e i nt PRAhRS sotif | GHE Hat! SiAHEAEL 1y rdgdyb| Bhep the

thesol ubi l'i zati pamedd B Pfosdl UM 8L s id oS WIRIhEanChemkoabt BEL I ©1v:«,
speci es renoval . Anot her neasurenent technique25is to neasure the
el ectrical cond®eY+W9 t{5 ofetEEe ™ tent sol ution. The concentration of the

undesi rabl e | oni zab PSPAFi &S g QUETER B RR%RANS WRI gBstsigdd enlive
i nrendering the ionizable species ionic and renoving that30species, or

renderilify the iBRTeaBtedsheldest i GRicUbite,s Witrdd@efiary thRe VABAR: o 2SS

speci es i mobi | groMeansed f&Etd Y&k dbd OVBIdNK ARG GANGENLHBKE QAL Obn T
t heundesi rabl e i oni zabl e species on the surface includewashing, ion e
excharnge, vol af#F#Z%8Fon, precipitation, 14 March 2003 _ g _
sequestration, inpugity: ContEol, and CONNNAILNS ThegOkasEl gaNghng of an
al um na-based carrier may be efficiently and cost-effectively acconplished
by washing or i®Ro¥xenbhee. CR@yCaBIIAY oFs dafRitilad lof aredwGirAgtRe 5
concenty@tion ohatbe, yndesheRble | A0 ZabIo RPClPS RifANba A bheklar | y
the anionic ionizable species, and nost particularly 1onizable silicates,
may be used. Theuchraseg-asumhea.optionally dried; however, when the
removal process is Eé mgshing d%yip is . reco nded. 10 Ther%arrier IS

i mpregnated with metBl “T8nS2oF Conpothdft)e B VXY Aid/-6FS¢al t s)

di ssolved in a pueFabkgcsolyegtvenftd Ctiesde tin ol tdi deSicr edrdepesi tion
on the carrier. Wien silver is the deposition material, a %&@i%gl 2
deposition is fRERF12FOMABSWESE 3B prerBripl y #¢0RA 2o HEWloof ™sf 9 ver,
basi s the wei ghtoofl ot e/ Otpite £t s tErhh @O @at e/ gats | Bmli/g,
subsequent |y separated fromthe_sol ution and the dgposited netals) conpound
i s reduced to nBPAPI FECSPFIBLY 5BO®NR: b & Priofol 8r s2MayA bvéa'ife’%)d’sqrteed

ei ther prior toycgameckdentakhyeWi b9, cOhvEMNDSOMENatOr thesderasint i on of
the metal, promoters for epoxidation catalysts are typically selected fron@%

sul phur, phosph&fGENiFYEENCET FLEMi Rel EPoUp’Y A AT RGN GBIy VITRE netal s,

rare earth 25 mgtal.s,. asdnheanBorabibe8smtiNengoipedNei Pronmie maiceriial is
typlcallg conpounds) .and/ or saltsl_gg t he pronoter dissolved in a sujitable
|

sol vent22For ol 8fPR TIPS dat AGR26 BRNRRYEF s, S O G U et alls AE

typically sel ectred 1fergmeRQt gsShawm chuki dsgsn , 360 cesoome | i 1d9Bsym  sodi um
and conbi nations thereof; w th potassium and/or cesium and/or rubidi um
bei ng preferred. EvERLFBLE BYBEEr PEIOLEMEBADFPRER DALY RFHIFADIYS at

| east one addi tignal, 3aun.| 41863k s oUCh, 35, CESL UM PLUS. POI AR YDy Lest um
r~lus rubidium “or ceS|un15Ius 't hiam oup netals are typically
sel ected from ma@nesiiw®ly uniform pore diameters and are more fully
30 characterized by having B.E.T. specific surface areas of
from 0.1 m°/g to 3 m‘/g, preferably from (0.1 m-/g to
2 m‘/g, and water pore volumes of from 0.10 to 0.55 ml/qg.

Manufacturers of sucn carriers include Norton Chemical



14 March 2003 - to calcium strontium barium and conbinations thereof,

. Goup VIIl transition netals are typically selected fromcobalt, iron)

ni ckel , ruthenium rhodium palladium and conbinations thereof; and rare
earth nmetals are typically S selected fromlanthanum ceri up pgesgobym
samarium gadolinium dysprosium erbium~ytterbium and m xtures thereof.
Non-limting exanples of other pronoters _include perrhenate, sulfate,

nol ybdate, tungstate, chronate, phosphat e, ‘borate, sulfate anion, fluoride

10 ani on, oxyan'gons of Goup IIlB to VIB) oxyanions of an el enent_sel ected
from Groups | |IFFOERTDUGIPHIE Qreqratdogepnd-Unitedngpbplyatis W h
ani ons of hali de@cx and oxyani ons sel ected fromGoups IIlAto VITA and I11B

through VIIB. The apount of G oup I A netal prom)ter is typically in the 1S
range of from 10 pp efocalré'd(F*p[}rﬁ LoRpraddyd 1R reAB 2Bt ar  thymeied lght of t he

total catalyst, c@ﬂﬁotﬁrﬁlﬁ(ﬁ’owbrﬁﬁﬂebc (ré%t aland /g 1s@3% (5han13680vepmn expressed
as the tal, k?ﬂt of the tot catal yst. Ot her enbodinents of the

i nventio prOV| § VYUY mad lt‘fﬁ'ecnljfetﬁr 688S8eSPPUSES HESLr i bed.— The

resul ting epoxi di@;bd>@ﬂt£:ca‘t adrysttlﬁe joastridascr |Ilfe‘éx%re%SU§leﬁ1@fe@ﬂﬂ£tMﬁpour
phase production of e OXI des, especially ethyl ene oxide. gl cal
epoxi dati on pr o®®Est £ LS Hﬁfcﬂ'v 9§ FHHLFGRCERES FeES LrAt bs as‘r1 SRIE§N e

f eedst ock 25 toS@paﬁ@m&rmda dreniie deynd ot 4ot uehi oat Bithenge Oxygen,
car bon di oxi de, nltrog?en and ethyl chloride, is passed over the catalyst

bed at el evat edi$RRILRPD IR} GAFECRING .5 Tﬁé‘u@éﬁaltystltéo‘ﬁ%@?%%l‘f he

feedstock to anseatéet st reamgrRALe Migh QQ%%'tQ%net hMéeHw%yéie icd
Ni t rogen oxides (NOx) nay al so be added to the feedstock ' to boost

cat al yst conver%?Bth%X‘f%fr N PR R Y Bwnised Ubt@mplies LAV EFe R | PUSRF atR t he

invention.  14pMal &M R90he ldeda@miles dr J_@ﬂ'brr'ﬁcﬁ'é%lgﬁbbeoée§l§0w§hé he
carriers used for the Exarrpl es. TABLE Z CarrierAB8 . T . Surface Area

(m/g~0 . 840 . UIYARbr IHSUIRGIGH EOLY.IPke T2y @§hGBPP<éHth0(*k@§talYSt

"' 6.538. 07Tot al LEYL £s VPh e KdHi/Q) so f0.AWRQAGURII AN \Baper D anBtgsr
(m crons%"' 1.82, 75i 02 (%) 0. 50. 8Bu| k Aci d-Leachabl e Na (ppnmw) 438752Bul k

Aci d- Lelthabl e i@‘ﬂ%ﬁrﬁr@ BEACHERAK AGTY-ASTcHAD e G& (SpBAF267B8BLY k

Aci d- Leachabl e Ads Cpppvd 7d4 16R3RuIK b%csled WG YYE Fo@alter the
(pprmn) 8081B79al oha Al um na (~w) BalBal
formulation of the lmpregnatlon solution, such as organic

bases; however, if changing the metals concentration of
the impregnation solution is not a concern, metal bases

20 may be used. Examples of strong bases include
alkylammonium-hydroxides, such as tetraethylammonium
hydroxide, and metal hydroxides, such as lithium
hydroxide and cesium hydroxide. Combinations of bases
may also be used. In order to maintain the desired

25 impregnation solution formulation and metal loading, an
organic base such as tetraethylammonium hydroxide is
preferred. These desired level cof base additions
typically result in a “measured pH” change ranging from
about 0.5 to about 3, realizing that the “measured pH” 1is

30 not a true pH since the impregnation system is not
agueous.

If an excess of impregnation solution is used, the

impregnated carrier is subsequently separated from the
solution before the deposited metal compound is reduced.

35 Promoters, components which work effectively to provaide



a Met hod of Brunauer, Emrett and Teller, 7.0c. cit. b Flat P ate Crush
Strength, single pellet ¢ Determned by nmercury intrusionto 3.8 ~c ~.0 Pa
using Meroneritics Autopore 9200 or 92.0 (130 contact angle, 10 0.473 Nm
surface tension of Hg). Carrier Washing Procedures for Exa , 5,
6, 7, 9a, 10, 1l1la, 13 Caxrier washing was carried out by |nn3ml§?§?'#g 210(984
grans of carrier in 300 grans of boi~.ing ge-ionized water for 15 15

m nutes. The carriex was then renoved and placed in a fresh 300 grans of

boiling watez~ r mnutes, This procedure was repeated once
nore for a tot a%rqojfrgé]ﬁ‘g%{?rgnﬁe{gsioonn% % SRFECRIpSRt cekélyhiFi BEORREt1es

separ at ed from ehetwatertakt driteth icompareld tveat ichakggsevgprat 150C for 18
ZO hours. The drj | e s.then used for preparation of a catalyst by .
the procedures %%Jﬁj?lnqg{cf{q ng]’f%% %WH%&%&'E@%P&F’ bejdeRppéhegons ie

| mor eanat i on Sofar¥iogr /e sileepEmmegxacdhne igkeagk 139! ui'tﬁﬂ- oyas prepared
by the fzol | owi n X 5 of r.eagent - grade sodi um hydroxi de were s .
5 di ssolved in %gﬁgﬂ{e%ooﬁzeegie\ﬁﬁsé lgjﬁdotfhéh?eﬁﬁéﬁétfﬁﬁéa%\blé adj usted to
50 C. 1699 g hixgequirve yme'tSpgect ropure” silver nitrate were dissolved in

2100 m de-ionized t he, te rature was _ adjusted to 50 C. 10 The

sodi um hydr oxi de so utﬁen%\%/gjé}eagﬁgﬁrpéﬁﬁa yOoroZeRéesFPgEtehi trate sol ution,

With stirring, awnden it fiowg d ngolsitleipon st eFpeLatyr ecge 50 C. The

m xture was stirred for .15 mnutes, .then the tenperature was | owered to 40
C. . 15 Water \Néac'rsm?eenr}-‘or\r/aetd‘c?nré) ttﬁ‘g FPECIAPE-5t EPEFéEEcBIPACR heORi Kidig St ep

and t héOconductdastiyemfsunfacsatier LosMireld geabai pedcsediupyand; sitgate ions,
was neasured. An amount .of fresh dei onized water equal to the anount

renoved was addel FREKE O™ KESH - voniggbdei 6RSCTRE present on an a- ™

alumina carrier, for example, typically include sodium, N
potassium, aluminates, soluble silicates, calcium,
magnesium, aluminosilicates, and combinations thereof.

15 It has been found that silicates, and certain other
anions, are particularly undesirable ionizaﬂle species in
an epoxidation catalyst. The solubilization rate of
silicates may be measured by inductively coupled plasma
(ICP) techniques and the amount of silicon species on a

20 surface may be measured by x-ray photoelectron
spectroscopy (XPS); however, since sodium is soluble in
the same solutions that silicates are soluble in, the
solubilization rate of sodium becomes a simpler check of ﬁg
the ionic species removal. Another measurement technique

25 is to measure the electrical conductivity of the
treatment solution.

The concentration of the undesirable ionizable

species may lowered by any means which is effective in
rendering the ionizable species ionic and removing that

30 species, or rendering the icnizable species insoluble, or '
rendering the ionizable species immobile. Means
effective in lowering the concentration of the
undesirable ionizable species on the surface include

washing, 1on exchange, volatilization, precipitation,



20 solution was stirred for 15 mnutes at 40 C. The process was repeated
,until the conductivity oz the water renoved was | ess Khan 90 umho/cm 72500
m fresh deionized water was then added. 630 g of high-purity oxalic acid
dehydrate were added 25 in approximately 100 g increnents. {fgiakt@PeoRt ure
was keep at 40 C and the pH was kept above 7.8. Water was renoved fromthe
m xture tc | eave a highly concentrated sidwer-containing slurry. The silver
oxal ate slurry was cooled to 30 C. 30 699 g of 92 ~w et hyl enedi am ne ! 80

de-ioni zed wat ef]  Was i intainin tenperature no great t han
30 C. The resul%%%g so%gcﬁ'%g]ﬁmgédﬁﬁar{lﬁc d%ﬁ%rr&% %ﬁltaelcyméli?g W Sﬂ}ev%o?. 14
March 2003 _ 1 §learEnouwghe 45 n-wlaguiecudaBGeOH card ivat mrywas abifodi ¢t vhi s
solution to giv i '_qnflefg tal,yst i 4.5 %w si|lver and, a desired
cesi um | oadi ng %%eggarrp esp)ctavgelll%sl\/baéjs%ﬁo\r{n gqu‘r?t elgr 8&8&?@%"% Shi1vet sol ution
pH neasur enent sexwrangione Arsi rip la tlstrr alapaidadelo £744dpHingt ehe enpl oyi ng a

mdel 620220, 100, conti nALIaN & e5l e And .2t 1100 pdel 6. 1430. 100
resi stance thernoneter Tor tenperature compensati on. é er was
cal i brated wi t hpoosarer.cird bl @aidlablthebeifienit0 isoiutbbassphpetze, each use.

In a typical ne . . al.i t of. .t.he doped_si]ver_solution to
be used for a ca?%t{ 35{ |lr$pdralea§%§{ﬁil§2uvzvga§qﬁ Istlelrlecétieﬁt'omﬁyi b% Lrlﬁecgl asrfsheneaker
through a 2 m ccarrierd tisy EHidracied dnelliyneldtieda ploastee, syhemgehe The pH

probe was | owered int.o the 15 nmagnetically stirred solution, an he
readi ng obt ai ned KT 1 & pSpcrﬁen‘v’u g%gb s ‘“'raeschol¥}§5éd d&é’lPﬁeléqﬁFFf’W%?%%A pH. The
probe viegs cl eaned bBtevesr Each inredsyrreneraten W ctemenazedonater, and
checked for calibrati ocpis
e

Speci al, care was ken prevent accumnul ation of
Agd solids on THAF I et rt lr?é‘n‘bersa?nea.noté??crh s&é‘%ﬂﬁ‘ﬂl 8&?8?%?‘\%%% Trbved by
soaki ng the pr obe: tab amoni wan thydrfoki des rsoltad icamseasheedesneaded by t he
manuf act urer. Eé(gngslletlléin (Oglorm]arac_jtgrve. - Ba CaselCarri.er b V\gshi nf%.éA
catal yst precur oF _ Wals preparechrorﬁlfarr'ri R 59’ I8 tPst8u f%%? Jg % he
carrier to carrmetemssh rg.tFoldaowdepddie wash,s dpjaroXi mat ébyw89, grans of
washed rrier A were aced under .33 kPa vacuum for .| mnute. at
anbi entlcflerrpera?ﬁ? ?rﬁjﬁo ’f%[&elv g{ﬁd\&aﬁnﬁc’fgfsltq‘rYgri’n%’Pééﬁagbﬁgw%b% i on
was then introdofethé or3falumerlsest he Treg rimgre @ad eldheavadaum was
mai ntai ned at 3.33 kPa for an additional 3 .minutes. .The cesiumtarget was

Thy ke Segh

450 ppnt gram fi NPRRRE TR Ay yATRE RS SHYT 8 8R8el"End the excess
i npregnati ng soddpbontedsmeeabyed domppude Catmldisiedre- aetadl iby
centrifugation 9&15’99, rpm
20 One or more promoters may be deposited either prior
to, coincidentally with, or subsequent to the deposition
of the metal. Promoters for epoxidation catalysts are
typically selected from sulphur, phosphorus, boron,
fluorine, Group IA through Group VIII metals, rare earth
25 metals, and combinations thereof. The promoter material
is typically compound(s) and/or salt(s) of the promoter
dissolved in a suitable solvent.
For olefin epoxidation oxide catalysts, Group IA
metals are typically selected from potassium, rubidium,
30 cesium, lithium, sodium, and combinations therecf:; with
potassium and/or cesium and/or rubidium being preferred.
Even more preferred is a combination of cesium plus at
least one addit:ional Group IA metal, such as cesium plus
potassium, cesium plus rubidium, or cesium plus lithium.

35 Group IIA metals are typically selected from magnesium,



35 =or two mnutes. The catal yst pre-cursor was then dried 14 March 2003
- 14 while being shaken at 240C for 4 mnutes in a streamof air flow ng at
11.3 m/hr. Exanple 2a (Conparative - Hase Case Carrier A No Washi ng)
Carrier A was inpregnated as described in Exanple Via;, howgdaWarchizdodarri er
was not subjected to carrier washing. The cesiumtarget was 400 ppni gram
finished catal yst. Exanple 3 Carrier A was0osdbjected to carrier washing and
i npregnation as described in Exanple |a. The cesiumtarget 10 was SO0

pprf gram fini shedceahal yotontiumddzadi @), 3RP0RMIeAUS ibaL! @akRybammoni um
hydr oxi de (TEAS-T) was_added to the stock i npz~egnation sol ution at a

target of 117.8rAHEr BAbF eSTTE F M ONF Il e, P lUcewdy BRéSRYER0EEATI on

activity to a -ppasuled gl Qfcidd: /. rdt%e%lﬁpl &rhAurat 3y 3hdas, PheRared’
in the same manner as that in Exanple la. The cesiumtargef was 720

ppm gram fi ni seedbéapal§as . tiTpre@di tawh, rafRAR aRidh diesdisy ade ﬁywat:élllﬁnd
added t¢ the SE@@Ec%@EUHQH Bhnénd ALGEt i L7 r%dc{)y{ﬁr@m's%ﬁxagqﬁw/ M Ag,

to | ower the %en activity fo a "measured HAReo, was
di ssolved in wataélp aRduURddeYsP Yo § hem st odid Wbl mﬁttﬁrhtlampr evidd@ixtyres

m cronol es Re/ gpamebieni shgg cahalyst e ﬁ% clﬁ;s?o'sd_@qo r%fmoq;%rrl er A were

subjected to carrier washing then i Oomlo boiling 5 ~w
aqueous TEAH f dnczedgi ﬁ@ﬂ-’ééenﬂ‘h@r cwlf@?em\/a@,o}tﬂ*@ﬁ@epeﬁmafqeom t he

sol ution and wag Q%Q?E%peghsggxaw hbﬁ?éié,”gsd\%%eoa&&%@ M ildee Carrier

Washi ng Procedur he'carrier was then Use prepare a catal yst
accordifg to theipnocedyraidescpribédonp ExEdpte BIEM tdxyeriimres wiednpH' of

13.6. Th 0 h |
75 Exanpl o 6 CATIEY RS Euof SOl e aE Bt 11 of GARH i Hhid AR RaRa] ok

as descri bed i mebednplad tisawitheacéshanvf angkiders &30 qnp,rdrgrcam finished
catal yst. zn addl t| d IferQ <3N qf’%e#%{ wer e, [gderg : 2§1e SIACK vrtE.

i npregnation solution, I"wer i g rogen 'neasur ed
pH' of 12.5. E@hﬁﬂamdhnt of Group IA metal promoter is typlcally in the

15 range of from 10 ppm to 1500 ppm, expressed as the metal,
by weight of the total catalyst, and the Group VIIb metal
is less than 3600 ppm, expressed as the metal, by weight
of the total catalyst.
Other embodiments of the invention provide catalysts
20 made by the processes just described.
The resulting epoxidation catalysts just described
are used for the vapour phase production of epoxides,
especially ethylene oxide. A typical epoxidation process éi%
involves loading catalysts into a reactor. The feedstock
25 to be converted, typically a mixture of ethylenea, oxygen,
carbon dioxide, nitrogen and ethyl chloride, is passed
over the catalyst bed at elevated pressure and
temperature. The catalyst converts the feedstock to an
outlet stream product which contains ethylene oxide.
30 Nitrogen oxides (NOy) may also be added to the feedstock '
to boost catalyst conversion performance.

The following Examples will illustrate the invention.



1

Carrier A was subjected to carrier washing and i npregnati on as described in
.Exanple la. The cesiumtarget 10 was Q0 ppm gram finished catalyst. In
addition, LiOH was dissolved in water and added to the stock inpregnation
solutzon to lower the hydrogen ion activity to a "neasured pifEh 2802-
Exanple 8 15 Carrier A catalyst was inpregnated as described in Exanple 7;
however, the carrier was not subjected to carri Er washing. The cesium
target was 400 ppnigramfinished cata~.yst . Exanple 9a (Conparative) 20 A
sz hrer solution was prepared as described in Exanple '7. The "nmeasured pH'
of the solutzon was 13.2. CO- was bubbl etll sl o y through the solution until
the "neasured pH' was 12.0. The solution was used to prepare a catal yst as
described in Exanple la. 25 Exanple to A catal yst was prepared in the sane
manner as tbgaémphe&xanple | a. The cesiumtarget was 650 ppm gram fini shed
catal yst. zh, éggégéon Li OH was dissolved in water and added to the st ock

i npregnat i on to lower the 30 hydrogen ion activity to a "nmeasured
pH' of 13.2 and NFRIRE®, L v3ROWR 9 \"eF HigrRatlepdafidr atlie Examales st ock

i npregnation solution to provide 1.5 magtangl es Re/ gram fini shed catal yst.

14 March ZM%W%G@HMHQ——B%WW)
Carrier B WadTHi8¥ to prepare a catal yst as describ®d in Exagfi e la. The

cesiumtar OBTEVES Sa0F e Zyr e | ody gl Vét _Exanpl e 12a84Conparax|9\7le - Base
Case Carri ) Carrrer—B—was—Tnpregnateg—as—ds t-oet—t
Exanpl e 1laj %Eér ol el ) not subjected g?Zarrier &%Shlnq. The
cesi um t ar [g@rusasS 5oenGPAT geEm Ti ni shed catal yst. FXabdle 13 [@d7 er 8 was

used to prEpFEL] Fp&AE WY BImdS(MISRPIHoed 10 TN EXanpheshg,  1he cazoun tar get
was 550 pp : [T { E?—Ln—iquLLgnr_L_ChLuas,dlcenlvnd Ln
wat er and PEERHREPPHe RAYMRE T EGFASAn sol uti on| todl ower t e Thydr ogen

ion activ~ Syozto(@" rreasured pH' of 13 2. Exam I e [ld.35 A cata )BSt vvas

prepared a € T owever—the -et—wers sthi€ct ed
to carri erbB&flﬁl%%f&:rjrﬁe Ces uérjn arl(gjép s 500 ppm ?%?n fini srgéf catal ydt ..

The cat al ysBelh-AGkdnptachibla K vwerawlsed to produfBSet hyl eng 488 de frdm
ethyl ene angh DRYRETE -KedfhadbiE T Qpmwd Cr Ushed caf ghysts wWelgdgoaded 1int o

a 6.35mm i hsi-de—di-aneter—stalnless-steel ILch:\nan uhe The ULt ube was

i mer sed i PPALROATEN-TRACRARLR B Y HERMWIedi un) and | A&%ends wer€S@onnect|ed
to a gas f mwyﬁémLé'i\ﬂqa/}ﬂlegmloqf (pﬁﬁwpat al yst upegls and the 1|3r7I9et gas
flow rate € L':u t chieve—=& oas 25—hotit ly é}fCG e -gcd y e+—6900
m of gas perPit o um Ch@ per hour. The inlet qa% Dressur e s 1450¢

:1

kPa. 5
a Method of Brunauer, Emmett and Teller, loc. cit.
b Flat Plate Crush Strength, single pellet
c Determined by mercury intrusion to 3.8 x 10' Pa using

Micromeritics Autopore 9200 or 9210 (130° contact angle,
10 0.473 N/m surface tension of Hg).
Caxrriexr Washing Procedures for Examples 1, 3, 4, 5, §, 7,
9a, 10, 11a, 13
Carrier washing was carried out by immersing 100 grams

of carrier in 300 grams of boiling de-ionized water for 15

15 minutes. The carrier was then removed and placed in a fresh
300 grams of boiling water for another 15 minutes, This
procedure was repeated once more for a total of three
immersion, at which point the carrier was separated from the
water and dried in a well ventilated oven at 150°C for 18

20 hours. The dried carrier was then used for preparation of a
catalyst by the procedures outlined in the following
Examples.



The gas m xture passed through the catalyst bed (in a_, once-through
operation) during the entire test run (including start-up) consisted of 25%

"~ ethylene, 7.0s 14 March 2003 - 17 oxygen, 50 carbon dioxide, 63%

nitrogen, and 2.0 to 6.0 ppnmv ethyl chloride. The initial reagamh Z003at

medi um) tenperature was 180 C. The tenperature was ranped at a rate of 10 C

per 5 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

Per f or mance datg at thii.congeision | evel are usually obtai ned when the
catal yst has be d H5i?Btal of at |east 1-2 days. Due to slight
10 differences in fredigasrcanpostdxOdatcgascddiovssnitton and phepeaakidbbati on

of analytical in trunggts.used to determne the teed and product gas
conposi tions, thBnE8suPBY"SePEREFUFTY  and activity of a given catal yst may

vary slightly from ane test reagéottdicadexsdodlbm Thgdidiidealveper f or mance

val ues for sele tgviﬁzegt.l.2§ 5t££len§,oxide wer e neairr % agg are .. *

reported®in Tabf&SPPIVedTAR £31P Mhef? ol pRheed Crar ettt dticc & BP SEACET st s

Exanpl e Carrier wRseabigpsegaatbonoCendi tion Base Additionl npregnating

Sol ution "measured REQQSglggggvéazity “Spectropure” silver nitrate were
dissolved in 2100 ml de-ionized water and the temperature
was adjusted to 50 °C.

10 The sodium hydroxide solution was added slowly to the
silver nitrate solution, with stirring, while maintaining "¢
a solution temperature of 50 °C. The mixture was stirred
for 15 minutes, then the temperature was lowered to
40 °cC.

15 Water was removed from the precipitate created in the
mixing step and the conductivity of the water, which
contained sodium and nitrate ions, was measured. An
amount of fresh deionized water equal to the amount
removed was added back to the silver solution. The

20 solution was stirred for 15 minutes at 40 °C. The
process was repeated until the conductivity of the water
removed was less than 290 umho/cm. 1500 mi fresh
deionized water was then added. {?

630 g of high-purity oxalic acid dihydrate were added

25 in approximately 100 g increments. The temperature was
keep at 40 °C and the pH was kept above 7.8.

Water was removed from the mixture tc leave a highly
concentrated silver-containing slurry. The silver
oxalate slurry was cooled to 30 °C.

30 699 g of 92 %w ethylenediamine (8% de-ionized water)
was added while maintaining a temperature no greater than
30 °cC. The resulting solution contained approximately
27-33 %w silver.



(o) Tenperature (C)|l aAwat er washnonell . 282. 72292aAno

.washnonell. 281 . 32373Awat er washTEAR13. 782. 72259Awat er

washTEAH13. 289. 929S5ATEAH wash + wat er washTEAH13. 682. 72226Awat er washLi NO3
+ Li OH12.582. 72257Awat er washLi OH13. 282. 72278Ano 14 March 2003
washLi OH13. 282. 02279aAwat er washLi OH + COz12. 082. 823110Awat er

washLi OH13. 286. 22391 | aBwat er washnonell . 282..522612aBno

washnonel 1. 282. 02321Svaater washLi OHL3. 282.°922614Bno washLi OH13. 2B3. 3230 . p
NOOW....~ M=, 14 March 2003 - 19 It can be seen that

si gni ficant inpr oveﬁé‘ﬁ?gpn4éaﬁ%{l JILeRi dpet Rl S hrd e athéf dere "Ry 8RdGen

ion activity of dhetaeposbt jenesel BLADENLS ¢oMEN df& Hraml% fifsect siws not
specific for a certain carrier, as 5 illustrated in the arrple where two

di fferent carri &¥V&hPBFt 2 ﬁﬁ?bi?%?re‘ﬁ?%“b‘? ot Edi mfpe R ES )pH' of the
i npregnating solgi iMRsulBnendl $echekdsesrue for a drastically nodified
carrier, as in Exanmple 5, whére Carrier A has been extracted with a

strongl ySbasi ¢ 10 sGH&FEENSOEHELABr PlhriBSa s HEeRTHR MRE S SIO8RoWF i'd Be—t r ue
when the sol uti g drohnf ABERY" 702CKH R Be ADT En@iCd H £ RHmAR 1S@EM 220D . Eyanl e
9a. In these exanples it is shown that a nore aci dIC pH (i ncreasi ng

hydr ogen i on actofitdpptiendeterreatal ak® @ het r eI nedr) catldlilPstl 00
performance, butrely dehihgel %érﬁamepsrrﬁe{@r@%@yaﬁ@iéwﬁ?@én%t%% pHrat the
system Even further inprovenent is seen when the carrier Is was hed before
the catal yti c miftedler s/agepdsibaated vhehcaprnerciakly siwidaba\d defierhat
the phepgmenon af, 168 Rl %E%%ete E8cROLsE €St fh ¢} eéiygpca@\l R d SN t20 4

catal yst fornulation, as best illustrated in Exanples and 10, vvhere a

sel ectivity enha?r@cmig adépapt, cSutheadoppdns bhyey ss%dé’dm’c & e ussFedRat i ng
solution. It wld Hg.apRar %Hbrfe@n@@?oﬁfwé’é diparyrskiidcd b e afit ghhak many
changes and nodifications mag\ made to 25 the invention w thout "departing
fromits spirit akegopbraydset EoftRraer&ihter gutagheth izodadne Z® aReVI SED

CLAING plastic syringe. The pH probe was lowered into the

15 magnetically stirred solution, and the reading obtained
after 3 minutes was recorded as the equilibrated pH. The
probe was cleaned between each measurement with deionized
water, and checked for calibration. Special care was
taken to prevent accumulation of AgCl solids on the

20 electrode membrane. Such accumulation was removed by
soaking the probe in ammonium hydroxide solution, as
recommended by the manufacturer.

Example la (Comparative - Base Case Carrier &, Washing)
A catalyst precursor was prepared from Carrier A by

25 first subjecting the carrier to carrier washing.
Following the wash, approximately 30 grams of washed
Carrier A were placed under a 3.33 kPa wvacuum for
1 minute at ambient temperature. Approximately 50 grams
of the impregnating solution was then introduced to

30 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

35 for two minutes. The catalyst pre-cursor was then dried



1. A process for preparing a catalyst suitable for the vapour phase

.epoxi dation of olefins, includir_g the steps of - selecting an inorganic
carrier; and - depositing silver and optionally pronoting naterials on the
carrier; the deposition being effected by an inpregnation sekwideR onbsrei n
t he measured pH of said solution is at least 12.5. 2. A process as clained
in claiml, characterized in that the neasured pH of the inpregnation
solution is in the range of from12.5 to 13.7. 3. A process as clained in
claiml1 or claim?2, characterized in that the neasured pH of the

i npregnation solution is obtained by addiigi-on of a base. 4. A process as
claimed in any one of clains 1 to 3, characterized in that a carrier is
used the concentration of one or nore ionizable species present on a
surface of whiial e ikeWwehafenSat AzPbO€eESr a5 wilriv@d iinN aCkALBhA, of air
characterized in that iglg cgﬂfentratlon of one or nore ionizable species
on the surf WIS RE ¢arri B/ | owered by a neans effective in rendering
the ioni zablgxaspdel es i(Crimpazadivenoviage tCrde Sfreuiies, Aor NpeWdehing) t he

i oni zabl e speci es. I (o] j Wolall | @ ,,S i [ bil e.
14 March 2003 - gerggExﬁpgggeggﬁg§Q§§%§gé%£ﬁﬁ#@ﬁ%ﬁ%@sﬁnlgﬁggﬁggte "from
washi ng, 3 ofcwededngéhey GREFLFE 28 F 0ROt pF ki §5i ttest itoh caggdaEsRraRE RS and
conbi nat i ongHeeralun EarfeRr @8ess0asppth it finiahedosatalystains 1 to 6,

further COHEEiSiE% gepositing one or nore pronoters selected from sul phur,
phosphor us, 2 uorine, Goup | Athrough Goup VIIl netals, rare earth

met al s, and conbiGratiiens At Wesestib] 8cted procranyisyr eagihvwed Bndclaim 7,

charact eri zegJ/adndt @ sGaedBri fedBl Al EdSnsial act ed TE%O%BQEﬁséiﬁg&t
rubi di u cestum_ li1thium s%g%gg%?gzg conbi nations thereof, _the Goup Il1A

net al , n W% SOF PrrY 9TaMe e um It &R PPt PAt i um

bari um and xcpeusattietrsethyleoheoniwe Grdrgxidd b TF@Hal washeddpdesenthei s

r heni um and G; : pet ' heet gdk KO It,
iron, ni ckelsftr%%tﬁ hle I 3 Halrtﬁggi %lrjnlu%\%?#a% ?n?g;r?détiﬁilggfigoﬁgéfﬁ?g‘?ie)%%. 9. A
process for GHEME RG] §P1RE EPRxi Rt VIFTot hen RYFREHEN W PR 25 bidfgerto
cont ai ni ng gamsasiekeipi'aoctatal yst prepared as clainmed in the process of
any one i e14to 8 is used and optionally at |east one nitrogen oxide
is addedto n_containing gas. - 1 - 14 March 2003 TH 1395 P
PROCESS FOR PREPARICRGaZXFAL YSFSPYEIRF e/FROVET? GATAL VRRGePREPERTRESLE el d of

the Inventi @kample 1a. The cesium target was 720 ppm/gram finished

catalyst. In addition, TEAH was dissclved in water and
added to the stock solution at a target of 117.8 micromoles

20 OH"/ml Ag, to lower the hydrogen activity to a "measured pH"
of 13.2, and NH,ReO, was dissolved in water and added to the
stock solution to provide 1.5 micromoles Re/gram finished
catalyst.
Example 5

25 500g of Carrier A were subjected to carrier washing
then immersed in 1500ml of boiling 5 %w aqueocus TEAH for 15
minutes. The carrier was then separated from the solution
and washed repeatedly with boiling water according to the
Carrier Washing Procedure. The carrier was then used to

30 prepare a catalyst according to the procedure described in
Example 3 with a "measured pH" of 13.6. The cesium target
was 400 ppm/gram finished catalyst.



The invention relates to a process for the preparation of catalysts with
Jdnmproved catalytic properties, particularly inproved initial activity, 5
initial selectivity and/or activity and/or selectivity performance over
time. Background of the Invention Nunerous nethods are knowny harch 2603
deposition of catalytically reactive netals on a carrier in order to 10
manuf acture catal ysts. For exanple, U S. Patent No. 3,972,829, issued
August 3, 1976, discloses a nethod for distributing catalytically reactive
metal li c conponents on carriers using an inpregnating solution of catalyst
precursor conpound and an organic thioacild-or a 15 mercapt ocarboxylic acid.
U. S. Patent No. 4, 0D5, 049, issued January 25, 1977, teaches the preparation
of a silver/transition netal catalyst useful in oxidation reactions.
| nt er nat i onaxapiphlel ®ati on WO 96/ 23585, publ i shed August 8, 1996, teaches
t hat boosting th : n f i I I Lkver sol ution
Saf B sEhSaL A8\ AT, et S

results in inproved properties. | i , i ssued July 15,
1980 and US impresnansongagodesgyibedsin EXamRimiA 19 TRPogesiyHt R258EMNI ch
are rel at ed W@ Qataysi/grber fiRgsreaxcdedigst of 26 Ridirliene, LAROS ifH i n
their examples. fhat sli htlé bgﬁicsgééﬁa{ qgiqi%igychla%.isop Oﬁélanine,
secondary b Whitse 25 R0 5PN EREI BRTRE HIRF BN She FCAN e ar 8°USEH Y n t he
sil ver sol uttihen hysledgen lepr 8ghavety heo cat ‘Hhegasurssl mitdr ofTR&@i-F. pur pose i s
to conpl ex tHeshlever. AVENDED SHEET - 1 a - 14 March 2003 Literature

al so warns rtain nmethods. US. 4,908, 343, issyed Nhrgh 13, 1990,
warns agai nst haWPFgi8%sP Vef SBPIEFBRI W LSS “@Fk‘dﬁ‘@ gefdity or
basicity as inparesinatighy agcddsoribadeis atxdnmie viaul d Theacksaoy bBatgachabl e

i mpuriti e rier, QLAY t i I sGat gl yet

anount s ﬁﬁi%ﬁ8g3§@r5%?99§??e5?§9§ﬁ%&p%$€%$%§%be 0 %{éé%égﬁélﬁg?ﬁiﬁégn

oxi dati on r cd@sdvedudrpypssr fBd added BYOERe SRRSF 3OPRSFBABPT 1982,

di scl oses a gyietdsh ter lpwepathaghpdsopeoriet oatiatiyst cb0aconeabnreg at

| east one netal &%gicg may be silver), by reductive deposition of the ,
nmet al s) ont&a $ 3ft‘mﬁth a solution containing the ions or conpounds of
the netal s) Exadiptlee® reduci ng the support, characterized in that the

nmetal s) pye appl iced-raRi0 At Egtawaﬁr&afs nirﬁﬁhaagirﬁal@delsa@ﬁ@%s@&i%dl east gne ]
i on of WhiECHTRL 85 Tty BRBRY b ohBeoF ST LT SIS o B 3R GANED DRSPIRG ol
aci d, the redisttingn | Thef tectod bgrdgtreyentid mpmigran ddpeshedre not
exceedi ng 3%%391ys%ﬂd no calcining 20 step i s used.
Example Sa (Comparative)
20 A silver solution was prepared as described in Example
7. The "measured pH" of the solution was 13.2. CO, was
bubbled slowly through the solution until the "measured pHY
wag 12.0. The solution was used to prepare a catalyst as
described in Example la.
25 Example 10
A catalyst was prepared in the same manner as that in
Example la. The cesium target was 650 ppm/gram finished
catalyst. 1In addition, LiOH was dissolved in water and
added to the gtock impregnation solution to lower the
30 hydrogen ion activity to a "measured pH" of 13.2 and NH,ReO,
was dissolved in water and added to the stock impregnation
solution to provide 1.5 micromoles Re/gram finished
catalyst.



It has surprisingly been found that the netal deposition and catal ytic
.properties' of a catalyst may be AMENDED SHEET - 2 - . 14 March 2003
greatly inproved by | owering the hydrogen ion activity of the inpregnation
solution. Summary of the Invention According to one enbodi mpaN4Eh 20DO3

i nvention, there 5 is provided a process for preparing a catalyst suitable
for the vapour phase epoxidation of olefins, including the steps of: -
selecting an inorganic carriers and - depositing silver and optionally
pronoting materials 10 on the carrier; the deposition being effected by an
| npregnation sol ution the hydrogen ion -aét-ivity of which is | owered by at

| east a factor 5. In particular the hydrogen ion activity of the 15

i npregnation solution is lowered by the addition of a base. Preferably the
hydr ogen | aakafdlie/i 1)a ofCdnpariatpivegrabesa Satetdarrisr IRyweraathilyg)a fact or
of fromfive to 0 I u di fd QUILeS..
correspond to rac‘l%sélltr}g ﬁé;qﬁﬁ %ﬁgﬁqg‘ge SE%?P%%U&;%]%&W?% g%ﬁ%%tl?’g% y.
Descri pti onifEx3wepl® diter r SPCERSEINRERBEIRE VRS SRR PV EFEM Fataty®Eri ng
the hydrogefdminacidai tobnpfarlte vienpr 8gBat Co8e SOAEi )N BiSed Wastepgsi t 25

tal ytical . tals. ' id t al_ ysts._which h
| mor oved cat al ytTEhTpet (1 STRIERTASSHCEVPRYST SN FARAR SBhe

activity antbwsvese/ ertte \daxriser Wasnantesobiectedeto dargirror ea@shiisgbel i eved
to work to Jroyes (e HLReICS 08l pPRBSram finished catalyst,
Example 13
Carrier B was used to prepare a catalyst as described

10 in Example la. The cesium target was 550 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 14

15 A catalyst was prepared as described in Example 13;
however, the carrier was not subjected to carrier washing.
The cesium target was 500 ppm/gram finished catalyst.

The catalysts of Examples la-14 were used to produce
ethylene oxide from ethylene and oxygen. 3 to S grams of

20 crushed catalysts were loaded into a 6.35mm inside diameter
stainless steel U-shaped tube. The U tube was immersed in a
molten metal bath (heat medium) and the ends were connected
to a gas flow system. The weight of the catalyst used and
the inlet gas flow rate were adjusted to achieve a gas

25 hourly space velocity of 6800 ml of gas per ml of catalyst
per hour. The inlet gas pressure was 14500 kPa.

The gas mixture passed through the catalyst bed (in a,
once-through operation) during the entire test run
(including start-up) consisted of 25% ethylene, 7.0%



30 catalysts wherein netal is deposited on a carrier by use of an
.inpregnation solution. AVENDED SHEET @ 3 _ 14 March 2003 Catal ysts are
commonly made by depositing a catalytically effective amount of one or nore
catalytically reactive netals on a carrier to make a catal y84 pMAr&§ 2059 -
Typically, the carrier is inpregnated 5 with netal or conpound(s),

conpl exes) and/or salts) sufficient to depQ%it or inpregnate the
catalytically reactive material. As used her'ei’n, "catalytically effective
amount" neans an amount of netal that grovides,a measurabl e catalytic
effect. 10 The iMyPegnabedceaPPh eflioprdattldy stityrsctrsanrd 2s0di? ed in the
presence of an af nP$PREr ecWhichnabspqd educes the catalytic netal. Drying
met hods known in the art include steamdrying, drying in an atnosphere with
a control | ed oxygenTé6néBAEiali BRACEHPY i MFath Mesdud nferpesphvsphitdes, air
drying, and stagegd diyi NgnustBEndr SthitablSs ramped ot Staged Lenperal We
curve. In the process of the invention, inprovenent in the catalytic

properti s are deerr Vivem 2R NEtBP #&posFtiand ithesf PEjredeBysasas dfo an

| npr egnat i on sol ;R WI088n 202 AY JE PP AP A Vidve1has besny) operad
"Hydrogen ion activity" as used herein is the hydrogen ion activity as
measur ed by the qyétlertt gas éﬁraaﬁydrB@€§P¥mﬁﬂQﬂﬂ&é@@i@é ghéet Foreer oy sed
herein, a sol utiQ i GLhe"L,QURT €¢" Byl REENHAN Bl IddhY yEef BES £

sol uti on whose hy fbgene25 actigi?y has been alterg byyfhe add%t?oﬁxbf a
base, such that strearydesgeéntprbalaetiat tieadt the slaveredDsel bei ohighe

| overed gonpar ed; i -1 Iy di 0088e 1 0fa ACLAND o ord, N 3AER ROLHELON ddk AN
unal teréd state. e base selecte o alter t%e sdl ution rmay be chosen from
any base or 30 ddwwpouddbwiathoa pKbahalheticdhan nsteumengisnalsednppegnati on
solution. It is ticul.a Lraple ; Jﬁﬁ% A\ d not
alter the fornuf%?%gﬁﬁg ?hé ?%%Pegﬁgt$%ﬁm%%?3%%b%§ |.§}¥@&ﬁ?éh9§%es not
alter the desiretkamirsds sedrcsarityi andi actiel iynmiegnativen saratysh mawd
deposi t.ed 35 on r.rj er nLec..b i | alter the AMENDED SHEET
-5-, 14 Nhrcﬁkggb%ﬁﬁﬁbgﬁgrg?%%r%ﬁ%ng§%§i¥$¢w%$géfié?gﬁéy be achi eved by
| oweri ng 5t he concentTret ixgi takli prirabhenspecd v prissermelestinetyuat al:<—:5°%pf
the carrier pri Oétﬁ@%rrée o@%&%sk«%'rgnfnégﬁ{?re% #?Jr% Y o‘i‘%@&o%ym‘%ﬂi’é I C
materi al s such as, or exanple, alumna-, silica-, oOr titanl a-base
conpounds, or conbinations thereof, such as alum nasilica carriers.

| oni zabl e species typically present on the inorganic type carriers include
sodi um potassium alum nates, soluble silicate, calcium nagnesium



10 alumnosilicate, cesium |ithium and conbinations thereof. Lowering the
.undésirabl e ioni zabl e speci es concentration may be acconplished by any
means (i) which is effective in rendering the ionizable species ionic and
removing that species, or (ii) which renders the 15 ioni zabi£\h&s2063
insoluble, or (iii) which renders the ionizable species imobile; however,
use of aggressive nedia, such as acids pg bases, is discouraged as these
nmedia tend to dissolve the carrier, extract too nuch material fromthe
bul k, and generate acidic or basic 20 sites in the pores. Effective neans
of lowering concedtratjon includel washiing| the garrief; {ion exchange;

vol atilizing, |preg¢ipitatiing, of sequester|ng the inpurijtig causing a
reaction to make wwhesi onil|zal i es|onict he- sur { [ bel and "

e lsp € ACRo
conbi nations 25 t kereofN |Exakplds|cdf V\I%h And i|8n |@xafhelJsdlut i ons
t i e

o
v
S

22

i ncl ude aqueous a@d/ or| or|gani c|sol vent {based sal uti ops whi y al so

contain tetraet hyPammoni ym hydfoxj de, ammpnijumijacetate,| i um car bonate, *

bari um acet at ef—st+entitH-agetater—erowi—pt rarpl , 30

thereofl. [The my| be treated,

el\carrilgr maly brel the carrier

i BF may .bg.tlre NDED SHEET

eh thall & gl nt in

n| t he hyd'og|en io nf 1t he

T i or{a certain
carriers

t
a
his efifect |is {not spec|fi
carrier, as § Trostrared T tihe anpire—where Tt ot fers

exhi bit inpr veg‘rents*:bf/ ijncrieasi ng "measuf ed pr‘W};L he| i npr égnati ng
sol ution. This|-al o fo| ds| trjue|fof a diasticial lly modjfi rier, as in ‘.
Exanpl e 5, WHere ﬁar'gi & |A has|hepn extlhatd ed et haa |t on ~basi c 10

sol ution. Fugthernore, | fhe: deny&rgs i s |ghown .t gubpémt [ the sol ution
is "forced" Bark tp a forlet dci di'c PH, as seer ijn Examl et 9 +n|t hese
exanpl es it £s|shewn(t hat| a [nofe facidi ¢ pH (i ndreasi ng hydrogention
activity) isAdgtrimefthl fto|the resulti cat allyst performance, {but 15 this
| oss can be peiersed by rlejilvenating the pH jof lthe system! Evenifurther

i mprovement {s| seen when thg carr|er i g _washed |before the catjal ytic netal

i s depositedzon the Bafrifer.} 14 i i dent{ ¢ hat |t he pghenonenon of the
pH effect iswnpt resfir{ctied |to agrmil ation, as
best illustrted i n Expbpled yiZ&EnBanci ng
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- 20 - 14 March 2003 0 8. 0 8. 2000 TH139SPCT 61 CL Al MS 1. A
process for preparing a catalyst suitable for the vapour phase epoxi dation
of olefins, including the steps of - selecting an inorganic carriers and 5
- depositing silver and optionally pronmoting nmaterials on t{gpRER2BH3L he
deposition being effected by an inpregnation solution the hydrogen ion
activity of which is lowered by at |least a factor 5. 10 2. R process
according to claiml1, characterized in t hat °t he hydrogen ion activity of
the i npregnation solution is |owered by addition of a base. 3. A process
according to claimItofFaR, behagewtehrdzeshgmi fimntt hiengrpedeogen ion activity
of the | mpregnatlen,3cSekubbefils dodeLedh g, faed 9, fhgthomy to 1000
4. A process according to ahy one of clarns -3, charac erized I'n that a
carrier is usedachévésnceht Ehei appo$Lohen osohmrion oid Zablezespelhés present
on a surface of Jwhi.ch ﬁ%_hgﬁegﬁgci§9c5fof‘?rgggéih?Q%ﬂﬁgk@g.%% claima4,
characterized in that said concentration of one or nbre i oni Zzabl e speci es
on the sbrface éflunsresed én rhe|byempbe Wherereans &fffegtenre camrienderi ng
the ionizable speghes l 9RbEaGOReS LU N LDAL L SRPCIGSS Ol d BIICLENg LN

i oni zabl e speci es 55 i nso uBIe, r rendering Thed i dhiZabi%e peci és

i mobi le. 6. A prosessasévordphgtioncl aTmi$ aher eioldaitduzedos Bs sel ect ed

" hing. | _ | g ) i Ditatian. .
and conbi nat| one rRsrear e ATERLEL S ER £8 BESL DA Rl S00TNE R Mt ocess
accordi ng to ang¢acméeof Achasnbedntexbradued hetticonpstsimg ydépesict i ng one or
more profoters seigeled frelLeHLRIME,  PORSPDOLYS, cDoron, Jiugrl ge. (Ggup 1A

t hr ough oup VIIT metal's, rare ear net al t hereof .
8. A process acebedi nget sodhaion7;s chhoacedt i zadk i to thatortchacddauppHA net a

is selected from_p Si; b di cesi lithiu sodi um _an
conbi nati ons thgkeg%éﬁtﬁgngf%ﬂgigl%?%Etgﬁ,ya%%% %ﬁ%ﬂé&ﬁ% ﬁslng§898d from
10 magnesi um caheitum metreoptidot bEr i Lng r amsli o niy dadqensi dnhercedfritiyhe

Goup VIlb netal,, Nols t, i hepium and the G oup Vi1 netal, en
present, is selégtgg%?%%ﬁﬁgg aF?,é?%oﬁ?s%?%k%?,c?Eﬁ+¥ﬁﬁtﬁﬁrlﬂf iy ot
pal | adi itn and c¢dridsi Aasisorsnt her eeferdéd 9oy Arpt oecesst froy thee pdiatod] yhiec

o epared accor At 0t e tede EhE BB aRpP EReShrh Rl neea BT 0B ana T
| east one nitrogenrxrroeirde si yaatldddbeborbetbrygenarpniaimetregl gisss . deposited
on the carrier. It is also evident that the phenomenon
of the pH effect 1s not restricted to a particular
20 catalyst formulation, as best illustrated in Examples 4
and 10, where a selectivity enhancing dopant, such as
rhenium, is added to the impregnating solution.
It will be apparent to one of ordinary skill in the
art that many changes and modifications may be made to
25 the invention without departing from 1ts spirit or scope

as set forth herein.
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A Fro Al Ah3R AT, AU . AL AU A . AU, U Lh=>PQU{ vql gb] X] ca] ca] ca] ca] ca] ca] ca
] caj ca] ca] ca] ca] ca] caj ca] cal ca] ca] caJ calca]ca] ca]ca]ca]ca]c ] cna]
cajcal! 03AEFG = > T U a 23./" a M4 8ibfi 2008
{vpj d_ZU] ca] ca] ca] c”a] c”a] c”a] ca] cat c&] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
c”a] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca!
ab} ~, -tuOl1&(}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (@XYO1lst z{JK(}xsnid_Z]ca]c
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a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
f1?7@U- . EFst }xsni da Zpead ¢ €8] £af oot €pd £ ad cad el vet] o] e islad e ajiea] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca cajcalte f

L LENEUSVERROS IR SRam et @fa) ]Q,J]afj%a]%a]%’eﬂld%ﬂ% Caec #HER/a] cal ¢
a] ca] ca] ca] ca] £a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca! $$$$$$$%
%) KB QUREER&&E $' % <' ="""" 8( 9(R( S(° (| wrmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca]ca]ca]ca] cal] c selecting an inorganic carrier; and

- depositing silver and optionally promoting materials
on the carrier;

the deposition being effected by an impregnation solution
wherein the measured pH of said solution is at least
12.5.

2. A process as claimed in claim 1, characterized in
that the measured pH of the impregnation solution is in
the range of from 12.5 to 13.7.

3. A process as claimed in claim 1 or claim 2,
characterized in that the measured pH of the impregnation
solution is obtained by addition of a base.

4, A procesgs as claimed in any one of claims 1 to 3,
characterized in that a carrier is used the concentration
of one or more ionizable species present on a surface of
which is lowered.

5. A process as claimed in claim 4, characterized in
that said concentration of one or more ionizable sgpecies
on the surface of the carrier is lowered by a means
effective in rendering the ionizable species ionic and
removing that species, or rendering the ionizable species

insoluble, or rendering the ionizable species immobile.
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\ Ns NNN20OYQY RDSz SSSSCT] T, X8XZ[ [d[o[ @ O ]T]1s 7}

al aNaXa~xsnhe2 Xeticed] £ on adehplval c apleozpoad e a) kad ea)] chhlea]n a)l@ajura] cal ca
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9. A process for the catalytic epoxidation of an alkene
with an oxygen containing gas, wherein a catalyst
prepared as claimed in the process of any one of claims 1
to 8 is used and optionally at least one nitrogen oxide

ig added to the oxygen containing gas.
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15 presence of at least one quaternary ammonium compound,
such as a tertraalkyl ammonium compound, the anion of
which is a hydroxy group or the residue of an organic or
mineral acid, the reduction is effected by hydrogenation
at a temperature not exceeding 300 °C , and no calcining

20 step is used.

It has surprisingly been found that the metal

deposition and catalytic properties of a catalyst may be
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Preferably the hydrogen ion activity of the
impregnation solution is lowered by a factor of from five
to a thousand. In an aqueous medium, these figures

20 correspond to raising the pH by numbers of 0.5 and 0.5-3
respectively.

Description of the Preferred Embodiments

It has been found that lowering the hydrogen ion

activity of the impregnation solution used to deposit

25 catalytically reactive metals on a carrier provides
catalysts which have improved catalytic properties, such
as activity, selectivity and the activity and/or
selectivity performance over time. The process is
believed to work to improve the properties of most

30 catalysts wherein metal is deposited on a carrier by use

of an impregnation sclution.
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controlled oxygen concentration, drying in reducing

15 atmospheres, air drying, and staged drying using a
suitable ramped or staged temperature curve.

In the process of the invention, improvement in the
catalytic properties are seen when the metal deposition
is effected by use of an impregnation solution whose

20 hydrogen ion activity has been lowered. “Hydrogen ion
activity” as used herein is the hydrogen ion activity as
measured by the potential of a hydrogen ion selective
electrode. As used herein, a solution with “lowered”
hydrogen ion activity refers to a solution whose hydrogen

25 activity has been altered by the addition of a base, such
that the hydrogen ion activity of the altered solution is
lowered compared to the hydrogen ion activity of the same
solution in an unaltered state. The base selected to
alter the solution may be chosen from any base or

30 compound with a pKb lower than the original impregnation
solution. It is particularly desirable to choose a base
which does not alter the formulation of the impreénation
solution; i.e., which does not alter the desired metals
concentration in the impregnation solution and deposited

35 on the carrier. Organic bases will not alter the
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Mﬁ"lowﬁﬁ&f()cg@%é@ﬁﬁ%&'@k c®mbinations thereof, such as alumina-

silica carriers. Ionizable species typically present on
the inorganic type carriers include sodium, potassium,
aluminates, soluble silicate, calcium, magnesium,

10 aluminosilicate, cesium, lithium, and combinations
thereof. Lowering the undesirable ionizable species
concentration may be accomplished by any means (i) which
is effective in rendering the ionizable species ionic and
removing that species, or (ii) which renders the

15 ionizable species insoluble, or (iii) which renders the
ionizable species immobile; however, use of aggressive
media, such as acids or bases, is discouraged as these
media tend to dissolve the carrier, extract too much
material from the bulk, and generate acidic or basic

20 sites in the pores. Effective means of lowering
concentration include washing the carrier; ion exchange;
volatilizing, precipitating, or sequestering the
impurities; causing a reaction to make the ionizable
species on the surface insoluble; and combinations

25 thereof. Examples of wash and ion exchange solutions
include aqueous and/or organic solvent-based solutions
which may also contain tetraethylammonium hydroxide,
ammonium acetate, lithium carbonate, barium acetate,
strontium acetate, crown ether, methanol, ethanol,

30 dimethylformamide, and mixtures thereof. The formed
carrier may be treated, or the materials used to form the
carrier may be treated before the carrier is

manufactured. The formed carrier may be treated, or the
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activity of the deposition solution is lowered. This
effect is not specific for a certain carrier, as

5 illustrated in the Example where two different carriers
exhibit improvements by increasing “measured pH” of the
impregnating solution. This also holds true for a
drastically modified carrier, as in Example 5, where
Carrier A has been extracted with a strongly basic

10 solution. Furthermore, the converse is shown to be true
when the solution is “forced” back to a more acidic PpH,
as seen in Example %a. In these examples it is shown that
a more acidic pH (increasing hydrogen ion activity) is
detrimental to the resulting catalyst performance, but

15 this loss can be reversed by rejuvenating the pH of the
system. Even further improvement is seen when the carrier
is washed before the catalytic metal is deposited on the
carrier. It is also evident that the phenomenon of the pH
effect is not restricted to a particular catalyst

20 formulation, as best illustrated in Examples 4 and 10,
where a selectivity enhancing dopant, such as rhenium, is

added to the impregnating solution.
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1. A process for preparing a catalyst suitable for the
vapour phase epoxidation of olefins, including the steps
of:
- selecting an inorganic carrier; and

5 - depositing silver and optionally promoting materials
on the carrier;
the deposition being effected by an impregnation solution
the hydrogen ion activity of which is lowered by at least
a factor 5.

10 2. A process according to claim 1, characterized in that
the hydrogen ion activity of the impregnation solution is
lowered by addition of a base.

3. A process according to claim 1 or 2, characterized in
that the hydrogen ion activity of the impregnation

15 solution is lowered by a factor of from 5 to 1000.

4. A process according to any one of claims 1-3,
characterized in that a carrier is used the concentration
of one or more ionizable species present on a surface of
which is lowered.

20 5. A process according to claim 4, characterized in that
said concentration of one or more ionizable species on
the surface of the carrier is lowered by a means
effective in rendering the ionizable species ionic and
removing that species, or rendering the ionizable species

25 insoluble, or rendering the ionizable species immobile.
6. A process according to claim 5 wherein said means is
selected from washing, ion exchange, volatilization,

precipitation, sequestration and combinations thereof.

AMENDED SHEET



P10 & ()-F $10% ;& ()-F & $10% ;& ()-F ">10%1;/& ()- Normal" "Heading
,13] ¢" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph

Font/' O!'[ (/ 6>DyJPW ~d?j npuzP4" - 21 -

((Ft$ (*.]2<\ NXasnt uvwxyz{ |} =) | * @#% w D, 123s333T445I 55. 666N 161882085,
d@BcEH HHH$I-ZI | | jg_}@lg . - Ol p aq4q Ll rRrerr s’ sBsZs~st uyz
z} 5EhﬁE2EUJéTié% W oE%%ﬁ?%g.%%S?geggiggﬂ% ggo?ié% Fy Fngﬁunent

" HSUR () * +, EudtIe3456M89t sing depositing one or more promoters

<=>? @BODEFGH JILINORCRAT MWL | "onB0SAST DT I Kb Tmapatsuvwea{l -
Group IA through Group VIII metals, rare earth metals,
5 and combinations thereof.
8. A process according to claim 7, characterized in that
the Group IA metal is selected from potassium, rubidium,
cesium, lithium, sodium, and combinations thereof, the
Group IIA metal, when present, is selected from

10 magnesium, calcium, strontium, barium, and combinations
thereof, the Group VIIb metal, when present, is rhenium
and the Group VIII metal, when present, is selected from
cobalt, iron, nickel, ruthenium, rhodium, palladium, and
combinations thereof.

15 9. A process for the catalytic epoxidation of an alkene
with an oxygen containing éas, wherein a catalyst
prepared according to the process of any one of
claims 1-8 is used and at least one nitrogen oxide is

added to the oxygen containing gas.
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