
;e3e3,,-<//^436j3T3n  PROCESS FOR REMOVING IONIZABLE SPECIES FRO! CATALYST
SURFACE TO IMPROVE CATALYTIC PROPERTIES Field of the Invention The
invention relates to a process for the preparation o. catalyst with
improved catalytic properties. 5Background of the Invention The presence of
certain species contained in the carriers of catalysts can be detrimental
to the catalytic metal deposition tnereon and/or catalyst performance and,
it is commonly believed that the concentration of these 10~ detrimental
species must be controlled throughout the bulk of carrier. One way of
controlling the amount of impurities th=ough the bulk, although expansive,
is by the use or purer raw materials. For example, US Patent No. i,797,270
discloses water Washing to reduce the 15 sodium content of an alumina
powder. The pig of the wash water may need to be adjusted for extraction of
other metals and Japanese patent JP56164013 discloses the use of a low pH
:acid) to extract cram um and thorium from a calcined a-aivmma raw
material. 20 Several procedures in the art teach that washing after
deposition of the catalytic metal is helpful. US Patent Nos 4,361,504 and
9,366,092 suggest that ethylene oxide catalyst be water washed after the
deposition o. silver or silver/gold on the carrier. 25 EP-A ?11y1 discloses
washing of a catalyst with hot water to remove bask materials lift on the
catalyst f=om a silver impregnation process or the physical deposition of
alkali metals US Pat=nt No 4,307,107 discloses a process for preparing a
supported catalyst wherein an    - 2  12 March 2003 impregnated support is
immersed in an inert water immiscible organic solvent containing a
dissolved aliphatic amine. US Patent No. 4,810,689 discloses depositing a
silver 5 compound, decomposing the silver compound to silver in the
presence of an alkali metal compound, removing organic deposits by washing
and introducing fresh alkali metal by impregnation during or after the
washing stage. GB patent specification No. 568,978 discloses a 10 process
fox preparing alumina of high stability and resistance to disintegration,
comprising precipitating hydrous alumina, subjecting the precipitate to hot
aging at above 125 F to stabilize the alumina, washing the alumina,
grinding, forming into pieces and heat treating 15 the formed pieces at
between 1000 and 1600 F whereby said pieces, when they are pellets 4 mm in
diameter, have a knife edge hardness of at Least 3500 grams. US Patent No,
4,994,587 discloses a process for the epoxidation of alkene comprising
contacting the alkene 20 and an oxygen-containing gas in the presence of at
least one efficiency-enhancing gaseous member of a redox-half reaction
pair, selected from the group of NO, No2, N203 and N204, and a solid
catalyst, the catalyst comprising silver and at least one
efficiently-enhancing nitrate 25 salt of a member of a redox-half reaction
pair, on a 



solid alpha-alumina support having less than about 50 ppm and preferably
less than 20 ppm by weight of teachable sodium. This document further
connects the requirement to relatively low sodium to the specified redox
reaction 30 pair, stating that in other instances the presence of teachable
sodium in a silver catalyst tends to improve the efficiency of the system
under epoxidation conditions generally used. AMENDED SHEET   12 March 2003
- 2a  U.S. Patent Nos. 4,186,106 and 4,125,480 disclose washing with an
inert liquid after deposition of the catalytic metal and before deposition
of a promoter material. 5 U.S. Patent No. 4,908,343 teaches that it may be
desirable to remove cations which are exchangeable with the alkali and
alkaline earth metals contained in the impregnating solution, to allow for
ease of repeatability in the use and reuse of the impregnating solution. No
10 methods are taught for such removal; however, it is commonly known in
the art that acids are highly effective cation removal solutions. The prior
art remains concerned with the total amount of impurities; i.e., impurities
throughout the bulk. 15 Unfortunately, the impurity removal techniques
taught typically attack the carrier itself. It has now been found that the
metal deposition and/or catalytic properties of a catalyst may be greatly
improved by controlling the purity of the surface of the carrier 20 rather
than the purity of the carrier bulk, such that the total amounts of
impurities may actually be high as long as the surface amounts of
impurities are maintained at a low level. Summary of the Invention 25
According to one embodiment of the invention, there is provided a process
for improving the properties of a carrier for a catalyst by a treatment,
which treatment is performed on one or more of the materials from which the
AMENDED SHEET   12 March 2003 . J  carrier is formed and/or on the complete
carrier and which treatment is effective in lowering the concentration of
one  or more ionizable silicates present onthe surface of the complete
carrier ionizable present on the surface of the Jlowering of the relative
concentration of Si atoms as 



measured by X-ray Photoelectron Spectroscopy (XPS)performed on the
untreated and treated carrier The concentration as measured by XPS, of Si
on the surface of the carrier is generally lowered by at leas S 10 percent
and/or the Si concentration is lowered by at least 5 percent. More
preferablly the concentration of Si is lowered by  at least 10% optionally
the concentration lowering treatment is followed by a drying step. 15 There
is fu=then provided a process for preparing a catalyst, especially am
olefins epoxidation catalyst, by depositing a catalytically effective
a:noL~t of one or morn c,=.talyti tally reactive metals and optionally one
or more promoter materials on a carrier prepared by a process as 20 defined
above . There is yet forth^._r provided a process for the vapor phase
catalytic epoxidation O' an alkene-_~3 with n oxygen S_. Cad containing
gas, using a catalyst prepared by a process as defined above . 2f
Description of the Preferred Embodiment It has been found that carriers
which have been treated to reduce ionisable silicates which are present on
the surface of the carrier provide catalysts with improved catalytic
properties, when. compared with the performance of 0 catalysts made from
carries which have not been so treated. The process is belived to work to
imp=ove the properties of most catalysts, np matter how impure the bulk
car=ie= material, compared to a catalyst made with as untreated carrier
Further the process will work for organic or 3~ inorganic carriers. The
process is effective in improving at least one of   12 March 2003  the
catalytic properties of a catalyst wherein a catalytically reactive metal
is deposited or impregnated upon a carrier which contain ionzable species
on its herein means the properties of the catalyst are improved as compared
to a catalyst made from the same carrier wick has not been treated to lower
surface ionizable species Catalytic properties include catalyst activity,
selectivity, activity and/or selectivity performance over time, operability
(resistance to runaway)conversion and work rate  The process requires that
the concentration of  ionizable silicates present on the surface of the
carrier be  reduced As used herein the "surface"of the carrier is IS teat
area of the Carrier which may be measured by the standard method of
Brunauer, Emmett and Teller (BST) . Specifically) the sumac? of the ca=tier
is the site at which reaction takes place. An "ionizable e" species, or
silicate, is a species, or silicate, which is capable of  ZO boring
rendered ionic where the term "ionic" or "ion" refers tO 2:: electrically
charges chemical moiety. The solubization rate of silicate may be measured
by  



inductively coupled plasma (ICP)techniques and the amount  of silicon
species on a surface may be measured by x-ray photoelectron spectroscopy
(XPS)In defining the present invention the amount 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  technique is to measure
the change in electrical  conductivity of the treatment solution Carriers
are commonly inoganic material such as for  example alumina silica-,or
titania-based compounds or  combinations thereof such as alumin- silica
carriers Carriers may also be made from carbon-based material such as for
example charcoal activated carbon or fullernes   12 March 2003  Ionizable
species typically present on the inorganic type carrier include sodium
potassium aluminates souble  silicate calcium magnesium aluminosilicate
cesium lithium and conbination thereof Of particular concerm  are the
ionizable anionic species present on the surface  particularly ionizable
silicates Lowering the undersirable ionizable silicates concentration may
be accomplished by any means (i)which is effective in rendering the
ionizable  silicates ionic and removing that species or (ii)which  



renders the ionizable silicates insoluble or (iii)which renders the
ionizable silicates immobile however use of  aggressive media is
discourages as these media tend to  dissolve the carrier extract too much
material from the  bulk and generate acidic or basic sites in the pores
Acids beside aggressive media will remove the  cations on a carrier but are
fairly ineffectual in removing the undesirable anions such as silicates
Effective means of lowering concentration include washing the carrier ion
exchange volatilizing precipitating or resuestering the impurities causing
a reaction to make the ionzable  silicates on the surface insoluble and
combination thereof Example of wash and ion exchange solutions include
aqueous and/or organic solvent-based solution which may also contain
tetraethylammonium hydroxide ammonium acetate lithium carbonate barium
acetate strontium acetate crown ether methanol ethanol dimenthylformamide
and mixtures thereof  The formed carriers may be treated or the materials
used to form the carrier may be treated before the carrier is manfactured
When the carrier material 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 ionozable silicates
reduction treatment  To make a catalysts from the carrier the carrier is
typically imprefnated with metal compound(s),complex(es) 



12 March 2003 -6 and/or salts) dissolved .n a suitable solvent sufficient
to deposit or impregnated a catalyticallyeffective amount t of "1 v P 7 C A
Yi3 If ~ metal c.. the carrier As used herein catalytically effect=ve
amount news an amount o` metal that provides a measurable catalytic erect)
For example a catalyticaily effective amountof metal when. referring to an
olefin egoxidation catalyst is that amounto` metal which provide F a
measurable conversion n of olefin and oxygen to alkylene oxide . 10 Fort
her improvement  in t a catalyst properties are sewn when the metal
de=osition is effected by contacting t::? carrier with an =mpregnatior_
solution whose hydrogen ion activity has ben lowered. "Hydrogen ion
activity" as used herein is the hydrogen ion activity as measured by the 15
potential o. a hydrogen for. selective electrode. As used sere=r., a
solution "lowered" hydrogen ion activity refers to a solution whose
hydrogen activity has been altered by the addition of a base, such that the
hydrogen ion activity Or the alto=eel solution is lowered compared to the
hydrogen f or. 20 activity of the same solution =:z an unaltered state. The
base selected to alter the solution may be chosen from a: y base or
compound with a pKb lower than the original impregnation solution. It is
particularly desirable to choose a base   12 March 2003 which C,105 not al
te~ i.n= l~Jr.^.1:~1<3~lvil ur i..^.2 1:^i~=Q'?3tlG': SGlutlOn; _..,
Wnl~C!"i dOeS flJ~ dlt2r i. ~ . '? r'~ CalS h- :1 sl ~ me concentration
crase::t ~n the lmpregnatlon solution and aeaGS~.ted on the car=lei.
Organic bases will nct alter 5 the impregnation solution metals
concentrations, examp?es of which are tetraalkylammonium hydro:cides and
1,8-bis(dimethylamino)-naphthaiane. If changing the metals concentration or
the !c;pregr.atson solution is not a concern, metal hydroxides may be used.
10 When the =mpregnation soiutior. is at least partially aqueous, an
inciication of tie change in the hydrogen .=ctiw~Ly may ire measured with a
pH meter, wits the . undo=standing that the measurement obtained ~s not pH
by a true, aqueous def~n~tion. "'Measured pH"' as used 15 herein shall mean
such a ncn-aqu=ous system pH measurement using ~ standard pH probe_ Even
small changes n the "measured pH" from the i.^.itial impregr.atlon soluticn
to that with added base are effective and '-mC;OVement5 In CataIVLIC
TJrOPerLIeS Continue a5 tale 20 "measured p:;" chang? increases with base
addition. High base additions do not seem to adversely afae~t catalyst
''~.^''.riOrmanCe; i?G'~lcVe~, high 3Cd1t10n5 O~ hyGrGXides )':3V~ IJeOn Sn
t0 Cause Sll:d~lng Or the =mpregnatiOn SOiLtICn, creating manufacturing
difficulties. When the base 25 addition is too low, the hycrogen lGn
activity will not 1.7e affected. The hydrogen ion activity lowering
procedure is also quito effective When used by itself; i.e., when no ienm
able species concentrations era lowered p=for t~ impregnation. 30 Thr
~moregnated carries, also known as a catalyst precursor, can be dried in
.he presence ct an at:nospher? which also i2~~1C2S the c~calyLlC metal.
C~ryng mstneds known In the a=c ~nclud= steam drying, drying in an
atmosphere with a c~or.trollea u::vgen concentration, dry_ng   



12 March 2003 - B  ,n u, =~(:uCl.^. j .t.'l._i~~'1_.^ ...__ G=_.i :~~ -i '
~, cnd SL3gGi1 Q=;l;T'u t1S_.I1:7 c .=L:lt..'-.i'1 ~ r'.::'G'ed G=
i.3gcC'~.. Lc.T,D~?raCUre CurV2. ~'_,J w3V' O~ CiCd.TiDlc, the CrOC~SS
'.v'1 11 ~a d_SC;=Led =:i ~`~a Gctail I,^~'~ a Cdt.2.lVSL 5l:1=^~''J1c IOr
the Vapor phaS2 5 productyon c= epo:~;des, also known as an epcaTdation
eatalvst. E,rst, a carrier is selected. In the case of an epox~3t~on
catalyst t!:e carr=er ~s typically an m,oygaric maCerial, such as or
ex.ampla, an ail:mina-based 10 carry=r such as cc-a l umna. in t::= case o=
cc-alum~Za-co^ta~r.in.; carr 1 ors, nr`y =rr1C? i 5 G'~ Ven CG T:':CSL L!d
V 1.^:=. a S" ; _.. ' r f - ....c~C ~ Sv: aC a'_'c~3 as r-:easured by the
3.E.I'. m=thoc o. f=om 0.G3 to 10 m-/g, preferably =rom 0.Q5 to about 5
m'%g, more. 15 prerera1 y Trorr~ 0. 1 tc ~ m-/g, and a water oora volume as
measures by conventional '.eater c~'S0=ptlOn L~ch_-:i'~ues of from 0.1 to
0.75 ml/g by L'oluma. The 3.E.T. method for d`term~;.ing specific surrace.
area is descr=bed ;-1 detail In gruna:ler, ~., Emmett, ?. Y. a^,d Teller,
E., ~. Am. -?o C1'le:il. .`'70C., G0, ~o~-~.C (lC3v) . ~e=tdin t Vpes C.r.
G''-dll:mlI?a COV.taII:lP~ C,3===er5 are L73=L.'_CLlZrl~.' ._^..~2I_~rc~.
=':?r?S~ Ct-clLI^;.na C."-r=L'__rS ~'ldVc relatively unifor:r, pore
diameters and :.re more fu'_ly character;zed by haul ng 3.E' . T . sped=is
su=lace a=eas of ?5 rrcm 0.1 to about 3 m`/g, pre=e=ably r=om 0.1 to about
m-/g, a..^.d water pore velu~-n~s c~ from 0. 10 ml /g to about U.55 ml/c;.
Ms:-~efactu~ers ~~ such carriers lncll:da r~o~ton Che^~, cal rocass
Pro~:ucts CorDOration and Ur._ted Catalysts, Ins. (UCI). 30 Th2
concentration o' unces-rabie lone=able species F present on tile sur~sce o.
the carr=er ara reduced to v:rt''at2 a ~~ C1 ed:l5c'~'C~~ Cdr rl~r . ~~L',
a.Lt'~~n3L=v%e ~ V, t!le r'OW :eilL_.tl'7rl C= .'~~_niC3~'J1's S^eC_~3 1C'.
th= .^.la=~3=lai5 uSc~ t0 Ifl~..'~? t~:~ C3r~lC~ maV be rGUCa ,^rlOC CJ
LOrmaWOn OI   



12 March 2003 - 9  =he care=ar. If the care=er raw r~ateria'_s ars
;.reate~' ,. , the Do=med carries may be r=created =~~r 'urther imp
rOVem.^''.:1 ~ . Ioni=able species present on an a-aiumina carrier, 5 for
e:~ample, typically include sodium, potassium, aluminates, soluble
silicates, calcium, magnesium, aluminosilicates, and combinations thereof.
It has been found that silicates, and certain other anions, are
particularly undesirable ionitable species in an 10 epoxidatlon catalyst.
Afte= the concentration of the surface ior.iz~bie SpeClas are lOWer?d, the
C3rrler iS GDLlOnallV ailed.  When aqueous or organic solvent washing is
usea, drying or some similar method is recommended to displace the 15 wash
solution f=om the carrier pores. The carrier is now ready for a
catalytlcally reactive metal to be deposited or impregnated thereon. The
carrier having the controlled solubillzatiOn rate is impregnated with metal
ions or compound(s), 20 complexes) and/or salts) dissolved in a suitable
solvent suf=ficient to caus= tha desired deposition on the carries. When
silver is the deraosition material, a typical deposition is f=om 1 to 40
wta, preferably from 1 t0 ~0 Wto Of silVc~r, baSiS the weight Of the ~Otal
25 catalyst. The impregnated carrier is subseauently separated from the
solution and the deposited metals) compound is reduced to metallic silver.
One or more promoters may be deposited either prior te, coincidentally
with, or subsequent to the deposition 30 cf the matal. promoters for epo:;
idatien catalysts are typically selected from sulfur, phosphorus, coron,
fluorine, Group I~ through Grour~ VIyT_ metals, =are earth metals) and
combinations thereof. Tne promoter material   12 March 2003 to 1 S
i.yp~w...:1 y W;!^ rO'W1~~ (S j a:ICW~I S::lr (,-~ .^ri t:?2 prCmv,t__
~l's501~'~'~ in a WlitablC CC~V?nt. Eor c' Il'1 2rOX1C.3tiOn O::1C_ Cc'.ta~
ySts, ~i'OLp i i metals are tyr^.1Ca11V Sa 1 ECLed =rOm pOta.',SWl.T.,
r!lbldllii; ~i 5 CeSiL:m, ti tr:luTTl, SO'~llrl,^~, ana CO:LIDlnaL'_OnS
tn2re0=: Wlt pOtaSSI'.~m au,^.~!_^_` CeSli.:m a:l~~JI rL:._^.ldl llm bei ng
pr2lerr2u. EV?n ~Or2 prCL_rr_d 1S a CCiT,blndtlOn OI CeSll.rl plu.,^-, a. ~
; ri 1 ~. ,~ i , ~ a ca 1 r _=ast or._ addy~ ona_ Group I., m..ta_, sLC~ s
c__iuri p_u~ pOt3..'-,slum, cesium plus rubidi ua, or Casi um pl'ss 1
_triu.~n. 10 G;rouo TIA ~reLals are Lypl cally seiecCed frGm m,--:neslum,
_a'_ciu:n, sr_rontium, barium, and corrbi:~ations thereof, ~'1_I
LIa.^.S:.LlO;v mGLalS are tVD1Ca11V 5~!eCt~~ IrC~. I:rCL:p ~ _ . ^CC7alt,
_=On, ..lCKei, rutnenlum, rhGalum, pallddllim, aI:C 



' comb=nGt~or~s r_nereoi;~and rare earth metals a=a typically 15 selectad
from lanthanum, cerium, neodym=um, sarr:arrum, gadCl i nlum, dVS~rGSIL:IfI,
e=blum, ytte=blLm, and :^l xtur=S th=reof. ~Gn-llm~c~ng ex4mples of other
promoters 1..^.Clud2 perrlle.^.ate, Slll Idte, mOly~'JdaL2, t~'n~St3t2,
Cf:rOmat2, pIlCS(7!1at=, bOrcate, Si:l~atC dn.lOri, iluOrld2 dnGln,
Oxy3ralGns O~ G=O~p _TTT~ LO Vii, OX V3.^.iCTlS Cf a!1 element s~lect2d
f=om Groups III th=ouch ViI3, alkall!n u.:eta ~ s31 L5 wl th a::lOnS G' h3
~ ldcS, and OX!l3n1C:15 selected from GrOUDS iIIA tG VIIA and IIIS through
VI_B The a:,iount of Group Ia metal promoter ~s typically in the 2~ range
or from 10 ppm to 1500 gpm, axoressed as the metal, by weight of the total
catalyst, and the G_oup VIIb mets_ is 1 ess than 3600 ppm, 2xpressa'a as
ti:e metal, by waight Gf tze total catalyst. T y L ~ v n c~ ` '~ a eor r
h__ lmwro em nt l~ c t lyric p_opert_ s, t.,_ 30 hydrogen gun activity G`
the ~mpre~~nat'_Gn solution is optiGnally lowered, such as by the addition
o= a base. The typical l:np:egnatlon s-olution for an epGx~datior. catal
yst begins ~~:uite basl~c, So a strong base is used Lo urther lower t;n~a
hydrogen rob actlVity. Exa:;.ples of 5 s L=ona bases ~r.c 1 uae, alkv'_
ammor.l'u:n hydroxides such as   12 March 2003 -I1 tetrae thwla;~r,-ro= ~
u;n ~!y~Yexide, l i t'.^.W m hyc; oxide and cesium ~.ydrcf_ic'e. In orcer
to maintain t::e desired imp=ec:.ation solution Formulation a :d metal 1
oadi ng, a orga::ic base is preferred. Base additions in these systems
typically result 5 in a ne=_sured p: C.iG_1~.. r~r.~g_ng Lp o abo~: rr "" ~
~  ; ~ t t 2 , r eal isir_g tzar the "L,easured p " is ::ot a true g~i
since tre mpregratio:. systEr,Z is rot a ~ueous. I. an excess of
impregnation solution is used, the imp-egnated carrier is subsecwent3y
separated from the IO solution befcwe the deposited matal compound is
red~,~ced. ~rometers, co;,~p orients vr~:ich ~ac=k effectively to provide
an W::prove;nent in ore or more of the catalytic properti es of the
catalyst wren compared to a catalyst pct contairir_g such cormoents, may
also be deaosited on the carrier either 1~ prior to, coincidentally with,
or subsequent to the deposi~ion of the c~talyti.cally reacti-re petal. The
resulti.^.g eaoxid~tion catalysts just described are used fcr the vapor
pr.ase production of epoxies, such as ir~ the production oy ethyler_e oxide
from ethyler_e and an oa:ygen COntaliling gas. Zii ti iS epO?:3.~di.~Cn
p~OC~SS O:1_ Cr WC1'E rit;ogcn oxides (NO,.) ;gay also be added to the
feedstock to b~oest catalyst cc:~ve=sion perfor.,iance. Other embodir,,e:as
of the i::ve::tion provide catal~-sts rnzde by the p:ocesses just
described. 25 ::a vi rig general ly dJScribed t:~~e invention) a further
understanding may be obtained by reference to the folle~ing examples.   12
March 2003 - i2  



a.~., r....,...1. .. '~..r.r lcrS i Tabic I ShoWS tha Carr12r5 urea fGr the
r,:~a:UD125. IaBLE I Carrier~B~ CDEB.E.'~'. Sursace
Area0.840.970.780.7b0.87( rn= / g ) l 3'Water Absorption (%)~ 39.79n.2~
37.6~ 3?.5I43.4Crush Strength6.538.071%.2910.9a:,.94(kg) lb>'"oral Pore
Volum? ~0.408u.460l;.?9U~.;.=!30(ml/y)'c1~Med~an Pore Diameteri.83.71.34.b
t c~~ (:~~ crops)SiO~ (~w) I0.50.80.1 I0.50.5Bulk
Acid-Leachable9387521861907339D1a (ppmw)Bulk Acid-Leachablei?54381097.37I
(ppmw)Bulk Acid-Leachaole2075085%ni'G3 ~l23'^3 (~.~r~mV~~Bulk
Acid-Leachable7.~41553657197t3999A. (ppmw)Bulk Acid-LEachanle80318791560.
'000600Si0? (ppmw)alpha-~:lumma (~ w) ~5a1. ~9a1.Bal. ~Bai.bal. '~ Method
oT Brunauer, Emm2tt and Tellar, ioc. c't. b Flat Plate Crush Strength,
single pellet. ` Determined by mercury ~ntrus~on to 3.8 x 10~ Pa using
Micro~:erit;cs Autopore 9200 or 9210 (130 contact angle, 0.4 73 ?~a/m
surTace t2.^.510:1 of Hg) .   12 March 2003 - 13  l.a.`. r i .r ~"~a
tC='_fj~j..^-.iiln _^, v~GI:CC'~!'e5 ~.r.`~ ..::~TP~,lc.. ~ r .." ~ ~ ~i ~o
l~ 13 J , ~ , V , , , Car=~~~ washing was carriea o~~= by imme=sl:~g 100
gr3mS GL C,rrlEr in W0 grams o. bGlli:.~ de-lOnledd water 5 for i5
m'_nute5. Tile Carrier Was then r2mOVeC1 and pl3C~,''1 ~n a =reSh 300 crams
of boiii=~a Ovate= _or another 15 minutes. This procedure was repeatea once
more for a total o= three immersions, at which point the carrier was
S2paratsd From the wat?r and dried In a well ventilated 10 oven at 150 C
for i8 :-:ours. The dried carrier was then usdd fOr 'ar_~.r'.ar.a..ClGn Ct
a catalyst by tr.e procedures uutiined In the fJl-GWln4` ~.`iaiTl^v! e5 .
Im~reanatlon Solu=ior_ ~. `silver-amine-o::alate stoc~; soil:tlon was
prepared bpi 15 the following procedure: 415 g o` reagent-grade sodium
hyaro:~ide were dlssolvea In ?390 ml ae-lonl_ed water and the temperature
was adjusted to 50 C. 



1'o99 g high purlt;% "Spectropure" sliver nitrate were 20 ' dlssolv=d in
''100 ml de-lonl~ed water and the temperature was aa~usted to 50 C. `=h?
Sodium hvdrGYl d`? SG i ut='~.'1 was ridded .'.10w1 y Lo t~'1~ silver
:~=Irate solution, with SLlrrlnCl, while maintaining a solution temperature
of 50 C. The mixture was stirred ~5 for 15 minutes, then. the temperature
was lowered to 90 C. 44ater was removed from the precipitate created in the
mixing s=ep and tile conductivity of the water, which contained sodium and
nitrate ions, was measured. An 30 amount of fresh deienlced water ecual to
the amount removed was adder back to the silver solution. The solution was
stirred for 15 mlnut~s at 90 C. The process was repeated until the
conductivity of the avatar removed was less than 90 umno/cm. 1500 m'_ fresn
deionize~d 35 water was then adde~3.   12 March 2003 -14 630g of
=ish_a,.==i t-y oxalic a=id di:~.ycrate were added is approximtely 100g
increments. =he temperature was kept at 40C and tre p w=s yept above 7.8.
iv'ater u~as removes. from t?:e mixture to leave a ~:ighlv 5 ccnce tratad
sil per-cen raining sl~.:r=y. The si i v er c~_alate slurr,r was cooled to
30C. ~g 69a of 92w et Kyle :ed~.a^:i::e (2~ de-io ni=ed Ovate=) was added
virile mainzair_ing a terr~perature no greater than 30C. T?:e resultir_g
so,'.u~ion cer_tained app=ox:.mately 27-33 sw 10 sil ver. Bnoug~5 aw
agLeous CsOT.~ and water was aided to this so'_utic:~ to give a firishe~'
catalyst havi:~g 1a.5 ~w si?vs= and a desired ces:.~~m leading (see
~::amples) . Sodium and Silicate Meas~!=eme::.t prosc',jr~'s 15 Tha ?;~S a
alyses were performed in a VG ~SC:~B mki ~ Xray photcelectron spectrometer.
Non-mcnochromatized A1 ka (154.& eV) X-=3yS ware used as the e~citat~.on
source. Te electro: kinetic er_e=g;,~ analyzer was a 150 degree
sp'.^.erical sector a:~alyzer e~~.:ipped with a three cha :neltro:.
detection s1% s tem. All spectra were obta_ned i n the consta_-~t aralycer
pass er~ergy ;node Hith t?:e pass energy set at 50 eV. ~ Rio= to a:~aiyss,
samples were ligrtly crusi:ed in a mortar ar_d mcu_^ted onto a sample stun
Lsing double-sided tape. The a:~alysis region was roLChly 3mm x 5cr~n. The
Alts peas: was 25 used for crarge correction an3 was corrected to 118.5 eV.
Linear baselines were used for meast:ri~:g the peak heig`as of t': Alts,
Si?s, a~:d ?~=l s l;nes, ~r3 a rorizor.tal baseline starting a~ a bo:.dir_g
energy or 1C5.5 eV was used for measuring the height of t?-le Si2p lire
d~.~e to an interfprEnce 30 with an aluminum uger line. Peak intensities
were c~~~nverted to relative molar values using the following e.~biricallv
derive3 sensitivity factors: Ales 0.22, S_2p 0.32, Sits 0.~4 and PJals 1.72
12 March 2003 



enr~ r_:.e F~=!lowrn~ re_~__c-!s`:~^. R?1a=iv= n.:.^~e: ,.~ a:cm~ ~ to?jk :
~sa-~ i'rir ~ C3~~^. -I . ';;!) iai_~ ;~>>::~_~yio.~_~ T.he r~sults o= th=
X=S meas'~ramenes ere g,~;_n Tn 5 T3~le T=. TC:2 ::i.::.^.~_.. r2~OrL?v LOC
~irJ m2a5Lr:WntS 3r_ tf:c nllm~'J2I' c. :.eo:~lS dr:i.eCt_d r21 3tlVQ C~O
1G0 al u~lile,.'..:: atoms. Th= k=S sllcon vaiue_ raported are the ave=a~~
c~ t'.^.e 31^o ar.d S~::_ values. T~SL~' LT_. Dla aad Si XPS ~o= Selec;.ed
a_~.lL:r,=na Ca=rte=s it ~ ~ d I~l~: C . S ~~i dr .. -r ~. L , 3. ..~ _ n
.- - ~ ~. P .3 ~' a .C i. h ,.. I: g =_Vin-Wash?~.~sUn-Wa=;:e`_n
S,wss^~auCar=;erunrias:-)au~ wasne~~C._--.==lerGn-Carr~arC?rr=er(atom ~).o
WashedCa=rear(aLCm ~)wasned~(aL,^.m ~)( ~)(atom ~)to Irrl?shed ( nG._ ~3.i
~rC.I ~13.5 11.5 ~_~1.~L ~o.ti I ~.7 ~ =~.'J --~- 19.G ~ 11.3 j3G.0C3.5
~0.~?i6.9 ~11.3 ~1G.1 ~lG.dD1'_.? ~ 5.6 ~5~.9 ~ 1G.:1 ( 9.?~.9E i 5..,_.3
~ol.'_' I i3.5 I Iivv".o ~_.,.2 I 10 eH Measu:emenc Frocadures S11ve=
sol~~tion cE: measur=ments w=re done using a h!etroi^~m modal .44 p:?
mate., emalcy=r.~~ a modal o.0~?O.1C0 com~lnatlcn elecr_rode and a Pt I00
moaal ~:.IIIU.iGU r515tanCc Ln=L;Om2L~ iOr t~?TG=ra.'. LI~Y'2
CJi.I~E.^,SavlC::. ':Il'? i?12t_r was Call~r'~L2d wlL1': CJmm==C1311'J
aV211dD1 )rL=Lc T_' 501'.l~lOPS orGrr'_ 2,Ch LS?. .n c CvDlC~1
m~~~U=_-_-'.m2n.t, 5G _m1 allCluoL C~ C!:a doped SllVa_r ,5r1t:L10n Lo ~~?
u5d~ +Q= 3 Cdt3.)_V::i. lTiJ==:lT:dtlon wdS Lllt?r'2~.:,~ i nLr, d _GG m~
y>_dSS beaker L!~rougn a 2 micrometer =rlLer atLacnsc ;n-llna Lo 3G a
plast~.c syrrr.c=. Ti-:2 D!': prOC2 Was lowered ~.nr_o the macnetlcal;J
st-rre_ sol~itlo^, and tn= resdlnc ootslnea   12 March 2003 lb  c ~ tE=
.~'S 11l'_I::~ =~?3 4v'a5 rcCCLCcO c~ Lh ~~1:1 ~ ;..=? =ed FIa . i i.c CSC
WdS '-1 3!:c~~ bCCW-, edCP .TiG;lJl:=_:lent 4JLth d210!;1^r~ ~J 



4,f.30=, c~t;~ C;1CC~:2d LOr C,~1~.")rat:Q!1. ~peCl,== C3 r2 W.-'.5 taken
to prevent accumulation c= ~_gC~ sol;cs cn the 5 electrode ^lambrane. Such
;~ccu:.^,uiation was rec^ovec: by - ' soaki^g the yrobe =n amrac::i um
hydrcs:ida sol utlo:l, as r~co:nr~,er.d~d by the manufacturer. Examale 1 A
catallst pra-cursor was prepared from Carr'_er A by 10 !=first sub~ecW ng
the' car=ier to carrier washing. :ollewing the was!:, aaoroxima=ely 30
grams cf washed ~- 1 Y D~ ~ r P ~'1 ~ r-~ k C ~ ~.~ 3 C ~: 1:. i~ _ ~ .'.
C3_-__e_ . w~y ;..lace.. u:ld2r a 3.33 1 mlnuta at a.;~blent tempo=azure.
r~pprc'~c~mate? y 50 grams of tha impr2g:laLlr.g solut:.on was than
mtro~~~:cad to 15 subme=se the carrier, a;.d t:le vacuum was ~aalntained at
3.33 kPa for an additional S minutes. ^he cesium tareet was 450 ppm/g=am
f_:lls:.ed c,:talyst. Ti-:e vacuum w..--.s then reledS'?C and t}'12 c`tCeSS
l:Llar2g.^.a tl?la SO1'.ltlC.'1 w35 r2:flOV2~ rrom t:-~e catalyst
pre-cursor by ce:ltr_~ugaticn at 500 rpm ~CJ 'Or two minutes. The C3tclVSt
C=c-CUrSOr waS La'iEn dried while baing shaken 3t 290 C for ~ minutes _.. a
stream of air flowing at 1;.3 m3/hr. ~xam~le 1a (Comparative) ` Carrier R
was imaregnatd as described in Example 1; 25 however, tl:e came: was not
subjected to car=ler washing. The cesium targat was 900 pprn/gram finished
catalyst. -.. . Carrier B was subjected to carrier washing a~ld i mr
r2CJ..^.3 t'_On 3S deSCri~...''ed =.^: E~:a:Tl''~1_ ~ . T~'1~? Cc51l1.TTl
target was Q50 ppmigram finished ca~alys~. ":<dmale ^.'.. (COfi,~^.ar3=1Ve)
C3rrler 9 waS lT~rdg::a=2d d5 d~'SC~1E'J2d in .Xampl? 1 ; h0'N~?Ver, the
Carrldr wdS nOL SIlJ~CCd t0 C.'.rrl2L   12 March 2003 - m  washi:~g. ':::e
cesi ::m target was 400 r.omic=rain r~r.ish_d Catalyst. ~Xa:T!D.~F 3
Carr~e~ C was sub~ect~d t~ carrier washing and 5 impregnatio:? as described
in Example 1. The cesium _ target was 300 ppm/g;am f=nished c:talyst. 



.4.^..x.ample 3a (Comparative) Carrier C was impregnated as described in
E_~ample 1; however, the carrier was not subjected to carrier 10 washing.
The cesium target was 3&0 ppm/gram finished catalyst. c ,. ~ .., .-, ~ ~. a
Carrier C was subjected ~o carrier was~~ng and 'mprecrnatrcn as described
in Example 1. The cesium 15 target Was 400 ppm/gram f~.r.ished catalyst.
Example 4a (Comparative) Carrier D was impregnated as described ~n Example
l; however, the carrier was not subjected to carrier washing. The cesium
target was 400 ppm/gram finished 20 catalyst. EY3mD.LE Carrier A was
subjected t~ carrier wash~r.g and impregnation as described in Example 1.
The cesium target was 450 ppm/gram finished catalyst. In addition, 25 35 ~w
aqueous tetraethylammonium hydroxide (TEAR) was added to the stock
impregram on solution at a target of 117.b micromoles GH-/ml Ag solution,
to lower the hydroge:~ ion actiVicy to a "measured pH" of 13.2. Example 6
30 100 g o` Carrier A were ~mmersea i^ 300 :r:l oz boiling 53 TE3.H for 15
min, then immersed six times i:~ 300 ml of boiling de-ioni~ea water .or 15
minutes eac5. The carrier was then removed and dried ~n a wel? ventilated
oven at 150 C for 1 hours. The carrier was then .5 impregnated w:.th a
cesium target er 900 ppm;grain finished   12 March 2003 CGtGI~~J"_. ~::
a~'~~.~t~~':Z, r.. Jw Ti..~:l ~NG.S 3'.~.~~~.~.. ..'1 r^r stljn;~
_L^~O~e~.~r:r, tlOr. SJ ~ 1:t10!1 3 t a LarCct O= ~ 1? . v mlCrOmO ~ _S 0:1
/ml ^.g, t0 ~ 04J3r the ~'i;JdrOg2_^. 10n aCt1'Jlty t0 d w,il2dSU;dd p::"
of ..3. 0. 5 Examale ? Carrier A was subjected tc carrier washing and
impreg nation as described in ~..1G:;ip1 a 1 . The cesmm ta_ e_ was ?20 p
m/gram Tinished `~ 1 _T d-' ` -g ` p c~.~a yst. n a ~.i_ion, TEF.H was
dissolved in water and added to the stcck 10 solution at a target of 117. p
m~ cromol es OH-/~!1 r.g, to lOWer the hydrogen dCtlVlty tG a ~~P'.edSUr~~
''r7:~" Oi 13.'' and N:!~~e0., was dissolved in water and added to the
stock solution t.o provide 1. 5 rricrcraol es Re/gra~n =finished catalyst.
15 E:carnol a B Carr1=r A was subjected to carrier washlnc and impregnation
as d=scribed i:l ~Kamale 1 . ''_'h= cesl uri targe= was 450 ppm/gra:n
=finished catalyst. In 2ddition, L10H was dissolved in water and added to
the stock 



20 lmpre~.^.ation solution to lowar ti-:e hyd=oge:~ io.^. activity to a
"measured pH" or 13.2. FXaialplc? gd (COTiDa'_'atlV~) Carrier ~ was
impregnated as described in E:ampia 5) hOWeVcr, the Carrier WaS not
subjected t0 Carrier 25 washing. The cesium target was Q00 apm/gram
Tinished catalyst. E~amole 9 . 300 g of Carrier A were im..-llersed m 9GG
ml ef a boiling 0.1 M solution of ammonium acetate for .5 r.ln, 30 then
immersed in 300 ml of de-ionised water at 25 C icr 15 min~.:~Gs, followed
by immersion threw times in 300 ml of boilrng de-icnmed wster for 15
m.^.utes eac~~. The car=ier was the: removed a..^.d dried in a well
ventilated oven at 150 C Lor 18 hours. The ~~arrler was then   12 March
2003 - 19  ir,:prag:~ated as described in E:fampla 1. The cesmm target was
450 prm/grer W nished catalyst. In addit~.on, LiO:i was dissolved ~n water
and added to the stcc!c impregnation soiuticn to lowar the hydrogen ion
activity 5 to a "measured pH" of 13.2. EYam~le 10 The a-aiumina source
material for Carrier P. was washed with de-ier.ized water at 25 C, then
homogenized with the same ingredients used to form Carrier A before 10
e:ctruding, dr,,ring, and firing in a muffle i~,:rnace. The resulting
carrier was designated Carrier E. A catalyst was preoarea from Carrier E ~n
r_he same manner as outli:~ed in Examp'_e 1. The cesium target was 3c'0
ppm/gram f~r.ished catalyst. 'In addition, LiOH was 15 dissolved in water
and added to the stock impregnation solut~on to lower the hydrogen. ion
activity to a "rr,easured pH" of 13.2. Examale 11 Carrier E was used to
prepare a catalyst in the same 20 manner as described in Example 10;
however, the carrier was subjected to the carrier washing procedure berore
impregnation. The cesium target was 510 ppmigrarn finished catalyst. In
addition, LiOH was dissolved in water and added to the stock impregnation
solution to 25 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 nor 15 30 min, then immersed in 300 ml
of de-ion?=ed water at 25 C for 15 minutes, followed by immersion three
times in 300 ml of boiling da-ionizea water for 15 minutes each. The
carrier was then removed and dried in a well ventilated oven at l50 ~~ far
19 hours. The carrier was then  



12 March 2003 - 20  ir:pr=g,-:sted as descr_b=o~ it E:.am~' = 1. T`!e
ce.==um target w3S `-~ ~~i p.~'~~'t /gram ~' :?_S~:~'~ Cr.t31 VS t . :1
a'ad'-tlOn, LinE"1 was dissolved i-! water and added to the stock
~.:~prag.^.at~ on solution to lower thJ hydrogen ton actmity 5 to a
"measured c:-I" of 13.2. "aS ~ ^1D 1 ? 1 ~ Carrler e'~ waS Sllb]cCt2d t0
Ca'_'rie= w35h1nG and impregaatron aS d~s.^.ribed ~n E~:amai~ 1. The cesium
target was 650 ppm/gram =finished catalyst. In addition, 10 LiQH was
dissolved fir. water and added to the stock l:~lDr2;,.^.aLlC.^. S^vlllti0u
t0 lGw~r t~':e ~'l~ldrOgeC1 lOn 3~Cti~ilL=J to a "neasured pH" of 13.0 and
NHQReQ;~ was dissol ved ~ n water and added to the s rock im^recrnat i
o..^. solutior. tc provide 1.5 rl;crorao 1 as R=!gram finished catal yst.
15 The catal`,rs Ls of E:<amDles 1 -13 were used to produce ethylene ox=de
from ethylene and o:cyger.. 3 to 5 grams or crushed catalyst were loaded
into a v.35 m.~; inside d~a:~eter stainless steel U-shaped tube. The U tube
was immersed in a molten r,:etal bath (heat medium) and the e:~ds 20 were
connected to a gas flow~system. The weight of the catalyse used and the
inlet gas flow rate ware adjusted to achieve a gas hourly space ValociLy of
ES00 ml o= gas per ml cf catalyst per hou=. The inlet gas press~~re was
1450 kPa. 25 The gas mi:.:ture passed throug:~ the catai;~st bed (fir. a
once-through operation? dvrmg the entire test run (including start-up)
c~ons~sce~:1 of 25~ ethylene, 7. Go oxygen, 5o carbon dioxiue, 63o
nitrogen, and 2.0 to 6 . C ppmv ethyl c::lor fide . 30 The initial reactor
(heat madiLm) r_e:nper3tura was ` 1B0 C. The temperature was rampe,~ at a
rate of 10 C per hour from 180 C to 225 C, and Ch2n ad]LSte~ 50 aS t0
c.'ChlcV~3 a COnSLant ethyle:le O::ldu.' 1 Vc''1 Of 1 .5 'oV ' n tn_ OutlaC
g3S Str-~'3m. ~erIOriLIanCC 43rd at thlS COnV2rSlOn 35 level are usually ob
rained wne;~ the cat.al vs t has been on   12 March 2003 - 21  st~~~m fog a
total o~ at least ~-~ days. Due to slight differences ~.n feed gas
compos~t~o:~, gas flow rates, and the calihration of analytical instruments
used to determine the feed and product ras co:,~pos~tions, the 5 measured
selectivity and activity of a giver. catalyst ma~% vary slightly from cne
test run to the next. The initial performance values for selectivity at
l.So ethylene oxide were measured and ire reported in Tale III.   



`TAOLG II I . PE~Lf~~tfrW nCC CitaraCterlst.lCS Gf. CaLaly'sls Pnel'~alcr-l
I'tc~rrt Urmasllel_1 mlc.l lJasllerl u--i~lum~ r~a  t;xamL.l=
CarrierL're--Imp>e~3nat i~ln Cclr,cliLm~nLiase Iwi~iiti~,nIrrlpre~nati nrJ
~c,i uLian "Ineasure~_! III"SelecLi vi t y (g)`l'~myct :11_m :~ItlJ~iter
t-rashm,ne11 .'8~ .7~y~)1al:tIG uashnude11.2tll .:;iswatei wr3 hnone11 . %
~-t;2 . ~ -~ ~,;2atino t-~aslvnoneI1. 2f52.023_~-:3CHater t~as)~bone11 .
2~~ . (r-3a~'n4 t-la511Ilr~nP11 . ?R_' . CI~ r "_`1Dt-later t.~ashni~nc11 .
2i'~ . 5~: ~ ;a dUno rtes shnone1 1 . ~F! ~ . L? 1 ~,yr.vraLer t-gash'1'I;
ItN13.:  ~~s~'.~' it_f..h'I U1,11 t~ast~ r eater lea Jl~'I'L:ltll  ~13.
lii!~'.. r:1~, --i!tt-;ester wastr'1't~Tlll13.Lpct,,!--~,~1 -__ ,ns.~ater
crashLiUfl1 3. ~fs~' . ). _;, --r~d~11~> 1!a5!1L1~>!t1.3.itS~.t7'~~ _ f_
L'1li.nmrnorliurn acEtate a511L1(~Il13. 2(t~;. 1~  _ ~ L LltrErst-r
rllaterial t~ras)1LirJlf13.;'Is3.l)111~rav-r m:ltc=ial wash i^ water
tlasilLi(.11113.?ft2.7y';1.hLariurlt ac_elale tress!!l.iUl113.cf;2.7;l.
L)isF:ester t-lashL>_uII13.2ut:.` ~^ ;y. 1 r,~ f J 1 N c~ N O O W   12
March 2003 - 23  It can be seen that significant improvement in catalyst
properties are seen when the carrier is washed before the catalytic metal
is deposited on the carrier. Even further improvement is seen when the
material used 



5 to make the carrier is washed before the carrier is formed. The hydrogen
ion activity of the deposition solution for catalysts in Examples 5'13 was
lowered by the addition of a base. It can be seen that lowering the 10
hydrogen ion activity of the deposition solution further improves the
catalytic properties. It is also evident that the phenomenon of the pH
effect is not restricted to a particular catalyst formulation, as best
illustrated in Examples 7 and 13, where a selectivity enhancing dopant, 15
such as rhenium, is added to the impregnating solution. AMENDED SHEET   24
R=:':,SED CT_~_`~:S 12 March 2003 process =cr zr:~~-ovi~ c t:~:= proper
ties e. z carrier fCY a cv..ta~ ~St 7V W`.?'2auG~t, 4H~i.:1': tle3t:ile_~t
.S ae:fo~~,ed c~1 o:~e c; ;core o. the ma=erials fra;a u:=ich =he carries
is fo~ec aa3/or on t he co~:plete ca=tier zzd which treat",e:~t is
effective in 2owerirg tha -,r~e~:`.. ~: ^r - ^A ~ r..ore :.c^izable s;
licates arese: r CLr~~~. ~ Li C,.rrv.i cy ~__._ v~ y o:z t~:e sLrf ace of
the ccmp? ete carrier, tI^.e lower:.r_g bei.^.g e:c_ resse3 as tie lawe=irg
of the re? ative ccnce:~tratioa of Si atoms, as rneasu=ed by X-_ay r hotoel
ectr on Sect : ascopy (BPS) ~erfo~ned er. t2e Lnt~eaGe3 ~r3 t^eated
carrier. rocess acct=d_ng to chin I, charact2.ri2pd ~i~ that the 4_ atm`_,.
iS ~aer orcr d ~.v yea s effe a ~~'- f a '~ : c~ i a in ra:zde=ing the
ie:li=able silicates ionic, o= =erdering the ionizable siliCatss insol~le,
or =e:lderi:lg the io:~iz~~.e si? icates i:n;:obil e. 3 . A ~1'OCeSS
''cCCOIdirg ~.o claim 2, , crsracte: ized in t~:at said means .s selected
from washing, 1G:1 e.lC::G. ce, ~olatili2ation, precipitztior.,
se~.:estratioa, a::d corib i na 1. i.~~ O th~.'~r ea= . process accor3i ~g
to clairl 3, c=.a=acterized i : t~:at said was~-:ing is pe: ~c=med with an
a _~seaus a^~d/or e=garlic sclvan t-based sol:Ition, se? ected rro,l water,
tetraethyla;rmoriLn zydrcxide, a,~tmor_iLm acetate, lit:~iurn carbor_ate,
barium acetat_, sLror.tiun acetzte, crop:: th~.''., 111Cv`.~G'_"_O~ ,
~t`.~'1~: O~ ~ C161t:-f lla:irlvl:'1.'~G~e, 'c~rd CCt^5sriliICS t hprea' .
5. A cracess according to a:.y one oz c?aims 1 to =, characterised in t hat
the con ce^tratic:l, as measLr=3 by X?5, ef Si o : the surface ox t he
carries is Ic~,ered br at ~ aSt .~ t?L'~CH:W .   12 March 2003 25 



5. r'~. D~oCss aCCO~'a;n'~' tG ~::~J Grle OT Cl~:.l:lS 1 CO 5,
charactezi.z=d in that the cor~centratien lowering treatmen~ is fo?lowed by
a drying stew. 7. A process ~or preparing a catalyst, by deposit:.ng a
catalytitally effective amou:Zt of one o. ncre catalytically reactive
metals a_nd optionally o::e or mo~e promote= materials en a ca=tier
pr_pa=ed by a process according to any one of claims 1 to 6. A p=oc~ss
accordzr_g to claim 7, charactsrized in tzar said catalytically reactive
metal and optional promoter material deposition, is effected by
s,,~~nergi.rg said carrier in an impregmtiez solution whereir_ a hydrogen
ion activity of sand solution is lowered. 9. A process according to c7.aim
7 or cla~.m E, characteri2ed in that t:~e ca~a~yst is suitable for the
vapour phase epoxidation of a:: alkene. . 10. A process according to claim
9, charactsYiz~d in that the catalyst is suitable ~o= thQ epoxidation of
ethylene ~o ethylene oxide, coaaining silver as the main catalytlcally
reactive metal on an alumina-base3 carrier. 11. A process for the '
catalytic epoxidatian of a:~ alke.^.e with a:~ oxycen containing gas,
wherein a catalyst as prepared accord:,..^.g to claim ~ or 8 is used. 12 _
A p~eceSS acco=ding to claim .~,1, characre=ized ix~ that at Least one of
the nitrogen oxides rs added Co the oxygen containing gzs.
.A5.A.ALF_.Ay5Fe.AF.A5Fe.AHl.A9nF.Asn r.A.AL[3.AsY.A3.Ay3.ALY.A3.A&
y.A9l.As.AyH3l.A.An3,A.a.A3.AS3.A!3_vxz
OP|~ytoje`[UU]ca]ca]ca]ca]ca]ca]ca]ca]cTa]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]ca]ca]c<aU]c<a!  MN] ^
'({~|wrmhc^YU]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!L./G}toE|wrmgb]WU]U]ca]ca]caU]ca]c
a]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca!<Eehzuojd_YT|wrmgb]]ca]c^a]ca]c^a]caU]ca]ca]caU]ca]ca]c^a]c^a]c
a]caU]ca]caU]ca U]c^aU]ca]caU]ca]caU]ca]ca]caU]ca]caU]caU]ca]ca]ca#_
>Z|wqlf`[Umgb]]U]ca]caU]caU]ca]caV]ca]caU]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU
]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
!M!!!!4"o"""#A#v###$Q$U$c$d$*+,,D,L,,,!-%-,-|wqlfa[V]U]caU]ca]caU]ca]caU]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]c
a]ca]ca!,----......///////03060C1Q1m1n11T2V222[3n45B5}xrmhc^YTlfa[]ca]ca]ca
]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]caU]ca]caU]caU]ca
]caU]ca]ca]ca]caU]ca]ca B5z55 6666m677788888888d99999:):Y:::;@;B;o;
{vqlgb\Wlfa[]c]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]c^
a]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca o;;<<<<<<=
==-=6=s==^>_>>>>9?V?W?o?q??|@@@@@AAzupkf`[Vlfa[]]ca]ca]c^a]ca]ca]ca]ca]caU]
ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]caU]ca]ca]ca]c^a]caU]ca]caU]ca]ca]ca
]ca
AMBBB>CC0DAE$G2G5GoGqG~GGGdHeHgHkHHHIIJJKMK8LpLwLL]M|wrmhb]Xlfa[]]]ca]caU]c
a]ca]ca]ca]ca]ca]ca]c^a]caU]ca]caU]ca]ca]c^a]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca
]MMMMMMMNNNOcOdOOOOPPdQRS"T:T=TcT-UUUUUUUUzupkfa\Vlfa[]U]ca]ca]ca]ca]ca]ca]
ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]caU]ca]caU]ca]
c^aU]ca]ca UV V"V(V*VVVWWWW/X1X;XIXPXXXYbYY
ZZZZqZzZZZ7[\R\}xrkfa\Wlfa[]U]ca]ca]ca]ca
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