e3e3,,-<//“436f3T3n PROCESS FOR REMOVI NG | ONIl ZABLE SPECI ES FRO CATALYST
TO | MPROVE CATALYTI C PROPERTI ES Field of the Invention The

|nvent| on ﬂmmm!“ﬁ lmwlﬂm)process for the preparation o. catalyst with

i nproved c erties. 5Background of the InventitmnBhsh o@ence of

certain species<gentained in the cafriers of catalysts can be detrinental

to the catalytic netal deposition tnereon and/or catal yst performance and,

it is coomonly believed that the concentration of these 10~ detri nental

speci es nmust be controlled throughout the bulk of carrier. One way of

controlling the amount of inpurities th=ough the bul k, although expansi ve,

s by Ufieceioe rof daMaNG! ANITRAIS! SRl cres ol SLHSA?E%T?”EMPN@ , 197,270

uce t [

di scl osgagamatier pRORERTIRY tO re um con an a Uni na
powder. The pig of the wash water nmay need to be adjusted for extraction of

ot her netal s and Japanese patent JP56164013 di scl oses the use of a | ow pH
racid) to extract cramumand thoriumfroma cal ci ned a-ai vhma raw
mat eri al . 26 Severdlcher deeduresni n the art teach that washing after
deposition of t e catalytic netal is_helpful. US Patent Nos 4,361,504 and
9, 366, 092 suggest® tFETStHMA &f aBXFdéoc"ét%T%eis Sfatdf washed after the
deposi ti on gresdatgionobisichtatigel d1oR iher&vdd iRitalnibP- A ?11yl di scl oses
washing of a catalyst with hot water to remove bask materials lift on the
catal yst f SR SI45er i npregnati on process or the physical deposition of
al kal i met @a-HdG doaid=ptt Nas= 4IBO¥"1ﬂ.ﬁ')andi scl oses a process for preparing a
supported cat al ¥st \/\/nereC a i Q:\? |gpreggat ed support is
i mersed in an ifeft Swater | ﬁmC’SCl%fré %‘?gcalnels Cs°6‘1 eRtcodhitaihing a
di ssol ved adarp:hatnsc odntaez lgdS*-E’atentbé\Iodet.thrﬂa@xt@BQ tdi sbbosesablxeuosl ting a
silver 5 corg%aqn " ?]g gs;_ngrghg silyer Ccaotrrgq/usr%d Lo §LI YeL. o
presence of *an al'k& - ound renDV|ng org Ai & ep03|ts y mashlng
and i ntroduci ng fcpe&hr‘al kabll meeal’flbay* i Trpy egpnateinemedurnng= othaft er the
vasyng Stade,(8.Rat elbeAPEC hLEAILON- N - A LR dlagbgec2 10 Process
fox preparing alumna o high stabiTity and resi stanceé to di si nt egrati on,
conpri si ng Qurléciopi rarrhg=hydPoasway urd epntsuljldogi hpet feoprecehitate to hot
aging at ahoye 129.E tQ-stahi ugemt.bﬁ al Wl n %é@h@gvéha &l na
grinding, formng into pietes and heat treating formed i eces at
bet ween lo(mearbré“18@ODFI€\/ﬁeFé‘bym%‘é“f‘Jéll§)h%ce§°r\/\ﬁéﬁmf>h6y B P PeAtets 4 nmin
di aneter, have sa7kni beoedgechasdness: &f lsHieast o3500.05 e US Patent No,
4,994, 587 di scl oses’ a process for the epoxidation of alkene conpr|5|ng
coRfact i ng SOK U8l KEAESDP aRdaRAnE biyeh-Rasifedi-ni R§egBs PhH TR i¥dsence of at

| east one ehkki-Gi @AGYneBRANE] K Q@ﬁ@@t@d @Jﬂ)@&t@tacaléed@ﬂ -dedr reaction
pair, selected_fromthe %rou N204, and a solid

203 and
catal yst, TR&E2CEt Al§s?2RONPPT s’i’h@e%T I{Fé’réléﬁﬂ gt Cil"é‘é\ PSgpetne UsE
ef ficientl yfemhanei pg netiat ec@Sesatdcofuranienbendothar nedokedwalaf reaction
pair, on a

calcired a-aiumina 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 4,366,082 suggest that
ethylene oxide catalyst be water washed after the
deposition of silver or silvar/gold on the carrier.
25 EP-A 211521 discloses washing of a catalyst with hot
water to remove basic materials left on the cztalyst from
a2 silver impregnation process cr the physical deposition
of alkali m=cals. US Patant No. 4,367,157 discloses a

process for preparing a supported catalyst wherein an

AR
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solid al pha-al um na support having | ess than about 50 ppm and preferably

| ess than 20 ppm by wei ght of teachable sodium This docunent further
connects the requirenment to relatively low sodiumto the specified redox
reaction 30 pair, stating that in other instances the pret2MascR00%achabl e
sodiumin a silver catalyst tends to i mpfove the efficiency of the system
under epoxi dation condk%ionsc%ggeraL%ﬁ useg.4ANENDED SHEET 12 March 2003
- 2a US. PatEMeNGELeY SHEE LEndTHC 1589480 YP sthBSe Wi ng with an
inert |iquid ahdescideposiddan Ofscihencatahybigingtal daaebbeiore deposition
of a pronoter material. 5 U S. Patent No. 4,908,343 teaches that it may be
desirabl e to 3 ERRACAtFHIE whi ch are exchangeabl e with the alkali and

al kaline earth mejdlmss ot aidied,ign ot Beoi ARECUNSE § NGe SO U4, a 13 18/d0w for
ease of repeatability in the use and reuse of the inpregnating solution. No

10 net Rods ar&® ¢ FECLRIP GBPE SLRBREVEPTE PN SE@ oS Hhown in
the art that agldsradéndd dh Yareldigeliivaceati eampeaRN Al rambitdons. The prior
art remains concerned with the total amount of Inpurities; i.%e., inpurities

t hroughout t her§BiC APt ot tuhatasity- 29t RBY APHFPEYC+edrobEs sk echdldues

taught typi cahdyaBth@Cknd eyt idrelaurtisgl br hEcbasthowheerhd e d hat the
nmetal deposition and/or catalytic properties of a_catalyst may be greatly
i mproved by cont re® |PREERheSRRFEhFastopnEosupPac7 B difel@edT i®er 20 rat her

than tiae purifycgfséhgorapféir iy kalusliel bFahibhestobel s gpoum s of
inmpurities may actually be high as |ong as the surface ampunts of
inpurities ar&efhfRERFACH ALiBNMRINSION, SORRALFLIBE PRRCiPvetingh 25

According to Hg&rsﬂyoyi@fﬁmapfs&md‘tmﬁ%nttmnprgta%@tg@epwvw@da@ir@ ocess
for inproving the properties of da carrier for a catalyst by a treatnent,
whi ch treatneat #boperidrnill oh Y idd zeotdeor lupénant ¥asld g flem which the

AMENDED SHEET 1%&%’?@&3@%; Forrfidd 118t piberuednandior opidg fonpl ete

carrier and ich treatnent 1S effective in omerlng t he concentration of
one 4 nore tbai faphredspieeas eat fredswman PORe 280r L1868 BF wherewml ete

carrier ionizahkg pieses! QRet hensprdrAceah e sJhavehi 8gpicdhe Hplative
concentration of SI atons as
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, NOs, N203
and N04, 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 leachable
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
leachable sodium in a silver catalyst tends to improve
the efficiency of the system under epoxidation conditions

generally used.

AMENDED SHEET



measured by X-ray Photoel ectron Spectroscopy (XPS)perfornmed on the
untreated and treated carrier The concentration as neasured 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 |owered by at |east 5 per¢2MarchV2003
preferablly the concentration of Si |sz | onered by at |east 10% optionally
the concentration | owering treatnent i“§ fol | owed by a drying step. 15 There
is fu=then proyj ded A JUQCRSS . fgr 1@gepg.g|£gd a calal a3t q:§@3RggLal Iy am

ol efi ns epoxi dati on cat zﬁ yst, ep05| fing a catdlytically éffective

a: noL~t of washigry north @n= ltnélrﬁit Ligalflyafeer tdamosidtians Oéndtheptl onal ly one
or TOre prODDLE! ! Gl G BeTREL! QEpBLERALLD O BAUAGRYS as 20 defined
above . There |s yet forth™. r provid a process e Vvapor phase

catal ytic epakexial on O an al kene- ~3 vvlth n oxygen S . Cad cont ai ni ng
gas, using a cafad ySha i APaLd o, B 9CESSC RS dafdined ﬂg VEe:

Descrl ption of the Preferred Embodi nent 't has been foun at carrlers

whi ch have Beshrablaittedl 1anaved fediopsi shbfe 31¢ |Q:}aitf‘e?-s’1mbdl¢ ariéhpresent on
the surfacecpl {hg,cardder Jn{aqw de Gatal ystsipid alytic
properties, t\/\% a(l:orrpar edal nt § performance %ﬂ%@gﬁ%@ygﬁtg made from
carries whi thhaméamg b%@nltsi@ftrré&tééilOWh‘éOJpr%%%SOﬁ sepslatabd ligywor k to

| mp=ove the,pr epsrﬁgssa&& FORe G Al 0B MBLLLTs SN IJIPUT gt he bul k
car=i e= matéria ared to a catal yst e Wwth as untreated carrier

Fur tifer themptbeégsav\ﬁi | tayghtk fagr sechaiierovpl 8~h<i>wm’\r@1ornllct o@r ri ers The
process Is %ﬁmﬁBﬁlgekﬁ&ﬁnPﬁ%é"%ﬁt thg@shcoag Qé Jll\ga e the
catalytic properties of a catalyst wherein a cata |ca y reactlve nmet al

i s deposit egabionnpergidt eI LPcPE -carri er whi ch cont ain ionzabl e species
on its herein npags H\@rpgp@efédﬁ%sofcowa@rﬁ@aaw@ﬁ A& 10 a3 conpar ed
to a catalyst made ?romt he sanme carrier wi ck has not been treated to | ower
surface ionicfableuspetees Tet ol VWMIRUPESSer fPrEsupherdene wlilyst activity,
sel egd i Vi tyynaehtuhhYe 899/ O Sﬁhﬁpﬂlﬁé} tr)ém%%'éfLOEE@HEEqQé@rtatdg@o operability
(resistance to runaway)conversion and work rate The process requires that
t he concent rapiiealdY 2FbaTkabhre @ 15ieh d&sglésenttomas Heevs igaite of the

carrier be fro%@taC%elaAStﬁgeﬂebﬂeaépctsﬁ&lo%urafnavsr%awﬁ gpkrier is IS teat
area of the Carrier which may be measured by the standard nethod of

Brunauer, ERRSPEr&agsTef| %rC?'BSWSt Ty Hef &?&PF}}’ {HRE VMR of the ca=stier

is the site @htwdighngeaski pariekest Hraceurkacel efi 288! €agriSpeci es, or
silicate, is a_species, or siljcate v@ch i s capable of = ZO boring

rendefed i orﬁac,tl\ﬁl‘FeItEaPhE FePHF“F%n‘?fc SHIGHeTy BHEKs TSt thak éif’terl cally
charges cherdzall EBicdhys dlieimphubt ved ity 2@it@a0fl yShki Bagle 4@yl dey measur ed
by 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



I nductively coupled plasma (I CP)techniques and the amount of silicon
species on a surface may be neasured by x-ray photoel ectron spectroscopy
(XPS)In defining the present invention the anount of silicon present on the
surface of the carrier as neasured by XPS before and af §@rMarchaoo3nt
according to the invention have been chosen as an indicator for the
anounts of ionizable silicates Another neasurenent technique is to neasure
the change in electrical conductivity of the treatment solution Carriers
are commonly inoganic material such as,for exanple alumna silica-,or
titani a-based compounds or conbinatioh3 thereof such as alumin- silica
carriers Carriers may al so be made from carbon-based material such as for
exanpl e charcoal actjivated carbon or fullernes 12 March 2003 |onizable
speci es Epprésk] ysprizemd oindheT | ABr §asi Capie caredwrienceiudewbodhum
pot assi ugrakumeAst €8 AR 1 vai it alevsalej WRIBENESE MR- U Ngsi Licate
cesium l'ithi um and gppqggatiQp.thereotwﬁf_ggrticular concerm are the
i oni zabl BT afiom c*¥pett et prasahttoh FRESSurt &6 “Par SPEGRERI Y5 oRf*2abl e
si | i cat esctiphetengctheiender sheableweningabbeisy| | eapesscoficensr athen nmay
be_aceomplysheds by, any Jipags 1bihyi chohsealiggidye den Lgndecing thg,
i oni zabl e  sITiTates ionic_and renoving that species of (il ywhr¢th

measured by X-ray Photoelectron Spectroscopy (XPS) performed
el the untresated and trested carrier.

Tha ccncentraticon, as measured by XPS, of Si on the

surface of the carrier is gsnerally lowered bv at leas:

i concentraticn is lowered by at least

rably the concentration of Si is lowexed

5

10 percent and/cr the S 5
pexcent. More prefe
by at least 10%.

Opticnally the concentration lowering treatment is

followed by a drying step.

15 There is £further provided a process for preparing a
catalyst, especially an olefin epoxicdation catalyst, by
depcsiting a catalytically effective amount of cne cr mora
catalytically reactive metals and optionally one or morse
promoter materials on a carrier prepared by a process as

20 defined above.

There is yet further provided a process for the vapor
ytic epoxidation of an alksne with an oxygan-
containing gas, using a catalyst prespared by a process as
iption of the Preferred Embodiments
has teen fcund that carriers which have been tr=ated

| ]
tnh
]
1]
0]
0
H

1

silicates which are present on th
the carrier provids catalysts with improved
catalytic propertiss, when comparsed with ths performance of
rrizrs which have not be=n so treated.

30 catalysts made from carrisxr
The process is believed to work to improve the propesties of
most catalysts, rno matter how impure the bulk carvier
material, compared to a catalyst made with an untreated
carrier. Further, the process will work fer organic or

35 inorganic carriers.

-t

0]

The process 1is effective in improving at least one



renders the ionizable silicates insoluble or (iii)which renders the

i'oni zabl e silicates i nmopbile however use of aggressive nediais

di scourages as these nedia tend to dissolve the carrier extract too nuch
material fromthe bulk and generate acidic or basic sitd2 MarchigdQg3or es
Aci ds beside aggressive nedia will renove the cations on a carrier but are
fairly ineffectual in renmoving the undesirable anions such as silicates

Ef fecti ve means of | owering concentration include washing the carrier ion
exchange vol atilizing precipitating orgcesuestering the inpurities causing
a reaction to make the ionzable silicates on the surface insoluble and
conbi nation thereof Exanple of wash and ion exchange sol utions include
aqueous and/or 9 Le.sol yent - sqlsutign whi al so _cantain
tetraeth?FénnnﬁT%%?ﬂ?g?oxi%ﬁé%ﬁ#%ﬁ%%n1g&eta_e Y$%%$ﬂﬂ?%ar@%ﬁ§ﬁ@nbarﬁum
acet at e SeroRvEuARALEt aXR2CFHYR atdierl mifhafePoeiretolodi ABBekygheordan de
and m xtyres theraofridhe iorgred conkbieks 1By hecid ealnd s thg matgrials

e o o

used to formthe carrjier may be treated before the carrier is manfactured
When theSEaFRFEr mat er'TRIC AT e 1T ealed bRt Hr &7 t IRF BT i s 2For HE@sti | |
furthér hapepvemeahsnuye perogeeties alfschs eattalydtheasurimescwdd tAs formed
carrier The cacaies mLAsgeked il lounghedanozatle silioalos.,
reductioh tTeatment To nmaké a catal ysts fromthe carrier thé& carfrer is

typi cal | 5o% npPefRat EFREER mdtal IfPountHSi2Tonpiexdzayle  speciss.

Catalytic prcperties incliude catalyst activity, selectivity,
activity and/or selectivity rerformance over time,
10 operability (resistance to imaway), conversion and work
rate.
The ©procsss regquires that the concentration of
es

ionizable silicates present on the surface cf the carrier be

reduced. As used hexrsin, the "surface" of the carriar is

15 that area of
standard method of Brurnauer, Emmett and Teller (BET).

the carrier which may be measured by the

Specifically, the suriace of the carrier is the site at

which zreaction takes place. An "ionizable" species, or
silicate, is a species, or silicate, which is capable cof
20 being rendered ionic, where the term "ionic" or "ion" refers

to an electrically charges chemical moiety.

inductively coupled plasma (ICP) technigues and the amount
of silicon speciss on a surface may be measured by x-ray
25 photoelectzon spectroscopy (XPS). In defining the present
invention the amounts of silicen, present on the surface of
the carrier, as measured by XPS, befors and after treatment
according to the inventicn, have been chosen as an indicator

for the amounts of ionizakle silicates. Another measurement

30 technigque
conductivity of the trsatment solution.

is to measure the chzange in electrical

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

Carriers may also be made from carbon-based materials such

)
Uy

as. for example, charcoal, activated carbon. or fulleren=s.



12 March 2003 -6 and/or salts) dissolved .n a suitable solvent sufficient
to deposit or inpregnated a catalyticallyeffective anount t of "1 v P7 CA
Yi3 If ~metal c.. the carrier As used herein catalytically effect=ve
anount news an anount o netal that provides a neasurabl ¢2¢adreh\2008 erect)
For exanple a catalyticaily effective anountof netal when. referring to an
ol efin egoxidation catalyst is that amounto netal which provide F a
nmeasur abl e conversion n of olefin and oxygen to al kyl ene oxide . 10 Fort

her inprovenent int a catalyst properties are sewn when the neta
de=osition is effected by contacting t::? carrier mjth an =npregnati or _

sol uti on whose hydrogen ion activity has ben | owered. "Hydrogen ion
activity" as used herein |§ ;Lhe Q%$Uggﬁﬂ/|gupch£V|ég 3s, neg;urgg Pg the 15
potential o. 2 hy ogen For . sel Tve el ecfrod used sere=y

sol uti ontydawer el ehy di BEEAET ORCAEET Vi BYL2ef s, talyn %@Hﬂ#onombe

hydrogerg aciiyid y h%%’@&%ﬁ al tgs@dedyud he additiier:0ficachase, csychnthat the
hydrogen 1 on activity he alto eel solytion is |owered conpared to the

hydr ogenhftl'bﬁf‘*”rZOaé‘ét |‘iﬁ‘?by"r03f T shife™ S0t ut i oW =FPATAAUNEFt TUF SRt e. The
base selsoet egnko ﬁﬁ%ﬁ.lee solationspayibe c:h:tm:rtf r oum a"*ey dasfs oF,

corrpound wi.t.h he; nal ;Lmoce n i's
parti cul A% lea]@riglbl 1o %%s%‘é’%%%% %E“EB 8’6% V\7ﬁ|' C ‘C% not al
te~ i .nadndikanle] silldZatgs qpnge ur.uzlgmn—z’q".&steqceqmoéesaﬂ-o&» any

Wil ~C! " il QRS fhy~ m@:a if.s e;:f'a&iw Gal Srengelish ~tR® GRBGEeRNIalion
crase::t ~r1 t he I ?nath,n sol utlon nd, aeaGS~. ted an tﬂg )car—l e|

O gani ¢ Ha<&2 NG | CalF¥r 5°TRé dGhat TORC 50T ut £on het’al ¥72

concEnt ratndens, elxarrp’@@s@fnlml %iﬂmaé‘-ﬁset taapkybasnowium(hydy owtiigées and

1, 8- bi s(rcy{g;u;yl‘gmn%,qaggqhal@malcalipschaagbggwLhehrgge,t:@las congentyr=ati on or
the l'c;pregr.atson sol,ution is,not a concern, petal oxi des ma be used.
10 When 3856 =SREVEgNRERDA sbF utFTOUSESES | Bast “PATEI d%/?%r%quéé’@s
i nci i cagiecak-et i thehangeike,t hectyadrogeno. motdiw~by temyalr e‘:‘m-asuhed with a
pH nete ts_the l#;]cgo_ tandiyag that J.he met Qitai pgd.gs not pH
by a tr?}éllwa u%‘dﬁs ~h~t E‘:Son 2 %Eacgﬁré:t Isjrmgggr:g ed” 12 Tt?erg?n Shal | nean
sucH3a ﬁc’ﬁdéqu basidyst e prE meREIF BT u§l‘-‘ﬁig-a» staddar §pPVEr obBe Even
smal | chargessn chhe "d@asigedop af4 ofa iRy i ifefféotud IPiROFembl 0AgSOl Ut CN
to that Wth added base are eff%ctlveasansq 1c"a,% Qvenept5_In. Catal VLI C
TJr OPer EFES "ESHEEAGR155 SrALES20 SATeadth 6 ]p T ang? T e eas et h base
addi ti onf Hialetiase coltheriorasifm nbrekedm vashimar saky oEfzmsar;catah yst
et QOe,valzce‘nl 2o, NOle SN0 o Ualsias h e | Jen Sn
t he regnatl SO Lt Cn creating manf cfuring

to gause
di f i ch-F‘rbE*th%n th@“ﬁa§é 25l ad@E0f™ s “Coo T tHE hytTdiE
activitgidithtast bn7e @id ectediaFhe Hypdrdybheion 2t | v o 1 roatet o gy
pr ocedur.p Ls aI SO OQJ.LLQ,ﬂf.f ectd ve,\Mhen -used: by |L$eu;.,,.,; es,,q,vxhen_cno i enm
abl e speci 85 concentrations era |owered p=for .t~ 1 npr e‘gnatl on. 307 Thr
~nor egnabeguear pHes3oVg| SBdZ‘Pm\Aﬂr%%“’ac CERaY §rst " BAIRUrIDI S0P pEidi ed in

. he preﬁ&ﬁCeaEanncahtaQﬁphEFQrwhthﬁﬂémmﬁhldh-JH§H%&¢M§5:(XHdeiijﬁﬂeﬂ.
C~rx§g TeLpeds knQUpL ! e, A6l udSpslagin diayl, ﬂgtadfy'glgmfbm

ro

at no ph%i’% Wih a ¢sor vden COncent r ati on, dry
acetate, crown ether, mﬂthaqol ethanol, clneuhylfbvmamﬂde,

-
-

and mixtures thersof.

The formed carrier may be treated, or the materials

used to form the carrier wmay be trsatad beafore the carriar

30 is manufactured. When the carrier materials are treated

before the carrier is formed, still further imgrovement may

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

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

To maks a catalyst from the carrier, the carrier is

[P
w

tyFically impregnated with metal compound(s), complax{es)



12 March 2003 - B ,n u, =~(C:ud.”. j .t."I. S C I B B
~, cnd SL3gG 1 Q:;I;T'utls_.ll:7c.—LIt " i 1 ~r'.::"Ged &G
i.390C~.. Lc. T,D~?raCUre CurV2. ~' ,J w3V O~ CCd.TiDc, the CrOC~-SS
".v'1l 11 ~a d_SC;=Led =i ~ ~a Cctail I,*~"~ a Cdt. 2. IVSL1§Ma}c-ﬁ‘2003]1c | O

the Vapor phaS2 5 pr oductyon c= epo: ~; des, also known as an epcaTdation
eatalvst. E, rst, a carrier is select ed In the case of an epox~3t-~on
catalyst t!:e carr=er ~s typically an moygaric maCerial, such as or

ex.anpla, an ail:mna-based 10 carry=r_such as cc-a | uma. in t::= case o=
cc-al um-Za-co*ta~r.in.; carr 1 ors, n‘rs'y =rr1C? i 5G~Ven CGT:':CSL LId
vinr= as ; .."rf - ....c~C~Sv: aCa _'c~3 as r-:easured by the
3. E.l'. mrthoc o. f=om0.G3 to 10 m/gqg, preferabl =rom 0. (6 to about 5

mog, norad/es préFEFR1GYSTREVEY BN & EEeitahlpgsodwdna waféicdena vol une as

measur esabyc§onVeRt i oRakas 1@@& el CC’&Wimﬂ-\rCE#fﬁbtlugs Dl d:om@. 1 to

0.75 mM/g b L'oluma, The E. T. nethod for term-; . i speci fic_surrace.
area is ’g%s%f =bed ;=4° de‘faetﬁl‘I’ﬁ gr ult | & h‘EnﬁEt r;ga gﬁ"ama ¥4 | er,

E., ~. Asffeloi¢d’ beouht". HeZOE, arGOs-,'rew*t ~of: @beax’z) t ater.izchw.deé/pes Cr.

-d | : takl: b P 70RO arg.L73 I I ~rc~.
—' rg% %qxe @!a T YF%‘? # St Id?/v rer atrvel Z‘{m??oarlfic“
di amater%” %@“‘Vﬁ?e %ﬁiﬂé‘tf u'°f y"@r?&-rlact”élanzeé’°5? ﬁaas n§e 3. & OJIErl'Sped is
su=l ace @a@@scaﬁlé’é éé@«ia@s& i ahaut aaoarégfprn@t@aamnyld}r%&&nmé) about

/g, a._.™ ~ ~ t bout 55 nl/
i e dot Tegrh eo B PR PRITi T 3o B . Chal o |

Pro~: uctsxi@s DOration and U . _ted Catal ysts, Ins. (UCI) 30 Th2
concgptrati OerftrIH’vCasmfr%Pﬂe%ér&”%-ra@r% %%%IW%tFﬁlf-%%%'%tle% t~Je' Gl ~Sce 0.
the carr=er ara reduced to v:rt''at?2 ~~ Clﬂec(li % ~" C~~ ri~r . ~~L
a. Lt ~~8tievoghe ret2t e RRORAE AL 17| 95§é585d « BY  semmaghing St ~3 1C .
th= ." |crer3dai BitBe-an 0 ikpblregnat2oh~: s0A8ridrC~ whm¥ebehy e A rldaC CJ
LC*”HV“IEfglvicy has been lowered. ‘“Hydrogen ion activity" as used

herein is the hydrogen ion activity as measured by the

15 potential of a hydrogen ion selective electrods. As used

herein, a solution "lowered" hydrcgen ion activity xefers to

2 solution whose hydrogen activity has been altexed by the

additiocn of a base, such that the hydrecgen ion activity of

the altersd solution is lowered compared to the hydreogen ion

altex
20 ctivity of the same solution in an unaltered state. Tha
base selected to alter the solution may bs chosen from any
base or compound with a pKe lower thanz the criginal
impregnation solution. It is particularly desirable to

chcose a base



12 March 2003 - 9 =he care=ar. If the care=er rawr~ateria' _s ars
».reate~' ,. , the Do=ned carries may be r=created =~~r 'urther inp
rOvem”''.:1 ~ . loni=able species present on an a-aiumna carrier, 5 for
e: ~anple, typically include sodium potassium alum nate$2 VepthR0©3
silicates, calcium magnesium alum nosilicates, and conbi nations thereof.
It has been found that silicates, and certain other anions, are
particularly undesirable ionitable speciges-in an 10 epoxi datlon catal yst.
Afte= the concentration of the surface ior.iz~bie SpeC as are | ONr?d, the
Qrrler i S G -Mald\ailed:, Yhen, agquegols; or, of gani G sql.vent m@Eh;ng IS
usea, drying or sonme simlar method i s Fecontended to dlspIaCe the 15 wash
sol ution f=oM3eE18arri~ef -por@sch THeeear?i erl sy fdw rdegdy =fomegals

catal ytl cal | y-4reactiree ,uut k.50, be, deposi ted or, dumyegnated hhgrgon. The
carrier having the controlled SO|UbI||ZatICh rate 1s inpregnated with netal
i ons or conpGlAREES)tEI207cbivpl ex5)eand/ I TRt R dssseldedctna4E8Ui t abl e
sol vent suf=firel el rkaneaust §Ha. 0EsH red SePoydd-en AR 1 bhs, cakihges.s Wen
silver is the dera05|t|on materjial, a typical deposition is f=om1 to 40
wta, preferalsify Wiish §reoteprag bk Famianien hisdgsdefeaiei ght-2¥SThe ~Ct al
25 catal yst. (Eh%ekﬂpieﬂnﬁﬁﬁdn§$HJA£H=A§ SH@Q?@H%&EEVtﬁ@DﬁEaEEQ fromthe
sol ution and the deposited metals) conpound is rediced to netallic silver.
One or nore FEOFELEFITHRY DE EHepoTREPEHUEr Spli6r cPelscBPhctdental |y

W th, or subseguert, tRethe Wepasiidan 30, ¢f- thegmatal . pronmoters for epo:;
|dat|en catal ysts are typically selected fromsul fur phosphorus coron,
fluotPne, G oup PMBeRhEBBGHREFSLIEE MY FOoLwstaRs 1 S=aF el @aF F P HEHE )Y and

corrbl nati ons ab1eeeqf - aANendl AMIAT JRLEGL %Ihaqgéhwat&ﬁ@ 12@@30&& 1S

L YP-W. 1 y VV'A rC)Vm~~ (Sj] arlCWI S (,-~ .7ri 1:?22 prCmv,t

| s501~ ~ ~EERIFTIV Pabl S Med gt g2 PlH Teéﬁe»(ml%*fﬂ'éﬁeo 1C_Cc'.ta~
ySts, OLpL.lnale-%gaasn@rﬁ\éwrc%nl%ms\érs&e& E@bedwné@ﬂ PRt olSWy. T, ,
r!IbIdII||; ~i 5 CSiL:m ti | uTTl, SQ. ~lIrl , a CO LI D nal' CnS
tn2re0=: Wt 2p&FE3s| @TLer), %F%“#‘Ofbea | .“eﬁnsafﬁ ~9’|* rLa= W-?dm IIm bei ng
pr2l esr2u. E\a(3|a~rﬁ)r Qb@IQ.mé’arn dsul:$ & G@ntala;h@dLlsanglerEe:Skl pI u. a.

; I’I 1~ y £ q.-.r r\v‘g 211 a’ SLC~
c_iuri p_ u~”‘6tf‘3~e’“ms|Lush’;“'%ésFurm“{?laﬁéi Pﬁ‘b dP°Ga, "‘6‘?“(%% rﬁ‘“ﬁ“‘?§ 1
_triu.~n. 1016 chao" ﬂ%i%uféﬂiﬁHg drreml ytple cahhya$eimcﬁkgké¢13n m --:neslum
_a' _ciu:n, iu riu nd corrbi:~ations_thereof, 1 I
Tan & "L oFoRirar B, A B BR8] Bepet PR 8 rend ™! L 1
_=On, |CKELm-EdVHBﬂthnlﬁfﬁ&ﬂal@mlpabkdﬂbktﬂﬁsa¢0ﬁ1¢"Le as the

20 “measured pH” changs increases with base addit:xon. High

base additions do not sesm to advesrsely affect catalyst

P
o]

4]

r

ormance; however, high acditions of hydroxides have

[x1}

1]
[t4]

n s

D
D

en to cause sludgaing of the rmpregnation sceluticn,
creating manufacturing difficulties. When the base

25 addition 1s too low, the hyarogen 1icon activity will not
be affected. The hydrogen 1on activity lowering
procedure is also quite effsctive when used by itself;
1.e., wh2n no ionizable speciss concentrations arsa
lowered prior to 1mpregnation.

30 The .mpregnated carrier, also known as a catalyst
precursor, can be drised in the presence oL an atmosphare
which also reduces the catalytic metal. Drying metneds
known in the art includs stsam drying, drying in an

acmosphere with a controllea oxvgen concantration, dry:ing



" conmb=n@& ~or~s r_nereoi;~and rare earth netals a=a typically 15 sel ectad
fromlanthanum cerium neodymrum sarr:arrum gadd i nlum dVS~rGSIL:Ifl,
e=blum vytte=blLm and :~l xtur=S th=reof. ~Gn-lI|nmc~ng ex4nples of other

pronoters 1..7.Clud2 perrlle.~. ate, S| Idte, nOy~' Jdad2March 2603 3t 2,
C:rOmat 2, plICS(7!1at=, bOrcate, Si:l~atC dn. I Ori, iluOld2 dnd n,
xy3ralGns O~ GOp TTT~ LOVii, OX V3. A iCTIS O all elenent s~lect2d
f=om Groups Il th=ouch Vil3, alkall!n 0.%fa ~s31 L5 wW th a::1NS G h3

~ ldcS, and OXI'| 3nlC: 15 selected fromGOUS ilIAtG VIIA and I11S through
VI _B The a:,iountd gfec@ous k& wstaktproAbter»sntypital dnegau tdre22g range
or from10 ppmdt.Q150Q gpm. axqressad as.the.getal. by weight of the total
catal yst, and the G oup VITh nets” |9s 1 'eségfﬁaE%%OU“p“ﬁrﬁ “JXpressa’ a as
ti:e nmetal, by waBghti@ ofzexempak. chtal ystceds will- he pisgezibld aneor r
h__ Imwo emnt L~ t,hyeic p_apect..s, ;... 30 hydrogen gun activity G
t he ~rrpre~~na’?‘1'tewc§(§fﬂfli = ggt‘rév{a‘rsﬁ“%bﬂ%*r'ea:fy%utg% é§%ﬁy PReSSddi i on
0= a base. Therbypkcabnl cApeegratiton siod utnom for an sppxddatbor.—catal -
yst begins “L‘éir%ev asl~c, So a strong base is used Lo urther |ower t;n-a
hydrogen rob aétfvrty. Exa:;.ples of 5 s L=ona bases ~r.c 1 uae, alkv' _
anmor .| ' u: n hydrokides, stichaasier 12s Meichc 2003 &l theetrae thwkm; ~r,-ro= ~
u;n ~ty~Yexide, |, L.L A - Wmhyc, oxide and cesiuym . yqrcf ic'e. In orcer
to maintain t??ngééfF% T?rgé:é%/TFa ‘i'%g%s“o'l'u‘tﬁ o dr“r%uc]\éétliyoﬁ“a :d metal 1
oadi ng, a orgacrgernbasmaisrpsbf esudd.cBadse addinpilens annaibresea Systairs

typi c%l y result 5_Lnsgrﬂ1eazs_s&£§g‘frﬁ;nac. iG1l~.. r~r.~g . ng Lp o abo~: rr "" ~

2t t 2 SCrfeaf iSTr_g tzar e "L,easured p " is ::0ot a true g-~i
since tre npregrathOghs SYSSEoZ d-Sa IOl B -TBRUS n1hg BBrexeess of
i mpregnation solution is used, the inp-egnated carrier i s subsecwent3y
separ at ed fropfeher T30l utdorebefCvidAsive "deposi Eedraat &t < conpbantd is
red~, ~ced. ~ropefess,L£05,74h Of§ aMS V- chozaczkef tegtivedy tp provide
an W:prove;nent jn ore or nore of the catalytic properti es of  the
cat al yst wr enl@ORpPare®TES 24 2Patalfysh BefScbht abeit Y ®mUeh BOFFDENts, may
al so jop deaosjted o iter o rd of & ther /4~ PREOL e CUNG dent.akl YswWith,
or sulbsequent to the deposi~ion of the c~talyti.cally reacti-re petal. The
resul ti.”. g €a®3§¥4a% Y A PAlstvadeEScAPBedPraten useTiduashe@vapor
pr.ase productigh ®©f: eRoX 5 SUCD RS vhlitnkhe PhEAYCEI-ON Qv RINWHLr _e oxi de
fromethyler_e and an oa:ygen COntaliling gas. Zii ti iS epO?:3.~di.~Cn
p~OC~SS O 1 <FTemmeE 1 tSRRJe ki e aCROR IR 2; gaydarse Ird adu&dted it he
feedstock to frapsinLaldl ¥st, Cwmakessiconyperhar rehagee. = Q her sgnbodir, , e:as
of the i::ve::tion provide catal ~-sts rnzde by the p:ocesses just
descrihed. 25°he% \io%-rg Penet®a~ 4%y (dFSEribed t:~~e invention) a further
under st andi ng may-da abt aiyped Ry ehecpnes tonthenfol!erdng examgles. 12
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particularly preie

Iy

red. These g-alumina czrrizsrs have

ty

relatively uniform pore diamectzsrs and are mors fully
characterxzed by having B.E.T. speciiic surfacs areas of

.
25 frem 0.1 to about 3 m“/g, preferably Zrom 0.1 to about

H

2 m"/g, and water pore veiumes cf from 0.10 ml/g to about
§.8%5 ml/g. Manvfactursrs of such carriers includs Norton
Chemical Process Products Corporation and United
Catalysts, Inc. (UCI).

The concentracion of undesirable ronizad

L)
(@]

create a “cleansed
concencraztinon oI 1conizabls specres in ths materials used

to make the carrier may be rsduced prior to formation of
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Aci d- Leachabl e9387521861907339D1a (pprTvv)gBuI k Aci d- Leachabl ei ?54381097. 371
(ppmn) Bul k Aci d- Leachaol e2075085%i ' G3 ~| 23" *3 (~. ~r ~nWV~~Bul k

Aci d- Leachablze#. c41553657197tt399%r*(. prrw):BuhkcAcidkiEa@ham=e86318791560

' 000600Si 0? a a- umrq iate) al.Bal. ~Bai.bal. '~ Method
oT Brunauer, QE%fkgﬁdc Ar ”zl\’oc?' ”""re Cﬁ%at’ Pl 2t Brush Strength,

si ngl e pell etmproDetne,nm ned by mer cury ~ntrus on to 3.8 x 10~ Pa using

Mcro~:erit;cs Alrl 9200 Qr. 9210 (130 contact_angle, 0.4 73 ?~a/m

sur Tace t2.’\.510 tfe—}g “*f7 Waré %“Eob% 118730 i5na Na CREELSF g

tC=" ). oEibﬁamﬁl:V*&ypﬂ3314y ehctulle sodium; 1§5t4g51um, r .. -~~~ ~o
|~ 13 J , Car =~~~ wa _was ca riea o~~= by ime=sl:~g 100
gr3ms GL G, rFIlEﬁ"’ilﬁt% giAmPLs, B%‘F ~€2. gk ‘dﬁ@dd‘%&t"éﬁug‘ for i5

m _nute5. Ti laeuﬁaﬁdnEIldM&st hendr 2ofVefdt aods ptBGeof.1 A aasrp&in300 crans
of boiii=~a Ovat e— hqr 15 m nut es. This riprocedure was repeatea once
nore for a total?o —h'i"%r”e‘e“l ShrSFsi 6RE, CETHhT R HUl RO PRE cAFFi er was

S2par at sd Frpartheu et 3r wacsdireedel Iﬂoxal‘m&kblaVﬁEdJe&t ed 28 oven at 150 C
for 63 S ours. Té]gtflorr{ed C rrler was then usdd fOr 'ar_~.r'.ar.a..d G &
a catal yst byp?’fle proce ureéf Gatiined In the fJl-GN N4~ ~ “iai TIAv! e5 .

| m~reanat | on Solattis@r the cosckreraamemesd: tiod aiLeCfStCQC""QDS@hblél on was
prepared bpi 15 the f foll 1QW.Ng rgggdgartgp 415 g o reag ; ? ade sodi um
hyar o: ~i de wefe fssoﬁ've‘a I'ﬁ"q390 - onl’e Rhat“8r he tenperature
was adj ust edWten gu@ous or organic SOchnC washing 1s usada, drying

or some similar method is recommenced to displacs the

15 wash solution from the carrier pores. The carrier 15 now
ready for a catalytically reactive m=tal to be deposzted
or 1mpregnated thesreon.

The carrier having the controlled solubilization rate

1s impregnated with metal i1ons or compound(s),

29 complex({es) and/or salt(s) dissolved in a suitable
solvent sufficient to causs the desired deposition on the
carrier. When s:lver 1s the depositicon material, a
tvprcal deposition 1s from 1 to 40 wt%, preferably rfrom 1

to 30 wt% of silver, basis the weight of the total

25 catalyst. The impregnated carrier is subsequentcly
separated from the solution and ths deposited metal(s)
compound is reduced to metallic silver.

One ©r more promoters may be depesited either prior
to, coincidentally with, or subsequent to the deposition

30 cf the metel. Promoters for epoxidation catalvsts are

typically selected from sulfur, phosphorus, poren,
fluorine, Group IA through Group VIII metals, rare earth

m=etals, and combinations tnhereof. Tne promotsr material



1'099 g high purlt; % "Spectropure” sliver nitrate were 20 ' dlssolv=d in

' 100 m de-lonl ~ed water and the tenperature was aa~usted to 50 C. " =h?
Sodi um hvdrGYl d°? SGi ut=~"1 was ridded .'.10wl y Lo t~" 1~ silver
:~=lrate solution, with SLIrrInC, while nuaintaining a st Marcn20@3per at ure
of 50 C. The m xture was stirred ~5 for 15 mnutes, then. the tenperature
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m xing s=ep and tile conductivity of the water, which contained sodi um and
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sp' .M. erical sector a:~alyzer er~.: Lgﬁgd with a three cha eltro:.
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12 March Zooélement selected from Groups III through VII3, alkaliin
metal salts with anions of halides, and oxyanions
selected from Groups IIIA te VIIA and IIIB through VIIB
The amount of CGroup IA metal promoter 1s typically in tns

range c¢f frem 10 ppm to 1500 ppm, expressed as the meral,

(8]
W

by weight of the total catalyst, and the Group VIIb mectal
1s less than 3600 ppm, express2d as the metal, by weight
of the totzl catalyst.
For rfurther improvemsnt 1n catalytlc propsrties, ths
30 nydrogen on activity of the impregnation solution is
optionally lowared, such as by the addition ol a base.

The typical 1impregnation soluticn Lor an epoxidation

catalyst begans guite basic, so a strong base is used

it
o]

Zurther lower the hydrogsn 0on activity. Examples of

25 strong pases irncluae, alkyl ammonium hvdroxides such as
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improvement in one or more of the catalytic rropsxrties of

the catalyst when compared to a catalyst not containing such

compeonents, may also be depogsited on the carrier either

15 prior to, coincidentally with, or subseguent to the
deposition of the catalytically resactive metal.

The resulting epoxidztion catalysts just described are

used for the vapor phase production cof epoxies, such as in

the production of ethylene oxide from esthylerne and an oxygen

20 containing gas. In this epoxidaticn process one cr more
nitrogen oxides (NO,) may &also be added to thes feedstock to
bocst catalyst conversion perfsrmance.

Other embodiments of the inventicn provide catalysts
made by the processss just described.

25 Eaving generally dsscribed the invention, a fuxther

understanding may b2 cobtained by reference to the follewing

examples.
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:ollewing the was!:,
P~1~1-R2kC~~~3C -~
u:ld2r a 3.33 1 mMnuta at a.

~peC| , ==

C3r2 W-'
:cS cn the 5 el ectrode ”~l anbr ane.
um

Ag the yrobe =n anrac::i
as r~co:nr~,er.d~d by the manufaci2iMarch Bg@Bale 1 A

.5 taken

Such

‘_er Aby 10 !'=first sub~ecWng

r~pprc' ~c-nate?azs grans of tha inpr2g:laLlr.g solut:

1:

. ONn was

t han

aaor oxi ma=ely 30

. ~bl ent tenpo= azure

nmro~~~:cad to 15 subnme=se the carrier, a;.d t:le vacuumwas —~aal ntai ned at
3.33 kPa for aF-2dfeitional S minutes. “he cesiumtareet was 450 ppnig am
f_:lls:.ed c,:talytile Ti shewsachemwrrrers thed e edS 2Gzandet}’ 12 ¢t CeSS
| :Llar2g.~.a tl?la SOL'.ItIC. "1 w35 r2:fICNQ~ rromt:-~e catalyst

pre-cursor by ce:ltr_~ugaticn at 500 rpm~C) 'Or two mnutes. The C3tcl VSt

C=c-CUr SO waS La'iEn dried while bai ngsshaken 3t 290 C for ~ muoutes _.. a
stream of air flowng aLfl;C? L= ams g4;yuu er R
was i maregnatd as descri bed ?nrﬁianlé‘l; 25 fowever, t]:e %anme: fas|not
subjected to carEIer Yesha ig. a e FEslEm 1apgay yas. PPU| ppr mg gn amgra hi shed
catalyst. -.. ri,er B was subjpcted tq carrier washing a~ld i nr
F2C). A 3 t' O §’deSCr| ~..""ed .~ BE~lar Tl F1. ~ .| T~ 1~?|Cc51l L. TTI
target was CﬁUwﬁﬁélgxﬁﬁafﬂihéﬁﬂﬁk)Ca~§9Y$~ 4625n@1§5f% 30 G ,13%4af 3=1Ve)
C3rrler 9 wasS IT~r|rlrJ' a=2d_ds d=' =1E' 12 an’DI 2 1 - hO'N-2Ver |t he
Carrldr widS nCETSHI JRERPTE C. ' . rr) 26-531 NhPEh 38039-| O -Rdshis-44.|':: e
cesi ::mtargetypps 400 r.omc=raipn r~r.igh_d Cafalyst.] ~Xa: T!D. ~F 3 :
Carr ~e~ C waslsub=ect ~d t =~ carrierl washing ﬁnd B Lnnrp natio-?2'as dekcri bed
in Exanpl e 1.|TRerkdimVoluiget s 49607 ghiiied: bk £2HilsKed38: tal yst |

(ml/g) '

IMadian Pore Diameter 1.8 2.7 1.3 4.6

(mrcrons) ‘¢

S10. (%w) 0.5 0.8 0.1 0.5 0.5

bulk Acid-Leachable 438 752 186 1807 339

Na (ppmw)

Bulk Acid-Leachable 85 438 103 7l 37

K (ppmw)

Bulk Acid-Leachapnle 207 508 526 243 123

Ca (opmw)

Bullk Acid-Leachabls 714 1553 627 1978 499

Al (ppmw)

Bulk Acid-Leachaple g§08 1879 1560 | » 2000 | 600

S10; (ppmw)

alpha-Alumina (9% w) Bal. Bal. Bal. Bal. Bal.

¥ Method of Brunauer, Emmect and Teller, loc. cit.

b

n

Flat Plate Crush Strength, single pellet.

<

Determined by mercury intrusion to 3.8 x 10% Pa using

Micromeritics Autopore 9200 or 9210 (130° tact angla

14

0.473 N/m surface tension of Hg).



.4. Ao x.anple 3a (Conparative) Carrier C was inpregnated as described in

E ~anple 1; however, the carrier was not subjected to carrier 10 washi ng.
The cesiumtarget was 3& ppnf gram finished cat aI yst. ¢ ~ ~ a
Carrier C was subjected ~o carrier was~~ng and ' nprecr na12 MardsZﬂ@Scrl bed
in Exanple 1. The cesium 15 target Was 400 ppm gramf~.r.ished catal yst.
Exanpl e 4a (Conparative) Carrier D was inpregnated as descri bed ~n Exanpl e
| ; however, the carrier was not subject®d-to carrier washing. The cesium
target was 400 ppnigram finished 20 catalyst. EY3nD.LE Carrier A was
subj ected tgacanklef Washidsrg @and JJguegnat i-on as.described i Exanple 1.
The cesium 25 35 ~w
aqueous t et Paet hyF anh®ni 1¥m HyAdr oxi de ( TEAR) was added to the stock

i mpregram on sokution: als bRl dels ek -11Zcbo i cponphes- Gy mlocAg sol ution,
to | owner the hydr oge: ~ i on actl\/cy to a "neasured pH' of” 13.2. Exanple 6

30 100 g o 9EARF| @F P inmerde§riems306 PPiL1ag FRTidMESB WRESIH for 15
mn,sthen i gper sednsShcdd Mgl za300eM waE PRLLI Pondlesd Qo ¢a awatier . or 15
m nutes eac5. The carrjer was then renoved and dried ~n a wel ? venti I at ed
oven at 1501 #oFrasthoilid IXPRE Odr PPELiRAsvEReR -5 | RRdGFatéd w .th a

cesiumtar gﬂin@EeQOO RN gfx@lc@dtlrral &B@d:eolzcé@r&%@%&@o@l ~~J" Lo
a~' ~~. ~t~~':7Z, Jw Ti ..~ G S 3" .~ ~~~. ~ 1lorrostl

LN~O~-e~. ~rt?ta%lﬁ thgpe. —ﬁ!‘mﬁféll?“?, {25 YRreRtPONT g Ca\FrmeerE?rE) _S0:1
Im g, t Os spHAddid th@mr'thel e O82_2nd 18R, 88t idn I tyye 110 v nWiik2d&U; dd p::
of . 3 0. 5 Examale ? Carrier A _was subLected tc carrier washing and

i mpr&g natl%ﬁe%sa’ijéss@rl ‘hedoFnig, b Per S p1The 195 TherEsith 85 EN=las 220 p
n19r am Ti ni $h&d for breFalation- @ aPcErar@syShy thal prdced@ResTEF. H was

di ssolved in water and added I; 0 the stcck. 10 solution at a target of 117. p
m- cromol eI 25 52 £3 I‘@We?ctﬂé’"ﬁytﬁngen dtIVity tG a ~~P' . edSUr ~~
r7:~" O ﬂ;amegramj_dﬂ lswgieewonwas di ssolved in water and added to the
stock solution t.o provide 1. 5_£r|crcraol es. Re/gra~n =fi nlshg catal yst.
15 E:carnol a B CarrEE 3R RAsCEipTeRt 2P TArtier WaShPREPAAG d?%r egnat i on
as Id=scri betha :fo ~3Kmmlqepiocpa réh— cesl uri targe= was 450 ppnigra:n

a
=fi ni shed catal yst. 2dd| tion s dissol ved, i n vvater and added to
t he stock 4y35 r2agent 2 sg@ um hydroxide wer

gra
dissolved in 2340 ml ae-ionized water and the temperature
was adjusted to 50 °C.

rate were

(gl

1699 g high puraty “Spectropure” silver ni
20 "dissolved in 2100 ml de-icniced water and the temperature
was adajusted to 50 °C.

The sodrum hvdroxides soiution was added siowly to ths
silver nicrate solution, with stirring, while maintaining
a solution temperature of 50 °C. The mixture was stirred

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

Water was removed from the precipitate created in the
mixing scep and tne conductivity of the water, which
contained scdium and nitrate ions, was measured. An

30 amount c¢f fresh deionized wat=sr egual to the amount
removec was added back to the silver sclution. The
solution was stirred for 15 minutes at 40 °C. The
process was rapeated until the conductivity of the water

removed was less than 90 pmno/cm. 1500 ml fresn deionized



20 I npre~.~. ation solution to lowar ti-:e hyd=oge:~ io.".

"measured pH' or 13.2. FXaialplc? gd (COTiDa'_'atlV~) Carrier ~ was
i npregnated as described in E anpia 5 hOMVcr, the Carrier WAS not
subjected t0O Carrier 25 washing. The cesiumtarget was QR KBrEHZGOB
catalyst. E~anole 9 . 300 g of Carrier Awere im.-llersed m9GG
m ef a boiling 0.1 Msolution of ammoni um acetate for .5 r.lIn, 30 then
in 300 mM of de-ionised water at 25 Cicr 15 mn~. :~Gs, foll owed
by imersion threw tinmes in 300 m of Eﬁnlrng de-icnmed wster for 15

Ti ni shed
i mrer sed

m . ut es

eac~~. The car=ier was the: ved a..r.d dried in a well

activity to a

ventil ated oven at 150 C Lor 18 hours. The ~~arr|er was t hen 12 March
9 ir,:prag:~ated as described in E fanpla 1. The cesnmtarget was
450 prnfgrer WiIBhed eHERSETLEY PHddia <G dihgGrakgs verss didded m wat er
and added@{g»g{mhggémvcn@m@rg@aﬁémént50|uT}@ntéﬁ kpyeeré hRabydesgenti on
sured pkr of é%og ;Y m-l e 10 The a-ai um na source

2003 - 1

activity
mat eri al

or c%ﬁ“n &1~ P WAS Wash

W th de ier.ized water at 25 C, then

honogeni zed witdtahewsanezimayeddifrms thednischoe mtCarkdase Aebélighdyvl0

e: ctrugli
carrier

ppm gram f ~r . icsived cat st yet et hyheasldi dtiore

and adde
activity
prepare

%char..bzféc%@ anghd # rd g dihidhgnudfher) ~, | Fiaces: Fhe-r esuh Lipg

vas eS|gnated rrlerolgC A cat al yst mas preoarea from Carrier
r _he sameSihahverass SOEER £&d=Pn Exanp' e 1. The cesiumtarget was 3c'O0

Ldad m%ﬁteo%iri‘ﬂﬁﬂf}?# | £Ne SOl d Gud WELa AL fydt oggac T on

easur ed Examal e rrler

Theat P ERRSE h§°s’arré°§0 ‘Fr%lrn"f?e‘rn‘e?s &é’chP‘BéﬁtFﬁVExaﬁpF% R

was used to

E ~n

(B OtewSoibz«l sgatee)d waswat er

howeves, difleregarrier was subjected to the carrier washing procedure berore
i mpregnation. _T e,geguuml el.vas pigrarp fini al yyst
Li Ofl Ig) $7di 5307%/2%‘97 noﬁt?a%&gng gddeagto“}ta e%rs%%c ag regnatl on
sol uti on E‘LO(}UZBGPOWQ GHe® hydrdgemaroncatei Vet yheyiag" ﬁéa§uﬁeﬁ ?)’rl'\’eb’-f 13. 2.
Exanpl e E23180agsetefactetim Al $€E thd MERSes axtamp1380.n of a boiling 0.1 M

addi ti on,

sol ution
of de-io

of .barium acetate al_ 25,Gnor 13 30 .

vgs

In

. wed by i mersion three
timeslin 300 Rh2oKPBORFRAPSEA- FERe Zoer Tnmeed figr al5VGri TS Reatiil Hhe

.m.n, then imersed in 300 m

carrier yas tma»qrge:\e%—landa@lﬂﬂna 2 wekbnvephblateg: ovean akyl 59 — far

19 hours.

20

The carrier was ) )
{(1384.6 eV) K-ravs were used as the excitaztion source. The

electron kinetic ernexgy anzalyzer was a2 150 degree spherical
sector analyzer eguisped with a three channeltron detection
system. All spectra were obtained in the constant analyzer
pass energy mode with the pass ensrgy set at 50 eV. Prior
to znalysis, samples were lightly crushed in a mortar and
mcunted onto a sample stub using double-sided tape. The

analysis region was roughly 3mm xX 5Smm. The Al2s pezk was
used for charge correction and was correscted to 118.5 eV.
Linsar baselines were used for measuring the peak heights of
the Al2s3, Si2s, and Nals linazs, and a horizontal baseline
starting at a bonding energy or 105.5 eV was used for
measuring the height of the Si2p line due to an interference
with an aluminum Auger line. Peak iIintensities were
cocnverted to relative molar values using the following
empirically derived sensitivity factors:

2l2s 0.22, Si2» 0.32, Sils 0.24 a2nd Nalg 1.72



12 March 2003 - 20 ir:pr=g,-:sted as descr_b=o~ it E..am' =1 T'e

ce.==umtarget W3S -~ ~~i p.~'~~"t /gram~'" :? S~~~ C.t31 VSt . :1
a'ad' -t On, LinE'1l was dissolved i-! water and added to the stock
~..~prag.”.at~ on solution to lower thJ hydrogen ton act n?tarbh2003a
"measured c:-1" of 13.2. "aS ~ 1D 1 ? 1 ~ Carrler e ~waS SlIb]jcC2d tO

Ca' _'rie= w35h1nG and i npregaatron aS d~s.”.ribed ~n E~:amai~ 1. The cesium
target was 650 ppnigram =finished catalyst. In addition, 10 Li QH was

di ssolved fir. water and added to the stock |:~IDr2;,.”~. aLIC . S*IIItiOu
t0 1Gn~r t~':e ~'|~ldrQgeCl | On 3~Cti~t¥L=J to a "neasured pH' of 13.0 and
NHQReQ ~ was dissol ved ~ n water and added to the s rock inmfrecrnat i

0..”". solutienrd g provirdeni. 5:¥3::@orae:1 as R=! gram finished catal yst.

15 The cat al gaiesivbSwob: B sambl-esa1c =33 -er-e:Ysed. t-0.produae et hyl ene ox=de
fromethylene and o:cyger.. 3 to 5 graps:-0r,.c;ushed.catal yst were | oaded
into a v.35 m ~;.,insi.de, d-a; ~eter stajnless. steel U-shaped tube. The U tube
was i nmersed in hA“nﬁl'f’g%l'??c:"et“apl’ b\étghhfﬁ'gé 'mh%ng’%uﬁ)%‘aﬁﬁp‘trhe‘ne: ~ds 20 were
conneét ed t oTapdaas ¥-| GRRSYSEEAS FeeowBEghionfXAheceat ¢ ymesused and t he
inlet gas flowrahg-wacre adiisied.te-achieve @ gas;houllys.gpace Valocily of
ESO0 M o= gas per ml cf catalyst per hou=. The inlet gas press~~re was
1450 kPa. 25299 -gadfi X535 tUrle Fas@duthroiRprreehareat s 2vée2ped (fir. a
once-t hr oughcopefrati.op?zcvrang st kelessire test run (including start-up)
c~ons~sce~: 1 of 25~ ethylene, 7. Go oxygen, 50 carbon dioxiue, 630

nitrogen, and 2.0 to 6 . C ppnmv ethyl c::lor fide . 30 The initial reactor
(heat madi LMTABLE Aper B¢ rra Was XPS1BO: GelHwe stieaprlatinze Ceasreanpe, ~ at a
rate of 10 G—per—heur—HromiBa-G+te—225-C—and_Ch2n—adiLgte=—-0-as+0

c.' ChlcV-3 & COnSLan}t “ethyf el I'e 207 98 el FFeoEtl] 8% By W19 | cut 1 aC
g3S Str-~"3m ~erl Oji LIGnCC d3ghatd {hl S1€ONVRr SiGn 35 wkewed lare asual |y ob
rained wne; v the cat} al, s t| has. been,on. .12 Lgh,2003 - .21 st-~~-mfog a
total o~ at |l east ~- ~6“’aay§. Die o sl ibgﬁt 'dT‘ffgrggﬁ'é:e]s (E)-“."’f%ed Sés '
conpos~t ~0: +,Carrs of| |ove FHeEs|, (2dre Che~ dlaishedl Forr i [daakyt $gakadnest r ument s
used to detegrm ne thg.tegdsand produ¢t r@as cof .eRRSsi|i ons, the SgJreasured

1

[Us

selectivityland actijvity of [a giver. |catal ystf ma~% vdry inghtI)/_ frgm cne
test run tofthe next|. The initial pefformancel val ues {f or sel ec“h‘“v"i'ij at
| . So et hyl ene oxide were neasured ang ire reported in Tale IIjl. (%)
I

A l €. 2.7 53.7 ] 13.4 i 11.5 4.2

B 6.0 2.7 ’ 33.0 14.0 | 11.2 20.G

< 3.5 | 0.8 76.% , 11.3 10.1 10.6

D 1.2 1 3.8 l 47.6G | 10.4 9.7 3.9

L]
E ' .t I 3.3 ' ol.2 l 1z.5 | iC.s 153.2 |
| . i
10 pH Measurement Procedures
Silver solution pE measursments ware done using &
Metrohm model 744 pH metex, employing a model 6.0220.1C0

combinaticn elacrtrodse and a Pt 100 mocel ¢.1110.100
resistancs thermomecsr fOor temperatire COMPEnsacicn. The

15 meter was calibrated with commercially available bulfer



"TAOLG I | . PE~Lf~~tfrWnCC CitaraCterlst.|CS G. CalLaly'sls Pnel'~alcr-I

F'tec~rrt Umasllel 1 mMc.l |Jasllerl u--i~lum r~a t;xanL.|=
CarrierL're--Inp>e~3nat i~In Cclr,cliLmnLiase IwW~iiti~nlrrlpre~nati nrJ
~C,i uLian "Ineasure~_! Ill1"SelecLi vi t y (g) |"'~myct :12 MarchR0D3~iter
t-rashmnell .'8~ .7~y~)1al :t1 G uashnudell. 2tll .:;iswatei w3 hnonell . %
~t;2 . ~ -~ ~,;2atino t-~aslvnonell. 2f52.023 ~-:3CHater t-~as)~bonell .
2~~ . (r-3a~'n4 t-1a511llr~nP11 . ?R' 46Ct~r " “1Dt-later t.~ashni~ncll
2i'~ . 5~ ~;a dUno rtes shnonel 1 . ~F! ~ . L? 1 ~ yr.vralLer t- gash' 11,

-

|t N13. : ~~s ~tiver |:t afirchisl W5 1dedoasda a: @atekeg Lea_J}at—;ld lFHItI rne~13.
TN ol tz_-,gesater_‘,m@str Lts0 1113, cht_,: ez 0§ Tater
crashLi Ul 1 3‘j Qg AEs GpRans =0 Fast rERPEE T4 T 1 ?Wt’s Tyesd f
L' 2li. nnr norlwme(r,a(aEtuarecaSQQLrlc( ~Id.1.3 r2ftep. 1Specazl lcaddst mEESt -1
rilaterial 1L|L1IL1 1 ay |t al wash_ i water
tlasilLif(. 11161 A Tk % ﬁL%’i?lgﬂlrL?lt ]tgilgtlei“al ' g%?e%?"‘“ls iU fl§ cf;2.7;1.

L)i sF:®ester teumhm—umemegam. . Sueh agcutuiatidn Jwds Ne@ekuCbﬁ)AN 12°
March 2003 - J ¢an pe S£en, tarpt@llc,s,iugnm%c@ntu nLQveENt (Ln catal yst
properties are seen én"the carrier i's was betore the ¢afil ytic netal
i s deposited meomverdadrbertheEmanuffgcthee i nprovenent i s seen when the

material used yqpie 1

I(D S 0
IQ-U) (

Ol

A catalyst pre-cursor was prepared from Carrier A by
10 first subjecting the carrier to carrisr washing.
rFollewing the wash, approximately 20 grams of washed
Carrier 2 were placed under a 2.23 kPa vacuunm rfor
1 minute at amblent temperaturs. Approximately 50 grams
h

Lmpregnating solution was than 1ntroduced to

1]
[

se the carrier, and the vacuum was maincained ac
3.33 kPa for an additional 3 minutes. The casium target
s 450 ppm/gram f-nished catalyst. The vacuum was then
raleasad and the excess 1mpregnating soluticn was removad
Irom the catzlyst pre-cursor by ceatrifugaticn et 500 rpm
20 for two minutes. The catalyst rre-cursor was then dried
while being shaken at 240 °C for 4 minutes >n & scream of
air flowing at 11.3 m’/hr.
Example la (Comparative)
Carrier A was 1mpregnated as described in Example 1;
25 howevar, ths carrisr was not subjected to carrier
washing. The cesium targst was 400 ppm/gram finished
catalyst.
Exampls 2
Carrier B was subjected to carrier washing and
30 impregnation as described in Exampls 1. The cesium
arget was 450 ppm/gram finished catalyst.

Example 22 (Comperative)



5 to nmake the carrier is washed before the carrier is forned. The hydrogen
ion activity of the deposition solution for catalysts in Exanples 5" 13 was
| owered by the addition of a base. It can be seen that |owering the 10
hydrogen ion activity of the deposition solution further {bmpaenepHoshe
catalytic properties. It is also evident that the phenonenon of the pH
effect is not restricted to a particular catalyst fornulation, as best
illustrated in Exanples 7 and 13, wherela selectivity enhanci ng dopant, 15
such as rhenium is added to the inpregnating solution. AVENDED SHEET 24
, SED CTyashrhd. 127 Mar €4 2003 HRGEE/S s= QhOZE‘-’ﬁT"QéH\ T isizg= proper
tles e zZ carrier fCY a cv..ta~ ~St 7V W.?' 2au AH~1 . :1': tle3t:ile ~t
.S ae: fo~~, eB2E24Y3¥%~e c; ;core 0. the ma=erials fra;a u.:lch =he carries
is fo~ec aa3kRExON=t3he co~'plete ca= tier zzd which treat",e:~t is
ef fective in"Zowe rlrg thg - - AA ~r..ore :.c’izable s;

r~e~: Ay
licates arese: rCEEpias Wy S(Sbjrerc\? &y carriep washing @nde girf ace of
the cgnp? et Em@.@é@h@ilorﬂa{\s eidsyEbed i@ BREmALE E: C_THESRe3was tie lawe=irg

of the re? ative ccncei~tratioa of Si atoms, as rneasu=ed by X-_ay r hotoel
ectr on SectP3TG8EoIR° (BES)PRIEAFGIndd eFN o062 14t ¥eaGe3 ~r 3 t eat ed
carrier. rocegsmatetF_mpriga rehiiR ), charact2 r|2pd ~i~that the 4 atm _,

iS ~aer orcr d ~.V ea s effe a :~'- ~ 1 Cc~ ] in ra:zd |n9 “the
ie:li=able silicadsS%m @25 lmper&@??ﬁg ?ﬁed??ﬁnzﬁﬁﬂ & SEFPPRLEs T nsol ~I e,
or =e:lderi: lh@»:éxh@.rrl Ocms Zt'a**re.e&l Ralscabessibiecodd lte.caraeh ~1' OCeSS

v dirg ~.o cl sracte: ized i~ at, sai d .neans .s selected
f romQashi ngi4 3@ W e, 182 §e¢8™ CAFaEF| 19311 oh FRVEET C2rRohed

se~..estra1|£wma£wswlcorlb i nal i.~~Oth~"~r ea= . process accor3i ~g
to clairl 3, e S aracterlzed i t~rat said was~-:ing is pe: ~c=ned with an

a _~seaus a“~d¥815%=garllc sclvan t-based sol:I1tion, se? ected rro,| water,
t etraet hyl a; r norddar izydite xiade suag et oot t&xnémxﬂéﬁ(waskhhg Eudn car bor ate
barlunlacetat slLror.tiuyn acetzt " " O~
2 e i raBE et Bog R tie 1y CERSEFFITTS T hprear .
5. AScracesstacqmrdqawg U0 gpmygoam ﬁzrcé?meq:rscjtathzsc,. characterised in t hat
t he con ceAtlig éﬁé C@ﬁ%§L§ §VQY X?5, ef Si o : the surface ox t he

t

carries is | ~ 1?2 ~CH W 12 March 2003 25
Carricer D was impregnated as described in Example 1;

however, the carrier was not subjected to carrier
washing. The cesium target was 400 ppm/gram Iinished
20 catalyst.
Examplile 5
Carrier A was subjected to carraier washing and
impregnation as described in Example 1. The casium
target was 450 ppm/gram finished catalyst. In addition,
25 35 %w agueous tetraethylammonium hvdroxide (TEAH) was
added to the stock impregnation sclution at a targest of
117.8 micromoles OH /ml Ag solution, to lower the
hydrogen ion activity to a “measured pH” of 13.2.
Example €
30 100 g of Carrirer A were immersaa in 300 ml of boiling
5% TE2H for 15 min, then immerssd six times in 300 ml of
boiling de-ioniced water for 15 minutes each. The
carriar was then removed and dried in a well ventilated

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

[9%)
w

impregnated with 2 cesium tergat cf 400 ppms/gram finished



5. r'~. D-0oCss aCCO~'a;n'~" tG~:~J Gle Or d~:.1:1S 1 CO 5,
charactezi.z=d in that the cor~centratien lowering treatnen~ is fo?l owed by
a drying stew. 7. A process ~or preparing a catalyst, by deposit:.ng a
catalytitally effective anou:Zt of one o. ncre catal ytict Marche2d@3 ve
nmetals a_nd optionally o::e or no~e pronote= nmaterials en a ca=tier

pr _pa=ed by a process according to any one of clains 1 to 6. A p=o0c-~ss
accordzr_g to claim?7, charactsrized in,gzar said catalytically reactive
netal and opti onal pronoter material deposition, is effected by

S, , ~~nergi. -sal al’l’l—Ql’ in.an | rrpteg,ntl sQI utiq V\,her eir hydr ogen
ion activi ty o‘t’ sgnsg" sol Ut i°on ?s °1 owet ed’ ”6?08(5,[%]3 actort rTé“t% c7.aim
7 or cla~. m Erehegrect:eni 2ediipothat 4 : Laegcﬁebawysf.hs suitaisllesf or the

vapour phase §pQXI dation of a:: alkene, . 10. A process according to cl-aim
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Example 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 beifore
impregnation. The cesium target was 510 ppm/gram
finished catalyst. In addition, LiOR was dissolved in
water and added to the stock impregnaticon solution to
25 lewer the hydrogen i1on activity to a “measured pE” of
13.2.
Example 12
100 g of Carrier A were immersad in 300 ml of a
boiling 0.1 M solution of barium acetate at 25 °C for 15
30 min, then immersed in 300 ml of de-ionized water at 25 °C
for 15 minutes, followed by immersion three times in 300
ml of boiling d=-10onizea water f£or 15 minutes each. The
carrier was then removed and dried in a well ventilated

oven at 150 °Z for 18 hours. The carrier was then
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impragnation solution to lower the hydrogen ion activity
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Exampla 13

Carrier A was subjscted to carrier washing and
impragnation as described in Exampls 1. The cesium
target was €650 ppm/gram rfinished catalyst. In addition,

10 LiCH was dissolved in water and added to the stock
lmpregnation soluticn to lowsr the hydrogen ion activity
to a “measured pH” of 13.2 and NH4R=0, was dissolved in
water and added to the stock impregnation solution te
crovide 1.5 micromoles Rs/gram finished catalyst.

15 The catalvsts of Examples 1-13 were used to produce
etﬁylene oxide from ethylens and oxygenrn. 3 to 5 grams of
crushed catalyst werse loaded into a €.35 mm 1nside
diameter stainless steel U-shaped tube. The U tube was
immersed in a molten metal bath (heat madium) and the ends

20 were connected to a gas flow'system. The weight of ths
cacalyst used and the 1nlet gas flow rate wsre adjusted to
achieve a gas hourly space valocity of €800 ml of gas per

ml cf catalyst per hour. The :inlet gas pressurs was

1450 kPa.
25 The gas mixture passed through the catalyst bed (in a
once-through operat:ion) during th2 entire test run
{including starc-up) consisted of 25% ethylane, 7.0%
oxygan, 5% carbon dioxaid €3% nitrogen, and 2.0 to
6.0 ppmv ethyl chlorids.
30 The i1nitial reactor (hs2at ma2dium) Cemperature was )

180 °C. The temperature was ramped at a rate of 10 °C per

t

hour from 180 °C to 225 °C, and then adjusted so as to
achieve a consctant sthylene oxide lsvel of 1.5 %v in the
outlet gas stream. Perrformance data at this convarsion

35 level are usually obtarned wnen ths catalyst has been on
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§. A process accodriding to any one of ¢laimg L to 5,
characteriz=ad in that the concentraticn lowering

treatment is followed by a drying step.

7. A process for preparing a catalyst, by depositing 2
catalytically effective amount of one or mcre
catalytically reactive metals and optionally one or more
promoter materials cn a carriexr prespared by a process
according to any cne of claims 1 to €.

€. A process according to c¢laim 7, characterized in that
said catalytically reactive metal and optional promoter
material deposition is effected by submerging said
carrier in an impregnation solution wherein a hydrogen
ion activity of said solution is lowersd.

9. A procass according to claim 7 or c¢laim &,
characterized in that the catalyst is suitable for the
vapour phase epoxidation of an alkene. '

10, A process accoxding to claim ¢, characterized in that
the catalyst is suitable for the epcxidation of ethylene
to ethylene oxide, containing silver as the main
'catalytically reactive metz2l on an zalumina-based carrier.
11. A process for the catalytic epoxidation ¢of an alkene
with an oxygen containing gas, wherein a catalyst as
prepared according to claim 7 or 8 is used,

12. A process according to claim 11, characterized in
that at least cne of the nitrogen oxides is added to

the oxygen containing gas.



