; e3e+$$%.' @ >+6t +T+ku 25 February 2003 EPOXI DATI ON CATALYST CARRI ER,
PREPARATI ON AND USE THERECF Fi el d of the Invention The invention relates to

a catalyst with inproved -' catalytic properties, particularly a catal yst

suitable for the preparation of epoxides. 5 Background obstfihyl,4 Hﬁ%ﬁd 30N
Met hods have been described nor |owering the total concentration sol ubl e

species in the bulk of a catalyst carries._These methods ge i nvol ve a
process : " which the carrier manuf acturéd ;.~. such c m W @” ’m

| ower the concentration of those species throughout the b

carrier. These approaches limt tie fornmulation of carriers, ofssiem tines

W th undesirabl e consequences suc h carrier densit US Pat ent No.

& 797270 d ool osSONIBETONEARAbES | GARBIER CBRRFARATION GAEAS BRESREF of an

al um na powder. The pH of the wash water may need to be adjusted for

extraction of other netals and Japanese patent JP56164013 discl oses the use

0. ,~ low pH vad i) ek gmeom and thorium _rom a caicined

a-ai umna raw mat ewidj. ,2aten 61 ggest

t hat et hyl ene oxi ae cat al%géey%bealv\étjé?b@v\gs edga’f §9l¥%{e]dwdietib}§5| té)%gnvez silver

or silver/gold aretahe taar rﬂr@perEPe.zllEartdcstagéesawashahgsu)fsmmlaa yst

with hot water h%vr%WEY%r%gﬁ%% 1B eEEaééoLQ%E the catalyst froma 25

silver inpregnation proces e physic aep03|tion e. alkali netals.
US Paterit Pde. éamrmmdd|0§clt@§e§naepmoess for .. supported catalyst

wner e~n an i npregnatga p ~r ate=r SCi ble
organlc sol vent con%gtkﬁﬁg Ja ged?ségrgégg %afo Ioﬁgiléy ﬁ%epéggL

No. -,8i0, 6~~ almmcae@@sptzr salabdel apeccemoundrea@commﬂ A the
S|Iver conobouna !~ SiJover Ca rloLhe'"%EéeHSQnngEJ:élllnga ~VNI 1|m, A2, February
2003 of an al kal5® Fetal” ¢ rénovi ng of gani ¢ depo % Washi ng and
i ntroduci ng fresircades ic m;malc"by \ENpeEYNAati oA mlmngvo\ur@:ﬁtm s washi ng
st age. S. ' Patent. Na 10 n 48 IS Wth 5
an i ner‘tLé i qui dé}vaewero dZS 6:g>| é&%ggn QPgt ESﬁ‘éé’ggr t‘lg?:grref ar &%\ﬁéog%&?eore
deposition of a qc)mmugr@rufmmer ballk Fhetpei oaramerr efiae s Tmmoesraees with the

total anount of ritie Eities throu t ul
Unfortunately, ]hgpﬂhpufl?orbgﬁg§épntechﬁ?ﬁﬁesrfaugﬁggao g@ﬁ?caﬁ?y attack

the carrier itselfdeditrdpds mmzvslseennf:eanduthaEScbmghod:arngelt hfeenSJ.ty
Solubllization rate ff HRLLA RoRPaches, 28004l DPatLLCHLAL, sotlie

carrier surface ~' ~~~ ul'tsi'n & cafa Wth roved

properti%®s. Sunmeaduac ttnhae sloghiermt |conté5tAocfoad| agummﬂa hleowmieeserﬂhee m/iiamﬁ on,

there'is provided a catal yst carrier haying sol ubj | ion rate,
as neasured by te‘%’e gpr?%unt@éﬁzélre%sé'd Segl rmefgm 8%9?3 n}.ilgs\#wé}é#%%%ﬁ%lg@g

wat er, of no grestherr treamls pmmeapasesethecbotaEPﬁélgh@1bfdi$mimﬁﬁ3imha

per 5 minutes. 20 A farther enbodiqent .of Lhe.z.nYenkion PLOViges; &

from & celcined O=-alumlna rawWw material.

20 US Patent Nos. 4,361,504 and 4,366,092 suggest that
ethylene oxide catalyst be water washed after the
deposition of silver or silver/gold on the carrier.
EP-211521 discloses washing of a catalyst with hot water
to remove basic materials left on the catalyst from a

25 silver 1impregnation process cr the physical deposition c:Z
alkal: metals. US Patent Nc. 4,367,167 discloses &
process for z supported catalyst wnerein an impregnated
support .s 1mmersed in an inert water immiscible organic
solvent containing a dissclved zliphat:ic amine. US Patenc

30 No. 4,813,6€E% aiscloses depositing a silver compound,

giilver compound t> silver in the presencs
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process for preparing said catalyst carrier wherein said sodium
solubilization rate is achieved by a neans effective in rendering ionizable
spec~.es present on the surface of the carrier ionic and renoving at | east
part 25 of that species, or rendering the ionizable specpgFdbngay o8, or
rendering the ionizable species i mobile. Another enbodi mrent of the

i nvention provides a catalyst, especially a gatal yst suitable for the
vapour phase epoxidation of olefins, the cat al yst conprising 30 said
carrier and one orf nor e lq(lawl ﬁ‘t al lé reactive , nmetals and, optionally one
or nore pronoting M erias \depss tg MPREPEonT S8V BRE aPF 83N BesTeR s

the invention It ufaaﬂubfgeranfdoulmdrbhatlngr firess whikabihaveaa Bp controlled
solubiiization rate, in particular contraqlled 25 February 2003 - ,
sodi um and/ or sol\T5I"E BT Rt &UESRF0PE] ?gt’:f"ﬂintpﬁt @ésrlb?%v%%g%at%ﬁ/st s with
[ m(:j); oved catal yt IRbtWrQ]PNdsl.es,, 184chods aaet kyiLLy, I4|86| @Qtslr:]ybﬁé/ @éllﬁbﬂfd Tl gHy
and/ or selectivity perfqrmance ov Controlling the 5 solubilization
rate is balieved ’\Kkﬁ’r&‘ {Iﬁqiurlrﬂr 8$§efhg§pﬁﬁbﬁé9f‘| 8 g?‘enﬁé’fab‘é'fla‘? Y&l no
matt er how i mpur endedidde capbiser igat efi al prbuMotber ma€opLsdl | i ng the
solubilization rate work for organic or inorganic carriers.

typical carrier of tﬁd@% RFeRti 8Athag SlEBdFBHF@BPgBl Vi%ht Fiom ?%ﬁael aﬁnount

boi | i ng wat er whigzh ﬂnﬁ)Lﬁ:Qrttllé@ | edet. 0 hRpneigieat ehrbligRobt PPRAVISLIR Nut es.
"Sol ubilization rate" as us herein refers to the_nmeasurabl e

sol ubi | i zati on r & OF-URES géfdl Eih i AMRUES Y e REMQVREr CERRNEGURS 3 ught 5

pl aced imot he solygnicaflary atrspesi thedchirieeandcakla.rati Raofinbeihddy
solvent to carrier of 3:1. Thus, %sol ug}lllzatlon rate_ in boiling water, of .

5 ppmw sodi uml 5 SAUAGE &84S CORETRADERE S esBAlHRT MeASELRE FACE MRS EREAIN e,

after the Carrlers;ﬂ’éa;&.el%ee@nldnlE‘h@athbhmng\@b@&uanroﬁlHecggrﬁéfluét%face e
Carriers are comonl i nor gani cﬁrrgt erials such as, exa al um na-,

silica-, or titarfiaHdsed conHbif é’Stoi‘“lEBnﬁi“ﬁéPl"Bﬁsc?E%?‘é %C RERRELSLES -
al um nasi li ca cardunaSy GF kher Snﬁaﬁt@bgo be made from carbon25 based

mat eri al’'s_such as, for ex r’r';r)1 rcoal activated carbon, or fullerenes.
| oni zabl &3 speci es t yPicER™ %3} Ar éQeﬁ oRTERENENdRYSRFLORy pENRE? r12rRF T HdG e

sodi um potassi ug cltaryat earrsehkubbeisil ngb@ﬂ.uﬁaEGLHmlMiﬂﬁc&ﬂl Udte,
alum nosilicate, 30 and conbinations thereof. O particular concern are the

i oni zabl e ani oni @SS FEGRE S B¥ertSoAMPHB s GREGRESApAYt FE’&H?E?’r?“lJorhl zabl e

silicates. The sqj.ubid/wzali @dinahg @bcell,i eal 8s gwaberrreagwg
inductively coupled plasma ;I CP) techniques and the anount of si con

species 35 on a Qﬂsflécé%}oﬁélnﬁééﬁpédoﬁytﬁer S7LphBEoePBEL P ORLNUEDES -

February;3003 _ g _ A further embodiment of the invention provides a

process for preparing said catalyst carrier wherein said
sodium solubilization rate is achieved by a means
effective in rendering ionizable species present on the >§§
surface of the carrier ionic and removing at least part ’
25 of that species, or rendering the ionizable species
insocluble, or rendering the ionizable species immobile.
Another embodiment of the invention provides a
catalyst, especially a catalyst suitable for the vapour
phase epoxidation of olefins, the catalyst comprising
30 said carrier and one or more catalytically reactive )
metals and optionally one or more promoting materials
deposited thereon. .

Detailed Description of the invention

It has been found that carriers which have a

35 controlled solubilization rate, in particular controlled



spectroscopy (XPS). However, since sodiumis soluble inthe same sol utions
that silicates are soluble in, thesolubilization rate of sodi um becones a
Si er check ofthe ionic species renoval and it has been chosen as

i mpl heck ofthe i oni peci I dit h b h
the5i ndicator to define the present invention. Another _j5gapHifyR003
technique is to nmeasure the electrical conductivity of the treatnent
solution. As used herein, the "surface" of the carrier is thatarea of the
carrier which may be neasured by the standar d10met hod of Brunauer, Emmett
and Teller (B.E. T). Specifi-cally, the surface of the carrier is the site
at which reactionsedkes privter sowirliangitlicacencsedtbatlioatobr: ratdoni zabl e
speci es on the sugface 0f .1 dier f.0 ctjve and
cost efficient ne%ns o??é%c |é&?%gvgﬁghg§§?§§ dsg? 3égtg§d$€%§giéaég’
sol ubi lization rasecihnasiantirable’ spesitéyiity anspecteésinhi ehdisr capabl e
of bei ng rendered Loni -Mpgz term"jqQnig" or."ion" S an
electrically charéggég%%n1c ﬁai%ﬁ{g%ﬁﬁﬁsmﬁﬁe%gtgﬁg'sgpbgggigéﬁ b?*?zation
rate of i dnizabl e20spetl £32tegn bea tae cionleildleeddbycamprieansimhirce the.
iseffective in (i ' i,.0ni I pecies _ioni.cand r Vi t he
species, or (ii) %E%%%??%%Q?%%hﬁ%ﬁ??ﬁéﬁ@?ﬁ%%Ve%oi%ggﬁﬁﬁlg?wo%ﬁgﬁ%%;ghe
rendering the ionbrbbl edsri8spextesid mihidtderfowenerolisegofthaggressi ve
medi a i s25di scour ; j d dissol . rrl t ract
too nmuch nateriaIg??%%?fhégﬁﬁﬁkﬁgg%%‘g@%éﬁggéégﬁgi8¥§Fkggs§g £+$%%§§ﬁ{the
pores. Acids, mhi@hraiQESnsidered aggressive nmedia, will renove the cations
on acarrigy but are falfly inelf ectiale. .o eqnving.hhgsundesi raplg,ani ons,
such as silicates. EffectiVe neans of.] owering concenfration include
washi ng the carrieplubbohexzhedrye;ateliat iddidiimg, wprteci phiahi by, controlled
sequesteringthe ippurities; . causi r i O t he _i oni speci es
on the surface ing§|%%|%? %ﬂg cd%ggha fﬁﬁﬁ@?ﬁgréng%éﬁé bngQQ%%?%%%iﬁhy be
Lreated, cr the raate” Lagbufebramrgi?0Xferss tomather melasungbilet o form t he
carrier may be tr .before arri is manufactured. Even_greater

i nprovenents in sg$%§?f$5%§?%ﬁﬁtgﬁééé%%ﬁ%b *gregest ﬁhgﬁlggPﬁ ?%éggafh?er
raw mat eri@l s andcéheiérnishebecad rirertler e veneatfed. a sPecirfiked at Tre¢ adrybt
fromthe carrier, _ th Lerqi i y_inpregnated wt et al
conpoundi s), corrp#éx&?%#c’i/%? Es%%?%&g%slsvﬁn\r}%&% %%arrs%ﬁ:irt §E| g‘?%blr\%% r @
sufficient to depesitbbdiitrapieynadee alrcdial hing aalte refoffedt pprwaspdihtmA0 of

nmetal on the carrie se el "catal yti.call ffective, N
means an amount of BEPATSFRGt BreviiRe S et oeeukh i ce e,
exanpl e, a catal yeEtakl yheffective maouderofimethal bwhdnngeveterngot of ave
olefin epggidatiogigggg%yst is that anpunt of netal 15 which provides a
measur abl ‘@ conversion of ol efin and oxygen to al kyl ene oxide. In addition,
one or nore pronotersCaayiatsoabe copusiltyedordgane ccaarticgriaést hechpasor to,
coincidentally w th, anagggqufgﬁ.ﬁthP§3f¥%%gsipgénlfggnﬁggbgggglyticalIy
reactive netal. The térm “pronoter"’ as ‘used ‘herein refers t6 a conponent
whi ch wor ks ef f ectpmebynts, ppovédedbama i iprovermsemol,n somd as adrridg-t he
catalytic properties; ol Lhecatal Vel yan Ganpaned . gt ahuql cBobon-
cont ai ni ng such conponent. Further 1 nprovenemnt 1n the catal yst properties
are 25 se2h when bhecfAematedépdsi thon is, efdechadlye cofaacrizng eReivareder
wth' an inpregnatkggbgﬂlugkogufmﬁ§gngygrogen ion activity has been | owered.
"Hydrogen ion activity" as used herern is the hydrogen ion activity as
measured by the potenipaizabla dyerbgentyoicskleariasend] et todeinnsgadniased
herein, a solution w.th.’ ed” ogen., i on jMdty ref

sol uti on whose hydy’gegagg?gggtgnﬁggg%égﬁﬁﬁéhnéﬁﬁii;ﬁ ¢ %&gﬁ?ﬁ%gegf a
base, such that thkelhbdeogéhiraheactaVéiymofmadree alumr ed walngsieachse,

| owered c ar ed t [ EVi . | ut.,o in
an unalte?gg staléngﬁgmgégégggﬁgcggaggéf' ?yéﬁLﬁégﬁﬁgggqﬁﬁgféﬁ %ESIFQ? t he
sol uti on may be choserableneanynbasepeciesnpoesehwidrn Ehepkdnrfawer t han t he
original inpregnati S0l ytkon - art| y Lesi t. S

base whi ch doos nef I arHha Foruar P or bREARE | IR ey 1= Rt Fafe
i.e., which does mdt sillbertehemdgsbeeteartaéd woncehicatvaory iarupied

| npr egnat i on sol u?l%%m%nqIe%ﬁ)()%EEEQiﬁGeghgn&a‘%l{é lmo (A OAY G 03385 %ki@@t
alter the inpregnation solution netal's concentrations, exanﬁ]es of ich
are tetraabkyl ammom agmshydeori dey andméa8ubsd 4P x-ray photoelectron

(di met hyl am no) - napht hal ene. 1f changing the nmetals concentration of the

i npregnation solution is not a ~~:,w concern, netal hydroxi des nmay be used.



Wien the inpregnation solution is at |east partially aqueous, an indication
of the change in the hyarogen 15 activity may be nmeasured with a pH neter,
wi th the understanding that the nmeasurenent obtained is not pH by a true,
aqueous definition. " Measured pH'' as used herein shall ,§5§p2@93

non- aqueous system pH neasurenent using a standard pH probe. Even snal |
changes 20 in the "neasured pH' fromthe igigial i npregnation solution to
that with added base are effective and inprovenents in catalytic properties
continue as the "nmeasured pH' change increases with base addi'cion. Hi gh
base additions d&PRELISEERPYO (8EVEF SBPYCEET ect1BE a$ §St U S padlotdende;
however, high additi angeobohyds gxsdenabaye) Peghe seehs t O, faYSe 1§, udging of
the i npregnation solution, creating manufacturing difficulties. Wen the
base addition issSPdabidwzatherhyaEegeh FeRlartbeserewnid |simmlare cificderdd. ’
The hydrogen ioncgetiiyhtiy LEWREEBY PROCLIUL RS 30: | 52 &1 150 AWH S & fRCkhke
when used by itself; i.e., when ' no ionizable species concentrations are

| overed ppior toinApeagrat Fendetheei hpe cphaserlt corvertion dmahewn as_a

catal yst precursgLashSefehedrbRnhhg, P esense,of sPhetis. 132, whi ch al so
reduces the cataly??c ﬁetal. EXyzngunetﬁods QZ% eg?ﬁgry 26%§§%ﬁbmn in the
art include steamedpyihgyidyyPhgtha areatnespheskiwiath. a control | ed oxygen
concentration, drylngsl 0sgar EANELRY AIDCANPE foeal de A Nl ARG 95A0RY,
drying using a suitable ranped or staged tenperature curve. y way O
exanpl e, the inveneroRrfwkhk Berdestrvivech znay nee eneletaidd fayr thecatangsrd
suitabl epgor the uaReu’ oRNa2EnRLAMICEARD: D5 SROKL LIRS, Al 50 HNOWERS (21

epoxi datTon catal yst. An epoxi dation cafalyst typrcally conprises an 10 \

i norgani c carrieralfgr &Ranphefageapfintina-basete cars itdre suidle & ahdlchni na, e

s

with one or more,catalyti eakby seactiveoELals deposidethadig garrier.

The carrier typic y contains certain ionizabl e species, for exanple an
a-al um na carrietontgpipdal Epeconsaphnstipesietadsd dhcthali srrSiedi l@s been

pot assi um al um , »Sol.ub kkl , | Ci es]
aluninosilicates?ggﬁg 5% ?néﬁi%%gégﬁéfio?ggl€6$EEF{E§§F 8%2%ﬁ¥ﬁh€f
silicatesy and cerhaenioghtheaneohsedaser pace i eodburh s alndesliirzdilion gritzabl e
species in an epqxidati al cordi ng. e Jdnv. i t

2odi um sol ubi | | 25E Oggbgtggg?{ﬁ 3¥§EW€VQ Oﬁg boi %%gl%\é/;t‘seﬁr]lclﬂ'sqcsgn arpgal@’lléad%t%o

| ess than 5 ppmwbllah mendeesd FTheisplwhetézatilon reaoe heyni® cont'donl’ed by

| owering the con ration_of i gpz S i 0 e rface, as
descri bed above.ggggf%ekga?ﬁiS%8E55%§§i?%eg§%%¥$%l é%ng% %hﬁ#%%iﬁﬁ on rate
is inpregnated with bewakinhgnsher senfipoensidbyh i o exes)atand/fon opalzad)le

di ssol vegd.in a sy I vent L Cl to. C i red deposition
on the c%9rier. %§9§?|§§P ?g ?Eggﬁggggﬁ%?Jﬁyn%#iﬁ?%?%sgﬁgﬁﬁ}§ﬁ1cal
deposition is frefmfectova0int +i) prendenbhy fhonm dnioal3le wire afessilondic

basi s the wei ght | Lgat The_ i ppr eg rj q S .
subsequent |y sepgggt%%ﬁfﬁghgtﬁe“sgkﬁgi%ﬁ’aﬁﬁ Fﬁéﬁdg%%§?¥%@i&%?%fé?uggﬁégunq
i s reduced to nesakkiiessiihgetuble250Febt bal yr@098r One Wre norre getdieot er s may«n
be aeposited either pri.or . €Qi NG5 al | Lt h t. t.q the s
deposition s of ?ﬁgcnéfaﬁéthénnfeggwgg€£ép%§?3%%i%%géﬁig fgﬁgﬁgfﬁl%

typi cal | §5sel ect dd stoomagebphar thphespadi astemdron, dEs$dlng ithe @radg A

t hrough Group VT a . pet i .%E§' reof .
The pronoter natg%%ég%ﬁsk?§pﬁggﬁ|§§§%§%§En§£§ma€@?&§9gg1?%%dc) t%é?ﬁﬁwanoter
di ssol ved in a sactiailce ogobegAt. sites in the pores. Acids, which are

considered aggressive media, will remove the cations on a

l’é:_,

carrier but are fairly ineffectual in removing the

30 undesirable anions, such as silicates. Effective means of
lowering concentration include washing the carrier; ion
exchange; volatilizing, precipitating, or sequestering >
the impurities; causing a reaction to make the ionizable
species on the surface insoluble; and combinations

35 thereof. The bulk carrier may be treated, cr the raw



For ol efin epoxidation oxide catalysts, Goup |A 10 netals are typically

sel ected from potassium rubidium cesium Ilithium sodium and

conbi nati ons thereof; with ,~~ .~ potassium and/or cesium and/ or rubidium
bei ng preferred. Even nore pr ef erred is a combination of2%pebriarpl063 at

| east one additional Goup | A netal,~such as cesium plus 15 potassi um
cesiumplus rubidium or cesiumplus [ithium Goup Il A netals are
typically selected from magnesi um cal ci um Strontium barium and

conbi nations thereof, Goup VIII transition netals are typically sel ected
from cobal t, iroPAL@FEked UFed Hehifagm rifsdiasmr ygal vadi bm taedt@d before
conbi nati ons thefﬁ@fcaappefaw A IREAE B ?Ts]@eg%'e'ryla LectadhiLom

| ant hanum cerium _neodym um sanarium gadoliniu spros um erbium
ytterbium and nistwpekization raffereuftrNorrie sierinngberahptestivé ot her
promoters include,yyfePeFdNanatSy; SW AR &ndmvhdate Lupgstatg, chromate,
25 phosphate, borate, sulphate anion, fluoride anion, oxyanions of G oup
I11B to M B, oxy@?ﬁ@?@dof an el enment selected from Goups Ili through-VIIB,
al fcali(nel netal sapts,Wdh aniGns, &f yapj,gn ted from
Goups II1Ato VIIA aé\ I & oué’hsctwﬁl}%J ?‘ﬁ% gﬁg(gﬁ% Qég %lsﬂgﬁcA s?ret al
pronoter is typi’e‘:mifyalh’tm#%mg?eﬁecﬁ wWitdmmet2d gEempeantdse0, p@mpb@(}pf%%sed
as the nmetal, by ght . of the {iat t, t-he V, is
| ess than 3600 p?ol){n?y egpsfée)lssge aslt e met ;ny% Sﬁr&gbl@ ?’9%& é%?{f@}@ﬁt
cat al yst. 25 Febrdepys 2003 impredrortd tﬁrtdﬁ@rallymplca\léryenﬁfentwe adnyowret
propertiy the b en Neaetd wity of A IL.npe I on i

| ower ed, q}Zuch as %Sr{h?%e ng trl?é(:)n aofxtleia asp‘eg1 ﬁgpth%%gél |C§9£H#?$%jh§y

sol ution for an ®POx¢YEIS M| ytanse @mSr® ugli tOé basiad, tb@tapswiﬂrgs base
is used to furt i St ty. Ies of strong
bases i ncl ude al fyrrétggn\gr%anélﬁ%%l X1 de gl;fc'ﬁc as tgt ragﬁﬁqﬁémmm um

hydr oxi de, it hicataiyibsd ey aﬁmfmwmmociemeltﬁlowuen refenimaivot he
desired inpregn 0 a t al n gani c
base such as te?g‘rIll (?Jhéﬁé tJ"nl um oxﬁg-'[él tprqgf g‘r?lragcdah%ggg gﬁ ‘?F%Ins in

t hese s\ist ens tyvptnncaﬂllgrcp‘emﬁs am%asxz{m;shﬂ e ryyid x sgloan gd paagmgamqb to
about 3, reali zi(?)g%%g@tté he, ¢ nfﬁéjroe}ﬁ&h IS Rl +3 gnru HO§| ﬂS?et he 15

i npregnation systentis not a eous e carrier enp in"these catal ysts
in its broadest pspretasrsamped gy of ddpodidrege qmurtﬂn@r O@frrc;enventh@nal

f t t I
onsi der od rel atvbers Foart Sy BSOS Paft E8 .2 10
those skilled i ndepesariomnelt neye bea Wil yiataaldly measgmivhaemecaér.i@hﬂ. term
carriers,gor epoxidghlon.calal ysle Ala i el LBERaRE" oH
a a su b g an

structure and h rface area ow about pre era%fg} bel ow
about 3 n2/g. Ex‘aqpkesebfeQBiWYi@@ﬁWldﬁ fafnerimxrocmmstls are ¢he

al um ni um oxi desméfgcgf'dﬁﬁg égt,ea i f:l S9,d under, (fhe b %98 ?{1@

"Alundunt'), charcoal, pum ce, | rconi a, Ki esel guhr;
earth, silicon caorbpdes%d poe OMSCQAWMrrmtes:QImapmmmgsmhl ccapandnbr

silicon carbide, ﬁ %I it e%‘?ﬁ&% ntseinecttheed %' Star;f Ehﬂ;%sa&;@e

natural zeolit2s, onat es, am ractory
carri er 2®speci aNE?nuBbelml the m@@abr@msﬂum ofs @Iféacn‘-e@ipbm dantaating

catal ysts conpri sg tESrﬂé’f“ Rous: Tt ard Al §na d i P GUIA hBYSeLGarBELS! NY

a-alumna. In 35 tﬁe case cf a-ai unrna-contal ni ng carrirers, pre erence rs
25 February 20031onlgctivity has been lowered. “Hydrogen ion activity” as

used herein is the hydrogen ion activity as measured by
the potential of a hydrogen ion selective electrode. As
30 used herein, a solution with “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 of the altered solution is lowered
compared to the hydrogen ion activity of the same

35 solution in an unaltered state. The base selected to



given to those having a specific surface area as neasuredby the B.E. T.

met hod of from0.03 to 10 n2/g, preferablyfrom0.05 to 5 nR/g, nore
preferably from0.1 to 3 n2/g,and a water pore volune as neasured by
conventional water5absorption techniques of fromO0.1 to 95Fabildrg 2003

vol une. The B.E. T. nmethod for determ ning specific surface areai s described
in detail in Brunauer, S., Emett, P. Y. andTeller, E, J. Am Chem Soc.,
60, 309-16 (1938).Certain types of a-alum nma®aontaining carriers
arelOparticularly preferred. These a-alumna carriers have rel atively

uni form pore di anelesss @l srlettmome rfayl lbg) <doseharfacmeangedaby bavi ng
B.E.T. specific surface areas aof pr.om t referably from0O.1 to
2 n2/ g, andwat er porpeo"\ll% urrle%zh lo(ﬁdefo%thgng%g%t 8 t85 na? lMpregnatlon
m / g. 15Manuf act urssksuoforsucit car rpaeats.ami(alrudze deentrahl€heni chbPsecassase
Product s Corporatlon an Un|t d al ysts,. Inc UCl e resulting.
epoxi dati on cat al r%Jts jUS eogtcrlqgE a)réz1 use?&ml”&%ttlﬁg gpoﬂ? bﬁ%‘%g%énagmn
producti ol of epwaﬁﬁs:,o’&();esmpeac.l alwhyi ot hiyoleenaomxad@erAthypdeaLre@axédaM on
processi nvol ves Ioadl nrgt}ﬁca\_I StStI ntqQ a reac& f Ir; stog éo be. ted
converted, typical?y % urelgz Sy EEE 918 f/ﬁgnS? upion. and depaptte

di oxi de, nitrogemcranthetdadric.olxd@niics braa&sedua; ﬁweranbercahal yst bed at
el evat ed pressure and25t rrperat The al yst converts f eedst ock_t
anout | et stream pr ‘%hll g‘ﬁjt%d'loﬁlsm@t ﬁ&%%ﬁ@%ﬁf’&éafqﬁ??ﬁgeﬁxiﬁ%@%% ?RIQ(
may al so be addedmn:rt hﬁef eexttata@ai anmod urc atyalryst desnyRESL PA-bis-
performance. The foll ow Exanples will illu tra e the inpvention
Februaryq%OOS -1 8‘@%%‘3@?3?&“?&@“@ | §h8 nEHRICHPE| BFE2 LS ed for

t he Exanpl es. TABthdenﬂkHﬂﬂdﬂﬁ&BCBBeE1Epr8@mﬁaﬁenAbeautlon is not a

(n2/g) (a)0.890.970. 780. 87Wat er. Abso t| on E%)ngg% 37 643. 4Crush Strengt [y

(kg) (b) 6. 538. 071X THE AT ch?r&‘ (8Y6%9080. 4600. 390Meagan
Pore Di aneter (m croWﬂie(m)theBZmb]re@Sla&ZobswbluQ.ﬁﬁ 86.40. bBaukk partially
Aci d- Leachabl e B}é‘g&%\g 9387521 3398u| I((apgA chabl e K
“(ppM) 8543810937 d-4% )926 3685267 2586 Ryarogen

/(A\CI gW)Leaqﬁabl e Alad tj:mmlﬁh me*lﬁmﬁﬂgmhﬁée Sw@2h the

pp 80818791560600a a- Alumna (~ Bal . Ba B

Brunauer, Emrett El‘g ing fhatthe megsprepenteo %Fﬁ%ﬁegbﬁénﬁ?ﬁ PEi Ryl e

pellet. c Determfegrby, r@mams id¥FiSitQont.0 OMBa%ute8 Pa” uskBJused
M croneritics Autopore 9200 or 9210 (130 contact angle, 0.473 N m surface

tension of Hg). CHFTSE le]rmhlsﬁﬁ PolCRIRELPYF EXYSRETeRBE1, 2, 3, 4, 5

6, 7, 12 Carrier m@sdhingneves msarrrg ed sudndayd prepsiond . 180egr aﬁslofcﬁan@eer
in 300 grans of boilij

then remdWed and Pt 'i:ré% :j"ﬁ gasolprlreégw%ya(;er L lgn?&rllla némﬁg{ggpg %&hzgorﬁ;
10 15 minutes. ThsslptrDeedis e HaRsS wmeatdeiédom&enarra t@feattiokahnaf three
| mrer si ons,  at mirggrgoclergéngshemc%art!a ryt:vil%S pro%SerEewgrsu%gxt%ggg as the
“measured pH” change increases with base addition. High
base additions do not seem to adversely affect catalyst
25 performance; however, high additions of hydroxides have
been seen to cause sludging of the impregnation solution,
creating manufacturing difficulties. When the base
addition is too low, the hydrogen ion activity will not
be affected. The hydrogen ion activity lowering procedure
30 is also quite effective when used by itself; i.e., when
no ionizable species concentrations are lowered prior to
impregnation.
The impregnated carrier, alsoc known as a catalyst

precursor, 1s dried in the presence of an atmosphere

35 which also reduces the catalytic metal. Drying methods

\
ea

)



- 12 separated fromthe water and dried in a well ventilated oven at 150 C
for 18 hours. The dried carrier was then used for preparation of a catal yst
by the procedures outlined in the foll owi ng Exanples. 5 InprecLnation

Sol ution A silver-am ne-oxal ate stock solution was prepapgtFdbiuaiy2003
foll owi ng procedure: 415 g of reagent-grade sodi um hydroxi de weré dissol ved
in 2340 mM de-ionized water and the tenperature 10 was adjusted to 50 C
1699 g high purity "Spectropure” silver nitrate were ~"~"'"'~ =~d. ~!.

di ssolved in 2100 m de-ionized water and the Lenperature was adjusted to

50 C. The sodi umihyeinoXind@ heokiti @RcVAGe addesin Sh oW Yy | 01t Pedl S Siahver
nitrate solution, with stirring, whi |l e nmaintaining a solution tenperature
of 50 C. The mi xCBHEOSRASISt WLFadaf 6XNE5O Mt Atit @8YIEheFPRIRN & e at GFE1RAS

lowered to 40 C. lwatae&'e\ﬂﬁ%i_h@_r@\fﬁgsﬁﬁ@%;hELPr@%Pﬂ atehereaipd iarytihg 20
m xi ng step and the conductivity of the water, I ch contalned sodi um and
nitrate ions, wadSHB&sdr 641TARLEmbaRPedf OF r 85RO OFMRRR Wbt rcU&d8al to the

amount regoved was agdegahagk tQakhPeesSitNEri SO IO wiThe pe dedcriBEHLLAN
was stirred for 15 ninutes at 40 C. The process 25 was repeated until the

conductivity of fR&Eendespidedpved GAS2iEsS $hbkadDbDe ubtw/ Ul VESEO mPhREesh

dei oni zed water yag4aencaddedep63948s Of abwhmpﬁsﬁ t¥s oxl d fo.80a4 sdlhhydrat e
were added in approximately 100 g increnents. The tenperature was 30 keep
at 40 C and the pAtRaySkept above 7.8. Water was renpved fromthe mixture

to leave a highly comaeegeﬁaegt%hvestgppé@i NG5 W T Yomgdi&s Y laver oxal ate
slurry was cooled to 30 C. 699 g of 92 ~w et hyi enedi'am ne (8s de-ionized
wat er! 3%0was addé@r@inpCrEPAEARAI n§OR FEaPRFaraural Wol g easad g L1er25
February 2003 - 13ch as o-alumina, with one or more catalytically

reactive metals deposited on the carrier. The carrier

typically contains certain ionizable species, for example

an o-alumina carrier, typically contains species

15 including sodium, potassium, aluminates, soluble
silicates, calcium, magnesium, aluminosilicates, and
combinations thereof. It has been found that silicates,
and certain other anions, are particularly undesirable
ionizable species in an epoxidation catalyst.

20 According to the invention, the sodium solubilization
rate in 3:1 w/w of boiling water 1s controlled to less
than & ppmw Na/Z minutes. The solubilization rate may be
controlled by Lowering the concentration of ionizable
species on the surface, as described above.

25 The carrier having the controlled solubilization rate
is impregnated with metal ions or compound(s),
complex{es) and/cr salt(s) dissolved in a suitable
solvent sufficient to cause the desired deposition on the
carrier. When silver is the deposition material, &

30 typical deposition is from 1 to 40 wt?%, preferably from 1
to 30 wt% of silver, basis the weight of the total
catalyst. The impregnated carrier is subsequently
separated from the solution and the deposited metal (s)

compound 1s reduced to metaliic silver.



30 C. The resulting solution contained approximately 27-33 ow sil ver.
Enough 45 =sw aqueous CsOH and water was added to this solution to give a
finished catalyst having 14.S ~w 5 silver and a desired cesium | oadi ng (see
Exanpl esj . Sodi um Measurement Procedures The sodi um sol ups FepaldrpR003t e of
selected carriers was determ ned by neasuring the sodium content of the
extracting nediumw th an Orion nodel no. 8611BN sodium 10 sel ective

el ectrode connected to an Orion nodel 290A-Vvd tmeter. In a typical
experinment, 300 grans of carrier was boiled in 900 grans of de-ionized
water for a total of @nd tceemaneutmsnotlaurs mgyt bies apepisaded3eithat i grods
were taken at predeterm i rval s...The saodi um cont ent of, each, .

al i quot was anal yézj(g’d %C%qrgc?ddér{l}éﬁelnl [frlggéduorressuv]?éslelqueegt abPi éﬁ%dd?%?sf%hon

sel ective el ectrouesthdheetsodi iBwoortceTd rfatd @poixidkhe caokatabpssanpted at 5

mnutes is used to, ev e the carrier as.being a,good or poor candi date
for catal yst prep%‘?%lt(?#nﬁ} RS Cttge arfleroér} verE rzop?gﬁf’ OFRS’ TRBFE™M | .

SSUl
Sodi um Solsubi | i zaf I wsr Red e G pwrp SLAT thitcesyH GiroSel dctradmatALsM par&asd tet S
ARt e ALANE: SR SR S B R S0 I

(ppmw) A4389. 21. 3Ab9 388 12a IAB7 528t n3iGE] 6 kovd? o rFsamt Tabl e £ Tth&Eob k omb g

anmoni um acet at e ciexcshoaln‘gaed as, descur.itb(égI in gxam'g‘l e 8. 25 February 2003 -

14 H Measur enent® Procedur €5’ S 13Rr-30615ut i P ‘neasur enent s wer e done

usi ng a Metrohm nodelFoids e inetegroxielmlion Bgidenedek16s0220c260p IA

conbi natian el ectrode and a Pt 100 .nodel. 6. 111(%. 100 5 resistance . ..

t her romet-8r for tEpEratih%e Cdtgehsat i561HeCFe % IeFe PORAS S E B bF R LA Wit h \
commer ci al | y avaidedl em bufifteri 8ol Wddins,beher ecedchatisens! Bharéypi c@lth K
measurenent, a 50 ml_al. quot cfj t he doped silver solutiop to be uged for a=
catal yst i npregndt?sh’ A1t 5T é”fd@rmrugll%’s‘mlﬁeb’é%kﬁfe RFBEgh a

2 mcron filter a&tachetd pddferdad d splaasiomd ispriiRgeofThesphhppDhe aas

log\tNSir ﬁgdl nto the l~eas't ~onrgﬂ%rc]jedtiltciaclrlayl %‘trloru%e As?nle%tall?n-’sugpxdag hgeéfgrgl ;g]gus

15 potassium, cesium plus rubidium, or cesium plus lithium.

Group IIA metals are typically selected from magnesium,
calcium, strontium, barium, and combinations thereof,
Group VIII transition metals are typically selected from
cobalt, iron, nickel, ruthenium, rhodium, palladium, and

20 combinations thereof; and rare earth metals are typically
selected from lanthanum, cerium, neodymium, samarium,
gadolinium, dysprosium, erbium, ytterbium, and mixtures
thereof. Non-limiting examples of other promoters include ’jﬁ
perrhenate, sulphate, molybdate, tungstate, chromate,

25 phosphate, borate, sulphate anion, fluoride anion,
oxyanions of Group IIIB to VIB, oxyanions of an element
selected from Groups III through VIIB, alkali(ne) metal
salts with anions of halides, and oxyanions selected from
Groups IIIA to VIIA and IIIB through VIIB. The amount of

30 Group IA metal promoter is typically in the range of from
10 ppm to 1500 ppm, expressed as the metal, by weight of
the total catalyst, and the Group VIIb metal is less than
3600 ppm, expressed as the metal, by weight of the total

catalyst.



after 3 mnutes was recorded as the equilibrated pH The probe was cl eaned
between each neasurenent with deionized 15 water, and checked for
calibration. Special care was taken to prevent accunul ati on of AgCl solids
on the el ectrode nenbrane. Such accunul ation was renovedoByesHpadipoishe
probe i n ammoni um hydroxi de sol ution, as recomended by the nmanufacturer.
20 Exanple 1 A catal yst precursor was prepared fromCarrier A by first
subjecting the carrier to carrier washing. Fol 1owi ng the wash,

approximately 30 granms of washed '~:"" Carrier A were placed under a 3.33
kPa vacuum for 25 1 nf"ﬁat@ua%h%mwowm dtruraa.t sdysriox brapek § 169, gt zers
of the inpregnati Rgqsghuhi oo, Was:{H u r afrier,

and the vacuum vvasgmal !r;]t ained at 3.3 kPa %_‘?ﬂ; %ﬁﬁgﬁaﬁgéhﬁgﬁﬁt éé The

cesium target wasl9B8rp@nt Hain 45 nbghidee o%licbllvgn O'Iﬂn@ \b@@@umT\Was tyheea B0

rel eased and the ‘.%?ﬁﬁ?éénéﬁ?&?gé‘éi ngé%c;% rqea@%%d ﬂgg@ebggmé yst
pre-cursor_by centrifugation at rpmfor nut es. Cc
pre-cursorawas thenidei edswhi I%Obfél ﬁ@rmk@rﬁ%tlﬁwe@ feor fgrlthﬁut égwen. a
streamof air flo g h 3 le la
(Conpar ative) Car %grhg&r&%er?n{)%ggn%ttle‘ﬁg@ asc )ée%%%n Séﬁ’ﬁﬁ Eé?gphomever

the carrier was né;théH@Fe@i}éﬂltmwwrhmm shed @esitenrrakhpt-was 400

pprt gr am {1 shedafin6al ahyishar EXATD! & 2 181a B e, S estednl o carrier

washi ng and inpregnation as” desc e cesiumtarget was
450 ppnd gram fi ni Bnddosatal ysr . o1de Exemptal e irConpacasiivey CapregnaBioms

| mpregnat ed as desgilbedn! fo SKAMPL Eord o OURNE, IGSRYT LT WBSH0BL b

subj ected to carr~.er was e cesiumtarg ram f 1 ni shed
catal yst. 15 Exanpueh3a€at¢te¢e®wa@mwmtemtmwrtoocm mseprwésm:ng aBase

i npregnation as dgagtggﬁq g%E%< es}steﬁ‘t%e t%gjsll lgpltjsl %%El%? 1390 ppni gram

finished catal yst arative was 1 npregnat ed as
described in Exar‘rbllneaiurﬁm\lel\l/er"n@rh@e Clag g 179 WES trmotabsmttj 8ct edatoztagri er

washing. The cesi Ufytatgets e, 3601 AN ofamdd f shedl ool aliyst xaml e 4 25

Carrier A was subjected to carrier i'ng andlrrpreg tlon scribed in
Exanpl e 115 The cesinpregasgeen wags us0 Jpprﬂq}r agddmished cat al yst I n

addit 1 on, 359% aqueoushet£aek 1} ARl R UG e JuTEAL 08320990 to the
broadest aspects can be any of the large number of
conventional, porous refractory catalyst carriers or
carrier materials which are considered relatively inert.
20 Such conventional materials are known to those skilled in
the art and may be of natural or synthetic origin.
Carriers for epoxidation catalysts are preferably of a

macroporous structure and have a surface area below about

10 m2/g and preferably below about 3 m?/g. Examples of
25 carriers for different catalysts are the aluminium oxides
{including the materials sold under the trade name
“Alundum”), charcoal, pumice, magnesia, zirconia,
kieselguhr, fuller's earth, silicon carbide, porous
agglomerates comprising silica and/or silicon carbide,
30 silica, magnesia, selected clays, artificial and natural
zeolites, alkaline earth carbonates, and ceramics.
Refractory carriers especially useful in the preparation
of olefin epoxidation catalysts comprise the aluminous
materials, in particular those comprising a-alumina. In

35 the case of a-alumina-containing carriers, preference is



30 mcronoles O+l m Ag solution, to |lower the hydrogen ion activity to a
"measured pH' of 13.2. Exanple 5 100 g of Carrier A were imersed in 300 m
of boiling 5 ow TEAH for 15 mn, then imrersed sip: tines ~.n 300 mM 35 of
boi |l ~. ng de-ionized water for 15 m nutes each. The 25 belrdmiary2@@3 - to
carrier was then renoved and dried in a well ventilated oven at 150 C for
18 hours. The carrier was then inpregnated with a cesiumtarget of 400
ppnd gram fini shed catalyst. In addition, 35 dW TEAH was added to the stock
5 inpregnation solution at a target of 117.8 mcromles OH/m Ag, to

| oner the hydrogeqiven &eot EbPeg hovanyneasveetlf pH'swof fd3: &reh‘axamplnea&ured

Carrier A was sub ect?l mEO carrier washing and 10_inpre jon as descri bed
in Exanple 1. The de&Pantt &r ethéEO‘?Z@fp FPRr A3 it s d“(/é?t'alpy-?t erpRly

addi tion, TEAH wag glnsgobgeg Be he, sqQl uti on at a
t ar get of 117.8 nicromol es OF ? pg %lg?o ggg?%&%{/dfr%%ng;d(alcﬁiovﬁt% /g
"nmeasured pH' of #®3d2a HﬁﬁeNl—ﬂRé®4VQ-5umasa$jer%®$uwe@d|vamrenera:n@nadde!dttem

the stock gol uti OBbEBr @eémg Jg%&é ogp! £So4xed of am 4 “fsSf?ne.Ld/egc%é/a'v%%me

Exanple?Carrler Awa ecte carrier washing and 1 tion a
descri bed i n Exanfihe B. ETifie vethoedh farg@eteﬂnwmsngLqupmlgr a\smrfﬁameslae@a

catal yst. In addi tioneobt phbuas, dyssol yed | n s el and adged fo

i npregnation solufion o Tower th dr ogen- T on activity to a maasureégéH'
of 13.2. ° Exanpl &elaefCohpar dt i Am) Qﬁerﬁ:arﬁiq:cer A6<3‘NasBOSer1r€eg(riaBt3@d .as

described in Exanple % hee r [ S_ not sub ected.tq _carrier
washi ng. The cesium té?éggy\ﬁ €§%%% g%%lgﬁf%{\%l S caltaq fsat lI‘:exasrrﬁlrg 8 30
300 g of Carrier Aa%neulmﬁyspdefar@@@ rri‘h@ée axbminhmjnga Calr Mles@l titaiven of

anmopni um acet at e foi % vrn%) n tgr m‘rerse(g f de-ioni gwat er at’f%
25 C for 15 ninut 881 3F5FFoned by FTImRYET o Trﬁ?%eeri ﬁﬁs 35 F6F St Yot Yooi | i ng=
de-ioni zed water f:baraaﬁtarnneesbgealcdnmﬂ'@es £ 25. Febsataf e 2¥Facel breas of

from 0.1 to 3 m?/g, preferably from 0.1 to 2 m2/g, and
water pore volumes of from 0.10 to about 0.55 ml/g.

15 Manufacturers of such carriers include Norton Chemical
Process Products Corporation and United Catalysts, Inc.
(UCI).

The resulting epoxidation catalysts just described
are used for the vapour phase production of epoxides,

20 especially ethylene oxide. A typical epoxidation process
involves loading catalysts into a reactor. The feedstock
to be converted, typically a mixture of ethylene, oxygen,
carbon dioxide, nitrogen and ethyl chloride, is passed R
over the catalyst bed at elevated pressure and

25 temperature. The catalyst converts the feedstock to an
outlet stream product which contains ethylene oxide.

Nitrogen oxides (NOy) may also be added to the feedstock

to boost catalyst conversion performance.

The following Examples will illustrate the invention. R



carrier was
18 'hours.

then renoved and dried in a well

ventil ated oven at 150 C for

The carrier was then inpregnated as described in Exanple 1. The
cesiumtarget was 450 ppm gram fini shed catal yst.

In addition, LiOH was 5

di ssolved in water and added to the stock inpregnationsolgtFgbtuay 2008er t he
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the carrier

was not subjected to carrier washing. Th&Asesi amtarget was 360 ppm gram

finished cat
of a boiling
i mersed in
i mersion th
m nut es each
oven at 150
in Exanple 1
addi tion, 35
February 200
activity to

to carrier W

cesiumtarc~

di ssolved in 3

t he hydrogen
di ssolved in
provide 1.5

catal ysts of
et hyl ene and
6.35 mMminsi
i mrersed in

to a gas flo
flowrate we

10

ot ol

Lz | aof C
T

0.1 Msolution of bari ufidceed

rriaor
-4

e

A ara i
e

%)qur

n-30
t Hen

AR -Seg
15 Svi n

BT SufLOMLEr M) @) 2

ree tines i n_300 boi | i n

©.Bar [1p . @mnt by

g de-i oni zed \

DI oyved
br 15

resyal
vat er f

Waber clrsdoeptivas tHen renoved 4
o Fft et S

walll.evend 8l &t

ad ac Hoceor: KW

nd9dﬁied46n2a ed

+t haon 1

ok
I

Capeh cest e tar et Wls 200 ppnl

CTEREC O ) U U:d
b Aybto th

JJ r-oonal
T LRR) B S e L%
graéﬁfi ¥

555%%%WF$E%L@§H%%?gﬁﬁ@gﬁﬁ??gndyc

dly
FOH T 25|

ni-shed
Ay
ir ogen | on

o 146
ower t%e yd

e defs UPefke piiamdcel3d. 2. Exanpl e
ashing and, a 5 inpregnation as @
niqeens58° bpnt gram fi ni shed cg

N

12.¢ CQarz)er
escribed in B
talyst. In adg

Awas subj ect
anple 1. The
lition,|Li OH w

14

AS

t r(g@pladﬁed tothe—stock—T
Ion“activity to a "neasured pH'

pregiat ot

Ul.. 1L U f VVC
of "13.|2 and NH&kqu mé%%

M@l T Ac Ud aNgla @ INs T (Fprdd)OCK

icromoles Re/agramfinished cat

TIpg eqnags on

Lvyst Y- ~~' A

SOlgg 1 0N 333

Byhkphesd1a3Chal ke JsePR™ )pr od

) )= == The
ucdoet Hyl e oxi R f

BXYHCHc 1 3-LPacon a0 B DT ( Zddip e

e 15 dianmeter stainless steel

omd”’
-

FEY
ube wa

1

The U

CTHGATY,
} shaped

"tiibe.

nBwbk t Apidebedcihal ke (Meatramdi un

) ahdl t|héSerds vieie ¢orfiidct

7 t Th oTtof -t 1
_‘Beﬁl’ CAZ ddi.g%&‘l’xfé}&'[g S1oy "Tpprii)

S E T

adj uste
alpha-Alumina (% w)

Bal. Bal. Bal. Bal.

a
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Flat Plate Crush Strength

c Determined by mercury int

Micromeritics Autopore 92

angle, 0.473 N/m surface

Carrier Water Washing Procedures for Examples 1,

T and Teller, loc. cit.

single pellet.

rusion to 3.8 x 108 Pa using
00 or 9210 (130° contact
tension of Hg).

3,

2' 4!

7, 12

O,

Carrier washing was carried out by immersing

100 grams of carrier in 300 grams of boiling de-ionized

water for 15 minutes.

The carrier was then removed and

placed 1n a fresh 300 grams of boiling water for another

15 minutes. This procedure was repeated once more for a

total cf three immersions,

at which point the carrier was



achieve a gas hourly space velocity of 6800 m of gas per 20 ml of catal yst
per hour. The inlet gas pressure was 1450 kPa. The gas m xture passed
t hrough the catal yst bed (in a once-through operation) during the entire
test run ° a. (including start-up) consisted of 250 ethypsiFebriar2023
oxygen, 50 carbon di oxide, 63%nitrogen, and 2.0 to 6.0 ppmv et hyl
chloride. The initial reactor (heat nediun) tenperature was 180 C. The
tenperature was ranped at a rate of 10 C perldiour from 180 Cto 225 C, and
then adjusted so as to 30 achieve a constant ethylene oxide level of 1.5 %W
in the outlet gaseidesad Rardrormenea t@dat anat drhed canyewsionvéeyel atde
usual | y obt ai ned when thelIS ag%lyst Hgs been on stream for a total of at
| east 1-2 days. DUER &5l i Ferdnl88Tfn FBE&JYGAEIcOAPEEFEi v RN flow |
rates, and 35 theiwal ifymtgrepacfatdral Wi aaktatBsEUNBOt SheSeHotedured
February 2003 - 19  determn t}l}e feed and gro uct gas conpositions, the
measur ed sel ecti V1S ERE 4¢t iTG y OdfLO¥ 2150V ERSBRESFyst may vary slightly .
fromone test runrgyddia vixt solhtiioni tial performance val ues for -
selectivity at 1.50 5 ethyl'ene oxide were nmeasured and are reported in
Table I11. TABLE | Y SIPIPEGPREREs C¥RAAERT BFPSE| 881 BFLeRt vy R EshRyd
From Unwashed andnéshed ca-Algupirdaedexanpl e CarrierPre-1 npregnation
Condi ti onBase Additionlnpregnatin% , ,

415 g of reagent-grade sodium hydroxide were

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

1699 g high purity “Spectropure” silver nitrate were %ﬁ}
dissolved in 2100 ml de-ionized water and the temperature
was adjusted to 50 °C.

The sodium hydroxide solution was added slowly to the

15 silver nitrate solution, with stirring, while maintaining
a solution temperature of 50 °C. The mixture was stirred
for 15 minutes, then the temperature was lowered to
40 °C.

Water was removed from the precipitate created in the

20 mixing step and the conductivity of the water, which
contained sodium and nitrate ions, was measured. An
amount of fresh deionized water equal to the amount
removed was added back to the silver solution. The ’i;
solution was stirred for 15 minutes at 40 °C. The process

25 was repeated until the conductivity of the water removed
was less than 90 umho/cm. 1500 ml fresh deionized water
was then added.

630 g of high-purity oxalic acid dihydrate were added
1n approximately 100 g increments. The temperature was

30 keep at 40 °C and the pH was kept above 7.8.

Water was removed from the mixture to leave a highly

concentrated silver-containing slurry. The silver oxalate

slurry was cooled to 30 °C.

699 g of 92 %w ethylenediamine (8% de-ionized water)

L)
w

was added while maintaining a temperature no greater than



Sol ution "neasured pH'Sel ectivity (o) Tenperature (CylAwater

washnonel 1. 282. 72291 aAno washnonell. 281. 32372Bwat er

washnonell. 282. 52262aBno washnonell. 282. 02323Cwat er

washnonell. 282. 02293aCno washnonell. 282. 02354Awat er 25 February 2003
WwashTEAH13. 282. 72265ATEAH wash + wat er washTEAH13. 682. 72226Awat er
washTEAHL13. 289. 42457A. wat er washLi OH13. 282. 72267aAno

washLi OH13. 282. 02278Aammoni um acet at e washti BH13. 283. 12229Dr aw nat eri al
wash + water washLi OH13. 282. 722210Dr aw nat eri al

washLi OCH13. 283. 0225 191 bl i eumesaaitatng wadhltiionl 30282 iked22pp 2éuatere Wwash
~LiOH ~13.2 1 86. %{"} 2, N Oll\‘liema c NOOw~=~:..; 25 February 2003 - 21
It car, be seen t m‘@‘“ﬁﬁﬁ cant’ i nprovenent in catal yst properties are
seen when the sodi umEsmcbmjm |4z &tw @ryueaine ICsoHOwRHedatEar wher sddedintb B Hiave

dramatically |lo odi um sol ubi iaQn.rates ee 5 Table |1) Ter bei ng
subj ected to the %%]I?%Je? "\l t’ﬁlnvgebrao?[é' ge% Féiyf‘ﬁapa&égﬁl i‘é Y| ower
bul k sodi &m f or C‘ﬁrlrvee»r d&did dmraechlogahmmduuausﬁbubslelezakampléﬁ;te. Even
further inprove § ! z&en when th% rrate!rial used to nake the carrier is
washed before th Fer D. The hydrogen ion
activity of the depositd CHDCBIQJmJtSICIlmlblerlZQ&tLahYS‘hSel 6 fExabptesd dedPr varss
| owered by the additi qrfof aegg |t can be ?‘een t hat | owering %rg_é
hydr ogen ion acti%4t ﬁ% 4 %é’simtelagﬁré'é’ﬁutt SnSPE}FPﬂeFo’f‘LBeW‘rp? VES t he
catal ytic propertéescadting réddionewidentant bat chhfopeenasenssl DEN t fred b
effect is not restrjcted to a artC{ﬁ;:]ul ar cat% ¥st f or.mul atloa a% @ZSt
illustrat®d i n BEGFAESE df &PENECLEeE0I ¢Pt YTERRAMRIRY 48Nt ,
such as rhenium \r@liﬁﬂkieéirlmdheﬂyﬁdfcﬁgna&lpﬁglﬁﬁhutl eoo aeaﬂnts wfldabheer
apparent to one of_ ordinar in the rt, that .ma and
nodi fi cations may"de 91%]3]: f%/ ﬁled G BFams 8 \‘i(inet he0t 2§ pHF‘FFﬁ g??o‘?ntr?tsal
spirit or scope asf s®ififedrt hmhﬁ.rt@lsn. DurdhgFeblidapyr28@3 3 ml aliquots
were taken at predetermined intervals. The sodium content
15 of each aliquot was analyzed at 25 °C using procedures
well established for ion selective electrodes. The sodium
concentration in the solution sampled at 5 minutes is
used to evaluate the carrier as being a good or poor
candidate for catalyst preparation. Results are given in
20 Table II.

TABLE II. Sodium Solubilization Rates per 5 minutes

for Selected oa-Alumina Carriers

Bulk Na Extracted Na Extracted Na
Unwashed Carrier|Unwashed Carrier|Washed Carrier
Carrier (ppmw) & (ppmw) (ppmw)

A 438 9.2 1.3

ab 438 9.2 1.2

B 752 9.2 1.8

C 186 10.2 -
a From Table I.

b Following ammonium acetate exchange as described in

Example 8.



- 22 CLAI MS 1 Acatalyst carrier having a sodium solubilization
rate, as neasured by the anmount released by immersion in 3:1 ww of boiling
wat er, of no greater than 5 ppmw, basis the total weight of the carrier,
per 5 mnutes. 5 2. A process for preparing a catalyst cg5rpegrrug9(2@0g| ng to
claim1 wherein said sodiumsolubilization rate is achieved by a neans
effective in rendering ionizable species pr??ent on the surface of the
carrier ionic and renoving at |east part of “that species, or rendering the
10 ioni zabl e speC|es |nsoluble or rendering the ionizable species inmobile
. 3. ' 3 P e ®in said neans is selected from
washi ng, ion exchanggm\/@fasa)ils@mg ol IRId U rhd QlerPEBEALPLEEREOR,
sequestration, and 15 conbi nations thereof . al yst conprising a
carrier accordln@eﬁéobmam®¢qlaﬁﬁ4cﬁﬁa%ﬁt@ﬁmw?mRﬁQMkﬁﬂ cahogletedc02¢é - hbbal s
and optional Iy opgmgEngPl&n péPé’@Ech@e e erd s 1%09?&\9@ 60158 dggarrier.
20 5. A catalyst according to claim4, characterized in that it is suitable,
for the Vapour pha§é5é9@R$d%h$€WPmﬁtQﬁeﬁ¢ﬂu¢empenﬁanﬁawpwpea§e©ndhngT@e
claims, charactgpiged,sd Lhaln 8l Gafid ALYM02323p9d gAEELET and
said 25 catalytically reactive netal 1s si ver process preparing
a catal yst accor@phytieng|kghrehycatie Wﬁecﬂ%nrﬁ;nygacadhaﬁaéueemze@,|n t hat
said catalyticalby peagi{¥gofelalcis &%ﬁgﬁﬂé reiep b
subnergi ng the carr?er |H¥d% i npregnation sol utlon Lﬂ:%g E?d?ggéﬁeﬁogor
activity of which Fatphbovier empEW%thQWﬁmmemww 23108. mA ghesess
for the gatal vtigeepoxi dardom, of anuabkane: ifidy a vdan; qontalnind0as.
wherein a catal yst according”to any one of ¢ , Or a catal yst as e
prepared accordi pgasdicl aymirgei sThsert Brdhe Agw deesgedcdordi ngeto claim ™y
11, characterize t n_Qxi ed to ®¥
t he oxygen contaﬂn 58E82%1f§ %ﬁfﬁi ?Eﬁgﬂ%%é rgn%£§¥%1€§§€9ﬁﬁ O%tggq 4
conmpound, renovi A§terganncndepdsvas igmwmﬁﬂdupsuuharﬂgumdubmageﬁraﬁh ahkal i
met al byi npregnagi d n t n ' ag t ent.
4,186, 106 and 4, &%%8855 g%?%%%\/\i% | ng w %laart%alsner?‘elnyqﬁﬁgﬁa?{gtelPM%d
deposi tildn of theacatalyndccmg¢b¢®nﬂobe¢iwxbxﬁqmnntlﬁp$oahlanm@nw@@r
2 oo Fat et b, o4, 024v0BL SLochones & RELGERS [ aespoxidat | on of
al kene conpr|S|ng contact enean an oxygen-contalrning gas in the
presence of at |edstiOore @émbcaEﬂcyswwnmﬂaﬂ Igdsieguyase regro veld ®y
redox-hal freact! BaRakG, 8! SELAD 1 OMmddie of Ruah M NAZ MR0SaRd N204,
and a solid catalyst, the ca st conpri singsiilver ‘and at | éast one
efficiently- enhametngmandeétbsatheomaamfmnﬁwwemf a redox-hal f reaction
pair, q%@15sollg Egg al um na support having |ess than about 50 ppnmand
preferably |ess pm by wei ght of | eachabl esodium This dacunent
further connects theAreqUalEﬂEnprecmzﬁemlwaﬁypﬁ&maﬁﬁﬂnﬂnmmt@ammgespécbﬁled
redox reactionpai t 0 st an Al Iy
of 20l eachabl e so %EﬁilgEg?gfﬁﬁg§ LH %%g% %%h%?(fggiﬁ%$3%9§%§ efficiency of
t he systen1underFepdpwdaglbhecsﬂdht|@msg@mena¢¢yyu3bdﬁfh§ orfi ore sded remai ng’
concer ned mnth t A& t ul S PRA e r oughout
the bul k.v...~ ng%%%?ortggg?eﬁgékgﬁ ﬁaéﬁr?t% f%&%%al f%%ﬁh?ﬁ%ﬂs
taughttyb5cal|y atnaomtehetpambientltggpéra¢mrmasApnn@&xmaﬁahwu$Ql@ﬂams
contronlin the S0l WRK! LeBLEORaEohe 06\ CPIOA SPRGLES. . AL AN Cul ar
sodium on a carrier suffaceresu In a catal | mprove catalytlc
properti es. 30Sumsabyeaiet hael naeniéonmn@rdmgva@mrhevqﬂ asamt aimeshtaton,
there is provideda-.cataly C ] a sodi S i]izat] , as
nmeasured by the §n3§n$%a ?Er Qé %gafg%ééggoh ﬁﬂﬂX%%kDEg&gﬁEE?ﬁﬂ‘%}f&gé*
was 450 ppm/gram flnlshed catalyst. The vacuum was then

\!‘
S "_.75

30 released and the excess impregnating solution was removed d
from the catalyst pre-cursor by centrifugation at 500 rpm
for two minutes. The catalyst pre-cursor was then dried

while being shaken at 240 °C for 4 minutes in a stream of

air flowing at 11.3 m3/hr.



- 2 a- 25 February 2003 3:1 ww of boiling water, of no greater than 5
pprw, basis the total weight of the carrier, per 5 mnutes. A further
enbodi ment of the invention provides a process for preparing said catalyst
carrier wherein said 5 sodiumsolubilizatian rate is achigyvegyyn0ERns
effective in rendering ionizable species present on the surface of the
carrier ionic and renoving at |east part of that species, or rendering the
i oni zabl e speci es insoluble, or rendering tHhe i-oni zabl e speci es i mmbi | e.
10 Anot her enbodi ment of the invention provides a catalyst, especially a
catal yst suitabl €xaoipllehe avapgempaphaseeepoxi dation of ol efins, the catal yst
conprising said carrier and qQne or nore catalytically reactive netals_and
optionally one or noF@rﬁﬁSﬁogiﬁ&snéFBFFQPgti% ﬂ§p3§F¥EiP?qmﬁQxﬂfa aitl ed
Description of theweweantitte khrtasrbees hetundubhattearts efsrmdch have a
controlled solubilization _rate, in particular cgnbroll;d MIC3/ TH1396PCT
AVENDED SHEET  -YaPpindsTRepFesiv™ea39rF ¥an HEUSBRA/9FER Sitgiimadant

i nprovenent in caladlajsistproperties are seen when the sodi um sol ubilization
rate is lowered. Carriers A and B have dramatically | ower sodium

sol ubi l'i zati on réﬁ@gE@§e§ 5 Table I1) after being subjected to the Carrier
washi ng Procedure. NaolirGeetrhat widespubgetbed! e¥etabul kr segirimd aindCarrier C,
it has a high sodium soluhilization rate. Even further inprovenent is seen
when the mat eri al'MPEEFTEG1RRKE St HESEELPREr 1N SERABRES befTt ot WhrtdtErY s
formed, 10 Carri efasD4sthephydregefin@ahagt k¥tiyyet . the deposition solution
for catal%sts in_Exampl es 4-11 was | owered by t%e Y, ,,.~" ~r~" addition
of a basél It cakX3¥PdEed HSC™PERELLRE t he hydrogen ion activity of the
deposition sol ution foartrher B5waBpiapesqhbeegahal yéker praperd imsamdlle 1S

al so evident that the phenonenon of the pH effect is not restricted to a
particul ar cataly§¥”qW9FnuF§FiGEFré§rb§§F PPEUSEPAEEEC? NP BT 6 and 11,

where a sel ecti vidasramanaiheg cdepant na%géb Ass! BeDi Pph/ §Sardeiadh died he

i npregnating solution. .: ~~ MIC3/ THLI396PCT AMENDED SHEET - 23
catalyst. .
15 Example 3

Carrier C was subjected to carrier washing and
impregnation as described in Example 1. The cesium target
was 300 ppm/gram finished catalyst.

Example 3a (Comparative)

20 Carrier C was 1mpregnated as described in Example 1;
however, the carrier was not subjected to carrier
washing. The cesium target was 360 ppm/gram finished
catalyst.

Example 4

25 Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium target
was 450 ppm/gram finished catalyst. In addition, 35%
aqueous tetraethylammonium hydroxide (TEAH) was added to
the stock impregnation solution at a target of 117.8

30 micromoles OH /ml Ag solution, to lower the hydrogen ion
activity to a “measured pH” of 13.2.

Example 5

100 g of Carrier A were immersed in 300 ml of boiling

5 $w TEAH for 15 min, then immersed six times in 300 ml

35 of boi1ling de-ionized water for 15 minutes eacn. The



25 February 2003 8. A process for the catalytic epoxidation of an al kene

. Wi t'h an oxygen contai ning gas, wherein a catalyst according to any one of

claims 4-6, or a catalyst as prepared according to claim7, is used. 5 9. A
process according to claim8, characterized in that at | e&sftemogrydogdhe
nitrogen oxides is added to the oxygen containing gas. t-~A, std r;. ,.
";1~) ,. ,a., MIC3/TH1396PCT AMENDED SHEET

CAnf?. Ay. A3. Alyy. Al . AH?. A" F. As>3. AY, . AWFE - 1% -
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aJ ca] ca] ca]caJca yas 720 ppm/gram finished catalyst. In addition, TEAH was &%)
wW3xxyyygzqzzz{|[}I|} n}s} F~~~1~xsni d_ZU] ca] ca] ca] caLca] cal ca] c”a] ca] cal] ca] ca™
Ul cal] ca] ca] ca] cadieqda|a dfc aedac arghjpdded to the stock solution at a
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Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium target
20 was 450 ppm/gram finished catalyst. In addition, LiOH was
dissolved in water and added to the stock impregnation
solution to lower the hydrogen ion activity to a s
“measured pH” of 13.2. ﬁ&
Example 7a (Comparative)
25 Carrier A was impregnated as described in Example 7;
however, the carrier was not subjected to carrier
washing. The cesium target was 400 ppm/gram finished
catalyst.
Example 8
30 300 g of Carrier A were immersed in 900 ml of a
boiling 0.1 M solution of ammonium acetate for 15 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 de-ionized water for 15 minutes each. The
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not subjected to carrier washing. The cesium target was

360 ppm/gram finished catalyst.
25 Example 11
100 g of Carrier A were immersed in 300 ml of a
boiling 0.1 M solution of barium acetate at 25 °C for
15 min, then immersed in 300 ml of de-ionized water at
25 °C for 15 minutes, followed by immersion three times
30 in 300 ml of boiling de-ionized water for 15 minutes
each. The carrier was then removed and dried in a well
ventilated oven at 150 °C for 18 hours. The carrier was
then impregnated as described in Example 1. The cesium
target was 400 ppm/gram finished catalyst. In addition,

35 LiOH was dissolved in water and added to the stock
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It can be seen that significant improvement in
catalyst properties are seen when the sodium
solubilization rate is lowered. Carriers A and B have
dramatically lower sodium solubilization rates (see

5 Table II) after being subjected to the Carrier Washing-
Procedure. Notice that despite the lower bulk sodium for
Carrier C, it has a high sodium solubilization rate. Even
further improvement is seen when the material used to
make the carrier 1s washed before the carrier is formed,
10 Carrier D.

The hydrogen ion activity of the deposition solution
for catalysts in Examples 4-12 was lowered by the
addition of a base. It can be seen that lowering the
hydrogen ion activity of the deposition solution further

15 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 6 and 12, where a selectivity enhancing dopant,
such as rhenium, is added to the impregnating solution.

20 It will be apparent to one of ordinary skill in the
art that many changes and modifications may be made to
the invention without departing from its spirit or scope

as set forth herein.
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CLAIMS v
1. A catalyst carrier having a sodium solubilization v

rate, as measured by the amount released by immersion in
3:1 w/w of boiling water, of no greater than 5 ppmw,
basis the total weight of the carrier, per 5 minutes.

5 2. A process for preparing a catalyst carrier according
to ¢laim 1 wherein said sodium solubilizaticn rate is
achieved by a means effective in rendering ionizable
species present on the surface of the carrier ionic and
removing at least part of that species, or rendering the

10 ionizable species insoluble, or rendering the i1onizable

' species immobile.

3. A process according to claim 2 wherein said means is
selected from washing, ion exchange, volatilizing,
impurity control, precipitation, sequestration, and

15 combinations thereof.
4. A catalyst comprising a carrier according to claim 1
and one or more catalytically reactive metals and
optionally one or more promoting materials deposited on
said carrier. )ﬁﬁ

20 5. A catalyst according to claim 4, characterized in T
that it is suitable for the vapour phase epoxidation of
olefins.
6. A catalyst according to claim 5, characterized in
that said carrier is an alumina-based carrier and said

25 catalytically reactive metal is silver.
7. A process for preparing a catalyst according to claim
any one of claims 4-6, characterized in that said
catalytically reactive metal is deposited on said carrier ,
by submerging the carrier in an impregnation solution the

30 hydrogen icon activity of which is lowered.
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8. A process for the catalytic epoxidation of an alkene

with an oxygen containing gas, wherein a catalyst

according to any one of claims 4-6, or a catalyst as

prepared according to claim 7, is used.

5 9. A process according to claim 11, characterized in —
that at least one of the nitrogen oxides is added to the

oxygen containing gas.
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510%&&' () - Qof BADURIKA): Qhet 4] Scompound, removing organic deposits by

washing and introducing fresh alkali metal by
impregnation during or after the washing stage. U.S.
Patent Nos. 4,186,106 and 4,125,480 disclose washing with

5 an inert liquid after deposition of the catalytic metal
and before deposition of a promoter material.

US Patent No. 4,994,587 discloses a process for the
epoxidation of alkene comprising contacting the alkene
and an oxygen-containing gas in the presence of at least

10 one efficiency-enhancing gaseous member of a redox-half
reaction pair, selected from the group of NO, NOj, N303

P and NpO4, and a solid catalyst, the catalyst comprising

e silver and at least one efficiently-enhancing nitrate
salt of a member of a redox-half reaction pair, on a

15 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
pair, stating that in other instances the presence of

20 leachable sodium in a silver catalyst tends to improve
the efficiency of the system under epoxidation conditions
generally used.

The prior art remains concerned with the total amount

L

o of impurities; i.e., impurities throughout the bulk.
25 Unfortunately, the impurity removal techniques taught
typically attack the carrier itself. It has now been
found that controlling the solubilization rate of certain
species, and in particular sodium, on a carrier surface
results in a catalyst with improved catalytic properties.

30 Summary of the Invention

According to the present invention, there is provided
a catalyst carrier having a sodium solubilization rate,

as measured by the amount released by immersion in
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basis the total weight of the carrier, per 5 minutes.
A further embodiment of the invention provides a
process for preparing said catalyst carrier wherein said
5 sodium solubilization rate is achieved by a means
effective in rendering ionizable species present on the
surface of the carrier ionic and removing at least part
of that species, or rendering the ionizable species
insoluble, or rendering the ionizable species immobile.
10 Another embodiment of the invention provides a
catalyst, especially a catalyst suitable for the vapour

phase epoxidation of olefins, the catalyst comprising

g

e said carrier and one or more catalytically reactive
metals and optionally one or more promoting materials
15 deposited thereon.

Detailed Description of the invention

It has been found that carriers which have a

controlled solubilization rate, in particular controlled
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5 9. A process according to claim 8, characterized in that
at least one of the nitrogen oxides is added to the

oxygen containing gas.
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