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catal yst. Not all subst ances have the same effi ci ency in formng nitrate or
nrtrrte |ons |n the cat aI yst By NO2 equr vaI ent |s 25 meant the armunt of

T . o g, Y 2 o o o . Y



yynt equi valent to the desired anount of NO2 under operating conditions
' ess suitably) by 30 determ ning the quant:ity.of NO3 ions deposited on
at al yst bed under standard conditions conpared with 30 the quantity
d€posi ted by NOQ2. [nprovenent or restoration of the selectivity of a
cat & yst %%Eﬁ‘??a% | ost selectvity in the reaction may be carried out at a.
wi de range of tenperatures for exanple from[err] to [err] but terrperature.sv
of 150xygenavereimeaswednftef aperiedthf 2 Maeks ptra@ssmudﬁsmwelbetwom&mbr‘f ahgesubs 1 to 100
- bars Inbtaingd fop cetphestay Bypnd Gare prownimigelel- - 50 bar's 35 absolute.

. 35 Suitably in regeneration of the f'@?—?l yst at l.east 50-and preferably at

- least 300 parts of. nitrate and/ or n te per .mIlion parts by weight of
the Catal yst areqyadded.. Regeneratiorgyray be carried out | Bujgdf presence5 of
the reaagdyant s antbnssader NaToBdn. I €actdoasnCONdi toeRBHiIy N @ PCORARRNOT |
produci ng an ol dppmile oxi delpfy) i ntrodpwhing the nitrate or wktrite form ng
conpound to the 40 reaction and preferably mai'ntaining in the catalyst a
cond@8tration 0f208t |east 50 and m)réopreferab"Py at ‘| east %0 300 part siof
nltrat§ and/ or . n”)rlte per mllion éts by v ght of cat%yst The - '
- catalyst may be Th a flui di sed. or prei erably a fixed bed suitably packed in
an appg opri at el ypofi mensi.ongg tubul ar. reactor. ggXAMPLE 1 45; Catalysts for
t he 1gxi dati on -of. ethyl ene to et hyl ene oxi de wer.e prepared-as follows: -5
45 10. EP@MHLEseagent grade silver. acetate were dissolved in the m ninmum
anmount 6Fat%h‘ﬁtﬁ9hﬁha°’9‘éﬂ"m 9fsvieraip pideneroyid YV%EEP’QPG Pﬁ?’@“@t ssol ution: This

sol uti o 'é?aqe iSiiverse ‘eé‘ﬁ d'f E{e‘f irjop o s' 088 grams pert o |
SupF}Br egs#C; lomfu q ﬁ Ontalnl gfﬁﬁ;ﬁe aaﬁgdﬁ.le kbnder

-

h.mnbﬁmss%aé& ntn 1d0g Of thd \ss'Jn rﬁtﬂerm rl buppde
sur f aQﬁaté\iaeﬁasin alphealGrHiR P 0 poiiseE bﬁNoMﬁSonBer 1@de rhdt MLENDUMAISicHHal €
di anetmevionalg bénSrusheciaonsevanth givia eanicdsavith dametsistinthevasge3Rt 1mcThgapface t wWas i n
t he f careachthe sunmrt mauetlal whes3 w’f/q Fhemeamrewsm?tﬂ wap é8 mam'earw thezwlmpros'rVe

was;2 i #ught

ﬂ m A Sao utedQ af rced (‘pau tov rlfor urs tC2 dl‘ 9
oven ] ;e Fnas ﬁ.,,ﬁé%:#v i it Batal yst
cont ai nfmeg:a,g, Qwas s EdloW 'S cat aI yst. vvas t ted wth

al kal i  pogtofdhe éutatnrsﬁms'ooausa g ats wefssﬁtéemaug (iktera Biaﬂﬁﬁr 8rih) céqasihapﬁ a ate anounts
of '$30Cdthermostaticalytcenteutied fluiitised sind bathi The eatatyswashededdo 2A0TQTiverapiedod ot aluthos s ogov ed
| n 4 nhingies i6 § stygameoff nitrqien gt aaeh murlmwameloe'yetﬂ?m@hn hand e gresguee 02@&35 *Ufrs t he

or}%é?!“‘glzf“?é%?‘at')%'}ﬂ‘ fea tbeﬂ';e'a%vav §§"§gya Wég; . Redant [err]
for @&’iﬂ: 2"%"725 et hte 5715 B bV deRol s

E'hus‘ WAN-stalb §‘an e'lecmf} @Ls &‘%’ﬁm §xy Mﬁﬁs‘iﬁﬁ% Thelkathiyst. pegs

| OkasRiowdikrBict urRie@h&kl ¥éhaitiohs uh@ibd gavela seﬁalvﬁ)@\b&’-ﬁ ea\ylene oxide at 5% oxygen
60 Thecoowirsddryst s prepared in Exanple 1 were tested in the. follow:ng way: -

20g of wblabg:@tthe\ﬁaw of rypatesbap wesstapped anf Hieaitrogensupsly wasaeintraduced fthergactdry st was

heat ec®"d %sap%vewjadwﬁa%vnﬂha @'ﬁ@éﬂﬁ%‘fq Wes acbi a‘aﬁfﬂol"atsﬁé??“’ée‘ PR Withdke st r eam
Vas 4P nrf? O\Zr ercaaajcl or ours ar 2.7 an;gairsﬁo%? gg g)lc ﬂ %e‘rb %olelzgv ar e4q nch
gauQe)th: mg{t pﬁl m%nﬁg @d tgﬁ'l Pa@ r@zﬁ)@olut A pp m

vinyl &wsvnhoed h.dean% tmmcm rabjﬁst&%' St Y6 Hbdrs S ke (2 .

s eI eCt dckiibded @ta GHEY opFI0C B L. TGP racesd\ves rSixﬁllFb a@i;rewsa'sly descfibed was tlﬁBmﬁ'otﬁlibéd til:33 B
X5 gberenntorgt S BHEY 0f 3000 brf-t and 18:5 pres dboelute {240p.9icd ierdbe catalystpetfimmenop bphice 45

veI oci gt "G&‘-d 359@@@"‘{/9?%4]"' to efpydene @geg 3(‘?"*8’1&798!1 qqequ‘qndv?ﬁ E‘&‘teaﬂfst s A B and Car e

shown i 3ns gas heyyly space velocity -
5 Na s1a meansp n spersquarelnch aEﬁIute

B oxygen: sion is mean rcelitage of the o hlchl fe whlch| cons meQ(ygen Cat al yst «
ConggnExXMpﬁi c?:"o en e tthe(f’c? e xyg%wlv i d y é’onver5| on (pgM -
‘(ppM  Acatalyst fof 8P Hﬁldatlon of ethylefie to ethylene oxide was pr&p%ed &Q‘olﬁws - 200
30 30g of read¥Pt grade silver acetate wad dissolved into 30 mis of aqued.® afBmonia (density 0.88 g/rﬂl))&hd
- the solution wag(filtered. This solution o/as used to impregnate 180g(pf §ypport material. The suppygt :

1 30 matenal was an alpha-a(;umma compogj sold by Norton Co. under % de mark ALUNDUM which had
reyi \Y to P :
TR v gl e ¢ an, Oy gﬂé St O vas
prepar@ reagen ‘gr.ade SI Ver acetate was 4issol ved
into 30de suborfibiegHated aﬁfﬁ'ﬁlﬂét&olﬁmshé’at&i lﬁﬁfo&é@dfﬁugﬁﬂfven for 3 hours at 290°C.
The procedure resulted in a catalyst containing 8% silver.
60  The catalyst was tested in the following way:- : ' : 60
10g of the catalyst was loaded into a glass U-tube reactor of diameter 10mm. The catalyst was heated to -
240°C in a stream of nitrogen at a.GHSV of 800 hr~" and a pressure of 1.4 bars absolute (20 p.s.i.a.) When the
reaction temperature had been achieved, the flow of nitrogen was adjusted and the process gases were
introduced. The process gas contained 30% ethylene, 8% oxygen, 10.ppm vinyl chloride-and 5 ppm nitric .
65 oxide in nitrogen at a pressure of 1.4 bars absolute (20 p.s:i.a.) and a GHSV of 800 hr=". After the catalyst "~ 65



m ) and the sol Ution was filtered. 7.2 nl of a solution containi ng 8.9 I~
sodi um acetate in 20 m distilled water 20 and 3.6 m of a solution /7
containing 1 .68g.rubidiumcarbonate in 250 m distilled water were added [‘
to the 20 silver acetate sol ution. Al'l of this solution was used to

|rrpregr$ate 180g of the support rraterral The support rraterraIGB\mmmB 5

al pha- al otm na
whi ch hachepbmiah@hsd Matieda séreuﬁhedf samb &hyﬁﬁedxideﬁvﬁ hohfevEbut b &b@a cw.vte.laron of
di aneters%.n the range 0.42 - 1 mm -The. surface area of the support - :

mat eri al wWiSerGh@abey examplhwasrepnateg witka mmaemmngzwwtmmdense@mtvpf@Mt er
porosit ezlqumgxr@m)qp achleved at an oxygen conversion of 8%. :

25 The Sugpiiter rg)fenat o L0 1150 Syiehd b %%9 ledisa. 10
f or ced. dr aggits R ”""i pveas Jfl" %o rs%&%gﬁﬂa@ol&tﬁﬁ%l‘éﬂ@gnhr@m%mg
catal yst m 280 .rtgu vsas aH&H;Tthr%e{ﬁu&me Hm;roﬂﬂ&e WadHilikhel, WakKb With &did wilsr and
wei ght . TdiRed Srdboih témberd@fe un@sitidun the followi ng way: 20g of the catalyst

was | oaded4-Bgxfeilvar mme.rtbmrwlrleaebmpmamnun(spfﬁoélumaltraﬁraamemnﬁtma}evmm_t ai nexd
in a 30 t%P'MQS’Sl‘ %5 molof » 'emwwcolcvrédnqdl%%ewetfd@mm Q%Vr?tefwe%&thav ingaas

heat ed to£ °“Gf/’§? s'ge’ @Eg:%% '}7 yto %&i\‘ﬁi g g ?'Egzqaslga'l:%a lum??cggg%;se.
nitr ogen
16. 5 bagsq Rater a,or@s. 2 Sudp8Rhd i he IRRBHaRICHE RN TEmAREN 15

achi eved,in trtaeanae b mgm fiead pbﬁﬁ%nﬁb@ﬁ&ﬂ .ta I oRfiEHAEE BeddeliSn Ahitidgeh €
I ntr oducedmbsmhérbaartemtmre of PREC for apivd ofgdsurcont ai ned 30% et hyl ene, 8%
oxygen andTheGinpgetalvitsphtainiabeut 12%eby weiight of alivan Eke Ieyels atsodipm PW@Hd'UEJtPaFSEmes sure

of 16. 5 g@ggm@rwmmwgm aaeslvear'fHTaaleﬁls ‘GHSV of 3000 [err] . After

stabili el.ectivi on 5% The
1236¢ 11§ 15 i Tend Bk Dre§ QBRI

catal yst s G L s VAL &@ i"ﬁ%ﬁ‘a rvfrraea@&,w&ltmzhtofq%ugoa

sel ect i ViJaysoftkioBot ¥eh reneﬁiréram anea@xraﬁrsa&rut % B X GRthaReMIIAG Wwas@Bdedog bithe POi Nt
the fl ow snbpqnfme&mgat&nmdﬁtompeitstenanldtudrimd thie tribowgretaft Sl for at@wet 10 mins. The

r ei nt r ASuexeess saiutioh was thengdrained framdhetshp@rtsnu vesyiting otam{_l salid wgs ltmt@ri undgr qiiHRdgn of 25

400 [err]'"w&’§°ea ﬁr’@\tewné&raeermdsht@u r fa 6302 he sup pe'rreb |
Feact or tR& %’t;" th? “’L%\?"’Fja"a 4§ f"@ﬁ' @a% q_l och ?rc
oxi de an é’eve e IveT ICES\[VI Ter ¢ 2! chi%%ﬁ fﬁle l@rpot' Erep Hiing il

at 2.1 dgadatal ﬂLrHé@eb é uJ@bﬁwélgI1’iof)s1lv7*la'i" a. err | owi"ng t |§0

t reat nent, Akhenmrbroagmmu@ahydmcﬁﬁlyﬁttrrtadmmdngmyt he react or at 2.1 .bars .
absol ute (Bﬁbrppreterqumtl)lemdkaa n@dﬁ\ﬁrﬂésmﬂssplwm@ tha mihirpimh sméuntef wates reguifed &t ed
until a 'mmp'eteer%%'oe mar%ureﬁﬁét'w'eﬂ WRY %uprtoa bv\xwdae?n 959*@@9% hig

GHSV of Uqgskio Ipranate 259 aLth g a0t e t';ggg PPYidue g -
then i rfer% s d“’” VS ur p ratu qganottreso
absol ute %sd%’ma%tré %B@atea ys?rzper céormance had = 45 stabi I_|.sed,

a sel ecti vcit;ny@éwaé%tm oﬁaehrysh emwaxé td @thlendafiide W@ preparedasdsidwan Was :
achi eved. G-Hig\éf sikamgalgie prepanad bythepetbad desdribed it Exappie 5 weae disselredsin futvd 8 58

f fen te 3 9anl ol 1 40
squaremn\drﬁoapsyr@tgme %ﬁwﬁf’gﬁ wht t‘émtbeﬁovm o5 Prfé%hﬁt‘ gﬂgiﬁggom@ ni?f;g?r htge the

Xyge
50'A cat arr%rorttf mzhctért Ly AL D co
OVip ha mb&RERAE m%% cﬁlsi\éﬂ%ﬁd t% fve iaM rslifth@rarge M S
of aqueraumzammr 'Ehe cEHaBSdréayof the Sppoit mht)enawdsrtdnenzrgo dlhéaﬁﬁor‘éﬁﬁméﬂehbﬁﬂﬂd Thi g5
soI ut i on meEsnsi@eidhevatdr proshy Mas $0%1 TIgOvey tatalysberotainedratioet 15%lsilvehvaveighppor t
mat eri al vval;';a'anetelp foimatess wane avidectio thinnatatvet using the mpthpgaasesivedip Exampls Thehe t r ade
mer k ALUI\W ?f@Wa'Ha?}a'BB’sW%W/‘F“BU?P sptafystearegveindePlethd si eved to give

part I Clﬁs trﬁte%x gﬂ th“ethy% &‘ae{?\ ré‘:?eox.d%%? |T greélysgnf QR % nti al?e%hrﬁglﬁa QJ
the supporotha &fble@r ortubia wae S bigtAlafaraibc e SR by Ao

and the vale@ivaP&iighsd 5n3a SR taét%peTaeo P iamier. S taiiad alth afhheeubabarmatenar
sol uti on was.shégimittla mearepoteadiahestior di 1 rgibrionsane A witet podosinpaf 66%.The fatlysis confdled -
pr ocedur eaboutdlgtesibugr hyrweight alt%duy@tﬂemi ptkaliinnetah gro@Wtersipregent aregen inTekle L at al yst was
tested in the foll ow ng way: - 60
10g of the catalyst was |oaded into a gl ass U-tube reactor of dianeter
10mm The catal yst was heated to [err] in a streamof nitrogen at a GISV of
800 [err] and a pressure of 1.4 bars absolute (20 p.s.i.a.) Wen the
reaction tenperature had been achi eved, -.the flow of nitrogen was adjusted
and the process gases were introduced. The process gas contai ned 30%

et hyl ene, 8% oxygen, 10 ppmvinyl chloride and 5 ppmnitric 65 oxide in
nitrogen ata pressure of 1.4 bars absolute (20 p.s.i.a.) and a GHSV of 800
[err].After the catalyst 65 5 _

'GB2014133 B 5 performance had stabilised a selectivity:
of 87%to ethyl ene oxi de was achi eved at an oxygen conversion of 8% Wen
the above exarrpl e was. r epeat ed wrth a process gas cont al nr ng no nrtrr C
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2 AMPLE 5
italysts 1-8 for the oxidation of ethylene to ethylene oxide were

gpared as follows:- 80g of ammoni um oxal ate was di ssolved in 2.5 1. of .

Water. To this solution a solution of silver nitrate (100g AgNG3 in 250 m

wat@r) W8 28#188.B The precipitate of silver oxalate was filtered, washwl

with col'd water and drred at room tenperature under vacuoum — 10—48g-of B3

si | verexamaled e, together with appropriate ampunts of sodiumnitrate and

r ubi di UGwalvists N8t reeparsd én Exdmple Bivesabseidn thefollGvitig wdy:-of a sol vent whi ch

cont ai ri@goisamlystmayloestes intp apthinless sgpaster nterpal diamerss St clihe Pfaimsnwas Highted

addi t|“BFP15?°C 'H%e @aﬁe bep{aqeggésmmesar;wglwwh %% % \ g%r"eroaﬁre%eatr ng

(ne SOTLTE L SO R L e ey o

mat er igad hou oI d by
t he CarborundumCo The surface area of the support rrat er|aI was 0 6 n2/g, °
the means pore 15 di aneter was 2. 3[raBtg 2and t he,.wat er porosrty was 50% The
suppért was in, the formof partlcles ‘Wi th diameters: 15 in the range OGi42 -
1 mm The supportNgp nat ed“WPth the silver soluti on wa@veehted in a
ni t r o§8AYet nosphelead pp terrper"‘éf"ﬂ?Bp'Bf [er rPPYY a peri ofP™¥*12" hour.. The
final catalysts contain about *12% by wei ght ‘of silver. ‘The | evel s of sodi um
and 1§ 4ybi di um pr esggat enpressedzom parts per ggillion by V\re17ght are gi VEN in
Tabl e 2. 20 EXAMPLE 6
20 Catal ysts 9-126G0or the oxi daoo on-of et hyI99ne to et hyI eNe .oxi de wer e
prepared as follows:- 9.3g of silver oxal ate, prepared by the nethod
desgr bed in Examﬁoe 5 were di*®olved in 16352 mM of a 50%50 v/v sol ution

Ryl ene diamgg in water. _'gﬁbthrs sol utiggn 1.8 m of gthanol am ne #as

added. 30g of the support material was then stirred into the silver
sol utison and the gioxt ure | eft w3 stand for about 10 nins. gThe 25 excess
sol ution was then drained fromthe support and the resulting danp solid was
hea?®d under nitréen 25 in a®brced draug oven-for a fderiod of 1 hsur
at a 1'7errperature d ['err]_ The: ? pport was sggppl i ed by Norton Co.- under the
trade ‘mark ALUN It was an &bha-al um na orrposrte whi (?h had been

- crushgd and 'si eveghot 0 gi ve. parthgl es with diggmeters in thg range.0.42 - 1
mm 3dhe surface area of the support naterial was 0.3[err]/g, the.nean gore
di -anetEXAMREESI02. 8 m crons and the. water -porosity was 20% The resulting

were measu

»

silver %@lvefaﬂdp §Pn4329r2§a'iew&#ea&!5mﬂV'1V2%hb "mn gwey:-of sr I ver. . .

30 Al kdP 9° e ‘33 s%fﬂ??b'&" Io QdE‘ ta h’°f‘=}’ie9ﬁsé‘|'935w ng

vy s p%r@tr firmf’% %"1%%5% r‘g"trr GRS iysd g the
of t h Iléirels ﬁﬂcuﬁd gaahme sﬂsaderddip vberae .oaslrdtztmea. vail ﬂetdaa.aaﬁf '

sol ut isgectivishat been athizeel with anpp,rgergmtmsnaﬁgtheianbhm-ao%prmmﬁmsmﬁ\aﬁe\;st and t he
resul tap e@i'emlprteeﬂeF@dma@ar%\fedrﬂeueﬁn ni trogen i'n a forced draught oven for

I %wta g,Zq,vgg §a§1ucé$ of 120 The vﬂuéan?tatrggr es of $5bal4laal i
meta g%f! venr a

ala s joa a am | reactor (internal lam Q
EXA'\/Plc t. |n| jﬂ%ﬂ 31 ’l% fﬁﬂo % ﬁﬁoﬁ antr:l It OXI de
WEr € [PhRpPeve haatai THRWSmperahf heQ:EtaF]ét erappweé.aaen@temn ¥sl$ ¢ net hod
desag irdieedtd 240°Exmmﬁhﬂ crﬁ;mdueﬁ@uﬁbaamhmrd ahdthehs Rburg bpade wibcOvetOadiiisied 861 Ui on .
of et nfixemple i taAthieve tha optimuer catalyst selectyitsay bnidxygan c8nv@rsivh inghe rendea el Thee wer e
added resspragivepfierablad support material ‘was stirred into the silver solution
and the mxture left to stand for about 10 m ns. The excess sol ution was .
drai ned fromthe support-and the resultant danp solid was heated in
nitrogen-at 2Q0C for. 1 hour in a forced draught oven. The support used was.
supplied by Car bor undum It was an al pha-al un na conposite which had been’
crushed and sieved to give particles with dianmeters in the.range 45 0.42 to
1 mm The surface area of the support material was 0.56[err]/g, -the nean
pore dianeter was 2.3 45 mcrons.and the water porosity was 50% This
silver catalyst contai ned about 15% silver by weight. Alkali netal
pronoters were added to this catalyst using the nmethod described in Exanple
6. The quantities of alkali netal present on the final catalysts are given
in Table 3. EXAWPLE 8 50 Catalysts 20-26 for the oxjdation of ethylene to
et hyl ene oxi de were prepared using an identical technique 50 to that
described in Exanple 7. The support used was an al pha-al um na conposite
sold by Norton Co. Before use it was crushed and sieved to give pellets
0.42 to 1 mmdianeter. The surface area of the support material was 1.8n2/g
with a mean pore dianeter of 1.2 mcrons and a water porosity of 50% The
catal ysts contai ned about 15% silver by weight. The quantities of alkali -
metal pronoters present are given in Table 3. 6 GB 2 014 133 B
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Catalysts 1 -8, prepared in Exanple5, were tested in the follow ng way: -
| 0Og of catalyst was |ocated into a stainless steel reactor (internal

di ameter 8mm) : The catal yst vias heated up to [err] in the presence of a
process.gas stream containing 30% et hyl ene, 8% oxygen, 62@6n|tro§ 10 5
vinyl Chioride and 2 ppmnitric oxide. The process gas press@PéXht3E 5 L
baks gauge (225 p.s.i.g.) 5 The tenperature was slowy raised to [err] and
the selectivity and oxygen conversi.on were nmeasured at a gas hourly space
velocrty of 6000 [err] The results are shown in- Tabl e 2. TABLE 2 100
10 Na - ‘Ro -

Oxygen Cat al y_st R oadi n_g ppm - | oadi ng ppm - SeI ectivi ty
Conversion 151 .. .. 300 , - 200 . 86
17 15 02 .- . 600 . 200 - .
90 . S0 1103 | © 50 | 300
85 _ 27 20 e _ -
20 4 8 200 380 . - 90 -

12 5 55 3000 . 300 - 90
6 25 6 ;>”§ - 600 : 300 91 I
7 do HF & 2 2 T [YoE ¥ 2 2 2 dgR * 2 2 =

88 ' 19 8 ' - 600 - : 500
88 9 30 o
30 EXANPLE 1d?CataIysts 9, 10, 15 and 20- 25 wer e tested for actrvrty in the
fol |l ow ng mays 10g of catalyst were |oaded into a stainless steel reactor
(internal di t ek 8T o A QEESs @as St rgang caqnt aj ning 30% et{yl gne, 8%
oxygen, 62% ang%r ofen' Sand® | S Fovd® s %f Ri Ml °?;hf%rr"&le AN niPri e ogr d® was
35 passed through the reactor at a pressure of 15.5 bars gauge (225
p.s.i.g.) Theggeatal ygt \uasoheetect,repl ydoo 35 [grrd and Lhey ngreg
slowy to a t@_ﬁgpe@a ged ng@h§ rghg -@rg. L;%,'hESV|§‘|yle:acrﬁorn‘?da\anﬁ
nitric-oxide levels and the gas hour y space velocf?y wer e adjusteﬁ over a
period of 1-2 weeks until the optinum selectivity had been achieved with an
oxygen convéﬁ%ﬁon in the range 10-20% The cat al yst select|V|t|es achi eved-
under theseZ2dadi B ofs FePi®enInTafeI. 20 %XA@/PL% B 5 @9 2. 2
, -4Q Catalysts 11-14, 16-19 and 26-were tested for catalytrcactrvrty
by t he fmllovgng met hod: - 0.5g of catalyst was | oaded into a stainless
st eel regctor‘c internal dianmeter 2.0m). A process gas stream containing
30% et hy¥eng,2 Y exygena 6296 @ t ogen and @ fcewg)pme of<>V|<P1yI°ch=I>orq>de°and
nitric.oxi d@ ¥ passed over the catalyst.” THe tenperature of the €at@lyst
was raprdIy Egrsed to [err] and then nore slowy, 45 raised to [err]. The
vinyl chloridgpang ngtrige @(l@ Ieved s @ng t S woue |l yespacexvepocgty
were adj usted” & “45% n“Ex&dhpre fH b abhl“evté%tﬁ d‘pt|‘T‘n,|rﬁ"C<'at't'ale1?‘§?st?.Ls C§ :
sel ectjvity atgan oxygen conversion in the range 10-20% The results are
given in Tabl%&S LT § _ _
GB 2 014 133 TERR] * '8 TEB“E 014 133'B " ' "
8 EXAMPLE 12 Ciftalgysts 2:7 3;0 for & he; oxi dation of et hyI ens t® aphy er\e
oxi de were ' i €pared ‘as= oF os: 8 30y si | ver acetate W@reSdi§sobved i@, 30
m, of ammonia solution (density 0.88 g/m). The solution was filtered and -
18 m of water readgedgot lgefil trate. i ssolgit ignwas eiseslt 21 NPr egn
18Qg ofthe 5=51§epport “maf’er Ral ., The. supgrt ngega}gugd?vagagae% % na
cenmposite . sold.by Nor.t on Co. which had previously been washed and sieved to
gi ve partrcle,sawr &h -di arreterscr nd h& range,O 42 - 1mm The surface area of
t he support s 083 nk/ g, the “me@ ®ore di®nmeter. was 2.8 nicrons .and the
wat er porosity was 20% The support inpregnated with the silver acetate
solution was Jheated in a forced draught oven for 3 hours at

Catalys
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This procedure resulted in a catal yst containi ng about 8% si-l ver by
ht. 10 . Four 22g portions of this silver catalyst were inpregnated
5.9 mM of solutions of cadmiumnitrate in 10 water. The .spregnated
catal ysts were then heated for 1 hour at [err] in a forced draught oven.
The § evef82814 ¥adhi um expressed in parts per nillion by weight of 8
catalyst, present on catalysts 27-30 are given in Table 4. EXAVPLE I3 15 i/
Cat al yeXaMRE180 were tested for catalytic activity by the foll owi ng nmethod: -
15 209 6#8'%&% Qtfthﬂ/ayd#@ad@hwen%@ e&lvngsieweﬁ@t%weﬂ! eRfellowsint er nal d| arret er

cont §| %[ﬂ@%l %%fﬁ;ﬁ‘ﬁ%‘t:%x%%; It:g’“%%??f"ﬁ::r;@gg{é\f gﬁ@%ﬁéﬁ%‘; 9&%}5 (ahl or| de

n%&asﬁed hfsield
t eﬁpera&wf&.eeuppbh Xad CRGYE Ehe\Weisn fn@ie%%?hefe@w&s@f&r .cramn ewse# m&sttvwlsssao%o
et hyl emsﬂpﬂod&mﬁéui\a(aﬁy@ﬂheﬁma\beﬁt&eﬁthbuﬁasﬁehﬂd maﬁa&eﬁatauaﬁomrfaamsw ed at ¢
a gas 290%Thj mmmemedl@(tlntayatdvstm"[lmab]wt%h@ermqhs are gr ven i-n Table

4A. 1033;?ﬁef%pFf'sqir*t's(ﬁ"tereet#'trew A o, 1';31@' j ?%{t Meam
in ad " r | yst
per f orcad'rtr'g‘e“ REC R sq{e‘tgarkf’;fﬂ tg?ggg ! f(??avr"fé"'[ %Zse"% %cécﬁ q’ez-lc')xra'(frﬁe"' ha* '8 1%‘ygen

convergx@;,p,_weje again rreasured. The results are given in Table 4B. - 25
TABLiE 4 catalysts 27-30 were tested for catalytic activity by the following method25 A "

B I n t heogalfetancewasiloa into a glass reactontubiéntgynat diemeter 8pfm) MiIn@addib y st Cad m um
Sel ect thgrmogtaticallyop teq\led air bath, A progqse @qg,tcpqﬁalqrgg 30"/-@}@5y ¢ 8%@xygen, 62% nitrogen and cont ent
( pp ”) ZQﬁpm vinyl chlorl R?gl'l ﬁ pagssure %o 34 bars gauge (5 p.s. @W&Feg] srﬁtu%of the 30 27
reactor was ra to 240 and the selgctivity to ethylene oxide a ti:xygen conversion ovgr tQ%cataI yst
were measu1§§ a.gas hourly space Vélocity of 400 hr='. The rs are given in Table 20
100 10 ppm of Aitric oxide was then mcﬁxded in the process gas st in.addition to the etﬁvlghi oxygen and

35 29 vinyl chloride. Once tB&&talyst performanéschad stabilised the seleétivity to ethylene oxide an@&kygen
4 30 conversion were dfad@neasured. The resa& are given in Table 48. ‘ 88 4

40 EXAMPLE 14

40. @htal'ysts 31 and 32 for the oxi dKALER of et hyI efie to et hyl ene oxi de?ner e
prepared by the follow ng nethod:- 3,1g of silver oxalate,gprepared by the
nmet hod described in Exanpl e 5, Wk gpddh@sdtineed 10 5. 4, mb 39&95,9“@0 sol ution
of et hyhype di antdamiinn Wat Sdlectivi t hi Gxyged Ut i on Qelctiity Of . @hdaA0l am ne were
added. Thi s sol utonent(mas) 4% used to Comperggnrat e 30g of t he Convepnts nat esd al
described in Exanple 6. The resulting material was-heated - 45 under
nitrog%]n in a forfed draugfft oven fog a period 8t 1 hour & a tenperature
of [er£ The reslglltl ng sugboorted sijver cataly gh cont ai n<§d about 6%
Silwgr. Cat al yst was prepared by 1npregnating 25g of this unpronot egt
catalysg with 5 rdggof a sogguti on of godi um carbgpate in water. The
resulting solid was then dried at [err] for 1 hour under nitrogen in a

f orced30 draughtod®ven. Th8xs catal yst - contai ned 800 ppm of# sodi um by wei ght
i n the form of sodium carbonate. 50 Catalyst 32 was prepared by the sane

i _
met H‘Bd talysts% an ?ifortp(e ?mds tl no!flgtht el‘]n%toceetlhy?l ngg)grdecvr?eget parclepg% by grgfdiﬂgvlrln nof pot agQSI um
by wei g he Tormo asSI UM acet'a

. @B2014 133@0f silver oxalategerL fRe IatHoa i@kl E;%;mﬁ@ﬂ waré disdived i Rids 4 gd-dohe

f ol | ovéangionersthyleRguishhin€iavatel 36 this@sluticnddbed of ditaBolammbé wbrd b8, This editioh@ast or
(‘i Nt48r wead todinprewtatr308 ofite sapbrianamrielciessibekis BSmple&fine GhtidiamaeyiaBehettdny | esee, .
8% oX yg@nr 'ntmelzm a \r'rawylrt omﬁqrrarper@dwakhqya@s eearpprqm@ HODt’Qaéherre%rlsm@r at 5 *

tedsi ;‘émtyl ; ?grig of the r Jnas raj sed to 2400C -
and thsodaarcéj; rm éﬁrh@?x LR Lk e AR
[e ﬁTﬁi@E Vs%éon{%% t%@firm@fsﬂ&r%@ér@o m ng

su bst anCara& S2 witephratl b bl €At memoe u&éaeorpstamssougms ca‘ﬁdhfsﬁc%ﬁ’iaﬁ\@djsd) ﬁn of

sel ect pataskiyman deighryirberfoon bipetassivmacgiateer m ned once a stabl e performance had
been re-established. The nitrate form ng substance was then renoved and the
catal yst selectivity and oxygen conversion determ ned again. The results

are given in Table 10 5. - -

10 TABLE 5. PERFORMANCE 15

15



N- cont ai ni ng Add| t i ve Wth Additive . After Additive Renov

Cat al yst Type Concen- . ' Oxygen

xygen 20 No =~ - tration (ppr’r) Sel ect i vi ty Conver si on

Sel ectivity Conver si on 20 31 No : 82 :

20 add?tive 25 GB2014133'B g
- 25™%31 NO 20 85 18 cb

17 31 - EXAMPLE1§err] - 20 « .87 S .9 s s 91

13 30 Catalysts 31 and 32 were tested in the following way:-

30 31 - 6gofcatal gwa loaded into a stajmjeps steel reactor (?grnal diameter 8mm) gngl a process gas streangg

18 31 containing lene, 8% oxyg nd 20 ppm vmyé%w oride was passed th gh the reactor at

:f?atmosphere pres ure. The temperatyre of the reactor wa sed to 240°C an ectivity and oxygen 5

15 conversion measured at a GHSV of 33 1 once the catalgﬁperformance had sta ed. A nitrate forming

Ty - substance was EFihfrddiBeddto the process gasisibam and the selectivit) and oxygenco rsion

5 determirfé@ once a'stable performahe KHA bash re-established. Theiitrte forming substark®was then- 91

5 removed @@ the catalyst selectivity 8nd oxygen cpnverslod,@eteﬁmmed again. The ré¢sglts dre given in Tabié50

92 10° 5. 6 91 "6 32 [err] 400

90 8 . 93 19 45 ' '

45 32 -~ lerr] 20 . TARLS 5 87

16 EXAMPLE 16 Catal ysts 33 and 34 for the oxidat PEHFORMARE®PY! ene to

propyl gne oxi de were prepared as follows:- 50 3.1g ofsilveroxalate,. - 15

prepared as in Exam:cbmauﬁmgmmﬁvedl ssoVivediditive 5. 4 i of a ARErAEBitivd V. SOl ution
of ethylene 50 diamine in water. To this solution 0.6 nml of Renévahol ani ne
was adde Th| S a_ol ution was used to |rrpreg ate 30g of the supp rt material

used i YP®The r¢ ol i d en ;[L og
in a f%br c%d dr aught oven %ggmegp'q) .;OLE %f 1 31 %rs'é{l a iberrpe at urg A

Sui t abl e anmounts of- sodi um car bonat e & ammoni.um nol ybdate were d| ssol_ ved in
5 m water and the sol utirn used 80 inpregnzte the catal yst. The 55
resulting solid was dri echdditivel200C i n nitrogen fora period of 1 hour. .
Cat al y$t _33 was apal ysed to contajn 55 about 8% silver,0.3% sodi um and 290
‘ppm nol yﬁhenum b§"QNe| ght .. 2£at al ys? 34 was affal ysed t ®contain about 8%
silver, Q4 3% sodlwn and 399 ppm ng} ybdenum by wei ght . g{EXAMPLE. 14 Cat al ysts
33 and 34 were tested for activity towards. propyl ene OX|dat|on In the
fol | owsng Way:--60 - 6g of catalyst was |oaded into a stainless steel 3p
-reactor @1 nternalNHdi anet e¥508mr) a8kl a proce¥s gas str¥am 60 ®ont ai ni ng
30% propél ene, 8% 0x pfc’_gn and 1150 m di chl or onet hane was passed_ t hrough' the
react or at m)s Qsure. e react of® tenperat%?re was ral%ed to’
[err] @nd,the sel ectivi tyN 0 propyd ene oxi dg and the oxygen conyversion wgge
measured at a GHSV of 330,quld ] once the perfornmance had stabilised. Nitric
oxi de was then introduced into the process gas streamat a |evel of 5000 - -
‘ppm for & peri'od N& * 17 houps. Thed9b5 nitric boxi de wasdd hen renoled and the
catal yst selectivity and oxygen conver si on det erm ned aga| n. The ’ 65 L 10
GB 2 0¥43333 B NO: an S
10 resul 5§ of thq\lHt ests %Ocat alygis 33 and|§’34 are giyen in Tablge’ 6. TABLE
e

6 5 Initial rforrrance o
Per f or ragze aftert:zkrnj@mz)2 4 5 tregd ment - .Cat ad yst 93 - ﬁel.ectj -vi ty
i Oxygemnds - Selectivi ty Oxygen % . - ~ Conversion % - % 45
Conversi & % 33" C_HSCN W 8 14 5 . ) WZ 16 '-_-'_1'8
ap  evwmers g i ﬁ%&f Forio " it
ata a o] pro yleneto ropylene oxide prepared as itows:-
15 Catgy yShgahi asxa%iepr@ fEiai Sle e &ﬁve% i ek@e;gasow ﬁ@t.amsetm&raars@d

and test adm@s infviditdr éSHis so ltuVreO BiairaRameas Stbd TS Salutidh REAESko iHhirafhan

anal ogousogmntthlaeuppbrombteddl uies ﬁtExanolsle € dharleyudting #6m foXidwid then Apatedwdwer nittogerdin a

t oget her forGFH dragghtt oep &1 a peried af Thedr 3 btempergtasepif POPK: Suitabloemeyints oamlumm%ﬁm by

wei g ht bdate were dissolved in 5 ml water and the solution used to impregnate the catalyst

55 resulting sollcj was dried at 120°C in nitrogen for a period of 1 hour. Catalyst 33 was analysed to contain
about 8% silver, 0.3% sodium and 100 ppm molybdenum by welght Catalyst 34 was analysed to contain
about 8% silver, 0.3% sodium and 300 ppm molybdenum by weight.

EXAMPLE 17
Catalysts 33 and 34 were tested for activity towards propylene oxidation in the following way:-

60 ° 6g of catalyst was loaded into a stainless steel reactor (internal diameter 8mm) and a process gas stream 60
containing 30% propylene, 8% oxygen and 1150 ppm dichloromethane was passed through the reactor at
atmospheric pressure. The reactor temperature was raised to 240°C and the selectivity to propylene oxide
and the oxygen conversion were measured at a GHSV of 330 hr~"! once the performance had stabilised. Nitric
oxide was then introduced into the process gas stream at a level of 5000 ppm for a period of 17 hours. The

" 85 nitric oxide was then removed and the catalyst selectivity and oxygen conversion determined again. The 65



At al yst 35 was tested for oxidation activity in the follow ng way: -

Jg of catalyst 35 was |oaded into a stainless steel reactor 1.1 cmin
et er. The length of the catalyst bed was 100 cm A gas stream

cont ar ni ng 30% et hyl ene, 8% oxygen, 62%nitrogen, 7.5 ppmvinyl chloride
and '3 &g#ﬂ’f\ﬂ%% oxi de was introduced at a pressure of 15.5 bars gaude:
(225 p s.i.g.) The catalyst was heat ed rapi di'y to [err] and then nore '\_,/r‘
S| owl yesults 4f gettdsts oAbatalysgeas abdbatepivepmceble@l oci ty of 5300 [err} the 25

catal yst "selectivity to ethylene oxide was 91% wi th an oxygen conversion of
25% 25 "EXAMPLE -19 Cat atys’i‘g’-%ﬁ and 37 for ‘the oxidation of

et hygene to ethyl ene oxide V\ﬁ;ﬂal pr%pr#ar ed in the foIPL orma o WaY: No10 49 05f
reagent grade .silver acetate were I'SSO1 ved in the gg,g,ﬂé qanount of - ¢
ammoni a sol ution required to give conplete dISSO|UtI0n I's sol uti.on was
“then fdatatystr ed- and t-he Belkdivigt e Nadexygeh t 0 12 Selestivinh 30 Veskygen Asupport

mat eri al', an al pha-al ufd na corrp05|¢qavgs1bru°/oby Norton Co. ufatwershet%r ade .

mar k’ALUNDUM 30 was |n1|)regnat ed with the silver'solution. The surface &wea .
of thé3support material®was 0.3 n2¥%y, the mear®pore di anel?r was 2.8

m crong.and the water. pgrosity was @20% The sypport was ingthe form of
particles with dianeters in the range 0.42-1 nm. The support inpregnated

Wi t hstExameLd aser sol uti on was heated in a _forced draught oven at [err] fgor a
peri od Gatah3t 35daritis oxidation ofdtimbemp ocathyleooniideiwas prigpat@lénd segigeas followsi-t r ogen. 35
Thi s prieStabaicheeaf patelystiprepared vainglap snalegovr redthndiethativert forgatalyst§ Exantple Tei ght .

The cé.‘t %‘Ed togeeher- Hbrraﬁtvatfetfeaed abow BTN DY IR IOV AP RY WEBHICT ni trat es by
the 5§ g& @\prpgg‘;? of strontiumor bariummnitrate
were di ﬁ & :étﬁs nt‘é@ﬁﬁfnless sﬁﬂeﬁe&ﬂ# ‘t“li zﬁﬂv dfﬂ%téf'fiﬁéileﬁd?h 6ch§QQﬁt € %

of t heveS W00 Erf.0A b trée.rh cEridimhy/3oks ethl1tRe, 8710k R1GH) 82% Hitr6gbh .9/ pim Wi Bchldnad dr | ed
at [ erandl 1.6 ppm nitria ogide wasdnt@biucsd laupressre0fahs barsgas gd(e25¢.sd. QM Tl cﬂﬂalvﬁ wk8% oxygen .
and 9(wated 'taP' ta165°Candthgrynorg gowly tet 2490°A e a adsdauriysace @elogity ph5300hoTi theum and
c at é’f‘ ﬁ?e' Mtvae siBviensowide Wi B #ith enqxvoen conversion of 26%. 4025

R s S e

r eact oéqutruhe give atnﬂﬂdw&.ssdmdmnwso&m wasAhe iR &md 6 Siltdleeddue i i vnthng 30%
et hpd evetsr. ABUpmoctyrgeeetial, &2dphaiatumdrgepmpasiie 50 hydlartaf Cov untgt thetrdde matkALENDUM, 30
at nos rft\nreswste pwisibesivensalytignaEesurfachirreand Hestnpor aatstiel was Omezlm at ur e of
er poyppity Jyas 2&5“@ Frvgep thefqre
f‘s§ space

‘s'asr%ﬁ eqng S
Sterééigg[d%?géd% ¢ ?@gj‘ gﬁ:ﬁ%ﬁ m%r,;m%téf’&%%tp irbfogd| deggnas

t hen lvmhra haﬁetaﬁmreﬂé y thd following@échiqer mllion-for a period
hour s. ﬂ'dwpeethmbumsdf;trcmﬂdnwgannmveresuse:madmrﬁrhemterermkeblet‘dnmd |n t he

absen cueecbb mmretgnate 2@naf the supporedgiver ¢atalirst: Jhedmareanaiedicasalyst wagghergigd §t@8q°¢ for The

r es W in p(ljn apalgqp@ere B)ntasr(?ng(; (;J% ox\t/,gen and 90% nitrogen. Catalyst 36 contained about
rontlum and catalyst 37 contained 30 ppm arium. - o Pr ior ‘to NO PuI se - 40

Af t er %@arﬁi@7 were teste 0g‘g/‘(‘i‘r oxidation activity using the followmg method:-

55 Cat Oﬁ Sfcatalyst was loaded intEstRMbds ekl Yeactor tube(PhERHAI diameter 8mm). A pr&@is"gﬁi ivity

Oxy gerstrédm containing 3630 B @E1S, Bblo¥gen, 62% rfifrogen and 20 ppm of vinylGRId¥ &Y = httidsgHerdd
83 45 pressure was passed fhrough the reactor. The tem@€ature of the reactor was rai6ed®@240°C and the 45
37 stablllsed selectrvrty to ethylene@zrde and oxygen conversiqrpwere measured at a gas hourlgsgpace velocity

Eﬁ{ t9"’ ﬁh’gﬁ‘)‘?‘el%ﬂ" xy'ggf"ﬁggﬁ:‘d‘l’“@t’ e't°61 ﬁ%\eéne -oxi de
was p &%ie ?at B‘Lj wgufao 1T % 8. silver -
e r sso ueous anrmnl a nsr ty 8 g/m) gnd
the 65 _ , .~ -TABLE 7

GB 2014 133 B 11 solutlon was filtered. 7.2 m  of asolutlon contalnlng

8.9g of ‘sodium acetate in 20 M dstilled water and 3.6 :M of - a sol utiori
Cﬁm'igl ning 1. I689 r-ubi di um caﬁ"’lﬁ'bf?a‘t‘% PP’Fe 250 ni distil ASE YR tPulse wer e added ]to
t he SO uti on. esul'ti utlon to i nat e 18 o]

t he suppgfrt material’ /g,elgtghbed |%o 3 Shbe eagg‘gport E,'gigpﬁt ed wwth -
the silver solution was heated in a forced draught oven for a period of 4 5
hours an air. Duringsshis tinme the tenperatureswas gradualg y i ncreased from
[erfd to[err]. The resulting. 5 catal yst contained about 8% silver, 3800
ppm s&di um and 100 p@# rubi di um & |- by wei ght 86EXAMPLE 2213 Cat aI yst 38 was

t est edE)&mP“%’l dat ion: acti VI ty by the foI I ovvr ng net hod: - :

Catalyst 38 for the oxrdatron of ethylene to ethylene OXIde was prepared by. the followrng method:- _
65 309 of reagent grade silver acetate was- -dissolved.in 30'ml of agueous-ammonia {density 0.88 g/ml) and the 65



6g of catalyst was |loaded into a stainless steel reactor (internal dianeter
8mm) -and a process gas at- 0.34 10 bars gauge (5 p.s.i.g.) containing 30%:
et hyl ene, 8% oxygen, 62% nitrogen, 10 ppm vinyl chl or| de and 10 ppm 1 )(/ /
nitric oxide was passed over the catalyst at [err]. The selectivity and ~~—
oxygen"converm on were determined at a gas hourly space vel o&B@RP14138370 11
[ery]. The vinyl chToride in {he process gas siream was then replaced by an
alter nat Boletios RadfilResal DRI B sHRRIBH EontainTHyS.o5 of aiuin\atdtate iA BEIMDHSYERI WHEe BIVES BN

wer e t henfaslaterf @dampgil MsmbungmtcheoMZEQaﬁ disled atersyppecagidacsb the silvgt soTDhen

resul ts- &he reswiting selutionwps ysed toimpregnate 189anithe isuppTd iaterig) desgriped in Example 1.

15 TABLE & hmpgerbwfngﬁe%wnms t°8. glfeatedmaforced draot:)glgttz% for a period of4

ursina etem ually increas °C. The resultmg . B
Level p?) I:i:';i:”talyst con@me%qabout g SIIVTI’ Sqﬁfm sa?‘!u nd 100 me :.% dl all by welggt Coe

%38 EXAMPLE 22- 8
25 38 Catalyst 38 was tested- fogxﬁﬁild?lr a@lﬂﬁth&ﬂﬁe followmg nlthod < -9 2 S

8 6g of catatyst wid Iodfed into a stainless steel reactor (intdebanyibmerby|senn) e a processfas at 0. 34 _

94 10 barsgauge (53.s38.) contalmng 30% ethylene, 8% o9 €N 62%% mmpap.epm vinyl chiafide and 10ppm 10

mtnc oxlde wgs Wed over :he cataI\{st at 240°C. The selectivity and oxygen conversion were determined at
Ci . v i |t ro; S as P

30 EXAVPE er c or lgnggd H%Zl%w %g‘?x h&p ré\?esﬁ Tﬁ%::‘f‘ﬁ méxtE S%ngg%gaﬁﬁ‘gﬂe
vas. pr epgi el el Tp'fre LA itrelpbghmbaia® a0 DEEH ised
for thespro uc |on Fl ene oxl e for a per| fh years was 15
i npregnated wi'th 5rr1 of an aqueous solmsiros of sodi um carbonate and-
rubi di um carbonate. It 35 was thenh dried in a forced draught oven for 1.
~hour at a tenperature of [err] i ¢hlaspratonpspher e contai ni ng 35 10% oxygen
in nitrogen, The catal yg_t was | oaded i nt oI a staingle 35 st eel HB®Y o -
(i nt er AaC@VEet er 8nm) WA a process b%1§ RE8ht alg 0" 0% eth"l“eer'ism" 8y 20
oxygen, 65{% nitrogen, 10 ppmvinyl chloride and 3 ppmnitric. OXI de at a. .
pressuresgf 15.5 bars gawgenioddd p.s:iag.) was passed over .tdie cat al yst.
The tenperature of the catalyst was 40 slowy raised to [err] and once .the
per f or @¥8e had st abi | i istiloragthgrd ect i vity of 909¥and an- oxygen 40 - - 25
conversi gn of ' 5% was achleveg] él hg a s hour |y gace vel ocity of 5000~
[err]. Iia corrparatlve'\?eé’ﬁ’{ {°HE® untre ed catal§ t' was tested in the
absence @f nitric oxide,dfheriphse the jest condpjions were gdentlcal The
sel ectyity was 83% at an oxygen conversion of 8% EXAMPLE 24 45 . - Cat al ysgt
40 for tiexameialzti on of ethylene to ethyl ene oxide was prepared as -
follows: - Cata%ﬁs@orﬁgoerﬂatwanwleoxtoGé\vlﬁe&r@ﬂc@M@smMaﬁfv" of a soI ut | on of
87% | act i oaehagommengat aralvahyrhich hveh%eemeﬂm %'°'a°ff@
PRIy ok o s ke p"g ?zf e
vol une dfyog §yg AN up 5 %on aci d”
The yell OWhggeltéﬂs'tﬂﬁh lm&i ﬂﬁﬁ%ﬁtn@gs stéﬁ regﬁrﬁl*ternalmmﬁrﬁ%ﬁma pRsckasgHat o 1 OO
byt he addbiitaining B0k etifiede,l8%@iygen G2 nird@enOT0 ppi vinyithiofidersid S pyditric okile avat er i al -
was t hen pedsledoftl H5 baregduge)a25d.s.i-Bh wasnes: Idgeerthle caralvbt. Thestenipeaatpre df the earalvistweasdal
suppor #0 ﬁ@MVee'Sedm@Wa"d%eWEP@‘W'hwe %ﬂ'@r#ﬂ'eﬁw 9%14’?“" nePYysen oven arf

nvg t
hegt ﬁdl Ij(gf\ fe d ta Z rél bserqyg;gmtrggjfgerﬁ}twgrage s cogﬂ wero.alés sgritl::[aelo'l:'lrﬁ500C
an 'hj‘sat‘é i e res erra en
gr ound glve partl es W|th Si zes |nthe range042 1 mm The

ssppor us rrmaeawsado fmredxwa&n styupldnetd ebmehbﬁdanzasﬁrepmdefoubm trade mark- 45
ALUNDUM i resi7h ef sihvar nxidef weBewissdivechia 6aarof # sohgion &i87k lactivgceid ivates whittne® rmlreanadas
0.3 55 nt empﬁetuweaw 956 mtif a Al @iutmmf hzdrwenvepeweamdv%am# end theor 0s ity

wls 20% e‘e pit ”ffﬁ'i ‘é‘i‘si"ﬁ fe ‘tpq% %E ge 85‘5" ,,'ﬂ%,e ?@Vgﬂ“t' Q;I:

ign l Q- alumma Suppo

woor omg, AL jslﬁa AR e,
- Mg JEHJH&HB& &dn a% fgkd bvehl fGF 2o¢'9ufPP %5'@ THE 5w ket

voI urre ofsiciviGraisel twmmnm stefieriperitore fovh theQesarity mbteiial @hs tﬁédwmb andThI S

sol ut i on sieas tolgiecpattitles Wik Spamitie ratyg 002- 1rtnheThs ampont tetdrial bded pres stigplgtl frsiorton

descr i- beoainderghe tEdemEB ALNRIN intie forat o fnanldiamater tngs Bamilendriihe pustjeq preagyas 4.3

per i od 5%, 'ﬁ FS’HP} e"”@% &mip ?Ps%"m"éP?{%‘V WBAPPe- Thofing! matepial cgipinado 5

ppm sodi RX ;{tg m tsof nqtpgté’%nd Mklgg}gwelg Jer?m% ngﬁit‘n%l'r%ﬂo rélth)f was
est ed f%t théd e rﬂ,metea. uﬁa.eanqm h@@nh@gomqort R oyeamisHE: -

I Og of caj ahaynrol TMESIKIOPIAAsédtb Prpleghbta RiY cBHhS supbSRd silvePdatalkt descib& abae. The

di anet €0 résumipg aadrid wps diee Biitggen ot d pedod d b hao ad120°0.i0agly&@0cantamet ermet Bosilver, 60

oxygen, 622)&0(’3,2?}6295@% And10p parn mbniylm Qtlme'Flste and 2 ppmnitri c oxXi de was 65
Catalyst 40 was tested for ac'nwty for ethylene omdatlon -using the following technlque
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1. Aprocess for producing an olefine oxide which comprises contacting an olefine with oxygen in the
presence of an elemental silver containing catalyst and a chlorine containing reaction madifier in which the
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nitrate or nitrite forming substance which is in a gas phase under conditions such that nitrate or nitrite ions
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