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hydr ocarbons is an endotherm c process. Accordingly, heat has to be
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It shoupd u { ! . il l,4i.n the
cat al ysts ToV SRLTNER i TRl Bk HRoRTRRIL ARk LRGP el el
enpl oyed in the preparation of the catal yst because not all the netal
enpl oyed during the preparation of the catalyst actually becones
incorporated in the catal yst conpositijon. Thus, the nom nal netal
concentrations may have to be varied to ensure that the desired actual
nmetal concentrations are achi eved. Cenerally, however, the catal yst beds
are prepared such 25 that the actual concentration of a particular netal is
bet ween 80 and 99% preferably, between 90 and 99% of the nom nal val ue.
Each catal yst enployed in the catal yst zone nay be unsupported or

e - N o, o, o T 1

whi
é%’uBu




-2 1 DEC 2004 WD 02/0:1389 PCT/ GBOL/ 02822 Suitably, the ceramc SUBPP e c "3,
be any og{'((g %rsgconbi nati on of oxides that is stable at high tenperatures
of , for a%f)q 8, bet ween 600C and 1200C. The ceram ¢ suppdiQT/6Be1&2B2
"preferably has a | ow thermal expansion co-efficient, and is resistant to

phase sebepatmaier mby bi §rahSiHPAMAE, €6d transiibd AP bER %’if&%ﬂ%%%% I ncl ude
cordieri Iltghrmalumnlumswlcate(LAS), al um na (al pha- , yttria

e
st abi | i stb‘a Sroun Y H metalis) smpieediasithmeatedytinsampansnt.and cal ci um zi r conyl

phosphate, a ' i | -1 e ranjc or, be
wash- coat ed, rI?gf)‘?hggl( %ﬁ%m}\}mq{lﬁta%aﬁ&ﬁ%é&%’ ! f?%ﬁmt(})ﬁﬂ{é&,éﬁ%&%ﬁﬁ@rg upport
mat er i al prefsredipBrefamid GeoiptIVeA sietals incheler®y) Safha®b. I6F theAWGRaLE §LNSe t hr ough
t he gat al g@t SUCh'fLO%YI}np?Et e’([éls maé i nfluence the transport of reactants
and pro ged.$speriplpy ePredemed Sroup Y A aretal is Bby dibg atdrhiscatimgf t he
acti vi t yGRup WH héth 182l terial e in the
formof particl es, ?Sgﬁé gsra-lgﬂgﬁg%eisv%ro}gﬁ]%lré&g%k&lgglr’%?}égggé?érre?‘?r?g’l%ay be in
the form:®! aldGasuehas i BBe-Such as a fibrous pad or mat. Suitably, the
particul ate rt_mat.erial, my be al um na spheres. 15 Preferably, the
form of the ?&gt% {rang lgn%‘?%llﬁ’rgﬁlq‘?\ﬂﬁmg}bg Saleetsﬁtfqommbéomﬁmmor@rﬁnna
cer ani ¢ GloupsIBitoeVIIBoEthe PRRRHI TEb1E.NE e oA rd Qanms, or
fi brgus ads._The poreseof f oam nmonel i'th sd'??ggtures ?’%ﬁaﬁ%g"gefdof\‘ﬁ‘ae

0

t or 1HousCIOHPHIB. A5}, ViBa MIHR rsd MH qfithel Beriaslic Saiolh afeopformedo [Bxaptggor t s may

have 20 : 0.t O~pqgr.e r inch. Channel_ nonoliths

gener al IS;i/]a}]g%gltgnﬁé?%ﬂggﬁm%ﬁéﬂﬁg% FF’%O’;WE Ega Ii“l?ﬁgs gop@lheks N Pirugeneral I y
smal | er Aguid, UneCe anAHePrBferid tRasRioAMAA RBholdEAMBIER 18] 163 LY St

Pr ef erredflggr am c, foanms_i nclude al uni na foans. ’“the Support

le al ternatively,
may . be 3pf &Leripesially GunilThe piopaie rafio obthp Growp VI metaltib ¢lie sarsitionathetal Wier e a

SUppO”%ﬂoxﬁ%ﬁhﬁ@%eil?Oﬁ’S%ds??,gpﬁFfl‘e}%q{/ni‘?&?'. 1(il?rfg/)onents of the catalyst 25 are

preferably distributed a uani fofmy throughout the support. The
cat dPyst s~ edpbafiedximpleh of prozseind GromeWIIl omalydl Heusd BARE oY caRysiTet hod
known i he.art 0 X e el t ho and wet-inpregnation téchni ques
may be e%ﬁ%%%c{?.l) “ﬁ;prrpgg‘ﬁlq{pgn? Ré(%'fuﬁggh%ﬁén,i%%&%a@n@&h/mn%gre nor e
sol ut i onlse GRYWRIVISI Mbtal fRERWEE ; el ' L1 B 1 anie

e o 2, e 164 ROCPA BED <o RlrtlsP Bottn BT anll i

support may (pe i npregnated in oné or 30 nore eps.
i mpr egnat{ Bhs pegferablycbeimsbn Pdd. arthib0 s phand niae prefé bRy bytvieh 0dsand

| ci h, i np. tJ , bj ected_t fi |
ol Gi nan8 TR S ARSI B8 B (10 Biomait spen of Ry PLordid tndbe educed,
f or 2@xaGrbep ITDY, IVRGTY AToR MalEilbn irfctA FRYRbRE M yegg,smfpersﬁzo, Brefertfly0f/ 02389 2

1 DEC 2Q0 P(%éGBOl/ 02822 The, catal yst zone achiev hy sui tabl e
manner prlovia®dlenerample atomisgationef Rh.Ps anPd iy 8nocar teoh Giheb 50,

oxygen- ¢t abR 19 9ag). igst al yst. be d.there

pr oduci %g a_nblgf ?%gn?bgggéﬁﬁ%%%’tﬁg?’ff%i% r?’se\(g%'f&l%ﬂ“ﬁ"é%ﬁ%& laﬁg ‘ultr:g'eacted
feed) t WdemioTetips et s Rddoddd magite Is OrleasOppesasblf) P, 1 h?2.f0ih£1§im6ﬁ=t al yst
bed to ' cony al yst. bed. A _conyeni ent nethod of achieving the °
cat al ysﬁ)p‘%’)r?@yf gdqg'gg}e ‘é(%g?lﬁé?téosr 5’695%3\7\? 8 mayshmbed-be 3y prsferablyed

bet a&en it pe -quand]ﬁ@e§mbp}aq: b8 .oreovi ded by placing substantially inert
materials such as alumna, silica, or other refractory materials between

the cat al ysFonibgavoidareerofadoubsiths Group ¥ihoetd endprmmoteeinait aitylsst beds is a
subst ant, i ace between the catal yst_beds is not _critical in
rel ati o%bgomg)ﬁiéggrgé%t];gg@?gmlf% e’?‘i‘ﬂ'\‘ﬁi‘%é? a maial, %%‘5‘6@3 m ofgpmg@l sppl | as

practi cabmpdigl sywhefsenaxide. there is no substantial space between the
cat al yst beiﬁ, that is, the beds are directly adjacent to one another.
Wiere the ¢ '%F%PQPdfétﬁb’SEbeﬁ)magé‘@nWﬁlﬁ%a safalyst, wechasds GraupeVEI metabf t he space

??E)Srr\;@teﬂ g&to ﬁtg?\ﬂﬁhr@l‘,aﬂa%ﬁé’ of suppdifhgdohfbullion DS oRARL ¥Rl 2R S5urgn vary one
. flammability. However, whilst such catalysts are useful in certain applications, it may
be particularly advantageous to use as the second catalyst bed, a catalyst which is

substantially incapable of supporting combustion beyond the fuel rich limit of

5



-The catal yst beds may be arranged either vertically or horizontally. The
hydrocarbon may be any hydrocarbon whi ch can be converted to an o2 &f0&€, 2004
preferab&z 3 F’R'???-Ol efin, under the partial conbustion conditions enpl oyed.
"The proc Q 0y e present invention may be used to converRCHEBAINI83Ui d and
20 gaseoHs hydrocarbons into olefins. Suitable Iiquid hydrocarbons include

napht ha, lgmaiabilite. Cotabystsivhish atsi substandally intapable efsmpportingRoefberid v,

h , ~ ¥elo th but d
e ur oo PERAtE b A TR EHEY A5 B8 ARGk RORPE e ke fflciown
par af F~nmeteniald intlndingeedveaniopal ddhpdrogyaiitidaanbonss. My 8tboRhatt AStaly 9 car bon

atons. 25 E'Fe h %i;,)car ,og feed isogixed wi th any sui tabl'e oxygen-ccont ai ni ng

gas. Sui FXBRYSE Sb%(‘ifg‘é arospablgioh gogwesting satwnated iyarocaryaps o okfins, and/ or

m Xt W esbhfips : 5 i ni.ng- . be m.xed,with an inert gas

such as ni troglgj;\stagé% gfcéxri Adgﬁhltugfrr\lglp g%eaggglggﬁrr%@ﬁeﬁe ﬁ%%foﬁ%'gf’%gqedd%d, i f

so desi r el¢fin Snierautorthemeslnanditiony.d Thes suitahly,the seBdR@chEB)st Ba Rgp di oxi de or

st eam na be.co-;ese?d into t&e r-eac antF 30 stream_Any nolar ratio of

hydr ocar B8HPES 4GP EMCaBsHA e#ﬁcﬁgft@%@ ies Ru 98,60, dr, piipdad 3, artdeGrovmps FRyd

olefin iEB Hm,qc@;! Fm ; i nventio The eferred
Y A aﬁ@ﬁ'ﬂ? 8E@E PeRbdit eIy, Zéﬁfegfﬂc egciaﬁ}pi%s 03‘%1 g;'i

stoichionetric ratio of hydrocarbon to oxyg ont Cl?gle %o 16,

pr ef er abingluds Gup Ag, AuzZr, GEElg Gies YR, 02/ o BEIVPNE/ TBOL, 023882%nd3. 5 ti nes,

prefgy ab i mes,the staj.chionetric ratio of hydrocarbon to

oxyg&coﬁﬁf%réogséspga%}x E:B’ ‘T%ST%’C déPB‘tWSﬁg&?qfon of the hydrocarbon to

car bon di oxi Pefauilyakaysts J&iﬁ%ﬁ@aﬂg B4R ORe hfetdi%él%éééﬁ%ﬁﬁ Fe Ry G goy st at a
g -0, P

gas hour]y space_velocity of reater than 10, 000 , Telera y above
20, 000 hir= N Mo,n¥sandycequps B §FB, JIRJIVEY, ihand YVIIB 6DthefPeriodic Tablawrkl be

upon ¢ heb SrORatFHE R otk Bhe b8, 1RO e Yy AR b reriiod petalgar ogen
I's co-f eSuitableiGtoup INVCiproaRIES Iokite GXSHABIAN) LRLEBEY SA%SiIBLR Ha§ubgact | on

zone.. The | ar ratio_of hydrogen to_oxygen-containi’ng gas can vary 10 over
anyeléperrgﬁﬁggp‘ioﬁ}?égs b‘?‘%‘%ﬂedé"oaﬂd'rfg‘f PPrsififediamnlesod fafuitablercatilicsts (and prhictuced.

Sui t abl vy ; i n-.cont ak ni n s,s in the
range 0.2 %%&ngg {é% ecrf%g%lﬁgﬁf ?Jr?é]?llr% rgbrl]té’gm%ﬁ%tg’%a?%i}?’.‘li‘f@&?f%ffg?‘?eééas are
advant agdefis ubdst autoetheinml ichadifivrs)dforeseak thdieecond shtiBist bddBchve KNGaN

combust ferent ja rel atjve tq t ydr ocar bon, thereby increasing the
15 ol ef i n(p/§§1 §%@$‘€/F#%Fl f%g‘e@eg&&n’ &%&Q(C‘PM@B;%C}!@M Cwact ant
m xture of ISidabEAHRQR SRy el opt | | ly hydrogen
co-feed) is pr ghrggt ed })ﬁ%%&?wo conlfsgg%ﬁ\fm&tcﬁ&tléﬂsgsgéta %/hs]?.ca%’rei)ﬁee?%l ly, the

r eaélantSURPRINE combussioathesordithedutlainbdimait of @amnedbititytned addtendakAly AN

t enper at - t mxture. 20.Advani ageoysly, a heat_ exchanger
my be. a3 Bt ERRR ThodRtle i Simrtptig b atR sy hedheldion lapith t ne
cat al ystof fleematdbityof a heat exchanger may allow the reactant mixture to be
heated to hiﬁgh re{‘)@at tenperatures such as tenperatures at or above the
autoignitio P@‘E‘ﬁg y\Revegtagaqus calalystaone spmpuises a icend satalyst bidgh pr e- heat
t enper atgdlegfedi i g | reactant i.s requi.red which
| eals o Seeg o N, Cofin, LB/ G S CE TS ANO B R 3 3o oy R

t engér atsupeertadalatinamuronlyi catalygtr oved sel ectivity to olefin product. It has
al'so be foupg thﬁt hﬁus of high greheat t enper atures enhances the
stability of THEHEL. theGtalystirone mag cempyss a firstirad aspeondbentalystbedni gher

sust ai nalotteobwhieh arceaphblbeedy SarBustibh bEOGHH el IRGALRR gpd that the

autoignifion tenperature of a reactant m xture i1s ependent on pressure
as wel | f%@fﬂmll‘fyee?}llfebh’pﬁgiﬁrsmd seeondsatadyst badsinaycotuprise h Group VIII

metal such as Rh, Pt or Pd provided that the second catalyst bed is of a different

30 composition to the first catalyst bed. Suitably, the first catalyst may be Rh, Pd or Pt aﬁd
the second catalyst bed may be, for example, a promoted Group VIII metal for example,

Group VIII metals promoted with copper or tin, such as Pt/Sn. Specific examples of



'ijically, I n auto-thermal .cracking processes, where the hydrocarbon is

et hane aiy@opg@ssure of 2, atnospheres, a preheat tenperatyre ole]EDEQ)Z%O
C may be used. 10 WD 02/0389 2 1 D E C 2004 PCT/ GBOL/ 0284 /6¥¥/¥B¥cess of
‘the present invention may suitably be carried out at a catalyst exit

t enper atsyglecatalystizonesarg ¢h@e @amprisihg @RE:only edtalyatnhy first Rataliet bed)gad 850C t o
1050C a ef er abl i n.the range 900C.to 1000C. The process of the
pr esent r}ﬁ/’ns\glgzﬁfaiiygﬁf%cq}gl%équﬁtg out at atnospheric or 5 el evated pressure.
Sui tably, theRa@SfEYEEhd Wiy BB tomphASe & ARYCathlRIDA RicR il L it erably
1.5to0 2 tiara, f?ﬁs exarrplbé 1.8 tlbara. El evatygd pr%@gﬁgigﬁg@tlﬁi exanpl e,
2 to 50 B¢aRAble ofpypperting ¢ambustion beyondthe fsl rich limibofAamohbilineamt £sent

' ti ' ; ' I t ed t h ti duct b
qenahediedn Rt e Sl SRS B ERN Sont e o aur b ond e |
react i orfseltrichilingit pf flmmability. Speeifieredinphd of SutecRENSERhe ‘i’ﬁclﬁd‘éei ﬁfsﬁse“t
mventmnﬁ&asﬁ be renbved bﬁgmechanl cal means, or by using one of the

decoki ng® bskselactad fieme HEBnJee/Shi Go/d Fugr, k/SroambBuanda sedvadcont ent s of

whi ch argg ' hnvent i W || now. be

] ot o el RS RO TRE P DRAEETPFor P BuchRi o P ot i ant < 0

t he fol lcoppargr &ranpl es. Fig. 1 represents in schematic form an apparatus
.in the process of, t-he present invention. Fig. 2 is a graph

sui tgbl e for u(?(g fp

showPng t he TRAFEHPD tthedish and secandcatalypt bydsthe gatahigt raneunay eomyenits of Sn
pr onot eduftiere C & | 5 tal.yst. 20 Fig.
3is a rapeﬁ gttﬁgjvsmyﬁégds’t g:gpg{; (}%’q(})lﬁcitth y fexorlllle%?g%féoﬁ Rl/él%{yy%oﬁfﬁgelfﬁaﬁyri pl e
beds of 3PP Seathlygt b8is. cat al ysts conpared to a triple bed of Pt-only

catal yst. Fig. 4., raph show.ng the effect on ethylene selectivity of
Usi ng & doutll AeTB S Bl e PPIReS MTe e e pellyt beds Srasmt et o e doubl e

bed of RHdiGioh the thi ' ] i hyl
.1 St 1894 ol el ke AN, Al A0 1Y 1

selectivity of using a double pronot e ysts
compar ednd gecand gatplyst brss. Switably, dhe satalystaisgd fordheladditiomd bed(spid thé satue

. pronot b} [ I showi ng the effect ,on ethyl ene
sel ecti é?%hg?gfﬁgg%%%tdf a&mpgd’gzl&g%&é? ’f]thgﬁﬁt\gﬁgﬁgf)?llﬁfﬂ?}é&own?gi al ysts

conpar edatatyssbeag hebetl SheofirsPbedois platiniah Svid the 9800nA AnBihis@badsols. 30 Fig. 7

is a grgg{tp1 showi ng the effect on ethylene selectivity of using double beds

of Pt aftmBHSGYRsREmaeted pickgk al ysts conpared to a doubl e bed of Pt-only
catal yst. Fi ' rising.a qguar react.or 12
sur r ounded gt%hé%ﬂngyeﬁtd?{%dﬁ@&hgﬁ{aggorgcg:}t%%{c S i me?ﬂén?léea%aﬁaéysti%nps coupl ed

to a0 oxgyerbeddertimhhiorthe gaminhl concantiatidng eR My AGh We P3RS 6GBEL/ 02822
catalyst because not all the metal employed during the preparation of the catalyst

actually becomes incorporated in the catalyst composition. Thus, the nominal metal
- concentrations may have to be varied to ensure that the desired actual metal
' concentrations are achieved. Generally, however, the catalyst beds are prepared such
'25 that the actual concentration of a particular metal is between 80 and 99%, preférably,
- between 90 and 99% of the nominal value.
' Each catalyst employed in the éat_alyst zone may be unsupported or supported.
Suitably, an unsupported catalyst may be in the form of a metal gauze. Preferably, at
| least_one catalyst in the catalyst zone is a supported catalyst. Suitably, each catalyst in
30 the catalyst zone is a supported catalyst. The Support used for eaéh cétélyst may be the
same or different. Although a range of support materials may be used, cetarriic .supports

are generally preferred. However, metal supports may also be used.



“supply 16 and a hydrocarbon feed supply 18. Optionally, the hydrocarbon’
feed may conprise a co-feed such as hydrogen and a diluent such a1 DEC 2004
_hitrogen.ywhlske the reactor 12 is provided with a catalyst zone 20 which
i's capabl e of 'siipporting combustion beyond the fuel rich | PRTIGRI{/02822
flammability gnd conprises between one to three catalyst 5 beds, 22, 24 and
26. The cat al yatahjgdle soramjcsuppartamaybeanpexide eneembisatiereof dxAdshbattis shi el ds

28, 30. : [ t Lni mse heat | osses, and
the r eac%’c‘tglrjlltés%@glrgté1 q?ﬁ%%%gi%éfoﬁtega%ﬁ%’ rﬁgtg\%t%rol r6%9ir601 a‘i’ﬁ%&’s g: ali?se L eact ant s
contact suppoctahateyiak profegiebl P Bas 2¥bw ﬂ:@mﬂ@iﬁ%a@é‘ioﬁ E@ef‘ﬁ@éﬁ,%‘&@fbsfsﬁ@g tgonbust's

to produc}l(]e wat er and carbon oxi des. The opti onal hydrogen co-tfeed al so

combust sPRESE SeRATRAQN High tempsEaiuIss. t hese conbustion reactions are

exot herm c, ang; bedti . f.s.used to.driye t racki ng
of the hydr ocggﬁ%ﬂggtc 0 pr%g{@gﬂgﬁgﬁdﬁgoéglggygﬁuw ‘H?lgf%ﬁ‘\ﬁf@egﬁf\épsyst A f
1wt % Pt alumind (atphaaplAs)) yvttria stabdived zipcdrta, (a1 GHTi sk a8, nécciDapy deep; 30
pores per i.nch%. atedly, i npregnated with an aqgueous sol ution of

were re .
t et r anmi ORI £ H(VFPI}OS t%rﬂinéel.npﬁﬁfém{?@t?l&mlm-xi epl ati nun(11) chloride

sol ution was PhERSLEH: i b B chi.eve a noninal Pt :
loading of 1 wio%if all p%’ﬁg%ng%ﬁ?%}?ﬁé&éaf{’%’é% % %P%‘%g]h(?%-nfo t he
final catal ysThé sirmatimtdfeie suppertvmditenind infmptertanois SRelstthae nfsyRifRYed i n the.

tet | at, | i i lent to th ti th | f th
2 unfna T LB RSl e S G Shtew? cnastimBurnne ontromssoneffoved 1 rom
the foameattanisand Predceatiabl sRkemeenly ok bl Sbrdy At pk2050A0G !

approximately 30 25 minutes, and subsequently’ca arr-a C for
appr oxi niesrialys hypigaldss the Bipped omseriad mayebdin the Fdrnt of firtictes, ahckos t he f oam

f the sol 4t i d bsorb to the f typi cal |
it co. i Y SR ar Poies eyt shteR dust eI BR S s et Bva suvest a [ nal

ai r cal cfib@us pad 6# ma GREabl9] the phituiate APpEATAANKSE] Mkt % Sn on
al unjna)_ AlL.uni_.na_ foam bl och (89.5% al 5Ejﬂr}ﬁpna; 28mMm i}él}r%t er %sp%}’%&ﬂ deep, 30

por e pe?refeﬁggl’*y’"R@rf@maPf@eﬁﬁpﬁ?wisiaﬁﬁﬁwdﬁhﬁ’édcwstdmmﬁnmsnemmhms of .s
t et i fd 1L 1 h-ge . i | loride / _HCl. T

ol it onr R S it et Aol AR HNE MG i ey Fossoor BRI wi t
suf i ci eFhe pares of foagi menalithistrattutes aetidtg provitie Wrbocils Hhit o0 rBAHard¥eSa t i N,

assum ng_100% absorption and with a vol une of de-iaonised water equival ent -
to thr eg’rf’g‘ﬁ?éi* ?‘NZ’ mmﬁn@#gﬁwogﬁwrhavﬁoetpi 89, prefesably, 3thior Bopraesed.

Bet ween pe¥fichd (Hangl i : r t he f.9am bl ocks and
the bl ks vare dri egl#igirfl&gi%g%%#?o@?zg%%ggﬁegp%%ﬁéég{g&oﬁ%d THeSeperes s a50c
f or 2ppras gerarally saller md there rincke 80 br tibee pader peieahidhbEeraBsor bed ont o
t he foam bl oc he bl ocks were.dried and.calcined in air at 600C for 6
hours. Catal ygfef‘&t'%‘?%ef\?d?%%?méﬁ“%?@&ﬁmnﬁ@aﬁfﬁe preparation as for catalyst
A was repeat edltermatipély}thabuppoet hay bepiesa Rk althiiddrlok viish 9{)&%‘5 3?1‘8&‘%“ on

enpl oyeds[‘j}(;/as of sufficient concentration to produce a catalyst having a
nom nal SYe| ng of 3w % Catalyst D (0.2 %N 4 wt% Sn on. al um na)

15 The preparwyty Ve except at e al um na
f oam bl ocks \sz‘r?ﬂgﬁﬂ? ?‘g)rp&)g% %F?E'l@%rtﬁ?tgg },ﬁ‘-@g’ %%?ﬁ&é-ﬁc é’?ﬂ?é‘egtﬁloﬁhe gil%slt ni ckel
(11)25ni tarepeeferablyt distripiiie)l subdtantiatie heiforri! thasughbh the kesortconcent ration to

roduce a cat.al yst, having a,noninal | oading of 0.2wt % N and 4wt % ti n.
P oy éﬁ%alyg{s emp?oyed in trﬂe present mvent?on may be prepoa'red by any methgd

known in the art. For example, gel methods and Wet-impregnation techniques may be
employed.” Typically, the support is impregnated with one or more solutions comprising
the metals, dried and then calcined in air. The support may be impregnated in- one or
30  more steps. Preferably, multiple impregnation steps are employed. The suppoft is
preferably dried and calcined between each impregnation, and then subjected to a final
calcination, preferably, in air. The calcined support may then be reduced, for éxample,

by heat treatment in a hydrogen atmosphere.
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20 Catalyst E (1 wt% N 4 wt% Sn on al umi na) The preparation of cailaolg%séﬂop
was repeg{ég except that the concentration of the nickel (Il) ni t& ht

sol ution HYOWBE such so as to produce a catal yst havi ng RCTHGRIAEB22NI
‘loading of 1 wt% 25 Catalyst F (1 wt% Co, 4 wt% Sn on al um na) The
preparati on aberaalystacae ysty . acheved freaneshitbleapinneh piovided thitypé na f oam

bl ocks I el,v i npregnated wth .agueous solutjons of cobalt (II
i rare. Sttt LRRRSobehBh SR Bl sar bdrtaiB e o) contaobiohe Bt caehahbah |

produce bedtiealby prodiritigs FflNEFisEoAm!(6a8bASnOfealtidh v Y{tin. 30
Cat al yst Qé é@wt % Co 0O ggglvw % Cu on al(um' trzal ngheg ;l)r e rg?g;?f %@gﬁre?@g@ cat al yst

G ]

B was r efred! Bredioms snd spideflyrnt siream passes fonbiho fist casmlyst bid terthasezbyd

i npr egnag sy e, ' : | t |) nitrate griid 13 WO
0210a389 _2glfw[§;§?: %%%g{?%@?ﬁ%%fﬁ‘g%@ieﬁﬁ @‘re CEM%S% THed? fodesesrsingle £ i ci ent
concent rzeapion with apackibengprovidedtetwéamthe Geds. TakpRk ch9BS bRYI® vy W %-Co
and 0.3 % Cu, Ca{ggl yst H(1L wt% Pt 4 wt% Sn on al um na) An etHanolic
sol uti onpfﬂﬁélgﬁl“é%aé}‘ Y dFhmpterialy shel at alusteg Isdicrrotharirefradtdtyhaerialsn (11)
chl ori debe‘;a,@g,;ﬂ@r&gta@y P’@dsl gquantity of hydrochloric acid. The sol ution
contained sufficient” platinumand tin salts so as to achieve a final

| oadi ng of 1ANeHatively, the spae dedvdeibthe catafystbdds 594 SubdRnBalales@r bed onto t he
suppgft mate i The yvol une of ethanol enpl oyed was

ey e e, o
equi val ent ¢ Bb¢ e bevten Harpatalgt g&_s’éfn% REtiged infelptiondo theabads! ocks  whi ch
wer e, 110 PRISEY) inswdiaf, (e BAE bilTht &t bk af BcAb AR, LOAMAY RKe (30 Por es

per inch, 28mm di aneter, 30mm deep) were repeate iI*npreg
et hanol | ibstgntitlispacahativeencthe catalystbidst fhohisyte batisare bitdetbnidiaddnetdbmec ks

(four i i required).. Between i npr ations excess solution
was r em%?%mngﬁ%g@?ggl%sﬁ%&g Ifgmgﬁaeﬁ Rer %‘?’8’% Ego ﬁgﬂeth&rslzéd’fiﬂ?@ wpaee at
120- 140dtiween thalbednedy ivaryai r 15 at 450C for approxi mately 30 minutes. Once

all the solutjons had been absorbed onto the foam bl ocks, the bl ocks were
dri dd and gi VR&size ¢f tharatalyst beds camsalymesdfrosaig®ther 6 hours. Catalyst | (1

Fepeat od oxcimt TRAL EREal Bk of gl T SR BN ol rpr egna

repeat ed except umna &t ely inpregnated

wi t h aqueousThhydroamisorhay bé ehyhydrbtarbos WhidH &8 RRYnbdrd(th b ofdHor i de/ di
HC  of SUftteii:ft{Ment con gﬁ_&rati on to produce a catal yst having a nof nal

| oadi ng BB agano- amderjhe partial combusiion| opaditiong enplovedt on al uni na)
The prepar atTiyp Y@ﬁm t um na foam
bl ocks of di nensriaierlsg%ggﬁ%&néggl}‘i%&égr yagggﬁn&gggéﬁg%bgg%ﬁ?wper i nch
wer @0us isegis hyHeochitonk intovetefins nfnisgialiquiddiydrocattiohk tichitle rephGeNdsat i on of

5% con S0 euFat LS lp b il At PR DR ey deseobh rorasbomia al 't
A was 1 epehbeethas @mpahadiutﬁielﬂiﬂi@ﬁxﬁﬁm}é&?ﬁé.éﬂ{apr%gg(ﬁgﬁfiﬁﬁi do mm di aneter

by 30 Tri r&}deep and 30 pores per inch were used:
_ hydrocarbon is a paraffin-containing feed comprising hydrocarbons having at least two

carbon atoms.

' ’25 The hydrocarbon feed is mixed with any suitable oxygen-containing gas. Suitably,

' the oxygen-containing gas is molecular oxygen, air, and/or mixtures thereof, The

Oxygen-containing gas may be mixed with an inert gas such as nitrogen or argon.
Additional feed components may be included, if so desired. Suitably, methane,

hydrogen, carbon monoxide, carbon dioxide or steam may be co-fed into the reactént |

30 stream. |

| Any molar ratio of hydrocarbon to oxygen-containing gas is suitable provided the

desired olefin is produced in the process of the present invention. The preferred

stoichiometric ratio of hydrocarbon to oxygen-containing gas is 5 to 16, preferably, 5 to
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WD 02/0.1389 2 1 D E C 2004 PCT/ GBA /02822 bl ocks were inpregnated with-
sufficient concentration of copper(ll) nitrate solution to achi eve1aEC 2004
nom nal Io/adi ng of 1 % Catalyst L (3 wt% Pt on al um na spheres)
"Alumna s 93?8%38?1. 8 mmdi aneter, surface area approxi mat eP§T/SB01/AIB2Y
suppl i ed_by Condea) were pre-calcined in air to 1200C for 6 hours in order
to renové3arineseprederablypd okl tipeathesioichionetrictatio hEhpdrberrbon toltveygeri ght of

ol at 1 hur o aiee B, Ayt A5 BIFE R sfin 87 e JE AR ahanlin garton dbmde of s

wt % was afd wateeul at ed using the equation bel ow. Elenental platinumrequired
(g) - 3/100 i,pV‘ﬁl ht of alum na spheres(g) A quantity of
t et r anmi nepl aff RIFCFRpoR i Ressedovebthess pirygaschontly spadecveladitycbfmass of

pl at inumpgtakn e Giosso! j I fde-ioni s ter equivalent to
the bed Sof qf ¢t eoslgl’ \rfngfr%glb pﬁbé’\r('gszl.émlqgl s%ﬁe‘?%g p&%?‘@%&’&e&lgit he

pl at i num 8609 hn If will bpmidexitot, hbywe?d, iariht @ptimbe FxaRusyRbadd vHlgRiEO! Ut i on
was rem)v\(iggand t he Sﬁheres were tran red to a silica drying tray and

fer
moi st ur e “hASREHPR t ?PTSSSHFW@W&?%Q@tfe%cmﬂm hel d at that
tenperat ure Pk 1 The. ferred.i.nto a
cal ci nation ove?fag]g% Hﬁ)@ ;x(%@ﬁ%@ﬁ@tﬁﬁ%lé‘ﬁﬁgﬁégﬁ%&% eﬁ-&?ﬁ%}m?g gisferred
to the dinye Hy resationtzoneddie maad26e o@hgdmgmmtmxygm@doﬁ@irﬁ@%am%a?@ room
te at g NE T ining plati.num 20 solution was then absorbed ‘onto the
spms g‘?\% "Pﬁé’l’ﬁﬁi\?ﬂ’?@%ﬁﬁ"g‘é}rﬂéﬂﬁmed%%?%@éﬁﬁp@dnﬁfslsmé@rbmeéo&utably, all the
pl at i numheqhslbt fioWE - i I in
cal cinatjon at 4580 ?1 Flle sg‘%gﬁg{s}% %?gﬁtgiﬁl\blgé;g%ﬁgg]dtg?ﬁ%g?ﬁqﬁ r?%?ﬁ?&r”ature
cal ci nat inghe gangedoo@.f or 6 hours Cranping from450C to 1200C at w sC/ mn)

and then all { to roomtenperature. 2s Catalyst M (1 w_ % Cu on
al um na spheggg%g%‘ﬁggg%éiﬁg‘fea?ﬁgﬁtaéesowg)ﬁ%ﬁ?’%)tfl%e[PrES‘WﬁE of@ﬁﬁgwsék@ept t hat
the Pt shydrogancomisusisat@eptialdy redative 16 e Ty G ORPIS; ' i ution to
gi vgéa filgg# target cﬁgper Iogydi ng of 1 Wt}s/o 30 inéme%b}?h%%%glg%g% WO

02/ 04389° 684t peigettyiy afthe evesall prasass- 1 (Doubl e bed -1 wt % Pt on al umi na~ 1
wt % Pt on al pyg T bl talyst A were positione

sequenti al I_ypl\r/éinfét}ﬁm?”e%%é%{a?gx%ne ano ﬁﬁeorcgﬁ’r? ntaﬁg OR LB Gty IS gas ?*_‘P% as

cat al ystojEellp Bydmoger? do-feed) il pretieatedichrd2 thedngrt iwith the batalysBicnyatiybed) .

Cat al yst_, bed E?in;(rens,i ons were 15 mm di anet Sr, 30 mm depth and 5 porosity 30
por es peq]eir?ﬂg Nt XS LS ipreieaisd £ femyreraties belawt the auteigmi@omtemprratureesdct or
furnace asefetint hixtigd® C. Oxygen, ethane, hydrogen and nitrogen were then

passed over the catalyst beds at a fixed total gas flow rate of 36.9nl/m n.
The $as 1 owAdvansagenusly, civat exdhangerusaynis ersloped torgelseat tRwesaamitr ol | er s

v nt o e TR0 b3l R ¥ 806 674 e exchimgeraame ol 85 on of
ni t r ogerreactanthaixiwredo behedt®d w4t tdRPerhRrdd éu@l‘i"aé@'ﬁéaepﬁbﬁ? GEopOr k- Up.

During the cqurse of the reaction, the oxygen: ethane f€ed ratio was
adj ust ec?Po¥E thgsauteigpitiop temperatiegidhe septantmirureahe fiseok ighpmdentt el y 40 to

90% OorempaRRdos: wﬁag?ggsg Bt RO Bk GR REAERYL Wby S TRaRed and the
25 economic savings. Additionally, the use of high preheat temperatures can result in
improved selectivity to olefin product. It has also be found that the use of high preheat
temperatures enhances the stability of the reaction within the catalyst thereby leading to
higher sustainable superficial feed velocities. - ,
It should be understood that the autoignition temperature of a reactant mixture is
30  dependent on pressure as well as the feed composition: it is not an absolute value.

Typically, in auto-thermal cracking processes, where the hydrocarbon is ethane at a

pressure of 2 atmospheres, a preheat temperature of up to 450° C may be used.
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-15 Thé product conposition was anal ysed by gas chromat ography equi pped with
t her mal ﬁg{]& %é vity and flame ionisation detectors. Example 1 (DCO4bIEE BHH
-1 W% %) umina~ 1 W% Pt 4 wt% Sn on al uni na) Expd@GTHERR1/0283as

‘repeat ed exce t hat c?t al yst A.was used as catalyst bed 22, and 20
catal yst B waiPQERgessof the pregent ipeation maysuiably becarried st Aomcatilpsteaital yst

beds 22 Rffherdurdss ﬁlerrﬁxﬁjééc(?lfb%ntosiizbw@,y rgf%?%y]%n g@p}éﬁg&é@é&hﬁ rl%igo ﬁgl / mn of

hydrogen and 1.5 nl/mn of nitrogen over e ur. The

et hyl enearsie nost preferatdy, inlheiange 900%C td 1oopecated in Fig. 2. It can be seen
that a catal yft zone conprising a bed of tin-pronmoted platinum 25 catal st
| ocat ed downs! RRIRFESE Of theerressm prvention maydeahyrid apt westmsphiegicar sel ectivity

t tshyl ' t | ed j [ 1 wh th t al yst
comr) Sed 3 RS S ARb R A el B R e £ (o B boa — 1 ko6

Pt on al prefemebly &lSuni2riara, Foméantiile 4. 864 SEleRAted Prabitdi B fEXEARIE 3 Yas
. . > p?eﬁ t
r epeat eds(ﬁ%aci‘_ept t hat an,aag rnina bl ock was positioned between"the catal yst
a :ﬁf‘e

beds 22 2/mayrgiso b wjt .selectivities obtained are illustrated in
Fig. 2. As cawhbe (g€ i 1 hyl.ene, sel ect i vi obt ai ned usi ng
a catal yst zone 16tﬁ El[22) c%is%g‘déé g’(‘%%lt\’é)%ﬁhé%%"?‘tﬁ‘fetééeﬁtﬁé}éﬁeﬁs‘g&n‘bfzi si ng
sequent i gectisagsodifctyhay beyquencikbd at theyantbrié oM theTaeGom bt By !u%i?i gher

t han ot ha tained fitoma catal yst -zone conprising a single bed o

pl apionu?nﬁmg%tr%?%{%?{mfﬂf’%t obtained froma catal yst zone conprising a
tin-pronot ed phptdkeprodirtaky & o r of a pl.ati numonly
cat al yst bed.. S}aéExpelﬁ?ai) ment 12 (e#?é%sﬁ%ﬁ%ﬂj@@%ﬂﬁw&n @%ﬁ}%@?oﬁgm % Pty
Thr ee” beBéchgnicalaneangsor by weingone dsealiegtrietiody sudht3 thitelek@ietien Of

Fig.l, _aa PR 22, 2 nd 26.. The .3 catal yst beds were then
reduceda]:;sl)ng‘sib?;l a(t))ré %5‘9’ %gég?ﬁatsaoéﬁ%gl? Ff‘é?t}befg’yﬂlﬁorﬁPWﬁdrPYo‘iefﬂ?tﬁeogen and 1.5

nl/min of niThedgention il hbe heiliastdted BP FabdrkQhmal . et hane,
hydrlggeg ﬁ_md ni trogen were then passed9ové’r t he %gpg%%@dgg%é&g%&éeescri bed
for 1BxpdP Fiediand to Medolewingseismiilesy changes in ethyl ene sel ectivity were

measur ed angk; - in Fig 3. 1 le. 3. (Triple bed - 3
W oo Pr on Sl eeg i ShERE e, A gbBirats SR B Bsaiibprossiadh S on
al um na tExpreséniinveniomas repeat ed except that catalyst C was used as

cat al yst be(g.. 2%,. 'andpﬁagal yst D \£§s used as catal yst beds 24 and 26 and the
3 beds wer e eddta§HaPR sEPViPgthe shisst opethplspe selertivaty wf usidgmhltiple bedls hydr ogen

and 1.5 offShipRbhotell PR eithiQ9ELh:f d . (_0C for. 1 hour. The
et hyl ene s.elpg?:t(i)vi ti,esmgbt aiﬁﬁéiaﬁﬁgﬁgﬁgagfﬁg |I°iaf?§¥srt'at ed in Fig. 3. The

reséPt s shoWig Bds agraphsbewiig the effeat grs¢thylene sqlenivity 9if iging e e of

tin-pro 1| cat al yst aced.d sfream of a platinumonly catalyst
bed IeagjsPh?(gNElbéﬁgélﬁlyéﬁ]mﬁgbaempr[‘?/g‘\?la)oﬁéfafﬁﬂi’ faalyshser ved in Experiment 2
where the cHighish sRRRGHORIR o efed: I3 ctBPOANMIeISAS of usifigin ol 4

(Triple?gd- 3> W% Pt _on alumna 1 w% o Sn”on umna~ I wt% N,
4 wt % ST Shand Smpremoted Gasrialzts ppmpasprbter doublebeit ofi Ptadnly estalyyist E was used

Exanpl o 5 ar ot GorPehoMis e EHEuBibhiiD: S siieige dovBedrda |
cat @ yswof Pbansd Coppmcted GotoatalfistsitSinpiired fo 2iGaL3 bEESSPUMNG Shta ad
pl ati ““angﬁ'%a%%tﬁﬁ%&o'te%aég cgtglyg{gher et hyl ene selectivities than those 17
Fig. 6 is a graph showing the effect on ethylene selectivity of using a double bed
of Pt, and Sn promoted Pt catalysts compared to single beds of Pt-only and Sn promoted
Pt catalysts. )
30 - Fig. 7 is a graph showing the effect on ethylene selectivity of using double beds of
Pt and Sn promoted Ir catalysts compared to a double bed of Pt-only catalyst.
Fig.1 depicts an apparatus 10 comprising a quartz reactor 12 surrounded by an

electrically-heated furnace 14. The reactor 12 is coupled to an oxygen-containing gas
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-2 1 DE C 2004, WO 02/0: 1389 PCT/ GB01/ 02822 observed in Experinent 2 where -
a catalyst zone of 3 Pt-only beds was used. However, conpared to R2heDEC 2004
sel ecti vi‘{lég)?/ g{g%ai ned in Exanple 3 it can be seen that at hi gher nickel
"1 oadi ngs, Q¥ vities decline to a greatex extent at hi gRCEHGRAHE2822
conversion. 5 Experinment 3 (Double bed - 3 ww% Pt on alumna~ 3 W% Pt on
al uni na) SHREYY Béé’é‘? ahiydrpcanbprifead supply 180 {ivneButbahydiocgrbiontfesdhey r eact or

of Fig.l . B . n, . et hane drogen and nitrogen
wer e theﬁoﬁgggﬁ%@doﬁ:? SIB egscﬁfdéﬁge&%@ead@%g{e%%g@? inﬁéclgef’o ECpBETFASH 1. The
cor r espondiinprositadgdth 4 catalybylorn @0 seietris icxpable wﬂ@Féﬂir{gP&%&mﬁﬂo@“d the
results %reqﬂ%o%)%‘ Lgﬁ{l,g., 4M,Exarrple 5. (Doubl'e bed - 3 wt% Pt on
al unmi na~"% € dignif0 bilibpandsepwrisaehetwgenane tatbee athlyst c ept

that gat gk B avas tal vst  bed and 24
wer e reduci‘géltz‘iﬂz’nlr2 S| tuﬂssl:')fflﬁh ;ﬁ%ﬁ%@gg%?%??%na@gﬁép %.) (S&}(?qe)éﬁieﬂv%@sﬁéghﬁﬁr ogen
and 1.5 Awelds@8030.nitrogen over ‘the beds at 759C for 1 hour. The ethyl ene
sel ectivities;obtajn i n anple 5 are il)Justrated in Fig. 4. The results
show t hat us_ehb ) ﬁﬂﬁaﬁgﬁﬁnﬁé%%@ﬁ?@frﬂﬁé eﬁgasw, andtheregpisnisdre obal t
cat al yst igodood HQIME réRIP v lifle D2UAS thonbANIRY ESARLOME B A Ped: 9945, L ©

hi gher ethyl ene selectivity relative to that serve per >3 where

a cat al y36, seaieeofdhie hydzocasben fasd wpmbhsts tregratyet winerland\asbois ogidesXpigy | nent 4

(Singd e - %.Co % on. aluninal Catalyst G was | oaded into

t he IrlieactB ﬁériionda% Aﬁ}%g&} ?O'ge§§t 8 < %R'I'S{%é? BWO?B?C Bar( }/h. ofitheseceprpiugtion bed was
t hen r edaetonsrsétothdini®amditREhe PFodt } B ogen and
1.5 nl/mp_ of nitrogen over the beg at é%%%leﬁg%l%‘%gﬁrmab%tg}éﬁr e ne,
hydr ogen®5thd Bftocerben toprasueelsfiassed over the catal yst as described for
Experiment 1. The correspondi ng changes in ethylene selectivity were
neasured and the results are shown in Fig. 5. 30 Experinment 4A (Double bed
- 3 wt % SatajystPreparmion3 Wt % Pt on al umi na) Experinent 4 was repeated
excel\rlnﬁ that 2 beds of catalyst C (22, 24) were used. Exanple 6 (Double bed
- 3W%ht on alumna~ 1 w%Co 0 3 w% Cu on alumria) 18 2 1 DEC 2004

QARPNUERer | ment 4 was repeated except that catal yst

C was useas : and st was us as catal yst bed 24.

The et hyl ene ég'ﬁltélg% ?f;én ?’gég:k(g)g% a We@iﬁ%’%é%ya@@ %eﬁ*idjp?rpﬁg?rrlgféd”‘?fﬁ Fig. 5.

As can brepeatedly impreghhtgd with drhquesss ofutRnea et attinifpRina RN ERbAGe.2 bed of
of, copper pronoted-cobalt catal yst gives

pl ati nu atal yst. and.5 a_he

super i o%? Féﬂ%ﬂgﬂ?tg&w@ﬁwgl%ﬁo tipn Wap prapasashwith ewfficiesit sajt ta si ngl e bed
of ex ; : i in.Fig. 5 i.s the

oty oo ove BHoRtn A b1 WO if ff RO it R Mol e oot 7 g,
that t hethedingl eatalystdomenlation. Thetyohimeof derionisad satarl eysiloyeahia thonpr i si ng a

bed of Pl EARAkY SiBRwas RS0V AL ORRE! sRLoMRL e cobalt catal yst is

foam blocks. Between impregnations excess solution was removed from the foam

blocks. The foam blocks were then dried in air at 120-140°C for approximately 30

25  minutes, and subsequently calcined in air at 450°C for approxixhately 30 minutes (to
decompose the Pt salt to Pt metal on the foam surface). Once all the solution had been
absorbed onto the foams (typically three impregnations are required) the blocks were

dried and given a final air calcination at 1200°C for 6 hours.

30 Catalyst B (1 wt% Pt. 4 wi% Sn on alumina)

Alumina foam blocks (99.5% alumina; 28mm diameter by 30mm deep, 30 pores

per inch) were alternately impregnated with aqueous solutions of

tetraxmriinepléitinmn(ﬁ) chloride and tiﬁ(Ii)chlon’de / HCL. The aqueous sclutions were
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~10 al so superior to that obtained froma catal yst zone conprising22 begdgmf
pl ati nu 4224 talyst. Experinent 5 (Single bed - 1 %Pt 4 W% Sn on

al um na~ Mt H was | oaded into the reactor of Fi g. 1PCIGRGI1I0282Y y

“cat al yst bed (22). The 15 catal yst bed was then reduced in situ by passing
appr oxi rREERArSA Wi swfificient st torgmﬁr @Qeﬁ lpading o6 1 wi%milatinmin mid 4wgetinpver the

passod conkming 100yt IUAR din gl DR, o ME LR G Civaleht pires o
cor r espdinisribe Warm&fthms@bbnlmmoaﬁlmﬂréghaw BRAficheRilihlS results
are shown in Fi pe seen that the ol efin select Ies 20

obt ai ned*tsF ﬁ‘&‘@owta&r%? egé{)on@,; spadlegksmgd theblotkeawete driedrie pitrast i on

nmet hgd q \Y I Doubl e bed - 3 w % Pt
on al um quab‘lﬁ: ok ﬂll_énaéa?m n fj(l)rnfﬁa 84%0{;03)@ O]‘g@ﬂ?evn%éﬁl‘%%s r%‘i!fé’aaf kd except
t hat tmhwthaiopsﬂua@bdm z{t%arbeﬂ@)ﬁmhé foais emckgah@mky%réaﬂaﬁaneﬁpl oyed as
cat al yst., ed 22 a F@Cﬁ&atl Y%H was used as catal yst bed 24. The ethyl ene
sel ecti vf nggnb%lga o i Wst e 7 are shown in Fig. 6. Frominspection of
Fig. 6 it can be seen that the use of a catal yst zone conprising a bed of
ti npronmoted plati xi um catal yst placed downstream of a platinumonly

catal ys t fin selectivity conpared to a catal yst zone

conmppi si ng | f ti pr enot e | at i num catal yst. Al so

i |lustrat ed%éb%%meahg %Fg rt%&arfggﬁy\rv%pgagecgaqew thabthedptai ned using a

cat al ysiaxmmphtmﬁﬁfml’[) chiegdé YslufoSmBfofid wal 6t C). As can
be seen fromFig. 6 the olefin seI%‘gﬁw ti esé@fgggﬁﬂe gﬁ%g%zgcat al yst zone
conpr i sPHRYUSE # Fialysidimyirgia ngminapPtlogiiag 260 Wi602/ 0389 PCT/ GBOL/ 02822
platinum catal yst bed placed downstream of a platinumonly catalyst bed are
superior to those obt ai ned u5| ng a catal yst zone conprising two beds of

pI at i nufdatalysyDg@ m)bl e bed - 3 wt% Pt on alumna~ 1 w%

ﬁ wt % Sn..on_al un na~ Cata t C and cat al yst wer e | oaded
seq 2nti al | yO§ REcBasatgn ag CGFaI Bpwas repeaged @meat?@tthbe&isnmafmni 24

respect bloekyw E@t R ARY xi mat el y
1.0 nl /mn of % hyd fogg \gﬁ x%#%@d‘ﬁtﬁ%ﬁ&ﬁ;s 0 lﬁ 6&8%\?@‘?‘5@%%5%‘55“@@750c for
1 hour . (Dchiside/dt Hehof siffidiengemcantrthtion te pMercgtalﬁeﬁa\gﬁggggnﬂyﬁr t he
cat al ysj ed for, Experiment 1. The corresponding changes in

et hyl eneoagégégpﬁfm%“%%ﬂr ed and the results are shown in Fig. 7.

Al so shown on Fig. 7 are the ethylene selectivities obtained using a

catal yst zone corrprl Si ng tvvo 3w %Pt catalyst beds (catalyst C). It can
be €benCatalyst k b1 ¥l g) obt ai ned using a catal yst zone

conpri sing ridiumcata osi ti oned downstream of
a platinum J)nggp 8%13 Qg@nqﬁ VAT gepgﬁtﬁg}sai(%erptg%a ‘lc)%ﬂ%P‘}‘ﬁtml‘dﬁéh%orrpri si ng
two bedsickdl (H) nitlamm‘wfdxyusedt\ﬂbyﬁdh sofRsas Ei&d’(m@ alcabipydp gqnogﬁn % Pt on
alurning)fid w;t.g 4 wt % Sn on al um na) arrpe8was rep ate
i dent i cRPUBEEEESE % ondi tions. As can be seen from20 Fig. 7, the et hyI ene
seI ectivities achieved are substantially the sane as those obtained in

le 8. Experinment 6 (Single bed - 3 wt% Pt on alumnal A bed of
cat ys@@lﬁéﬁihwﬁmrﬂsﬂmmmﬁet er by 60mm depth, and a 25 vol ure
of 10.60 crq%hv? ded telt ﬁ%reactor of Fig. 1. The catalyst bed was
heated to approxPrrﬁ M @Fasﬁ?ﬁeﬁ?&(ﬁ’rcﬁﬁtthetéé?? Kypina foam

blocks were alternately 1mpregnated with aqueous solutions of cobalt (II) nitrate and tin

an chloride/dil HC1 of sufficient concentration to produce a catalyst havmg a nominal
| loading of 1 wt % Co and 4 wi% tin.
30

Catalyst G (1 wt% Co, 0.3 wt% Cu on alumina)

The preparation as for catalyst B was repeated except that the alumina foam

‘blocks were alternately impregnated with aqueous solutions of cobalt (ID) nitrate and
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“pressure. The oxygen, ethane, hydrogen and nitrogen feeds were m xed and

preheated to approximately 175 C and then contacted with the cataﬂl E} u%gr
t he condi Dezefiown in Table 1 bel ow. The reaction pressure was grca 0
"From anal ysi's of the feed and product flow rates and conpoB¢¥-8AK028¢he

et hane conversion and.ethylene selectivity were calculated using the

fol | owi PPEeUAD ichlpsiderof swifictanh vencsntration thOgrotludet hendyithab et dopidhin) -

et hane i t hgpe.in .feed (g/mn) 20 " wo o2/oasss 2 1
DEC 200 P‘é@?@%ﬁ‘ﬁ%?ﬁ”&ihﬁ&ﬁe}"@é‘r ectivity - 100 '" . Ethylene in product
mnt (g per 100g ethane , Ethane in feed (g/mn) - ethane in product

/

converted Jhe results are given in Table 1. 5 Exanple 10 (Doubl e
bed - 3 o b h Yo Smpnalomiiag) al uni na) Experl mant 6 was repeat ed

t ot h t tioned
|e)r(rrcrgg i at e?y %’26\/\%%? ?géar&ﬁrhg %%ﬁgg%} é\nc&t]]] Sltnﬁjfex?ﬂ‘i Fep §’°r?6‘ I*QI&E ween t he
beds. " The(lhellopideciCl ysl a mwaqumw bﬂBy’di'b@Hl%rlé a&ﬂm”lqlx'e%ﬂﬁltn%ﬁ cOYrafiRgM I N

dept h. 10 he e ene selectivities gbtained Exanpl e are .given in
e P if@%

Tabl e 1.° ffsin g eprag 1o ﬁ@ﬂ?vet%ﬁp@d%dlyg of lw%@latmmm@atdal yst
exit t ew@ﬁh&?ﬂé@l S/ arB absorbéd Sitb T él&)%ort material during impregnations.

The volume of ethanol employed was equivalent to three times the volume of the

10 alumina foam blocks which were to be used as the support material. The alumina foam
blocks (30 pores per inch, 28mm diameter, 30mm deep) were repeatedly impregnated
with the ethanolic solution until all the solution was absorbed onto the blocks (four
impregnations were required). Between impregnations excess solution was removed
from the foam blocks and the blocks were dried in air at 120-140°C then calcined in air

15 at 450°C for approximately 30 minutes. Once all the solutions had been absorbed onto

the foam blocks, the blocks were dried and given a final air calcination at 600°C for 6

hours.

Catalyst I (1 wt% Ir, 0.3 wi% Sn on alumina)

20 The preparation as for catalyst B was repeated except that tﬁe,alunﬁna foam
blocks were alternately impregnated with aqueous solutions of iridium am chloride and
tin (IT) chloride/dil HCI of sufficient concentration to produce a catalyst havmg a
nominal loading of 1 wt % Ir and 0.3 wt % Sn.

25  CatalystJ (3 wi% Pt on alumina)

The preparation as for catalyst A was répeated except that alumina foam blocks of
dimensions 15 mm diameter by 30 mm deep and 30 pores per inch were used and the |
blocks were impregnated with .sufﬁcient concentration of tetrammineplatinum(II)
chloride solution to achieve a nominal Pt loading of 3 wt%.

30

Catalyst K (1 wt% Cu on alumina)

The preparation as for catalyst A was repeated except that alumina foam blocks of

dimensions 15 mm diameter by 30 mm deep and 30 pores per inch were used and the

14
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7179685, 686. 23.411?541;?450.8085.0367?05 As cggnégﬁég%%npﬁéégTable 1 the

use of &UEBH %@OWW@WFT@%@B@@ 19f1206°C &pyehounninyordat talrymbve! aced
downstr%y&@&a@agbﬁ%ﬁ?u&o@m&ﬁ\ﬁﬁﬁﬁleys@he%ed shows superior ol efin
e 0] yst gon

selectivity conpar a cata € é'orrpri sing a single bed of

pl at i nurkhsnvsigitaifahy sgherddio be 21sdd {2FBe PRAr MO0 Qa3 RGHA %Q;véxl%ﬁ@gfz

Experiment. 7 (Single bed - 3 w%Pt on alum na sphere Catalyst was tested
as a pacﬂlaéH’ H‘eg’? r%‘l‘f&&é‘% 8@&5%%?@dt%aetanlaanumdpmng ofhwit¥eords of

di mt0si @akuldedwsi 'g,lg%g&- nlfLisp_dept h and of porosity 30 pores per inch.
The cat aIEi/st bed ]\i/jg/as of dtlmrrenstlwg]ns 15 mm di aneter and 60 mm deep and of

vol une 5Elanggalpl@inun tegdired (ghe =cat A §6t MasWelgt edaluthifh §Phelsld)C react or
(internal dianeter 1 S mm with a quartz lining and fitted wth g pressure
j acket. The pressure jacket was not externally heated. The catal yst bed was

purged ungedntity bf REBMnFheplatth -cﬁm}i ' - emmenatuyre was rai sed
to appr oxiq?rin%ig}l'y 200C ps?é\la e‘il?lz(‘g?ri ca &e@eﬁeﬁ@@@f&%@?ﬂ%ﬁgfn%% ogen,
oxygen XHAINNM metbwas disolvedine voluoe afideriopiaed edten eqiivalbgt toabebast bed with

conposi tj, Rm in.Table 2. The product conposition was anal ysed by
gas chr ongﬁ)egggﬂﬁ%g i P%%’%Per h thermal conducti vi ty and flane ionization

B E v s———————r——
pheres were transferred to a silica

drying tray and moisture was removed in a drying oven set to 120°C and held at that
temperature for 30minutes. The spheres were then transferred into a calcination oven set
to 450°C and held at 450°C for 30 minutes, transfeired to the drying oven to cool to
120°C and then allowed to cool back to room temperature. The remaining platinum-

20  solution was then absorbed onto the spheres and the drying and calcination procedure
was repeated until all the platinum solution was absorbed onto the spheres.
After the final calcination at 450°C the spheres were given an additional high
temperature calcination at 1200°C for 6 hours (ramping from 450°C fo 1200°C at

* 5°C/min) and then allowed to cool to room temperature.
25

Catalyst M (1 wt % Cu on alumina spheres)

The preparation as for catalyst L was repeated except that the Pt solution was

replaced by sufficient copper (II) nitrate solution to give a final target copper loading of
1 wt%.

30

15



- 15 From anal ysis of the feed and product flow rates and conpositi ﬁJECt ﬂlﬁh
et hane conversion and ethyl ene selectivities were cal cul ated usi ng

equationwg _i3g9en under Experinent 6 above and the results are shown in
"Tabl e 2. %Zr%l 11 (Double bed - 3 W% Pt on al um na sphdie4GBOL{282% cy on

alumna 20 s heres The procedure as for Experinment 7 was repeated except
t hat a dBxpérimendtlaDogblethed -Wast%Ricn abuhized: bivt%Rtany$imMal 15 nm di anet er;

30 nun deep) was aced. | di atel y downstream of a bed of catalyst L (15
m di anet er ; 130 Cﬁfﬁhﬁggﬁs Ogtr}gﬁiys% eﬁ‘a‘f\('e’ieﬁ’é’ﬁ’élo_ SeqYCRIHy DBt et e OB bedss. .
Cat al yst amistherlvh MRSrcRHBIPSHIBT] @B cARIABbEsWH Aa QBB %}b&%@é 't ﬁ;feﬁg

nm di ameter, 10 nun depth and of porosity 30 pores per in
sel ect i vilfst eafalystbesd)eGatalyst beddimensionapiers 15 maPdiamatet, J0EGn? O€pth WA 021 04389

Tabl @ 2 : 102822 .Cat gl ystfeed te C) Catal yst _face tenp (C)Catal yst
exi t_%~ tg%gﬁgiﬁﬂésﬂ?fﬂ%a‘hﬁﬁ%maﬁﬁi%eée%ﬁﬁfh CthH%/‘? Bt al to reactor
nl /' m nQ2/ C2HPhd RRABtok Rirh&e was set to 750° C.

Oxygen, ethane, hydrogen and nitrogen were then passed over the catalyst beds at

a fixed total gas flow rate of 36.9nl/min. The gas flow rates were controlled using
thermal mass flow controllers supplied by Bronkhorst HiTech BV. The volumetric

10 H2:02 feed ratio was maintained at a ratio of approximately 2:1, whilst the
concentration of nitrogen in the feed was maintained at 10% to allow mass balance
work-up. During the course of the reaction, the oxygen: ethane feed ratio was adjusted,
SO as to vary the ethane conversion rate from approximately 40 to 90%. Corresponding
changes in ethylene selectivity were measured and the results are shown in F ig. 2 below.

15 The product composition was analysed by gas chromatography equipped with

thermal conductivity and flame ionisation detectors.

Example 1 (Double bed - 1 wt% Pt on alumina; 1 wt% Pt. 4 wi% Sn on alumina)

Experiment 1 was repeated except that catalyst A was used as catalyst bed 22, and

20  catalyst B was used as catalyst bed 24 and prior to reaction the catalyst beds 22 and 24
were reduced in situ by passing approximately 1.0 nl/min of hydrogen and 1.5 nl/min of
nitrogen over the beds at 750°C for 1 hc_iur. | ' |

The ethylene selectivities obtained are illustrated in Fig. 2.

It can be seen that a catalyst zone comprising a bed of tin-promoted platinum
25 catalst l'o.cated downstream of a bed of piatinum cataiyst gives a higher selectivity to
- ethylene than that obtained in Experiment 1 where the catalyst zone comprised 2 beds of

platinum-only catalyst.

Example 2 (Triple bed - 1 wi% Pt on alumina; alumina; 1 wt% Pt, 4 wt% Sn on
30  alumina) - | h '

Example 1 was repeated except that an alumina block was positioned between the

catalyst beds 22 and 24. The ethylene selectivities obtained are illﬁstrated in Fi g 2. As

can be seen from Fig. 2, the ethylene selectivity obtained using a catalyst zone

16
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12420009755 R0 éé%s@%%%r%ed%%%%%@’ infoihisfgetor of Fig 1,
I\/12428871>@&@30béﬂ338 B6iA1 36%3@9&&&&8&@%&8&%&%&%%%%‘ by pasgingt % PO
al um na Catai%st M = % Cu on alumna 5 ear 9 defonst r at es

that a CRPLK %felzdn%nlémef kydipgem apdd %ﬁl/mbppiéntrogmarbmthe bedk at50°C
downet r ggMm p&fr. @ pl ati numonly catal-yst achieves greater olefin selectivity
conpared to a~catal yst zone conprising a single bed of platinumcatalyst.

23 2 1 DEOxgen, @mashydrdgemnrm Weé tHeRGadca et mereaaiys@ﬂe&' AN,

sai d progess ﬁ? ISIQ)% Ff) n )éture of a hydrocarbon dnd an

oxygen- cont ai #@’5’55‘ R LS}@W n&?él?% chapges ipgihstenescleativity wers

suppor t ini@s@edahdileeBsudualsholvREinfigls rich Timt of flammability to produce
said olefin, said catal yst zone COIT%I’I sing at least a first catalyst bed

and a second 5 catalyst bed, and V\/nerel n the second catalyst bed is | ocated
dowpst r gan . |fferent corrp05|t|on to the

F s 3 ‘ Hef WtYetn onabmina:dh? t he group
consi st mn%]s)i‘ 4I\M%g}(,oﬂ@mﬁ%gups I B 1B, | I | B, IVB VB VIIB and VII1I of
the Periodig¢ Table, and wherein the nol ar ratio of hydrocarbon to the
oxygen- cont E?‘H?rﬁ@eré@swﬁssr epeated wesepl thetsatdligst € wachsedn® ichiatyst Béd 22, @hd

hydr oca for caonplete conmbustion to

car bon g?gl?f(}g anggéw%e&tﬁgﬂtbgbp?‘g%é@aﬁﬁ@f’é gs pgreredpesd ingiBbEi n t he

f| rst catsingsipptyedmaielypl.03dmit of Bydbyst anahi s B Rt ting
n%(rstl Ob(‘f%‘ nf the fuel ri cﬁ Fjllm% of flam'rgftglllslgty gngt,&erg#%géegsss

accordi ﬁtg O3 RQUF- or ¢l ai m ~2 wherein the first catal yst bed conprises a

Goup VI 1wWRé 8thylene selectivities obtained in Example 3 are illustrated in Fig. 3. The

results show that the use of a catalyst zone comprising 2 beds of tin-promoted nickel
catalyst placed downstream of a platinum-only catalyst bed leads to higher ethylene

selectivity than that observed in Experiment 2 where the catalyst zone comprised 3 Pt-
25  only beds.

Example 4 (Triple bed - 3 wt% Pt on alumina; 1 wt% Ni. 4 wt% Sn on alumina; 1 wt%

Ni, 4 wi% Sn on alumina)

_ Example 3 was repeated except that catalyst E was used as catalyst beds 24 and
30 26.

The ethylene selectivities obtained in Example 3 are illustrated in Fig.3. The
results show that use of a catalyst zone comprising two 1 Wt% Ni, 4 wt% Sn beds

downstream of a platinum-only catalyst leads to higher ethylene selectivities than those
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“15 4. A process according to any one of the preceding clainms wher hsz
first catalyst bed conprises a Goup VIII netal selected fromrh | 004
_pl ati num wbd@gsoum or m xtures thereof. 5. A process according to any one
of the preceding clains wherein the first catalyst bed com?quéag‘”ﬂP&%?i num
20 6. A PIRcess. ag)((:ordl ngt; to any one of the preceding clains wherein the
first catasaed e Sohese A cafatysepne #f 31 Rpnly bedsqvmmdsﬁowem; ding to

any one Qdonigagedab i ter ' el.e romthe
transition r?e?feal seg\ﬁ%léglg&ﬁ%%mpyﬁ%hm tye° rﬁi’?fs éhefélﬂ l24 2
1 DEC 2002adingp, pélsctivitiss debinetafa giettar éxtentpr highs@hddeatonvbiglog, t he pronoter is
a transition netal, the transition netal used as the pronoter is different
to the transition metal used as the catal yst. 8. A process according to

ol ai 57 \ibglsinnt ) DBIHIETBEE! 3 o SR BB 9 Reb B, igaCONst sting of
copper and tin. process accor &t he first

catal yst bed v h@lseﬁftcétal}fSt Grmrhéoaglbdammmmmlmmgme(}%ad?&x/ SExightdd n, PtlGe,
Pt/ Cu, PtLS stg)é;y an Sn Pd/ Cu and Rh/ Sn. 10. A process accordl ng to any
one of the &ece ng gl arnms wherein the second catal yst bed conpri ses a

cat al yst whi myganwwe dragdnyardfigad) e?pls}% 0

beyond tra;:: r%g rich Ilmﬂ% of fl ammg?&&erefth Qé&r%‘géggge gg%iﬁsrt&’eﬁ

claim 10 d £or Experizpnt Ly The Fgﬁespdaﬁl;agnbw&um etmylmbab&sﬁwtymereA pr ocess
accongin er t he catal yst conprises an el enent
sel ect ed%ﬁ%ﬁ%ﬂ#?%&%&g%@%@%ﬂq %q %%y, Au, zn, Cd, Hg, Sc, Y, La,
T, Zr, Hf, V, Nb, Ta, N, Co, Ir and m Xt ures thereof 15 13. A process
accor di ng to clal s 10 to 12 vvherel n the catal yst |s pr onot ed

Wi th at FE&S¥ fmHg; | BeY o misd) Group | VA

of the Perio 14 A e ' cording to
claim 13 mbegg??\&?%g@pﬁgﬂo Q&eﬁ& é%sl' f&ﬁ tg‘ln%vfl‘ﬁ e(j‘r%th%taiﬁﬁg%s‘g ﬁ’@d o:‘ %n
Cr and Ceatabyst begls 22 apd @desare mziuoedim@tutby @@Mngapp@,fxnﬁg@lynpo I.n@? ﬁ wher ei n
t he :fgcng %gé%]‘yﬁ %f |sfsel ected fromthe group consi'sting o i / Sn,

Col St COT &Y Figof nftoeen oveg theshedsgt 750°C Gor/ldhourl r/ Cu, Fe/ Cu, Ru/ Cu
and Cu. 16. AhpeosRnS saree%qw&taae&h@sfar%p%%@hihsftrhf%ﬂ REERG, G2, yst bed

corrprlses a-Goup VIIl netal . A process accord
wher ein f%élt%?}wpth@t nse qfgtcatalyss zowd emibing obed hﬁdn-lpmm@deabbwmatg tl adi um

m xtu SS_accor dj ocla|m16 or claim
V\/ner ein P ﬁe %‘%%W ]bq‘r?elfeg Oflpga(%wg&aﬁ)gh eafls johighersthylpreonot er
sel ect edsdleaivity hela@votontheOstabSkd HOEQbert r i d G oups
11 C?% Ah nd VA gf t he Periodic Tab ee ngﬁlé%nﬁﬁs%egﬁtlﬁg%%lb oﬁt h 30 the

P‘“W%liéc%tﬁ]éfskhqgﬁﬁ‘taéﬂsﬁfcb a transition nmetal, the transition. netal

pro _

used as the pronoter is different to the Goup VIII rretal s) used as the
catalyst. 19. A process according to claim 18 wherein the pronoter is
sel ect edE 4 levbed W witkh, CaR0,3 W6% Cpon Bumihg) N, Pt, Cu, Ag, Au,
Zn,

Cd and I@ata?y%t G was loaded into the reactor of Fig, 1, as the only catalyst bed (22).
The catalyst bed was then reduced in situ by passing approximately 1.0 nl/min of
:25 hydrogen and 1.5 nl/min of nitrogen over the bed at 750°C for 1 hour.
Oxygen, ethane, hydrogen and nitrogen were then passed over the catalyst as

described for Expenment 1. The corresponding changes in ethylene se]ectlwty were

measured and the results are shown in Fig. 5.

30 Experiment 4A (Double bed - 3 wt% Pt on alumina; 3 wt% Pt on alumina)

Experiment 4 was repeated except that 2 beds of catalyst C (22, 24) were used.

Example 6 (Double bed - 3 wt% Pt on alumina: 1 wi% Co, 0.3 wi% Cu on alumina)

18
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The ethylene selectivities obtained in Example 7 are shown in Fig. 6. From

inspection of Fig. 6 it can be seen that the use of a cataiyst zone comprising a bed of tin-
promoted platinum catalyst placed downstream of a platinum-only catalyst bed shows
superior olefin selectivity compared to a catalyst zone comprising a single bed of tin-
30  promoted platinum catalyst. '
Also illustrated in Fig. 6 are the ethylene selectivities obtained using a catalyst
zone comprising two 3 wt % Pt catalyst beds (catalyst C). As can be seen froni Fig. 6

the olefin selectivities obtained using a catalyst zone comprising a tin-promoted
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't 10T 10T 10T<10%& ()-71094& ()-!ff,)10%& ()- f,)109@& ()- 'pr ) 109& () -
1$a?SH=! t Oxygen, ethane, hydro gen and nitrogen were then passed over the catalys

* 0 0 -1 109K 0%&' ()-910%& Y10%& () $XnWU6SH=I y
I a i Ol/g ‘(330 35)%]%10 & e}\ e corrggpo%g changes in ethylegl)e selectivity were

0%)0& casir@ B9 Uk fedult %&éﬁ%@h WFigS 1%%’55 %Y LS8 10 10
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#1098 ( yelectlvmes obtamed usmg a catalyst zone compnsmg two 3 wt % Pt catalyst beds

A 6 6) SR O LI Selhadln T 910%

comprising a bed of tm-promoted iridium catalyst posmoned downstream of a platinum-

15  only catalyst bed are superior to a catalyst zone comprising two beds of platinum-only
catalyst.

Example 9 ( Double bed - 3 wt% Pt on alumina: 1 wt% Ir, 4 wt% Sn on alumina)

Example 8 was repeated under identical process conditions. As can be seen from
20  Fig. 7, the ethylene selectivities achieved are substantlally the same as those obta.med in

Example 8.

Experiment 6 (Single bed — 3 wt% Pt on alumina)
A bed of catalyst J having dimensions 15mm diameter by 60mm depth, and a
25  volume of 10.60 cm’ was loaded into the reactor of Fig. 1. '

The catalyst bed was heated to approximate]y 200° C under nitrogen at reaction
pressure. The oxygen, ethane, hydrogen and nitrogen feeds were mixed and preheated to
approximately 175° C and then contacted with the catalyst under the conditions shown
in Table 1 below. The reaction pressure was 1 bara.

30 From analysis of the feed and product flow rates and compbsitions] the ethane.
conversion and ethylene sclectivity were calculated using the following equations:-

Ethane conversion = 100* Ethane in feed (g/min) — ethane in product (g/min)
(%) Ethane in feed (g/min)

20
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& ()-3! f*#10%z & yargnent6was repeated e>.ccpt that the reactor wasloaded with a bed of

catalyst K positioned unmedmtely downstream of catalyst J such that there was no gap

EEFGHHHH HXYNC8! I 10z

between the beds. The bed of catalyst K was of dimensions 15mm diameter by 60mm in
depth.

10 The ethylene selectivities obtained in Example 10 are given in Table 1.

Table 1

Catalyst| Pre- |Catalyst{Catalyst| C;Hg | H, | O, | feed | total JO2/C;H| ethane | C,H,
‘Zone |heat| face | exit |nl/minjnV/mininl/min] N, | ‘to |feed  {conversion|selectivity
temp| temp | temp : . nl/min|reactor|ratio { ) per 100g

O} °O) | (O ' | (wttwt) | . | ethane
- . ) { converted

Expt6 {180 [ 491 912 646 | 6.30 |1 815 | 1.77 | 1768 | 065 63.30- . 71.66

Expt6 | 180| 500 924 | 6.18 | 649 | 324 | 1.78 [ 1769 0.70 | 69.98 69.83
Expt6 | 178 507 933 592 | 666 | 333 | 1.76 | 17.67 1 0.75 76.30 67.92 .

| Expt6 1176 514 | 945 | 568 | 682 | 3.41 | 1.74 1765| 0.80 | 8177 65.35
- Ex10 [182] 621 | 911 748 | 561 2.81 | 1.66 | 17.46 ] 050 | 47.43 79.07 .
Ex10 |181] 635 | 919 | 711 | 5.86 | 2.93 | 1.55 1745 |- 0.55 |. 53.46 78.18 .

Ex 10 | 181 652 | .928 | 677 | 6.08 1 305 153 | 17.41{ 0.60 60.67 76.35

Ex10 |175] 662 | 933 | 646 | 6.30 | 3.15 | 154 | i7.45 | 0.65 67.04 .| 7479

Ex10 [ 178 ] 680 | 941 - 6.18 | 649 | 3.24 | 152 {1743 | " 0.70 | 73256 | 7260

Ex10 [ 1791 694 950 1592 | 6.66.] 333 | 152 | 1743 | 0.75 | 7850 | 70.70

{ Ex10 [177] 717 | 968 568 | 6.82 | 3.41 | 1.54 | 17.45 0.80 { 8503 | 67.05

As can be seen from Table 1 the use of a catalyst zone comprising a bed of
15 copper-only catalyst placed downstream of a platinum-'only catalyst bed shows superior

olefin selectivity compared to a catalyst zone comprising a single bed of platinum-only
catalyst. )
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Mp10%&' (tpm) with a quartz lining and fitted with a pressure jacket. The pressure jacket was not

externally heated. _

The catalyst bed was purged under nitrogen at 1.8 bara and the inlet gas
temperature was raised to approximately 200°C using electrical heaters.

10 The ethane, hydrogen, oxygen and nitrogen flows were mixed then passed over
the catalyst bed with compositions as shown in Table 2.

The product composition was analysed by gas chromatography fitted with thermal
conductivity and flame ionization detectors. Gas feed rateé were controlled by thermal
mass flow controllers (ex Bronkhorst HiTec BV)

15 From analysis of the feed and product flow rates and compositions, the ethane
conversion and ethylene selectivities were calculated using equations as given under-

Experiment 6 above and the results are shown in Table 2.

Example 11 (Double bed — 3 wt% Pt on alumina spheres 1 wt % Cu on alumina

20  spheres)

The procedure as for Experiment 7 was repeated except that a double catalyst

bed was used. A bed of catalyst M (15 mm diameter; 30 mm deep) was placed
lmmedlately downstream of a bed of catalyst L (15 mm diameter; 30 mm deep) such
that there was no gap between the two beds. Catalyst bed M was supported on an
25  alumina foam block of dimensions 15 mm diameter, 10 mm depth and of porosity 30
; pores per inch.

The ethylene selectivities achieved are given in Table 2.
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L and M[240f 950 920 |41.62131.16/15.61] 442 | 92.80 | 0.50 |56.66] 76.68
L and M|241]| 905 931 |39.47|32.61[1631[432 ] 9272 | 055 |63.45| 75.55
|LandM|241| 861 041 |37.60/33.85[16.94] 4.15 | 92.53 | 060 {7020 72.17
LandM|241] 848 951 [35.90134.97(17.47]4.07 | 9240 | 0.65 |74.95 71.84
[CandMl242| 851 | 963 |34.32]35.97[18.01] 3.99 179229 | 070 |80.62] 67.67
Land M|242] 860 | 975 }32.90|36.98|18.5113.92 | 92.31 | 075 84.74| 66.23
Land M| 2421 873 | 989 [31.57[37.88]18.95{3.86 | 92.26 | 0.80 {88.58 63.00
LandM|242| 887 | 1006 [30.32]38.66]19.33| 3.80 | 92.11 0.85 [91.82] 59.19

Catalyst L =3 wt% Pt on alumina '
Catalyst M = 1 wt% Cu on alumina

Table 2 clearly demonstrates that a catalyst zone comprising a bed of copper catalyst -

placed downstream of a platinum-only catalyst achieves greater olefin selectivity

compared to a catalyst zone comprising a single bed of platinum catalyst.
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2. A process according to claim.1 wherein the first catalyst bed comprises a catalyst
which is capable of supporting combustion beyond the fuel rich limit of _ﬂammability..
3. A-pfocess according to giaim 1 or claim 2 wherein the first catalyst bed comprises a
- Group VIII metal. E
15 4. A process according to any one of the preceding claims wherein the first catalyst-bed
comprises a Group VIII metal selected f_rom rthodium, platinum, pgl}adimn or riﬁx'tures"
thereof. ” N '
5. A process according to any one of the pr_ecéciiné claims wherein the first catalyst bgd
comprises platinum., - |
20 6. A process according to any one of the preceding claims wherein the first catalyst bed
comprises a promoted catalyst. _
7. A process according to any one of the preceding claims wherein the promoter'is |
selected from the transition metals and Groupé IIA, IVA and VA of the Periodic Table
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combustlon beyond the fuel rich limit of flammability. '
22. A process according to any one of the preceding claims wherein the first catalyst
bed and/or the second catalyst bed is supported.

10 23. A process according to claim 22 wherein the support is a ceramic support.
24, A f)rocesé according to any one of the preceding claims wherein the catalyst zone
further comprises additional catalyst beds.
25. A process according to claim 24 wherein the catalyst zone comprises 3 to 10 beds.
26. A process according to any one of the preceding claims wherein the first and second

15  catalyst beds are directly adjacent to one another.
27. A process according to any one of claims 1 té 2% wherein a space is provided
between the first and second catalyst beds. '
28, A process according to any one of the precedi_ng‘claims wherein the hydrocarbon is
a paraffin-containing hydrocarbon feed having at least two carbon atoms.

20 29. A process according to claim 28 in which the hydrocarbon is selected from the

group consisting of ethane, propane, butane, naphtha, gas oil, vacuum gas oil and

mixtures thereof.

30. A procesé according to any one of the preceding claims in which hydrogen is a co-

feed.
25 31.  Aprocess according to claim 30, in which the molar ratio of hydrogen to
oxygen-containing gas is in the range 0.2 to 4. ' .
32. Anprocess according to any one of the preceding clé@ms vs}her.ein the process is

- conducted at a gas hourly space velocity of greater than 10,000 /h.
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