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STREAMS The present invention relates to a process for

the renoval of oxygen fromgas mxtures conprising

oxygen, ol efin, hydrogen and carbon nonoxi de and,

particular, to a process for the rem)val of oxyg%"muﬂu"ml’”I‘""l""”m
fromsuch gas m xtures by the sele

bot h hydrogen and carbon nonoxi de MAthout IﬁCUFF+ng—§ST§:___~__
significant hydrogenation of the

oo e s e s en o

produced by a variety of industrial chem cal *G00002*
processes including the steam cracking of
hydr ocar bons, the dehydrogenati on of paraffinic
pHREES tFRRKSuE RRACEANYE! SiveRy AfrolBSNEIR! R RhEhENS R8s sTrEAMS
the auto-thermal 10 cracking of hydrocarbons.
Typically, in an auto-thermal cracking process, a
paraf fini c hydrocarbon such as ethane is mxed with
an oxygen-contai ning gas and the m xture subsequently
contacted with a catal yst such as. a pall adi um or
pl ati num based catalyst. In the process the
pallbé piesint ifvedtion seliten td sppaessifer thy ranoosali sf exhgeafidnt f

roduced by 15 e, conmbustion reaction is used to
leH@éé HPHIRY aﬁséf‘éh fﬁlnhy%a&w . carhon menaide andsinr eam
parttit @8R, k8 pRILL- fopﬁi'e'@hlo%lad?lﬁl)(?%erpﬂ'r&ﬁ§§c§rx %F}h&ﬂlr!esyby the

conpri ses ol efins such | ene, ox
selegtiy o ey et eloPlawth fydrmigen hpd paxbam onexidy dmhgemncman@on

“g%?ggﬁth“”eaﬁggﬂggﬁ%Pﬁ'de and water. The product

ream na g@ | ow | evel s of al kynes,

di Gaemixtafed MBinpEisHR RG] 5lcfMB SudbaseanaRna IR LS
such as 20 aldehydgs 9%rganlc aci ds aﬁggetﬁers R¥2 =

hydrage anierrhen repr@kdngapbe prrdared by ¢ vargipbmdnisaichemical
prdeEs3ed n@ﬁg n gttﬁg st%x(%@ilc%n%& tgﬁr&arb%ng’ ?fge éﬁyfimggpatlon of

nown t € presence en 1mrTh

papffotefsdsodkeanie coaversioh oaﬁqetﬁbnmom{ﬂs@ﬁa@%auto-themal
PCT/G% 003/ 004052 a contam nant and/or poison in
cragkipg 9f RYHBSRMSeam processes. For exanpl e, oxygen rmay

Comﬂrﬁﬁilﬁaﬁ?arf é’lﬁb tgé’l'g'gﬂ" LLCRNE %e%svggaxfa?ﬁr“h hydrocarbon such

denet hani sers. tion,
as ethane is mixed with an oxygen- contammg gas and the mixture subsequently

contacted with a catalyst such as,é palladium or platinum based catalyst. In the
-process the paraffinic hydrocarbon 1s partially combusted, and the heat produced by
the combustion reaction is used to drive a 'dehyd‘r,ogenation reaction. The product
stream from the auto-thermal cracking process typically comprises olefins such as
ethylene, oxygen, unconverted paraffinic hydrocarbon, hydrogen, carbon monoxide,
carbon.dioxide and water. The product stream may also comprise low levels of
alkynes, dienes, aromatic compounds, and oxygenated compounds such as
aldehydes, organic acids and ethers. The aufo-thermal cracking of paraffinic
hydrocarbons is described, for example, in EP-A- 0332 289.

It 1s known that the presence of oxygen in industrial process streams can act as
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can al so cause or contribute to fouling of downstream

processi ng equi pnent, particularly conpressors.
wOMon4/d3s98ng this fouling may hel p to prol ong tPET/GB2003/004052

lifetime 5 of the processing equi pnent and al so reduce

t he frequency of equi pnent shut-downs. . It.is also

known that the presence of al kynes, such as acetyl ene,

tafHi fdnlt Bn i J

G S B SAh R eE, B, Bgeen
mayhenpinghitn fisd geastiniang qErived onsdeneethariizrs dnhddigisadotygen

t he manuf act ur.e of oI.etgerne, t he presence. of S
cat, iRy HALE ST FRUTBIERS el deVaE FelPTeE G RaESR PaTS | n
patulafiglcoimpr&ddts aMigGhisiRahQ Yahlidy/m®) héiP %o RSIOHEIRY lifee

product. It is known to renove oxygen -from
of Gleampersgipg eatipinent Palslse teturcethe frequertys of pauipmentsihngdowns.

f or, . ) -b d id st beds. Typically,
t noS SRRy TR P 2RE8F T Rl P sAg T ieee b e &
cottapRey prot &SP el &Rk RRicairhe thido TURARAdowdbiedAnAsroc&sEe i)

and/ or non-netal oxide and are generally operated at
exgraplgt WhIE yha QpfinSortemes progesssiredmns wxamsbdintde nmndhcture

r...such beds,are.generally capabl e - of L
of PybBYRNE e BTG RLSUPEE o7 BB BindroT 6 im ironwiegigbe in
that ix caddffedtaRe qlhzflitﬁbkm%olyeﬂgﬂéh@&oa&&t ylene, is present

in the gas mxture, it tends to react with the copper,
f okt KBOWR é redyqyspagercbpmetlefr eonhinig gap chixtegsdtyy
] L J e 0 .relate 0 _a praqcess
o RO A, HH e TP N AT 9B o g Patfy T8 Topper

bateddibegphioabelscanpene MptaKE Bepder aXpbryel asdNSipport such as
cont ai_.ni ng reactive unsat urat ed ydr ocar bons. %he

- a Moty Apdor npyarsidloxeda andyare eenarglly engsatedat taladyinéow and

t | 0. Bat IQr.l, f the hydrogen a
RS0y L2015, APECTRRALLLY o iRt
of tdneovieoily Vew leh! ldsaties IysHerard9ps. ISwdi@, §f alkyne,

catal ysts can be prepared by distributing netal (s
SUCHHR$/ ASFLYHRBE ol PESSERIAD $he &as|naixtiErg, if Fends tarreacs matiethe soppfer,25
_ . . | | nert
oS Lol gl G000 oy o R

r efdive,060,28 kneeess todi rpess fornmeitetingfbeyagdtiag hydrogen or both

| drocarbons and/ ar, gxygen by hydrogenati on from
by b6 ioh b

BER ATHCH RQIYMORY YIS FETORY 5P GHbRAS CopiaERa caRii vernsaturated
hy8QRArBbAk. SPHeq;}Uéess ?Hv%%s Ca@lif (cgny @Eﬂi@%rﬁ%@%&%ﬁ%&ygen to

poi sons. The catal yst conprises” a
elimiggitethe madfigdif tir andlogdnatndtrnaedtiag (BGeheaiagty loneleof]
opper..silver and gold supported on silica.. In view
hY@fog?w'tﬂtsS‘_efvréﬁctr‘te %%ﬁueﬁtﬁﬁhﬁﬁgwawe Sgable ffokrsisepn b
préparid 8] @étHBatifOREAN(S) LR RESESxidd (S ﬂ;:%teﬁlfﬁ)?n e eée ents of
product streans fromthe auto-thermal cracking o
Grogp4BoasngB VRIT AGBS0OS Y04 06 2nert supports.

US 6,204,218 relates to a catalyst for removing alkynes, dienes,
monounsaturated hydrocarbons and/or oxygen by hydrogenation from reaction feed
streams or product streams which contain sulphur, arsenic and/or antimony catalyst
poisons. The catalyst comprises at least one of nickel, palladium and platinum and at
least one of copper, silver and gold supported on silica.

* In view of the above, it would be desirable to rembve.oxygen from olefin-

containing process streams such as product streams from the auto-thermal cracking
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of hydrocarbons. Where the ol efin-containing process

stream al so conpri ses al kynes, such as acetylene, it
WRRH03BE98desi rabl e to renove both the oxygen ah/GB2003/004052

al kyne therefrom .In part icular, it would be highly :

desirable to renove oxygen and where present, 5

al kyne, fromthe ol efin-containing process stream
offhtdnamatbangicur ri ng significant loss of olefin. Thus,

t he remai ns a need for a process for the renoval of

oxy YT e fielistoniainipg ATasrs STgag a0 rPRpUsessalinfries huch as

Lanal, - I n d wher ei there.is

R OB AR ) e e B8 e e o

t helngraetseidr, it moant boliighlyalesiritse @ roMbAeex BeR HAE Sherd REsent

%he rquval of oxygen froma gas m xture conprising ’
a8 EQM B OfcfRagoniivang PEess Strepjpayithgehincemingsrgnificant loss
ofMen@xi de and optionally at |east one al kyne, the ratio

of oxygen : hydrogen in the gas m xture being at

| eabltus]thoeerrembins woleadréoraf proxess ot theoreatovhiestSdxyben ot S -

drogen,. whi ch process conpri ses

by volune of hy , ( _
o]g%rrx]-tcg%t linHjé 35 @%@%g which ogtiqnallyiajsy cgntamy adkm apgh wherein

theRAS ho ORnARAK WHART1GeNdi tions sufficient to oxidise
at |east a portion of the hydrogen and to oxidise at

| eablusaagserdingio thé prebentcavdnton theroix petevidedda prbidlo &r the
re\?dqoggmfi&anet %gé}qro enatjon of the at |east one ol efin,
AP TR T 2GS P R R L RER S [aronslelin. o
hyabgt®, @frbeh ﬂﬁﬁ&lidéﬁlcﬁ(ﬁ}tﬁxai‘w eddh @n?ilgﬁ%, g%??ﬁé&f 5e,Rh -

the 10th group and the m gr oup o odic
hygspgea 1n gie o= anenrsheinhet lnst dlpaoby20iumd cdexybed foeat ieises

IR d on an oxi de support rovi ded that,
PRSP LRSS, MR st R s i eiat Bl s rcure
wok i detatybt ia aredatlonfzoaenuidee cAfdiRo QUG & B aisPer fegﬂiac

Tabl e.of El ements supported on an oxi de support, the
P(HH?’AP%%F hyregen suhigroxedise atilepsamporypp of dedatboatmaoniogide and

| b AT e 0P B BT o R e

compsentdeashencankd Por2dxidapfoinbtal Sl tetedr ki group consisting of
.mAﬂgantageo ly, 4 he prqgess_of‘the present 1 nvention
ENabPEEPaR Shsrﬁlt ETBP of BB GEerif Tahe of Elamensorthaimstal gr
09880 Mh X Hrdf8 B eiP sGihotRALAI A J as_.200
ppm or | ess gﬁ@g éénag%éaﬁh?%ﬁh?%g#?grﬁ¥%gg%?QFﬁe%600
cafiyst 6pmprises ableashopgeretal (dr oxide o 8 nee diokr Mt o8 SRPe the

rts.per mllion by volu é%' Fur t her nore

P e B0t RS rRSVIEe Of B i Ble ST PRI i A hglsgas
comptised @S antibretidB@Uat F¥hbRYhE Qﬁﬂ?ﬁtc‘b?’%ﬁ‘@& at 9 P&%Qﬁ&ala&d

a hlph concentration of hydrogeén, r exanﬁ?e, the gas
oxiqisc@f i metalgf the bhpgiowp ofithd ResitlicITrbleodf Fleryets dgarxide
suﬁﬁ&ﬁfygﬁebxmzo vol % hydr ogen or greater, for

Advantageously, the process of the present invention enables oxygen to be

removed from olefin-containing gas mixtures which contain low levels, such as 2000
ppm or less of oxygen and which'typically contain 1000 ppm or less of oxygen. (In
this specification “ppm” means parts per million by volume). Furthermore, oxygen
can be removed from olefin-containing gas mixtures-which have a low concentration

of oxygen and a high concentration of hydrogen, for example, the gas mixture may |

comprise at least 10 vol % hydrogen optionally 20 vol% h)/drdgen or greater, for
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3 WO 2004/ 033598 PCT/ GB2003/ 0040-52 exanple, 40 vol %
or greater. Were the ol efin-containing gas m xture

wooizsss al kynes, the process of the presentcT/GB2003/004052

i nvention enabl es both oxygen and al kyne to be

removed therefrom The renoval of oxygen and optiona

al kyne may be achieved in the presence of high

t [ i gnificant

exa]?rgﬂg &) \”0% & %?ea,%r ngrggﬁrﬁ)l@ﬁrq é‘%&ﬂ%‘é 0% %&?uerg Ic%rgerlr%eé
alk g, meqmdsdesmoﬂtﬁél er @Eﬁtehvafrmmsn\eahblei bﬁmyﬁ%\en @fdchlkyne to be
opt i naﬁéy al kyne contains at | east 90% of the
remgyge g*gfé HredBhremaval REOX s ang opHanaladame mny begRbieved in

the @s@ﬁce‘@ﬁﬁ%ﬁcrﬂ{mh@% s%@h?@ljooe{q M@%ﬂgﬁﬁe} Jgpe£$ﬁio?fa§®o%seof

xture i ng e reaction zone
olefin Rypitnllyl tikigas nfrﬂmrebeampg ¢he pbdtydrenee a}ﬁéﬂﬂ:yﬂo@lleof oxygen
<ﬂébUt @ 10 sec-but ene, o-g gene pent enes a
andyeRfopp Y alkyas easrainsal leas P9 viae gydiosen Pgeserérrhghreérréi to the
reali PRI et il ERadt 165809 i ORaR nd OE rr?&rr&ee&ﬁwﬂt

the present invention nay be renove Oxy
thefreapmogasnari xt ur es conpr|S|ng a hlgh proportion of
% ol.efin on the total

feiée Orteﬁal#[}:ﬁg,&g;gés Oh @ &rree%é‘ﬁlf’ S&g}?ppoqmp)gene n- butene

secP@tdreS toaukshe 1perdhia @B@%%?es%&%@f L8181 8RS tlf@ ofdtHl i€
conprises fromgreater than. 0 and up to-and

ﬂhvhotumomgemﬁbnnﬂwwno$éﬁﬁmf and preferably, greater t han

d | di % ol ef
" BB % ROt BE MedBr e AP ey BhuRide foramie oxyeen
froBusll nfig S ontPHANR0E H@h' %b&{rorpbﬁélbﬂntﬁcﬁhé@f‘@ol% &@ﬂﬁ

to increase as the coficentration of hydr ogen
basefien garstopl eadr theiprecaasEhe pBeaepiringemginyis pmhlenleﬂpr e

oce f the present i.nvention Xxygen to
oD BABOERTs Moo e RiE SO ey Bkt Rpit wd W5 mng
inchidgil ZDnelenslefih, | Midspreferdbydoogrdr thart Dabid u%) rts:zrrrcrlhaﬁdmg 60
si gni fi‘cant | oss of ol efin.” Thus, suitab t he gas

volgh Qkefibe may conprise greater than 0 and up to and

i ng é‘ﬂk%!ﬁm%ﬁ o¥911(?/855%?]:;Qﬁlﬁgigep%ﬁ)%drfg&mtng uwssarhef eed,

prefera great er

hydmogtnation 9f dlefiv @b Ykayelrtagikno xrfcmerasexarml c@nc@ﬁx@ﬁbr@bf H}hmgen
g@and up to and |nclud|n9 60 vol % hydrogen. The ratio
in gé%%‘e‘Hret‘BCYﬁWﬁoééﬁ)r‘SW X Sharphore. th Prgsess jof therpaesent
! o1 b0 -
invRhA egrgapreg%gg éngtgtyfstsrgggﬁde Rek 1% gg@grﬁﬁﬁa@ RSYRER tafing
hi gﬁwohadﬁtr;apomsmf hydtogenofittaxy gfmrrtrrg figrdfiogye hoss by olehume,
i l%ye range. 1: 10 to 1:.30 50,000, for.
hB‘f é“‘“f ’tth%grsaﬁaeurf mayRpmRRgise greaiésghaptandupte aad,

incidliitd'65 VADPRydrdgen, B9sddDn the total feed, preferably, greater than 0 and
up to and including 75 vol% hydrogen, for example, greater than 0 and up to and
including 60 vol% hydrogen.

The ratio of oxygen to hydrogen, by volume, for use in the present invention is
one part by volume of oxygen to at least 5 parts by volume of hydrogen (1:>5)
Suitably, the ratio of oxygen to hydrogen,. by volume, may be in the range 1: 10 to 1:
50,-000,'f0r example, in the rangell : 20 tO'i : 100,000, such as, in the range, 1 : 50 to
1 :50,000. ' |

Suitably, the gas mixture may comprise oxygen in a concentration of from
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1 : 50,000. Suitably, the gas m xture may conpri se
é}f‘?en in a concentration of from 4 WO 2004/033598
4833983/ 004052 greater than 0 up to and i MEGHEBHY3/004052
10 vol % based on the total feed, such as fromO up to
and including 5 vol % for exan‘pl e, fromgreater than O
up to and including 2 vol oxygen. Suitably, the gas
ZIRdiRY (pp Oc}l@rfp Bnd g hfdingr (gvcé%{ct kased haﬁle(lolabfebd), sapl as from 0 up

to tagl? a]iljcg#l 1 e% :53 Q/glb(gh%é g)g/%n(l:p ea?erttlgag astﬁ%n? CWCAH(gm g2 vol

% gkedi ng 20 vol % car bon rmnOX| de, for exanple, from
greater than O up to and including 15 % carbon
Mo nIXFARE; thengag drik B ©POIRRIISCH E08] SERAL th@s(Qgerno apd/incbigéng 30
vcﬁ*?’ dca?@tfrprﬂgn(m?@é)lﬂsgg gn 'ﬂfl%&?geeg{]glﬁh 4L ?rm Céfea%%fég%rll Q¥R 4o and

I Sé one

1nf:h)dlr@(2§h\xdl% cartilcﬁx rﬁ&xﬁdﬁﬁf&for@khﬂxp& frpﬁﬂpaﬂ&, thétr ®up a6end
but a I So- but ane or mxtures thereof. Suitabl Y,

. se

‘“F]I’fé é’rﬂafbé’lnl%‘?floéf €al kane based on the total feed is
from gigaLer P(%p %

exanpl e, érc?rﬁhgpgegitn e?)w%ﬁ%g]yg eh?‘ ghg%ggg}nﬁg?%lg%’nﬁde%%
mwin%mél')h:dscgasnmsetcme @r m|ye aiksrmescsocfpafsi B€-lQwikaay gbsexample,
mg}anCh s less than 25 vol 9 .15 each of. one or nore

AR © VBF&BSP%‘Gn“ OBRED SRT utag&dﬂo uangorgRRaHTEs thegsel.
exagiitly, ALt oBE MKhACEIKY @ﬁ‘ the tQﬁﬁféXJi ?sci? k! B er
et hyl acetyl ene or m xtures thereof di enes
thax Qrml te and’b utchuiien® vall/o fertdxempyed rfrmragrbmmsthart Omp to and
ﬁr@r% nzene, toluene, ethylbenzene, styrene or
inglt { ereof and oxygenated hydrocarbons, for
exanpheg as@hg((ﬁmé 488 a1 Gapre 3Gl $Sels§hlERS lesé"{h%i;l h8l\3195 of
m xtures t hereof. "20 Were al kyne, e.g. acetylene, is"
eash &% R Of mormhgatsydmwh@n somphendsonsbns paslkyne, fof example

a%r)é%(l ? ace ne ) engﬁaea%yleﬁgl Sl&'lacqu%]%&glrng}g%ftéereof

diphef, ﬁ)‘l&bbmplef blﬂﬁﬁh@lﬁ@ahﬁxﬁatﬂbh@lﬂr&aw@mﬁ Goedxdmiphs beighicng S
and espeeially, from greater than 0 up to an

| %
tofyg HarRINHGeEeDG IshFena R TRk tuiesy lhersphad GyRpERdrysirocsdsms, for
e%npqyall'@éﬁ des, g@énﬁlaﬂﬁs Wtk %?c%ﬂ%ls'd?lﬁ&ﬁresgfﬁerg@ts

m Xt ure. For the das mxture nay conprise a
di | Werere dlyrde, asg. rab:ttykegens p@peht o the@apoitd®, fiéCbnéstration

b di de, . al cohol
of IR Base S il terdoiscin ATy EOmEBShanthip e yst
m%mlu%’ﬁﬂvél%,me gk‘?&?ﬁ? t?émtg?&t&rtﬁm{lp [ Ring 5 vol%

conprises at
and espeeially, from greater than 0 up to and including ! vol%.

One or more other components, such as diluents, may also be prééent in the
gas mixture. For example, the gas mixture may comprise a diluent such as nitrogen
and/or compounds such as ammonia, water, carbon dioxide, alcohols, amines, esters
and sulphur-containing compounds.

The catalyst employed in the process of the present invention comprises at least
one metal or oxide of a metal selected from the group consisting of the 10" group
and 11" group of the Periodic Table of E]_emehts supported on an oxide support ,
provided that where the catalyst comprises at least one metal or oxide of a rﬁetal

from the 10" group of the Periodic Table of Elements suppdrtéd on an oxide support,
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one netal or oxide of a nmetal selected fromthe group
consisting of the 10 x'" group 30 and I 1 "' group of

WO 2/0pEY8 odi ¢ Tabl e of El enents supported on aPCH%iBae)3/004052

support , provided that where the catal yst conprises
at least one netal or oxide of a nmetal fromthe 10" x'
group of the Periodic Table of Elenents supported on
it alstncorpues swppd ptqvidda WD Qﬁﬁiéki&&&%ﬁstl@ﬁﬁbﬁﬁz&@%a&&éﬂw

it als c ri se and I ded hat where the
metyl & o Stcoprs ehedd "aut o iestonin Lible ol Bemsatsofe gide

support Bla Rblitdhe 11th group of Periodic Table of Elenents,
the oxide support is a zeolite. The numbering of the
gﬂ&@gslndfermh of hergrotiseof TebPenalic EhdrefiEEmenestised irt thiss

e T T ———
for Mﬁlah@ A ppnedrCathd (HPAEE). For tht BPoidd@ieda660t0fhdeubt |

the 101h  group consists of the el enents, nickel,
gr0tﬁ>a¢qnak§rsmﬁtb¢wdelptxaﬁ,umglmlamdladm ard plhtimmoand thedr Ligsoi

conﬁgttc, F élgggnt Sosoégxppﬁv?r gtgogdr and gol d. Were the

conp ne netal or oxide of a

wevaéreftn@mtalp@ corhBridekt 4 1@k ObH: Bbtal HeoREs biogiﬂnetaiTﬁB}nethef
wEl ements, the catalyst conprises at least 0.01 wW%

11° gaeupofdhe ?ﬁ@odl@ffablewéﬁ@nerm, theh@at@lw cgamavsoyssn Jeasf 0.0he
wiodh Pr ef
/\?\lll%bzei% ga@ttélg gtg% r(?él %t Og‘%éwscééal%ﬁt L% th'titquﬁé oﬁ%@g{a?% g)ﬂde

of aguétale of a rretal fromthe 11 h group of the Periodic
Tabl e of Elenents, the netal is copper. 15 Were the

cATHFTRMY: v the safabysperspreses ahleastione nistal oo pp@p of  meetal
. h -15 w %
oS0 Sy 1 8BS ST (PRI

prigher alx g/atalysm cbinpris@n@ep&r-orkd onidée of\ﬂbppeﬁ ﬂaheoﬁﬁetraé yst
rises at.l east one netal or oxide of a netal from °

Cco
presERh apGIRPIG BLHEE Be el P ar oPubF &oterwaEBiRl fesd he
cata%%%d’ﬁ;‘ef&%]’?ﬂh%ﬁéraﬁg e keaptd). 01 20 wt % based on the

total wei ght  of ry catalyst, of the at |east one
- me¥ b¢re(§he ontilpe comprisesrat bt orRrreétel aibdxide wihwernetat frem the

thCa east tal or .oxide of
10" 08 %o SRS 190 R B S o S oSS frl o1
wt% I baseindiSthe kdt8l WaER| ofitBe Gﬁ%@ﬂygt réithe B 185st BYEMBHal or oxide
pal | adium and nore preférably, platinum 25 Were the

of agmgtall yst conprises platinumor an oxide of platinum

t Iﬁef@ra%‘iy, verrc the catalyst comprises at least one metal or oxide of a metal
from the 10 group of the Periodic Table of Elements, the metal is chosen from
platinum or palladlum and more preferably, platinum.

Where the catalyst comprises platinum or an oxide of platinum, the platinum is
suitably present in an amount in the range 0.01 — 15 wt% based on the total weight of
the dry catalyst, preferably, in the range 0.1 — 5 wt%.

Where the catalyst compﬁses at least one metal or oxide of a metal from the
10" group of the Perodic Table of Elements, the catalyst also COmprises tin.

The tin may be present in the catalyst in an amount in the range 0.01 — 60 wt%
based on the total dry weight of the catalyst, prefcrably, in the range 0.1 — 20 wt%,

such as in the range 0.1 — 15 wt%, for example, 10wt%.
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suitably present in an anmount in the range 0.01 - 15
wt % based on the total weight of the dry catalyst,

WP 03Py in the range 0.1 - 5 W% . \Were tIreT/GB2003/004052

catal yst conprises at | east one netal or oxide of a

nmetal fromthe 10 h group of the Periodic Table of

Elements, the catalyst also conprises tin. 30 The tin

mwmwagmaﬁm of thetri@alCatad VBT grolp it aRLsBly 99L1t he-99
1- 60 wt%  based on the total dry \NEIQ{

t heVasreahy metal pf ded0atsroup is platinemg mg’eelghtxauo wl%n to

g Dok aeeh e sde) b fbEr . e BkFendilla e 1

: 1, fohexamgilglin afe rthfige 1010 gesup to tin |s sw tabl y 99-1
1 -99. Where the netal of the 10 h group. is

pl a¥baterie FHYsterEIspatilensbpnomate] prutkideRt atmﬁtai oy ghe
(h |

17 Jiofi of 8 PLAOAC Tl e RGP, he corbifchney o Sltfhse
orramg&ox‘e metdls beoxldes d.m&abeeaed frenctae giqt@tcoﬂﬂﬂ’pfgl <ﬁ°e1$e -

| east. one or. oxi.de of metal from.the
“i‘j}s&t%’ Gres e t&ifﬂp%ﬂ@efa%?seofd?e %r&%?gblaﬁgikemnmt he
XAl Bhy 84 armalylet%l §Oorcd¥fﬂyé 03 ﬁletz{?ﬁ? B PN 6" Qﬁ;‘hg of tH%rPenod%c

oxi des of nmetal's selected fronthe group~conhsisting o
TatHe tranS|t|on series and the | ant hani de series of

th Tabl e of FEl | udi t d
rot SPEL)” O et S e Rt AR R Gh GPOUR of
mhRaness, b&ﬁntcuorlgrmx%s tdddfably, the transition netal

may be sel ected fromtitani um zirconi um manganese,
cob&lﬂtablﬂ, therirapsitionxaalesides @rae/dfre seBatet diviny pxitigseof titanium,

t | ed f d f
N R A e AR A

m XSSy, threhsl or okddeSsfi thabll ﬁ{omttlhkelamb@lhe QUric@XF e Fefiodic
metal fromthe | ant hani de series of the Periodic

Talpmaybgyemdmcer i um The oxide support nay be any
sui SYRAQY fny
supgg%ﬁdﬁﬂpggﬁan |neatr Sg%%ggl{sdéﬁlﬁéo& ?t q&gg%lﬂg c|D‘r11deert

syppoaweill rapmdrspdrﬁﬁd iﬁ@@oﬁl Bu#ble maftwrdlﬁ,su;ZpOFrtG Gdidléde silica,
zeolites and efera} IX zeolites. 20
Gig

cla
al8T1 % BTEPMe 6 a0 éf@hteﬁélpé%c%af Ixzeoliigtite X,

z eo‘Shltta%le Zeomv\ﬁ Mhcdihdel z‘%@héezglz'eﬁﬁé X, SHGle 38 hgr;%'\éiﬁcaaﬂgglites
silicalite ere the catadlyst conprises metal from
SlIdheiszﬁMﬁagdeulnpahtsuch as copper, the oxi de support is

pr e{xﬁ{efrﬂebtlhg catgl(?/gt clotmepnps\eso g mzee?lfrlotme the’ 11 OeU%I, ?L!Ckl as %:g;?plelr tt

_omde support is prefe_rably, zeolite A or zeolite X, especially zeolite A.

Where the catalyst cbmprises a metal from the 10 group, such as platinum, the
oxide support is preferably, alumina or silica, especiaily silica.
Preferably, the catalyst employed in the process of the present invention is

copper supported on a zeolite, especially copper supported on zeolite A or platinum

“and tin supported on silica.

The catalyst employed in the process of the present invention may be prepared
by any suitable technique known in the art, for example, ion exchange, impregnation,
vapour deposition and dispersion. Suitable catalysts may be obtained for example

from STC Catalysts Inc., Johnson Matthey & Englehard.
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Where the catal yst conprises a netal fromthe 10 h
group, such as platinum the 25 oxide support is -

WOpPyE32a8l y, al umina or silica, especially sil PE&EGB2003/004052

Preferably, the catalyst enployed in the process of
the present invention is copper supported on a
zeolite, especially copper supported on zeolite A or

pl Briefemabity, aifde tHertafyap 0bBased mital 6fthe The ghah aduks bs
enpl oyed in the process of the present invention may
coppe’, fieeiidn v is mopasgd Anyorseichangte VaewipgtaalkHeampriges e,

f X €arynl change, .| i vapour.
el hom BF 16 b puch 30 EROACHR caldTR REEh sBtoty HEBEHG by
immbgmatioed for exanple from STC Catal ysts Inc., Johnson

Mé,%_l;hey & Engl ehard. 7 WD 2004/ 033598 o
PCTHGH2687/06 Be(Psesen BnE e ORgF FarrigovbuRdse conglitignpsybereby at
leat APIAGESE e HRAB enoéregﬁg ir&tg}e had Frﬁk‘tﬂhe iS Bﬁﬁi%ﬁ éc? gcﬂﬁhe\gater

the catalyst 1s prepare i"on- exchange.
andcatieasys portiompf tieesrteon metaxtde presant ethd @ahmgrtoteps osidizbd

s platinum  the catalyst is nost suitably prepared by
to Pﬁﬁfgg’ﬁﬁgfweﬁ The process of the present invention:

is ' : it ' :
por s oo a1t Fheesh MR RO oL Moo Rl P Zongs I3DO
suchak 6h Sedaige 1f0oraponat er and at | east a portion of the

-.carbon nonoxi de present in the gas mxture is oxidised
t oSYIERbAY, dlar preeese pbthiedecseUnY esion, 1s chreiep pvicas sgotiakpressure in

- i gd ' - 0-30Q, C
o 18, 4 SR S P50 o

1-3phacesToaf plefiRrd L GRAHndeNMEN bl Bfdré Sarfdw 1189 baithaybe a
total pressure in the range 1 - 80 bara (bar
usedp EoMvan It hap been ippnd i gadvan@epeisdo camiy: Rutdbe prpcessat a
tdl h& 4.0 ure: {.n.the range 1-10 or
0 n@ﬁ%%rggo;g&e%?i:@bgr-gbg%ger%?f‘%e §5u1§£e}a'. However, it has
be€e gasuniktire is@nadiedntidgiecatal yst aed pas houtlyspeepreiefss

.15 total pressure,of at |east 10 bara, preferabl
iV TingBe ined 108 b B meliceb it roog WIS LhE) I
It viBbRhatrs@lod Bo e th¥ opRAGS Y&!1RG| in the
range 10r8- 100?OO‘?)erEtEH'%M,r %F}Ef er abgag’,%&m}l%#%&?ﬁg)\&r%%e
deprodant BOOWDOthhe pressute euploytxbanthithe ms tupodf the wewpositidrhef the

ast hle orEti mum gas hourly space velocity is dependent
g JB(’)‘F]” oth the pressure enployed and the nature of the

ComBgBLLLCD Al 920 SR B T 95 i o
the@@g@ﬁ@pcup@ gonditions employed and the 1nitial concentration of oxygen
present in the gas mixture. Typically, in the process of the present invention, the
concentration of oxygen may be reduced from at least 1000 ppm to levels below 10
ppm, such as below 1 ppm and may even be reduced to essentially minimal levels, -
such as less than 0.1 ppm..

Where alkyne is present in the gas mixture, the concentration of alkyne can be
reduced to essentially minimal levels. Typically, where the catalyst comprises
copper, the concentration of alkyne méy be reduced to less than 20 ppm.

The reaction products of the process of the present invention include water and

carbon dioxide. Such reaction products can be readily separated from the olefinic

hydrocarbons using any suitable technique, such as drying and washing with caustic
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the exact reaction conditions enployed and the initial
concentration of oxygen present in the gas m xture.
WG B0¢4PI98 in the process of the present i nventricorsB2003/004052
the concentration of oxygen may be reduced from at
| east 1000 ppmto |levels below 10 25 ppm such as
bel ow 1 ppm and may even be reduced to essentially
soiuibnal | evel s, such as less than 0.1 ppm Were
al kyne is present in the gas m xture, the
condBRPFAETSOH thsf prapdoy meveotion ispart@dtulyadefud whss antdledl-y
AT el s, . Typi.cal |y, where the catal yst C
ol o T s PORUREL et P B B o ramahpacbing of
hyéwoaréont 0 | ess than 20 ppm 30 The reaction products
of the process of the present invention include water
and ACEYABBR theaxpssat inggeton Py tdes A ppaceifot tiecanoks of _
. [ WY f the ol efinic  hydraocarbons
o o o SR PR Pl oL b vt plAirgbagen, carbon
mamekidagndptivonay st least®n¥aIZA A BIBBpRBess comforises the steps :
@F%T“: %903/004052 dsolutlpn, The process o the_ ‘
FRRRRRYNS 4 st 9u5T1yidEogerhan; Witk amajequlis Pyyzenkemiditiag gas in a
figdt eddcAon SRt | ] ' tained. at |east
in part, ?(?irgov?nmt’]%ﬁg&g%?%‘:—a Bé%ﬁgsud ?)gc i g’ b8§tﬁonabeyon3§1e
noryei deshrisbhisnit & fRovanblilingind whiteinah€ §6ithi onbeO a8
b Jrggal es, a ’gr ocess far.the renpval of 'o_x;(/ﬂ%en froma
AS“HP Rt 9r%g, g%‘ﬁ%ﬁ%‘ﬁﬁgﬂ%&@éw,lché&mqt@@sqﬂo @ydtosdnbon to
midYedt R 6Rypeh i | Mo t |east on
alkyne,ﬂ§%i§ﬁp%?%%e %p%g%%Pﬁgggg?ﬂ%gggt%ém?5¥“ﬁ0“éeamf.

washttaetddage aprodeetstreameomyatisagandygen, awt Iehst@n%ﬂe@ﬁ%ﬂfrogen,
' [ reaction zone with a

' - t ai ni n ina f t
B PP Bl BT e prg kB SoraRingap orecane

red@iarozong) at el x fdreibn ok Metpr@dud SRCHRRbN stf, (%?Ha%‘i’i‘9§£ 8l of
the stoichionetric ratio of hydrocarbon'to oxygen 1's
O%yeep 1 bydrpgracofmhlsagitasiephrtdvetalioe phoiygento dtyjelsos pataoby
nt ai ning.qgas for conplete
e e Y BB Bl o Ben e aactess

pgtionutthestydegen HANPrdxSdingata¥y:88 Portdh JreRSarEnEhddund
-g%dr o&%nf carbon mpnoxi de and optionally at |east one
WHPRNHSERAn i ogenatiep pinthe atleasvae oBfinewbtreithe caelystat

g r e of JAAZhP PNl SHEGETp ik Erogh sbbsine of

thpdPT goyspvoll el 18 gromy gBthe PeriaticI TadRlof E1QA&HS tH¥netal or
en wth a catal yst under conditions

o8l YFE. of hydro ,
i o1 et 8“%2?1&3%‘1&61 AFI4e APPYor Priowitied that Mebere the

i : L cli " t ih LN
cabl gt 08aPri gy Ig%t%g daa cﬂtoxkcfea(ﬁ'tanrﬂfftﬁ)l%or{l ﬂ%ylgj: h o%%&%?f Be

car bon nonoxi de and w thout significan

Pegiodiqikablg of Faments mepmiretiion, anvdxédeesuppdrh the @atadsy o comprises
tin, and provided that where the catalyst comprises at least one metal or oxide of a
metal selected from the 11" group of Periodic Table of the Elements the oxide
support is a zeolite. |

In step (a) the hydrocarbon may be a liquid or gaseous hydrocarbon. Suitable:
liquid hydrocarbons include naphtha, gas oils, vacuum gas oils and mixtures thereof.
Preferably, however, gaseous hydrocarbons such as ethane, propane, butahe and
mixtures thereof are employed. Suitably, the hydrocarbon 1s a paraffin-containing

feed comprising hydrocarbons having at least two carbon atoms.
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20 conprises at |east one netal or oxide of a netal
sel ected fromthe group consisting of the 10 h group

WORA/9338%31 | a' group of the Periodic Tabl e of PET&EEAH3404052

the metal or oxide of the netal being supported on an
oxi de support, provided that where the catalyst
Conprises at |east one netal or oxide of a netal from
t h&#hd Bydrocgbaufzedfs tned el apdivitaBrhéleafladeemtsntaining
E g on an oxi de support the catalyst also
gascﬁfﬁ&a elhegeolesylar opygensroRipiats %Eﬁa\% mReHkr PRESeBatiR|apdior
i SAPRMASES,
mlse eéted f?%ﬁpﬁﬂé&PQQﬁ?EEK?%§%56 e??%gﬁéin?ggg?l1¥]men'
gas dueh B ermogers Hehemootiadgon. support is a zeolite. In step
(a), the hy r car bon na be a or. gasequs
éPSE%?Pglofd SRR Mo %i“&l“%%r gé fesiisd- ShEablyenethane,
hycﬂ@@@ﬂ Qﬁboﬁ%ﬁm@k!d% Ca\@% Hhﬁl@%r@ﬂehncﬂ rﬂé‘ﬁbé‘f&&(ﬁé&;‘% the reactant

théreof. 30 Prefera owever, gaseous rocar bons
SU@mmh as et hane, propane, butane and m xt ures thereof

ed. .Suit ab th hydro on is a . ,

?QF?HP }%%ﬁoamta? FﬁtwgofJ %é@&aﬁ)& W&wswmgmg gas is
8@8' Sfeftbly, 6881 313 ic rati

S BT s 005, 0oacs iﬁ%ﬁ%&’%g? g{:yggg% }1@ s, SO PSR rado
of bmroeanbmatlﬁl axygen- e@rmthlamg(gay gemumdrfmacpmmngteqambusnon of the

the cu ygen-contai ning gas is
by AB0n ol Rniog And gl

7or mxtures thereof. The

MOITE i @6 cAYYIRRAY B HaddeBioN6r ﬁeéaﬁm RERhEHEE siea%&hzaﬁ at a
inert ~gas such as nitrogen, hel I,um or argon.

‘gaslefeiirhyi spes vel ety af @npserehars 1AY0 be, pm&ratdedbovd%s(@j)o h'and
moER S A B ROERG: P e S BOPerer horghe

optifh@nt @8 Gbany spast KeREIty Wil dSpdGRANRS preSsufhrdna@ire of the
hydr ocarbon to nol ecul ar oxygen-containing gas is 5

fe‘?Fi&O!FE’OS‘EP%n‘erany, 5to 13.5 tines, preferably, 6 to
10 Ptréfgﬁﬁl H)edr§ é?]l lgt&bqg@w;t%q}:lé ?}% gca}rg(g)n %d 1@1?5% 81%95:8%en-

to oxyge >containing gas requ

comtainimgsgasano ofie fitserdayidsrogaeb dthe tnfolaaakio r(bf Hydmgéiﬁtoaﬁ@lecular-
wat er. The hydrocarbon may be Eassed over_ the catal yst
OXYREN FRAINIPE £3§ SACHATY Hvezfo"ﬁ¥ opgragle Tgage provivdeg thab thegesired

o]e\ff?ll Bl 1s‘}§ro%{] gat %ﬁu&ﬁlg %er a%Qatho eﬂhyc?&?&%%&l{c&%ﬂove

20,000 h -1 nost 'y, greate 000
oxhgen-containing lghs ivén tiredengd @2do 4hmeferaly, ihhisd rahbel 163, -

0 as hourly space vel ocit il] depend on the
or EESHARA TS TriHAR @SR MY erEbastARSE EPgR: OVEen:
coﬁbﬁﬁ@f |(¥nd beﬁg'hgﬁf Hvdlr% g&Ped-Bddyisthtetiddte dpHYr 85 85HRR% with

ecul ar oxyge
the catalyst in the first reactlon zone. Generally, the reactant mixture is preheated to

temperatures below the autoignition temperature of the reactant mixture.

The catalyst in the first reaction zone may be any catalyst capable of
supporting combustion beyond the fuel rich limit of ﬂammability. Any suitable
catalyst known in the art may be empioyed. Typically, the catalSIst will comprise a
Group 8, 9, or 10 metal such as platinum, palladium, ruthenium, rhodium, osmium
and iridium and, in particular platinum and/or palladium. Typical Group 8, 9 or 10
metal loadings range from 0.01 to 100 wt %, preferably, between 0.01 to 20 wt %,

and more preferably, from 0.01 to 10 wt % based on the total -d'ry weight of the
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containing gas into the first reaction zone. The nol ar

rati o of hydrogen to nol ecular oxygen-containing gas
WeapONHE3P8over any operabl e range provi ded t hatPGTi@B2003/004052

desired 20 ol efin product is produced. Suitably, the

nol ar ratio of hydrogen to nol ecul ar

oxygen-containing gas is in the range 0.2 to 4,
C%ﬁﬂflESterably, inthe range | to 3. Preferably, the

reactﬁ xture of hydrocarbon and nol ecul ar oxygen-

cont alhFaY Y ey inerosistsoRh Pye m@pwawepf@wym here a

pr ehgad r

F rotr P b 0 ss LS R ad W BRI o v Grow
13,9 4prehwalsedetab ARSmABMEDEtaE proe®tdyahapbd Migansition metal; the

traanuttm nta on tenperatu ([gf of the reactant m xture. The
ARt ROmeETEme s Giflaeht GARL by Det iy ch Bras by emploved as

- the@rahy 819 6RPRRAR R m%p&@ﬂﬁ@&)rﬁ%ﬁgzﬂg t Eﬁprmk?&yo(?Qgtawg&

fuel rich limt of flanmabi
S%tablmfyrs@seun@mu.tmthenealamclmg/pmeessnmlo@eelwcwmm@k/sy,,

PUGERZSE DS Pliie BUTRGA fsr af RE Rt ingl thweor P o

the Srougtl B0 480¥drahkitieh ﬁmtaqrp%mm@r ﬁ@g%bquloaf f.@ti num
and/ or aI | adi um Typi cal or 10 netal

| oad?rﬁézfablm@éalyat imihe fogt rt:@trpwom isogupportetie alyl syitable
ferably, f
BB AR 8o S 58 eltamit of RER TP G GG suapomee

- gehOraVi p2€redt ) 330 081 et 2P UndINaE cordat @ ffum: z-xr Dx%mlum

cat al yst. may be pronoted with one or nore suitabl
)saluwléﬂr@t él Qi?) otipagtabfised zirgorgatahinyisa tltasaate

onbted with a & 3;
m%g% ol /c’glrcuirg T pltb1gt¥n g’{he\?graync fwoﬁlf 6}%?’@ Iwalsrlh-yoated,
fobexaanmeanml?mgm met aI the 5 transition netal pronoter
being a different metal to that which may be enpl oyed
as tifecalpiipxg tenmemturbontﬂneaﬁst tqaomnmmmlmag:auahup be in the

R R e S Taprirabl foherissdsofcla [hopereor

tBlefdbly, iRtheSAnee FoPER 15’5«30@1 Pd/ Sn, Pd/ Ge, Pd/Cu and
pRh/grqy The a?%emc ra?lo of Rh, Pt or Pd to the G oup

13, T anto-theamsli dracdkingyetoatss pn dmﬂretrreﬂ(ﬁwnlmné.may B¢ darried
Prefe[abl cat al in the first reaction

6h | i : Fire ray bpen theaapge

O‘E &t %‘”10@’ TS5 Fte¥ated RERFS Wi %HBP@Y tBe ppS y bpén ths

fr@rﬂ Qo @%Hae£ PATLGLRN 1. 58S Bbad URR Qﬁrgplegug b;ﬁ Ef&/&ed ‘essures
supports are generally preferre U|ta ceraﬁ1 o

ofs{opgErmplei hid ﬁbllmr&,(matealrsd: be suitabli um al uni n| um

si | (%@% u ES) é ttria stabilised
21 R bR kot ofha Aubahe i lctihe raprascaibepu
comprizedy miphesddihs shlfaCohARKE p%ﬁ%@&fe a%d 'ffﬁybu%es oxygen,
wash-coated; 15 for exanple, w't
carbon monoxide, carbon dioxide and water. The product stream may further
comprise alkanes such as methane, ethane, propane, the butanes and mixtures thereof
and alkynes such as acetylene, methylacetylene, phenylacetylene, ethylacetylene and
mixtures thereof.
Suitably, the product stream from siep (a) comprises 0.0001 - 1 vol% oxygen,
10-60 vol% hydrogen, 1-10 vol% carbon monoxide and 10 - 60 vol% olefin.
Alternatively, the product stream from step (a) may suitably comprise 0.0001 -
1 vol% oxygen, 10-60 vol% hydrogen, 1-10 vol% carbon monoxide, 10 - 60 vol%
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The catalyst exit tenperature in the first reaction
one may suitably be in the range 600C to 1200C,

WO&P%‘V ly, in the range 850C to 1050C and, nB§E/GB2003/004052

preferably, in the range 900C to 1000C. The

aut o-thermal cracking process in the first reaction

zone may be carried 20 out at atnospheric or el evated
olefipraed YUie2 vl bliyhy,, the pressure may be in the range

fromO to 2 bara, preferably 1.5t bar a,
AR RodionaY i P e pELRet B oo e crapling
procgss s étb ?frﬁp{b 558l §Relf @Bﬁhaﬁéﬂt@ and %R &b} Mord Red
roduc e auto-therrmal cracking process of step
stree(n&)to thopgongd esacaomeosteur e of ol efins such as et hyl ene,
propyl ene and the hut enes, e 25 carbo ,
o GRPEE SNSRI AT Db oe S AR VRELPY PR BTBRRlE 0Ot #sam
wuhr@yeréwett@a{e fag[mm afpl@nes such as met hane, et hane,
pr opane, ut anes and m xtures thereof and al kynes
Premhoaemf&bﬁ&hylsene nmet hyl acet yI ene, phenyl acetyl ene,

ethlacet |.ene 1 xtures thereof ,,Suitab t he
Petsenas FrotieTh ShahE] whDRlePREd £V g B nfned &
fol]d/\@‘% oxygen, 30 10-60 vol % hydrogen, 1-10 vol %
car bon nonoxi de and 10 - 60 vol % ol efi n.

Zeoklet ¥k nairidagdsy(].6tthms, phtotad from Aétéliﬁhffﬁ}mmisal'&p)-x wyrerrayshed

and §5E S b SRS 5565 B Bastdmoag e AER 50 S sty
was W8P P03 e Berlafalé @O&@él%%ﬁn; 9b@®fril 8f 20D 50nOfhr 2

vol % al kyne. At least a portion of the product stream
solupipp aficerber K11} higratgiin detonisedniiaterr JdRivage! wrobes seabed anddpe

. X mgl aﬂax'ecp teo dS %{%eg {irﬁ &eh! é’on%ud IVEI% ght% t%rb%cfs% ne or

Pe&y secon reaction zone.
agitpti&s eAfter db\éeﬂiﬂiﬂg(me wipdmataw sbiitioh Ifteat thatveskeys 0dayl dfffresh
exanmpl e onIy and with reference to the foé oging o
0.0M & NEs )2 saddechiol tha verelealhg Ypste! Aanagaip pilewed ionianskd
ove?rﬁ?l{xt with gﬁgg‘éﬂlyﬁ{tat@}rﬁrsfegﬁg%ﬁt paﬁdhmsem&@agenaaé the

eolr extrudat es . mm obt al ne
supéﬂhﬁnml%diﬁth@h tlﬁlstblmi eahai@ong)in Wt eeseal u@h exchshahetith ifevediqtots -
obt ai

0.5 .- 85 f
5 AR AT SiP iS40 dge 2P DO IBAPE SEGRE § BUaie QLT
funfgéi r{§ A RLNGR0Q FutiBh afid Arif® i8R &¥en vk hl%g&f at‘ﬁQﬁBEére at

nitrate 1 n deionised water. The vessel "was
1308€dbethrenihurhe

_ A.naly51s by X-ray ﬂuorescence showed that the copper- exchanoed zeolite A
catalyst contamed 7.0 % copper by weight based on the total weight of dry catalyst.

Preparation of Catalvst B

Preparation as for catalyst A was repeated except that Zeolite 13X beads (4-38

mesh, obtained from Aldrich Chemical Co.) were used in place of Zeolite A

- extrudates.

X-ray fluorescence analysis showed that the copper-exchanged zeolite X
catalyst contained 7.7 % copper by weighf based on the total weight of dry catalyst.

Preparation of Catalyst C

A platinum and tin catalyst supported on silica was prepared by impregnation

as follows:
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m xture allowed to stand under anbient conditions
overnight with occasional 15 agitation. After
666@%5@9 the supernatant solution fromthe vgs§984g2003/004052
500 M of fresh 0.05M Cu(N03)2 was added to the

vessel. The vessel was again allowed to stand
over ni ght wt h occasional agitati on under . anbi ent

f t d t al ut
AL P s o G ERESud ae SRR B BRpRSD o
w@t'eif U830 rthekh 183 gcBRERle Bh gﬁﬁ%b@@'w&@é’a&hﬂ:ﬁe The Weers@sibdiled

was then transferred to a.Buchner filter 20 funnel to
for d mpppteaxoelsd tasriom feowesaiee @pd adrif acidnddsdde givade? .24 molar

it t h t QC . f An |
sy PG 5 BaceRel witlanfiet P i ingiRik e
dig@Mddtaad A wiidtalpention @naeiRd oGt. 0T CARRAIE Y 4@l @fked to

based on the total weight of dry catalyst.
1 BPepad dtidon tho$ teGhteadtyrs tioBl (a50 Pheyan dry sidadheeolid was

catdal¥ A was re%gaglt'eﬁ eﬁkergt that Zeolite 13X beads
sigyedgo TeiRQys Pagles °F Féth fi-ch Chenical Co.) were -
PHSAfatich & @a&IRE pZeol ite A extrudates. X-ray

~fruorescence anal ysis showed that the copper-exchanged

z eoPlieparadon asdbatatslystdomasrapetted e¥cels theppérg diytinvgrhmhis were

based on the total weight of dry catalyst. 30

eparation of Catalyst C A platinumand .tin catal yst

ERdRBON higdysofShé | bﬁ vE0gRaLveE PoYnd DIBNBORAL BN  as

follows: 12 WD 2004 3598 PCT/ GB2003/ 004052 5g of a°
Prepatofiion eff Catalystit er i al (ex Engel hard) were placed in

I i S er ade ti
or b BB R0 bGH  s lpdla FESPL BT ERT G ABabL:
wﬁieﬂmé@ﬁlerﬁ&ﬁhl%@a%@m 0P B da€iifae batdll. 23 AR P bid €.8a%dvelw Sn.

added to ﬁgl ve a 2.25 nplar_ solution. The m xture was
Prenagptionsof Compapativederfebgt Fo 50C. The tin granules 5

T
SRy AR B SoBURRRIS OGN, R el onTheo
withrfifeniatfidemnfsed whédn foltovedut @ drop-vdseyadsiodi drchf nltme asmi umhl the

opPBymraf Rl bobata b eprufit AT el suf s

stHBBSh ﬁﬂ?fﬁ&gﬂg a\?l@sg fl At mPxearddw A dridde @ | @iul,Bh Ong)nal

10 used enent ysi.s. of the catalyst gave 0O
K g veranstridd 61 #6holiy. Sthie impregnated support was calcined at 250°C for

1 hour. This group 10 metal catalyst did not contain tin.

Preparation of Catalvst G

l.(‘)8g. of tin wire was.added to 20ml of water and 10ml of nitric acid. The mixture
was vigorously stirred until the wire dissolved and a white suspension had formed. |
This suspension was then added to 18.0 g of Comparative Catalyst F, which was '_
subsequently dried at 110°C for 16 hours. The impregnated support was calcined at .
250°C for 1 hour, followed by sieving to remove particles smaller than 0.5 mm.
Example 1 _

A 2ml sample of Catalyst A (copper.exchanged Zeolite A) was loaded into a
tube-reactor with internal diameter 10mm such that the catalyst lay close to the |

middle of the reactor and was surrounded on either side by inert pre-heat material

(fused alumina).
13
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Preparati on of Catalyst E Preparation as for catalyst
was _repeated except that 0.125g of tin granul es
WO\%‘P@’Q@’% El enental anal ysis of the catal yst PGR{ES2003/004052
0.73%v/w Pt and 1.87%V w Sri. 15 Preparation of
Conparative Catalvst F A platinum containing sol ution
was prepared by mixing 0.77g of Pt(NH3)40H2.H20 with
Thmta’rysto’fas deirmieSeyhewingrthd rﬁabtmwaddd:rya sireaqn-ofidsyenitrogen

|t| of nitric acid untjl platinoumsalt fully

esgling P e o613 eI BYREREeR e Was

the lrﬁx‘b@ﬁc@ﬁﬁ% the rédchR af Q1P &l @/J af %y}rﬁﬁe)as&ﬁd this
m xture was dried at 110C with occasional 20 m xi ng

mcr@mntaélyp@rto d 80 axfol 60 hwlml & the Tinteo g empit ey mat grhdsaihpmduced/as

cal ci ned. 0C for h t al
e QYA IART108© é%ﬁ&em%ﬁt é%‘ﬁ Wﬁmgﬁﬂééggé Psfe ofeh &ps
(25@mLn389 fof ofd Roud the t&gﬁeraﬁded@ds tonpdnt 1o gt ﬁf 200°@ and
lOrl of nitric acid m xture was vigorously

waslhqld thege wirder puretyduiges ftive ) Weuan dlte mhitorewas then
[ had fornmed. .. 25 This suspension was then
pre?sgggegf‘t?) O‘inaég aé gg?gr%ﬁs%rr}y%f%en@t al yst F, which was
SL&&%@@&BE toypréssufishth ok MCrehOor, Log QMK fare &k}ﬁprlsm 0.05

i mpr egnat ed support was cal ci ned at 250C for 1 hour,
mo}e PK yeidel 0 Bymel”e stetijene 426“@Veh¥¥§pg¢m I6esolé/nmrb®rmoh(ande

24 onﬁ/o%m rl Iéxlagpm?qéo \,X? er w ml Sa d g“glﬁ%kb s ca%gr &d(aﬁ%é’fé 1

exchan Zeol

bar ubda rgealcmry S{dat:fhvdl&hﬁf @sdp aneneo likeym’ such that the
catalyst lay close tot m ddl e of the reactor and

wakhEERASHIPEPIGRe easepies miiters epitingibe catplyettiedayas analysed.

R T -

conhemtatiog stannl@/am Wingmdetygen shdteamumifachined Iblyl'lre(l)s@l%e
250 mn-') at atnospheric pressure to 140C at C

An SEesdRc gAke FRULLS RISV A, KRR LBEIPWE the
Exgrgag,gqrangt3 a level of 5 nol-% and was increased
i nCremen ly up to 100 not-% while the nitrogen flow
walExagngid U av dsyrepeathdondeptdfobtiedpBowingrdiffeeacdsod of 30
nut, e fter holdin C under pure hydrogen gas
n ’i‘g@&ﬁgmeﬁewewem%ﬁﬁfﬁtw ¢ YRR e O A ed
mlrﬂﬁes]eﬁdrfh@%ds Ihﬁm?rgggmﬁﬂged Va3 rh@i“/@ ok PEIE0. Urfﬁ’&“/%ﬂéfﬁene 42

y rogen Tlow for 15 hours. The reactof was t
mojf 3dipees domplys tatban gaqmardegaad@é)mulﬁ/deuhyhydr ogen. -

In R0 S cehBeBioe 5 R a107C It pER S iogededds

ure C O
minutes and the reactor was pressurised to 2.5 barg under dry nitrogen.

The results for each of Exampi]es 2-4 are given in Table 1 below.

Comparative Examples 1-3

Each of Examples 1-3 was repeated except that no catalyst was used. The

‘results are given in Table 1 below.

Example 4
A 2ml sample of Catalyst B ( copper-exchanged zeolite X ) was loaded into a
tube-reactor with internal diameter 10mm such that the catalyst lay close to the

middle of the reactor, and was surrounded on either side by inert pre-heat material

(fused alumina).

14
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10 nol % oxygen,' 0.2 nol % acetyl ene, 42 nol % hydr ogen,

6 nol % car bon nonoxi de, 24 not% ethylene, 1.5 nol %
woabtero3sms passed through the catal yst bed at 2QG65B7003/004052
~barg and a gas hourly space velocity (GHSV) of 5, 000

litres h-1. The conposition of the gaseous m xture
‘exiting the catal yst bed was anal ysed. The

hy arRcakon waOAGRALAN Rt - i

chr omat og%ggahy aﬁﬁ ﬁéd} oxfégﬁhear%gét%%ﬁ]ggﬁ[ rgfi%m of Gy gitrogen
(240mlt 98@@ a@gmmxgp}&unccpry:gerb tﬂElt49i’C marﬂﬁ aat Ur £flertBd minutes at

e Analytical Ins nts Inc. The results are

14&%\%%%%%&?&&5 aj MG At S}‘rﬁloéér‘?é%%’dg"ﬁééﬁﬁ?s@dl
iné@snehePeabes 1 XeeRt, fiicthe nftRJclzﬁ’Wb@/gNzg A%Ed?daﬂg?&ﬁ]ced B

Exanpl e 2 the tenperature was held at 1 der pure
Zeﬁ%wgﬁwrlﬂdpf ApmPutes. n@ﬁeshcadudgtahbfl()gé:smdmpune hydrogen gas

5 %,0 0.2
B g o R BB AL G M rpio0g00°C and
wad Iyl enre uridBr ﬁﬁaﬂp&%o&n 086 foeMPEb@E UTEe métop Qlad ], 140

C under pure drogen or 35 mnutes and the reactor
Prﬁ%%‘“b"rde@dlha%@dietér}’zngogg’rg under dry ni trogen. The

r e%ﬂbtsec'quffgtr t&%? Qunosm Efﬁanpac? o é §aslm %ﬁggpsxgﬁ§2\3 rggll%

oxygan va@eadtﬂememeﬁ@l% l‘ijﬂroﬂéh GahAby bR orsgak, 24he
ults are given in Table bel ow. Exanple 4 A 2ni

ﬁﬁihé‘?eBF 1C%1t“8l % gtate V(asd@ﬁif‘é‘rth@@% thegathlyse bed at@0R5C s

blr aged oh ForW Linternal di aneter

. %rrm sﬁc%@ﬁgtsi)%ge\’te%gﬁgl(?zg qugdje to the mddle
of Tleecormpasition ofﬂhl@awaﬁltxﬁgftmmmy?ﬁ bed wak hi@yseal dge by
| nertt{?gre heat material (fused alumna). 14 WO

A OB SO TP TS O oM 05 25 THETSEEp Al oxygen
coﬂ@édtl\éﬂbﬁ Wap){nd"}%éd hggﬁtah%xgg@rgng er Hﬂgﬁfactﬂre%td eﬁ{ﬁ&%ﬂ dry

nit ro? nospheric pressu 40C
Anglyti@a hisﬁumentS\ixtce THsOrestlsuregivan in TAOE] bher ogen gas

uce t a level of 5 nol% and was increased
Q&—@%@%ﬁ%ﬁﬂﬂﬁ to 100 nol-% -while the nitrogen flow
Ve SEgiradeiahlay repestig et dpP it 6 Eﬁal‘%’ﬁbas‘%s@@ r EQ@reQultssaQe
m nutes. After holding at 140C under pure hydrogen gas
g5 kiblend beloy. for 25 minutes, the tenperature was
ranped at 1C mn-' to 200C and was hel d there under
pure hydrogen flow for 15 hours. The reactor was then
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pressurised to |

to pressurising the reactor,
wWO0.084/00359% 10 oxygen,
hydr ogen,

barg under dry nitrogen. Subsequent
a gas m xture conpri sing
0.2 nol % acet yl ene,
6 nol % car bon nonoxi de,

1.5 nol % wat er was passed through the catal yst bed at
200C, 1 barg and a gas hourly space velocity (GHSV)

TaBie? 000 h--

——tatal y:

The conposition of the gas exiting the
st _bed was anal ysed. The

ar bon

concent r aCacidys

t he- oxygen 15 clo
-oxygen neter manu

I nstr umant s I nc.

Sl A

3 ahﬂﬂnzyibnsl Coynpgsisiot hr ¢
tgﬂne\?ﬁlftggeﬁl Y

hevs esudl ¥ ar emgf‘/«/em ppmTabl aol%

hnl W Canmnar at | ve Evaml o4 A anaat
TpPar—t U Was— ? C
E‘“’é‘k&’éﬂ)t th%[ no catdi Wefs usel r<g§ults a(fr}{gﬁ
Co,g yeafveé n| Tabl e 1 A 25 3«0 15 19@ 20040033598
/ GB2003/ 00405 1 Cata | Aitial Ghs
Con'posi tijon Exit positio Oxygen Acetyl ene
Exzﬁ,{.‘?mbene Xygen ﬁ@‘?gyl eneg Et hane,4 mol %dqmol % mbkimpepom
% ol % Exanpl A 0.105 0.2 24 <0._.1 <0_002!0 019
Coﬁpnmwaﬂl ve 1 - 2®21 100

Lo e W, | Nl 1

ﬁUUJU
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(a1 oW oW Wa
ZU. Ulo

TatTve 2—=0

D26.2 0.1092 Ex8Aple 2
A®, ' 60

0.2 24 1000 0.2 Exanpl e ! 5 0.2 24 <0.1
ExsBplaG2 0./041  Coppasalivie3 - 0]05 0. 2 D4 1000<0002

4{%91 - E”aﬁﬂ#ef4 6 _ 0 OAJ 1 O. Ulngn nA 07
Compataiiadilve 4 - pods 0. 2 “zzl 1000202 0.8 "Ad%an bd

seen from Tabl e

ocess O

the present itnventiog

renpves gdssentially of the dxvoenti-pitiallly—
Exppelédnt il t he gh80fi xt ur®? wi t hoe “inddtting |8002
Nt 1T oSS ghsor efiig, (TTT{ha et amgohaw 0g been

C (ﬁgg

As can be seen from Table 1 the process of the present invention removes

essentially all of the oxygen initially present in the gas mixture without incurring

significant loss of olefin (little ethane having been detected).

Where acetylene is present in the gas mixture, the process of the present

invention enables the concentration of acetylene to be reduced to essentially minimal

levels without significant loss of olefin.-

General Experimental Procedure 1

A 1 ml sample of catalyst was loaded into a stainless steel tubular reactor

(10mm internal diameter) supported downstream by a glass wool plug. A nitrogen

stream was passed over the catalyst to purge the system of air, the reactor heated by

an external furnace to the required experimental temperature, and the nitrogen

pressure taised to 2.0 barg. An initial gas feed comprising, by volume, 0.07%

oxygen, 33.5% hydrogen, 7% carbon monoxide, 28.7% ethylene, 0.21% acetylene

and nitrogen as balance was passed through a deionised water bubbler at 20°C prior

to admission to the reactor. The nitrogen flow through the reactor was replaced by

the gas feed at 2.0 barg and flow rate to give 10,000 GHSV. Subsequent temperature .

16
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Wiere acetylene is present in the gas mxture, the
\9698§§§ of the present invention enables the
concentr

essentially mnimal- |evels w thout significant |oss
of olefin. General Experinental Procedure 1 10 A 1 n
sanpl e of catal yst was | oaded into a stainless stee

cltaniesl werememietiothe rd@ame bnthepnateedi TNREOHYosTHHRARATHEEGhS
downstre | ass wool plug. A nitrogen stream

SRS Y5 <8 %ﬁ%gégf Wg%@aééf'ﬁ%l Vet hi’fgoi?ﬁ?@écqﬂﬁ@t@y@n@Wﬁ@lﬁalvsed
byakds,chtdBatb BAGHY Bnchﬁ@to,ei?ogfycon%u%ﬁgﬁ W}g a?eLgsreH %(P:xr%gtag r?xygen

requi red experinmental tenperature
mgleessnvicuziddTtlod heOAibdytipal Iatrimetts lc. gas f eed

ESOIPLISi ng, by vol ume, 0.07% 15 oxygen, 33.5%
—‘Fry'gﬁogben, 7% car bon nonoxi de, 28. 7% et hyl ene, 0.21 %
acehthe Msoveahéhelt] B BaEHe AT IBLRREE] MRS gﬁ%@g‘cﬁgastl [ro

a dei oni sed wat er bubbler at 20C pr’i or
infagfhe peacies sepiginingBetalyist € ey EH €l ajvwlnhln oamgilmdnhEe me@,@h or

feed at 2.0 d fl
co\rpgrfsnetfat?igl'l%k?aggm? 1802;?'§Eg§/m1§3655§hmfn gﬁeﬁ%ﬁeg%rar,eé\(/)a\ga WO
1118&5)3%6@835@‘8: BT hERRO0Y QR40B 20k ?@m%owsgﬁggefn%eﬁaéure

the presence of the gas feed. The conpoSi
W@Satbele mcmaﬂgi tohigt 08@ bty Bt mbeukswasstanal a8 ek ox'&h@n

% Wg concentrati on was anal ysed by gas
COBRRAOB & oy et OfEr b8y Bovre 6 slpam thei Grpigemalsad risen to

T et ST ——

fell heOpowed Gendnal atBppenintiep ekl dM96edufs@n e 18a%he

feed was introduced into the reactor containing
EXPERFYsYascempingigd CNodyy diggeraicasH @retylsne phehyryayeas detected

un@@r%%%fftﬁésle%BnM8n /00ppm After 29 mnutes on stream
the tenperature was increased to 120C and the oxygen

M@ﬁtratlon feII to 300ppm The tenperature 10 was

theIQ reascge g 140C aftg)r 76 m nutes on stream and
t he "y ON® DRRE RPN Ite! f apqedurs bﬂ?ep@mfee;ifwaérmrxq@cgd
{3QHE Fealidr 8
mt enperaat ﬂr%ﬂﬁggﬂ g:?%ﬁ%%%?@%ﬁ% Fﬁh%%gﬁf% Bcetn %gm%&%sen
<(btnmmﬁt¢ral16| tonrs dredtteato Appr20dndrs @n@ieagith@tenHRpmy ias|
196 hours on stream when the experinent

drippe t%rlrr‘? frafubthe REYSRPFBErfatPB MCERs e tlyAreme Mo
ST 5B e Bt B s ot
Examde 7ment al Procedure 1, the gas feed was introduced
In the above General Experimental Procedure 1, the gas feed was introduced
into the reactor contaim"ng Catalyst E at 150°C. The oxygen concentration fell to
Oppm after 6 hours on'stream. After 23 hours on stream the temperature was -
dropped to 120°C and the oxygen concentration increased to 3ppm. No
hydrogenation of acetylene or ethylene was detected. under any of these condifions.
| The results from Examples 5 to 7 indicate that the oxygen was removed from

the gas mixture without reaction of the olefin. -

General Experimental Procedure 2

Prior to commencing General Experimental Procedure 2, the catalyst was

optionally reduced. The catalyst was reduced by passing a 1:1 v/v hydrogen:nitrogen
17
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into the reactor containing Catalyst D at 150C.. The
oxygen concentration was <O0.|ppmafter 16 hours .on
WOsI0E8F98Af t er 20 hours on stream t he tenper at RCE/GR2H03/004052
20 dropped to 120C and the oxygen concentration
increased to 1.4ppm No hydrogenation of acetylene or
et hyl ene was detected under any of these conditions.’
mixEXEME0R1/R fldw tREoRb Byec el datiEx pel SoTen nalintBirosestuhie
1, the gas feed was introduced 1into the reactor
tempealied for Aot smyetingthgthySBEED CImEoRsnj & Hie mixture and
icontc ear}rtlgiatti tg ol e!-ul € 1t1r(1)der %éro%g 'ﬁo@j t'ﬁr(e r@d\li](,%ldr(% ajyst was stored
COORT QA Al t &PPFI RO S on ream'the terrpera% re was
at agbRAPRS PetatdRAadabdrbef aiygen peonteartkriaGeasral BEpeaseth]
to 3ppm No hydrogenation of acetyl ene or ethyl ene
Proggdyredet ect ed under any of these conditions. The
resul. f . Lal pdi n
e s S OB 5 shhek] B RBhE RS b ser
tubidlfereodtef {10mms ChéankediaheteRpappontst ddwiRtreara diyracgl 2ssRyocdr

to commenci ng General Experinental Prqcedur Z,W[ahe ¢
plug gyt 3rsthergdass Biop] PHEMPSITGAEY U ERGMOFHY %%‘t’%fFj%%at @ top 0

the B0 BPBRAA BT oY P B Y o
dowrtreary@imédsereat allytsind oodat tempetaturéd 0L nitrogenrstraamiwag
at this tenperature for 3 hours,,K renpving_.the
DA (GG 15 COBNIBHPHIEBDCtSHEER Gt A UURL 81 fisg g them |
pas?éabdv%mhetc%m?% aH M@e}ﬁa}?ﬁgﬁﬂré QOB rfdudd fTbherafLdpiced

catal'yst was’ store I'ent tenperature under 2
temiparagirefvanitienagizad psihgen extemab fiirnadg@dn drealeqiixgseyalne ntled

5 Procedure 2. A sanple of catalyst (optional
COPRAJUIBAY. tiag?s FaESNT FRBIYE ff i we el b g
corlcEREHRN »&als%mggmw | chebrAATB by SMPRQIOk Gkl MIBH AR

r]by a glass wool plig, wth another %Iass wool pl ug
wasipsil ysed msing he rorpgaup bes maruiacuorkh e Belodyne ainabytiqah e

| ass ol plug upstreamof the catalyst, and bel ow
msgﬂ%‘eﬁﬁsﬁ% wool plug 10 downstream to neasure gas

Exhip&ig and outlet tenperatures. A nitrogen stream was
passed over the catalyst to purge the systemof air.
Anln this BrxampjeCaalnst Dvives radaped paerdadse erenaid lpeampar!

at ,anhient te ratur.e t e GhLH 1o f ate.
PeqbfEn i S CRmrad by g O E 7S Bpd it P4 e,
15899 iBy1E0S) 816396l carBbniondiide, LDI@STHoN @ioxade, S Y asetylene,

exiting the catalyst bed was_anal ysed. The hydrocar bon
0.125 babEniamaEne A9 MA: BIFAESTS GG FOXS eHOARR Bor iyt

vol%pn% fghed -r%§é/tgleﬂre§s?lpec\%9§ 5 %‘tarigp P he amount of oxygen present in the gas

exiting from the catalyst bed at various temperatures is given in Table 2. Also shown
in Table 2 are the amounts of acetylene, ethylene and 1,3 butadiene remaining in the
gas exiting from the catalyst bed expressed as a percentage of the amounts of

acetylene, ethylene and 1,3 butadiene present in the.initial gés feed respectively.
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was anal ysed usi ng an oxygen neter manufactured by

Tel edyne Analytical Instrunents Inc. Exanple 8 _In
W?Hi"’ém@eﬁﬁpl e,

General Experimental 20 Procedure 2. The. gas feed

conprised, by volune, 0.17% oxygen, 39.74% hydrogen,

15. 34% et hyl ene, 3. 68% carbon nonoxi de, 1.72% carbon
TabioRi de, 0. 15% acetyl ene, 0.12% 1,3 but adi ene and

— 39 _03%ni trogen._The CGHSV was 20,400 h-1, catalyst

| Tapep te [ROBYEEN edcYoornispetedur

& waseRtdyar g. TH&bampeadted 1,3
of oxyge esent |nthe ga iting fromthe
cat al ysit lged at MAFTHae temagltlé‘f)iﬁ?'es is give %qtﬁd‘?’é%l e

102. Al sg siBown 25 ¢mn Table 2
ethyllene and 1,3

ap@® the anounts|qy
but adi ene remaining in the

Catal yst D was reduced prior to RHéEB2G03/004052

13has exiltila8 frorBhe catal y599.88d expressed ds0a
sRET Cemt '_ of—tHe—arrounts—o cu.y. ene; *!“’I ene—and
: ?,3 butladi ene pre@ent in the 9?%?“ al gas fedd00

. Table 2

196espectfively. 30 188 WO 2004[ §835 598 PCT/ GB20Q3/ 004052
Tenp ClOxygen % unfeacted % unreactéd %

178 nr eact|dtb 1, 3 ppﬁﬁh Acet yl ene9EPNyl ene But adij€de 101

Eg’ém 9, 160—466-131+ 11505399 99 100153 620 40
582100 195 2.7 13 99.92 92 173 0.6 60 99.97 83
ExaxliT'ﬂil@EQanhpﬂ L@y LR (RInCred SHdFhas Lusdd lgg?&efagﬁQﬁfﬁpr)lental

was used in Genera Experi nent al Pr oc
- Procsgureclo nfeisse @eedbyrrnpolsetdrby VO lub38/00b306 erygcaB38)8%%% hydrogen,

% et h bon nonoxi de
15 D B0, S Sl e or 185 Wiy PR dieides g aaceisiene,
0.100% a0iverisas dnam@ @4%Iﬂtrbgéig eThe GISVERVI 0660 Hko'cgrggfst

h-', catalyst volume and reactor pressure was arg.
VOl aRbIFASIOLIPTesRywaS phergeritheiamauné ofasyger piesemdn fheqas

various tenperatures i ive
e OB P B SR e R B ¥ nibifs Do hown
in Faide )’ilaefnme agoliyts @ ecedylene cthyiMHeadd §MebiRimRhdYeRRidifk Hhltfe
oasp@?g eX|t| n fromthe catal yst bed expressed as a

8@é ofa Qlﬁg bgdsxpressed s a percentage of the amounts of
acetylene, ethylene and 1,3 butadiene present in the initial gas feed respectively.
Table 3

Temp °C | Oxygen % unreacted % unreacted | % unreacted
ppm | Acetylene Ethylene 1,3 Butadiene
98 | 1150 100 100 100
130 560 100 | 100 100
1139 4 100 100 100
164 24 64 99.43 100
186 2.2 14 99.0 83.3

Example 10 -

In this Example, Catalyst D (non-redueéd) was used in General Experimental
Procedure 2. The gas feed comprised, by volume, 0.13% oxygen, 38.19% hydrogen,
16.96% ethylene, 4.03% carbon monoxide, 0.28% carbon dioxide, 0.15% acetylene, |
0.12% 1,3 butadiene and 40.15% nitrogen. The GHSYV was 10,200 h™" catalyst

19



10

15

20

acetyl ene, ethylene and 1,3 butadi ene present in the
initial gas feed respectively. Table 3 Tenp C Oxygen
WONUBEHSt ed % unreact ed % unreacted ppm Acet PCEGB2003/004052
Et hyl ene 1,3 Butadi ene 98 1150 100 100 100 130 560
100 100 100 139 4 100 100 100 164 2.4 64 99.43 100
186 2.2 14 99.0 83.3 Exanple 10 15 In this Exanpl e,
voltiat 8l mre@cbﬂ@fksﬁﬁélwgd)bav@sﬂibsﬁgoﬁrﬂ O%%@Hlpresen n the gas
nt al Procedure 2. The gas feed conpri sed %
ek%f g thy catabysphafgd yariogs twwwwmog@nven i182aBig%h Also shown

%.car bon di oxi de
i B4 e SR SRL0RC TGN 2800 25O, Sl 0 ey,
gasmxttmggbcnn tH’é‘l&tﬁvﬁ\}Seﬂas rk6ked Q0 alﬁreﬂcenfé@& af 1he irbAn M@
2004/ 033598 PCT/ GBZOOB/ 004052  volunme 6 and reactor
AP st HadnS | Pahrupdimeerasepiit the inibxyage fred repectivel n
Tabeg gas exiting fromthe catal yst bed at various
—Tenperatures is given in Table 4. Also shown in Table

Terdpace {Oxygemunts,afnres@ty! [E%EunRIabkHe ﬂ% aﬂPeaJctea 1,3
but adi ene remaining in the as exiting fromthe
cat al yst PBBY exprAé§§‘é€F‘eas a gtéryé@m age Bﬂtit(heleam)un_t 5

IO(pT o al g UI ene, yl erne ar d, S—butad pf esent
the in tIBa| gas ﬁggd respectlo\pely Tab @74 Temp C

1390xygen| %7unr eact @ado% unr eact g %unrea“q@(pl I, 3 ppm
Acetyl bne Ethyl éne Butadiene 100 560 100 100 100 189

15%. 7 10p0£00 1006859 0.3 60 MO 100 1B000. 2 47 100

nrmln fa)

g0l00 up ldl l:)\}gzl rental—Hrgcedure—3 i —sad
catal yst"was | oaded into a|s inlesssé@q tubular

Geﬁ@apEﬁbe;ﬁ.l]Qmm Proé&fural di aneter) supported downstTeam
gl ass wool plug, wth another glass 10 wool plug

A 3HB§?YPBJ§rﬁf Tabshes lgked inen staimesstsend! mhulbopactr {1enm
,mte%a‘i‘ﬁﬁrr‘f@% swpglp%gted downstream by a glass wool plug, with another glass

wool plug upstream. Thermocouples were located on top of the glass wool plug
upstream of the catalyst, and below the glass wool plug dowhstream, to measure gas

inlet and outlet temperatures. A nitrogen stream was passed over the catalyst to

~ purge the system of air. The catalyst was reduced by passing a 1:1 v/v

hydrogen:nitrogen mixture at 60nl/h flow rate and 2 barg pressure over the catalyét, :
heating to 175°C , maintaining at this temperature for 4 hours, and cooling to ambient
temperature under the h'ydro_gen:nitrogen flow. The reduced catalyst.was stored at
ambient temperature under 2 barg of nitrogen prior to use. |

An initial gas feed was then passed through a water-filled container at 20°C, to
saturate the gas with water prior to passing over the catalyst at ambient temperature
at the required flow rate. The temperature wés then raised using an external furnace
to the required value. The composition of the gas exiting the catalyst bed was
analysed. The hydrocarbon concentration was analysed by gas chromatography and
the oxygen concentration was analysed using an oxygen meter manufactured by
Teledyne Analytical Instruments Inc.

Comparative Example 5

Comparative Catalyst F was used in General Experimental Procedure 3. The initial
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In Table 5 are the anounts of  acetyltemnme,—ethytene—and
1,3 butadiene remaining in the gas exiting fromthe
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butadiene and 44.1% nitrogen. The GHSV was 10,500 h”', and the reactor pressure

was 26.5 barg. The amount of oxygen present in the gas exiting from the catalyst

- bed at various temperatures is given in Table 6. Also shown in Table 6 are the

amounts of acetylene, ethylene and 1,3 butadiene remaining in the gas exiting from
the catalyst bed expressed as a percentage of the amounts of acetylene, ethylene and

1,3 butadiene present in the initial gas feed respectively.
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Table 7
‘Temp °C | Oxygen % unreacted | % unreacted | % unreacted 1,3
' ppm | Acetylene Ethylene -Butadiene

121 950 93 100 100
140 900 79 - 100 - 100

180 660 36 100 98

190 560 21 1100 35

Example 12

Catalyst G was used in General Experimental Procedure 3. The initial gas feed

comprised, by volume, 0.13% oxygen, 25% hydrogen, 18.47% ethylene, 13.45%

carbon monoxide, 2.93% carbon dioxide, 0.15% acetylene, 0.52% 1,3-butadiene and

39.5% nitrogen. The GHSV was 10,667 h*'

, and the reactor pressure was 26.5 barg.

The amount of oxygen present in the gas exiting from the catalyst bed at various

temperatures is given in Table 8. Also shown in Table 8 are the amounts of

02

0.52%
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h}ﬁiy{ﬂea@t&{a{ Compagsen ¢fgagults from Example 11 and Example 12 show the

benefit of carrying the reaction out at high pressure (better oxygen removal but no

significant promotion of the detrimental ethylene hydrogenation reaction)
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15 20 25 23 Clainms 1. A process for the renoval of
oxygen froma gas mi xture conprising oxygen, at |east
one ol efin, hydrogen, carbon nonoxi de and optionally
at |l east one alkyne, the ratio of oxygen : hydrogen
in the gas mxture being | part by volune of oxygen to
at least 5 parts by volune of hydrogen, which process
conprises contacting the gas mxture with a catalyst
in a reaction zone under conditions sufficient to
oxi dise at least a portion of the hydrogen and to
oxi dise at |east a portion of the carbon nonoxi de and
wi thout significant hydrogenation of the at | east one
ol efin, wherein the catal yst conprises at |east one
nmetal or oxide of a metal fromthe 0. group of. the
Periodic Table of Elenents, the netal or oxide of the
net al bei ng supported on an oxi de support, provided
that the catal yst also conprises tin. 2. A process for
Chhﬁ;rennval of oxygen and al kyne froma gas m xture

conp en, | east sone ol ef.in hydrogen,
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m%ﬁlg%a Iévtﬁat Iyﬁngr%%%%pggggﬁdgf g@dgt&%%%uirp lcientlo OX]da se at ]2east a
- portion of the hydrogen and to oxidise at least a portion of the carbon monoxide and
without s1 gmﬁcant hydrogenation of the at least one olefin, wherein the catalyst
compﬁses at least one metal or oxide of a metal selected from the group consisting of .
the 10" group and t‘he_'l 1™ group of the Periodié Table of Elements, the metal or oxide
of the metal being supported on an oxide support, proyided that where the catalyst
comprises at least one metal or oxide of a metal from the 10™ group of the Periodic

Table of Elements supported on an oxide support, the catalyst also comprises tin and
24
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ppm or |ess of oxygen. 4. A process according to any
one of clains i to 3 wherein the gas m xture
conprises at |east 10 vol % of hydrogen. 5. A process
according to claim4 in which the gas m'xture
I ses at | east 20 vol. 9% hydrogen. ocess
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alumina.

12. A process according to.clajm\l 1 wherein the metal is platinum and is present in an
amount in the' range 0.01 — 15 wt% based on the total weight of the dry catalyst and is
supponed onsilica.

13. A process according to claim 11 or claim 12 wherein ﬁn 1s present in the catalyst
ini an amount in the range 0.01 to 60 wt% based oﬁ the total dry weight of the catalyst.
14. A process according to any one of the preceding claims wherein the gas mixture is
contacted with the catalyst in the reaction zone at a temperature in the range 50—300° C.
15. A process according to anyone of the preceding claims wherein the gas mixture is
contacted with the catalyst in the reaction'zone_ at a fotal pressure in the range 15-35

bara.
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16. A process according to any one of the preceding
clai ms wherein the process conprises the steps (a)
contacting at | east one hydrocarbon with a nol ecul ar
oxygen-containing gas in a first reaction zone with a
cat al yst- capabl e of supporting conbustion beyond the
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Periodic Table of Elements supported on an oxide support, the catalyst also comprises

tin and provided that where the catalyst comprises at least one metal or oxide of a metal

of the 11" group of the Periodic Table of Elements the oxide support is a zeolite.
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