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WD 2004/ 033598 PCT/ GB2003/ 004052 PROCESS FOR THE
REMOVAL OF OXYGEN FROM OLEFI N- CONTAI NI NG PROCESS

WETREABSISThe present invention relates to a prPCEEB2G00/004052
the renoval of oxygen fromgas m xtures conpri sing
oxygen, olefin, hydrogen and carbon nonoxide and, in
particular, to a process for the renoval of oxygen
fromsuch gas m xtures by the selective oxidation of
bot h hydrogen and carbon nonoxi de wi thout incurring 5
significant hydrogenation of the olefin. Gas m xtures
conpri sing oxygen, olefins such as ethyl ene and/ or
propyl ene, hydrogen and carbon nonoxi de may be
produced by a variety of industrial chem ca
processes including the steam cracking of
hydr ocar bons, the dehydrogenation of paraffinic
f eedst ocks, the conversion of nmethanol to ol efins and
the auto-thermal 10 cracking of hydrocarbons.

PRPZBPE FIORYTHE REMAVAGURRHD ORHEHIEROMN PREKINRgCPITAEEEN; PROCESS STREAMS
paraf finic 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 palladium or
pl ati num based catalyst. In the process the
paraffinic hydrocarbon is partially conbusted, and the
he roduced 15 the conbustign reactiaon is ed to
i e PR B AT f=OR arelars bh MR ih SR Bt iR i

mi)ftﬁ@mcbxﬁiﬁriﬁid% ex @I slefin, HyafdgeR BnPERBESHohYRES Ald, Yn
conpri ses olefins such as_ ethyl ene, oxygen,

rartipdan (et prgessdeathe remevah pbipoean bom susl gpogenures by Ben

selgc?igg)ék%gtion gﬁg&ﬁ ﬂ\ol(ﬂ"ogéﬂ aq{‘?l c%fb%rx%q%&idemﬁ)qgk%% I%tng
Stream nmay al so conprise 1 ow [evel's of “al kynes,

siglifilemehydaigemaionaof cienglefinds, and oxygenat ed conpounds
such as 20 al dehydes, organic acids and ethers. The

a3 RGRIFAFOBPHERS FEYESR, QIaRmHshF Lot HgeR rlarpspyioms,
hycgﬁgé}lr dnla%%boﬁ%orﬁﬁ‘(m%ﬁebé o@o&ﬁé@bx%.v%ﬁ&x%@%ldu%ﬁﬁal Shemical

wn that the presen oxygen in 1 ndustria
propesseainsludingengean nraaking as hydro ¥ @B Othe A3REREgenation of

PCT/ GB2003/ 004052 a.cont anj nant angd/ or poi son jn
g RN R BSHe i S aabaont ahas e 30 shstmaby
crablant srhnpb&rhdig! gas streans derived from

denet hani sers. I n addition, oxygen can al so cause or

cohypitdlin é anateothermgl wicktgwretassamapffivedyidrmgarbon such

ui_pment articularly conpressors. Mninm.sin hi s
ss R RE L e ol a RS S0 eim e Rupefit)
corpdcBaesih Agatelsi B AL a pAIthdalns or platiuee bhded chiaBtiemaye of

equi pnent_shut-downs. It is also known that the

progess dheasaffnicdydyeradonds paitially eppeiupiednand the heat efaduced by
the combustion reaction is used to drive a dehydrogenation 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 auto-thermal cracking of paraffinic
hydrocarbons is described, for example, in EP-A- 0 332 289.

It is known that the presence of oxygen in industrial process streams can act as
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contai ning process streans is detrinmental to certain
downstream processes. For exanple, where the
W DL@fiosBseont ai ni ng process streamis to be useRCT/GBRIVE/004052
manuf act ure of pol yet hyl ene, the presence of alkyne in
the ol efin process streamis undesirable i.n 10 that
it can affect the quality of the polyethylene product.
a ddntdnSin QW of goﬁmV&rt%Xﬂ%stfréa%%&'c%fSésn T %&ﬁhﬂl‘e NSkygen
gas m xtures a so;gtlon using, for exanple
mazsowéamnats é@l@lgéai Stepastsatervesbiem deysthenistry, It hdtitors oppen
| rlse netallic .copper
oo A5 EE3 SRR S BB o S o e PR P gy or
paﬁwmm@toamp@ess@&e dMielingik @ g Y6 Ehdink Yn9RRIPlgHoI8h the hfetlme
relatively |l ow 15 tenperatures, for exanple 2 30
ofthe pgoRsyaE cqpprnadssredusenies equpnenplkaspmast hut downs.
re of gxygen.
o TE BRI fh GRS o RSl A Kol R

conmlmh@p@aﬁss mrmﬂ ® detrimdnwl @S cdrtnid ﬁﬁ’@ﬂstr‘ﬁhﬁl fprdd&@se@ OBpeEr ,
copper acety]ide and t hereby

for for
exﬁ’é‘i’g’]o‘r‘(g?fﬁ thgle &ont@@n@ megesg secapkis g Bs vged ia ﬂgﬁr@e@@?gcmre
f t
o e Pl FERTRAA O Y HL BB Al 0 s desirable n
thndHMamﬂkqghcqwﬂﬂyvﬁﬂmm&h&ﬂname@nxhyﬂrocarbons The

prqcess i nyol ves cat al |ca react.i ng hydrogen and
b ST R Gt o R i LG RGHnE B Mo B and
abﬁd}ﬁﬂoﬂ 8acd O %xhhld, @Weﬂb%dls% L8 Bl ds. hYﬂﬁ@a@@nth\é&et &pper

the reactive unsaturated hydrocarbons. Sui't
bagesk adpsyrptien beds q@mprm emaﬂleccbdppeltﬂlsierseﬁ L@nlarsghdem}ajo(@)lch as

t | ect f t f 25
o B OB B R R SR b R e RERLS ©
terBpRRAFds Sfor biarfp1894s wlfhorcel @b®svek Gush G&isaky §énefe@fy capable
removi ng al kynes, dienes, nmonounsat ur at ed

of wmmmﬂw thew éavclsd}esmh,ag Y pb;n) o ox yege Natadditiohy mﬁ mlkyne,
stre I eans
sl Sk Rkl s BNaed miB o A e il lefoper,
fopihg doSexatiple, ©ab it Uity e M th&8by3boisR@sd theBed.of
nlckel al | adi um and plati num and at 30'|east one of
06@28&@@%@ agePEssivp peatvalyseparplingkydrogendr dath

| hyglfogglpﬁ? Lo S mbd Mé’lh&n%E'dg)%§%5§?¢0%talnlné ?&%ﬁ\% QAR ea

n- con al ning process s

hyproostsoits. SIheqao@ss involveh eatalytin lylredcial hoddgki agl 0:3 g0
2004/ 033598 PCT/ GB2003/ 004052 of hydrocar bans. V%ere
clippnate,the majority of g}@&}Yﬁ@O&SP&)@é@W@M@&% EHAEERp lvsisyel

hy@xlo With tl?éﬁ%tgkﬁ% un@aﬁ‘&xtai/eldquﬁ aﬁchy oft ﬁlﬂtagﬁﬂﬁﬁysﬁfaln%et 0

ve bot e oxygen an ere
prqparetilhytﬂlsinbutlrtg metal(s) and/ohighil pxdes) saditel frantkaelements of

Grouﬁlsglgr}hl%%gh %% fnd’ {}roupr{}l’ﬂ on inert 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 remove oxygen from olefin-

containing process streams such as product streams from the auto-thermal cracking
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5 al kyne, fromthe ol efin-containing process stream
W thout incurring significant loss of olefin. Thus,

w0 bane33sesai ns a need for a process for the reP@aB2@B/004052

oxygen from ol efin-containing gas m xtures which
optionally al so contain al kynes and wherein there is:
no significant | oss of olefin 10 Thus, according to
ofbéroparBsgnt i nvention there is provided a process for
the renoval of oxygen froma gas m xture conpri sing
oxyyesie therolefupeontayinmggredespstream aljoorpapprisenallspres, such as

oA i€ Gt e BLEMA YenBhe bR Hle ARBe ALY IBimd Mg BN, ©

as nkture
I eilsparihcmiam’ it \b(yulzd (bb M@I}Oﬂesﬁxb’lg WIetrQ)vafoxtl@%Sdnd@vhe@@ﬁﬂe&nt

vol u of _hydrogen, which process conprises
a”@%ﬁtf&&? n*f?gol?%ca%mmgmra%s sy Whbent e@%@&&lgmﬁcqn loss
frféstion zone under conditions sufficient to oxidise
at least a portion of the hydrogen and to oxidise at
| edbus, dhqye retmams ofieddfer £ ardoess fomthe xémevahnfloxypeh fiout

i R SRR b SR e ek s 24

the@& isd® Hnifcd®iRt opslgrt ed fromthe group consisting of
the 10th group and the 11th group of the Periodic

TaBlhes, efcoEfingimthe, predent inpemilon dhere pmwded af piohess fert the

or.ted on an,oxi de support ed t hat
reri B SHRRS Enfile 98 ket P EatRE Shigrnlh st Gl DAY,
hy@kete cofbof nigoRldefah@ Bptibie113 @t Radloab RIkGhe, theratiBF bQeleh :
Tabl e, of El enents supported on an oxi de support, the

hydrgeen the grssixtess bpiniggéleasti Irpaaiey ‘{iﬂ@mﬁ @é@lxxgqatto Wﬁgc"rSéS
palttb%%ﬂflﬁle%%glﬁ&%% I,]V&ﬁlgr %CéS? @?rh%g er I oé&m OXIIBP( re

withl cecueiyss it MEaOMd)rdﬁorﬁ&nﬁemmﬁﬂﬂhoh§sﬁﬁae@ﬂ tbfogldwe at least a

Adva taqg%usly, t he process of the present invention
POgieR A 2ng texidise Alges 2 pPpEipn I d1g Grrkasrinangxwidepnd

wn@lg% sg@fawn@ﬁyqi‘ag&ﬁuse em' Rt QW ohsxﬁkaawpg%glotgg 0%919%0 0.

ess of ©Oxygen and ‘whi ch typlic ain
coppnses fat leeg one netal g eride OF A metdhisdlectpd frofi thagionp copgisting of

the L0 GRSt p T Bt Hhe Herirhc ool of Humes i el
oxifdlb ¥ H{eQﬁetWHeﬁ{g sﬁ?ﬁ@rtéﬂ dPW GORCEALERL B dePihaPAHEE FreaNd

hi gh concentTation of hydrogen, for exanple t he gas
Catﬁluy%tqsprl@rlﬁ@s/dt I@Qh@m Igetahcpr dxadesal ametabﬂror%tlm/ﬂ} ogenp of the

ped bl PR b Bt RO OB a0 SR BT e el

corgpiisth €n anH\bﬁfv@dddhﬁatQMﬁfré fhe GafALyaL &inﬁ}ﬁ‘lsg@&t 184X b Betal or
rises _alkypes, the process of the present

o OE e ob e S Wb&l}q&dl%ﬁ@blar)@hmentﬁ theoxide

support is a zeolite.

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% hydrogen or greater, for
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renoved therefrom The renoval of oxygen and optiona

al kyne may be achieved in the presence of high
w@emgesasest i ons of hydrogen and wi t hout any siBei/GB2@A004052

loss of 5 olefin. Typically, the gas m xture | eaving

the reaction zone after renoval of oxygen and

optionally al kyne contains at |east 90% of the

o . .

exMﬁl%e&?ngci}%gﬁgth&t Ileg\g%la? 8ﬁ<€(§?ﬁﬁ Q%ﬁt ?nng e%%gl?ﬁr%kftﬁﬁee&ﬁgg }ﬁ—s ises
alkyngd, tireeprbesay bfithe présentrigeantion nneioécséaotﬂ'h:eygah ehd alkyng todee

o Ao sk RS LT DY, et

thdPréseat € hiBR L6 entrRitins P h}’dro%éhearﬂ' Wt | !a1§y s1§ﬁ1!ﬁ¥41rﬁm@s»s of
pro yl ene or m xtures thereo Al th Oug t he process

Oqurn m@lcitibeé@ﬂasumwém le@wnﬁﬁgﬁ IBectign @ane oftar@emoenl of ygegen

T T T N

redc@esl zoﬂeh ETHREOGES Be af [cAdN @0 PHEBMYHrdgN @ithe @8s in$xture leaving
particularly 15 advant ageous where the gas m xture

theigAgiangesef r om greater than 0 and up to and including

T2 40 L PR R SRV A .

Se(blhﬂeﬁd i sobthaertey plmg&@ ahd anxtoeadidrents Sukabil ths olehig is
dr og engtl on of olefin ho al kane, tends to increase
eth§ DEHEOBYAREH PEITERI6ICOhy dr ogen 20 in the gas

m )ﬁlﬁ%ﬁgﬂ @E@r 121%5&5 of B¢ tp‘?éseﬁﬂ 1H%rﬂt'10ntnﬂ§r fRES o felifove ¢ oxygen
process the present invention e es oxygen ft
fronegz{s\mnktlfremmmrésﬁmgwa bigh peiportiog afadefm, xiaras 95halfodefin
dro en.w thout i ncu

'bagﬁd ﬁ"”cﬁ'} tgl?g’r}g?e%%f’g%f? REcAf] ety tSeFLe atri%fe gas

adVﬂr%atg‘éB@s WRtc GRS InSiR tugs @&ﬁ;%se& f8h g}ea%a%&kpo bAd é}fﬂ% and
i ncludi ng 95 vo %hydr;g based on the total

mqucbny bk, olgfisaandrprefaeahlyo geeattr t2s Ogndivp tapad inebiding 61
VOZ/'S gg % hydr ogen, for exanple, greater than 0 and up
d" i ncl udi ng 60 vol % hydrogen. The rati o of

oxmenikélmdwdmﬁ@éslram Z@Hogﬁﬁitmﬁ Sfactiom, kuthtad€hepr esent
invention is one part by vol unme of oxygen to at | east

hydrogenatien 9§ Olﬁﬁlnl}?rélké\‘le fgpdp Eyiaarease asshie cangpatagiiop of hiyidrogen
h
B e R O L e

invkntior2 éhabies bxygdi@, 18 @enowaddioma slefinrcohtanin@pgemixtures Bdying

to 1 :50,000, Suitabl the gas m xture may. conprise
hi &W@ e iRaRons idndErseh éﬁl%@ﬂt la?urflra% ﬁagnﬁ[ 1c0s logsoH odeius o8

P%@%Q@ﬁfngﬂ@ Ea% mixture may comprise greater than 0 and up to and

including 95 vol% hydrogen, based on 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, for example, in the range 1 : 20 to 1 : 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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greater than O up to and including 10 vol % based on

the total feed, such as fromO up to and including 5
woi0¥p3¥ses exanple, fromgreater than O up to BETGB2003/004052

including 2 vol % oxygen. Suitably, the gas mxture

conprises fromgreater than O up to and including 30

5 vol % carbon nonoxi de based on the total feed, such

gra@serfthan0 g5 Adrinélhd@ng 90 wHI% BasRB@n thd ot HeATsiRh a¥ %r{? 0 up
car bon nonoxi de, for exanple, fromgreater than up

to piyl Wekdingryal¥, foy exsmplecppcaierihan @ap ta andaddudnng@ Vod
‘VBQ}de?Jl efin, oxygen, hydrogen and carbon nonoxide, the
m xture nmay al so conpri se one or nore al kanes

su (Slﬁltaiﬂy,athélgas 1o e kaimprisck Gfone gaaet han 04 tRAM3uding 30
ﬁ%hane propane, n-butane, sec-butane, iso-butane or
Volyp £RIHPR §10cnﬁ§&dé @fisedgauthf‘am%l feedpwich o &em ratepihan ) up to and

nhS3E8n 0985 B S0l 2y GRRS Roll AINSH Bl Y.
indmdmgms&buthnamdmwumﬁlud|ng 60 vol % The gas mixture

0. CO e.low levels (such as | ess than 25
voﬂ%ad lﬁlonigﬁwi# iy PX YR58, laidr%fl@néew P PP BidEr the Bas

mlﬁﬁ?&)ﬁﬁ'd? dBo cOMPAsAShe? nRlrK YMEnessAln l(% all@aﬁ?tf%{ g)&?nple

nmet hyl " acetyl ene, phenyl acetyl ene, ylacet yl’ene or
mqﬁwwb@ﬂ propasf n-bucane,rﬂes—bufaoc, 1a)ehmtp1hceor rhixthads thaeeof.

dr oc ons exa ene, . tol uene,

ot RYTHUS Y EORERRERE o AT B Bien LR &y fpom sl
thaﬁmqmaamadné)wﬁ 9858190 For dx@mpl%dIPHBatePhE DYHES and
lnor?anlc aci ds, ethers, al cohol $ or ™ xtures thereof.

el golh. kyne e.g. acetylene, is present in the gas

t ot g‘?&%% %ﬂ&}lr%%g %eor g%;ipns? O%H/}Q%Flé ué?P aﬂ’: 9’6 28 V{Jg) of

eadhnsf onb RE hidgd ﬁl@erzl@d&f@a%onrmﬁl@om{cﬁf qicB ik yn alikyRENTer Sahple
t han up to and incl udi nlg 5 vol % and especially,
acqtylgms, g&eélatl@‘retxlﬁﬁnpleﬁnub% capEthircebdne gr mivirentheaef, or

diclBy %p&%@&ﬁﬁm@lgg@t&mam dfRa Ly ?&I&amg}*ev b@Lz%Se be

présent gas m xture. For " exa
tolmmt ethglbempene Gigpenese rmxtinrd:suhﬂéoﬁarﬂfox@tgerfatddr h}@ﬁﬁarbons for
ounds. such car bon

exeml §,| a&(ée%y S SHANS acuss ezlzega I@]? or Y@)tﬁgl[es thereof.
SUbRIU AIRORY & 1a0ety RATROMAMS inIE oGARNS! € UBh R Rbtid

t he process of the prese hvent Fon conptises at
of 4lpss, bassdenrtht twital deedoisipdeferabl yarame igedates BlaadX writofandm t he

t f the, 10th 30 d,11 ‘
incHief a0 B St S ro R R SR L D d i, S YB1oe
ancoe@péaalsyq e greatepﬂﬁﬂ iodpdo taﬁﬂnc;Maﬂfgel {19, cat al yst

nEmlses at | east one netal or oxide of a netal from
he

O PRIGFDYIPeIfompeactps shetisditnghis emay algd berpresent in the
gasSrHB(%}Et Fgr %n{%'?e ?ﬁ(e' éjag ik I'iliély 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 Elements supported on an oxide support ,
provided that where the catalyst comprises at least one metal or oxide of a metal

from the 10™ group of the Per%odic Table of Elements supportéd on an oxide support,
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5 WD 2004/ 033598 PCT/ GB2003/ 004052 it also conprises
tin and provided that where the catal yst conprises at

wo e@s3sme netal or oxide of a nmetal of the 11pdiT/GBRAP/004052

of Periodic Table of Elenments, the oxide support is a
zeolite. The nunbering of the groups of the Periodic
Tabl e of Elenents used in this 5 specification foll ows

it atlshﬁco@ﬂﬂrfsemm ByHevided tHaEﬁlﬁBﬂé&l’ﬂéj@ﬁalpét cb rikd3ta€ldagtdnenal
%é{jl on . for Pure and Aﬁ ed Chem stry UPAC). For the
St §5ide Of amegad pitthe { hegronp AT P@rqslwp’r@zsmf Eheglears,ﬂlﬁ@mde
su@o?ﬁ?ﬁtzé oliti ckel , pal l'adium and platinumand the 11ith
roup consists of the el enents copper, silver and
‘golTte nWhberng dighe gtoapy off the Bagedis Fablabf Ekashtsased irethal

or.oxide of a metal fromthe 10 11th group of
sPeSicaan LolpasiBe eHriet B gring r@‘fﬂéﬂ@ﬁl@%ﬂ;‘i@/ﬂ %&%’Pi‘@é’él Hpion
foﬂﬁﬁtéan@A%hed@/@m%s PAT)! B8y fhgta@{nldg\ﬁfeg)ri}ﬁoﬁ’ét f qO@'f y

catal yst,” of the at” I east "one netal or oxid
grcmptcahsmtppéﬂ@reé&nme;n,ts !Ahéclepetllmdlumaarad gdsmnmmamihsdé @toup
ne, net or ox 0:g-)\c}metal fromthe 1 Ith

COIQS? 2%%“%? e{eﬁgnggpp%e& Sév El enents, the netal is

COMPRSe thbaldigf @orﬁﬂiﬁe@@tﬂ@ds&’ She ROAPHI $8& SOPRBA] Rbmake
QX|de of copper, the copper is present in an anmount

1} groupet rtwmﬂwl"&bh obHBerments,che ediaystoomipriogsi ag baasidd.0t he
d bl
Wt%ﬁgasea% gh% té%aélan hP E%gr a %al(yﬁt ?fte‘gg ?t lsﬁgo%pg\%g)grromgie

of axiett®. of a rretal fromthe 10th group of the Periodic
Tabl e of Elenents, the catal yst conprises at | east
0. Breferably; whers shesptabyst eoraprisss af learéuoghmeéﬁl of preidgipfa metal

froi“rf"‘tth@llx&3 ou fofttllgel \Aiglzelaa%ie ﬁ?ﬁt? ytg? Fnefifd sdc% é)rf a

era ere t conprl BS" at
I e&\ﬁtermme camtyst cammmm ctepporf oraanrmdxdﬂ of chpper) theogdd s

roup of theP i odi ¢ ble of Elements, the netal
PIESFB AT R 1B, R TR E?Wﬁémaaed% Qe S8 Wigiglhe of the dry

cath'y@tfﬁHi‘)%ﬂérabBJ & ihBYRge 35 100Ye the catalyst conprises
plratinuam or an oxide of platinum the platinumis

suWheid the priglyentoniprisanatdeastione metal dreoxidengfe Betdll from e

10 B RR A o RS e g eohlig 3 frador
wt%abakd 5h IR We‘%m éft the 8ABdatANE, JTBESAL 1645t O 16taPér kide
netal fromthe th group of the Periodic Table of

of gmeldnt s, the catal yst al so conprl ses tin. 30 The tin

nai"re?&‘alﬁg \%ﬁé}% H{e g 9'11}% && Srls)és at ]Iearllst e RO ox1He OP a metal

range
from the 10" group of the Periodic Table of Elements, the metal is chosen from

platinum or palladium, 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 comprises at least one metal or oxide of a metal from the
10" group of the Periodic 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, preferably, in the range 0.1 — 20 wt%,

such as in the range 0.1 — 15 wt%, for example, 10wt%.
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based on the total dry weight of the catalyst,
preferably, in the range 0.1- 20 wt% such as in the

WO 200g03398L - 15 wt % for exanple, | OM % 6 WIPCT/GB2003/004052

2004/ 033598 PCT/ GB2003/ 004052 The weight ratio of the
nmetal of the 10th group to tin is suitably 99-1 :
1-99. Wiere the netal of the 10th group is platinum

t eVWéigFttraﬁ@Bf Be afetd @t ddup thiti ib SuilB1y199-111999.
prefera , In the range 1 : 1 to 1 50, such as.in

t heherrthemtal of the 18" groupds plBruraxthApIcEEht TatiorH @latigRRdo)

. 0] 5 VW h | .
tin gr?é'iréléﬁ Qf?feb%hﬁ éne 2 rén%e%]fzgllt t%fg%pﬁ @%g% %{%T?ﬁ ra%%g Bgf‘fﬁ 1
- 10, "er E’)l%ﬂl;%iiiﬁ ikabhe 101 D EMRNts and tin, the catal yst

may al so conprise one or nore netals, i d
mealess the baselysicompaines ai eagh Qi\‘}ﬁn?’f%lrfg iogtq%:?é %)J()Ilﬂeti‘elff@% the

b ransition segi i - t :
10 ARg af LR PaP JRO R et SRR ablt iy Bl Dftpris
onér 10Xl FeRal0br oted df3)ethls setedttrbfradithe gnooppomsistinget the

Periodic 10 Table. Suitably, th it
gt eesiey &l the GRHPICRAFRAROLG REMOl D aaRs,

o be b ety R ek bhepete B phatn b o,
Tablet ani um  zirconi um nmanganese, cobalt, iron and

m xtures theregf. 15 Suitabl t . QX.:
TeBHRETY, gh e o R bt T Pl S e,
magg%ea%:zgya]{??roﬁ%f {d#tures gergofl de support may be any

ai T oxi de support. Typically, the oxide support
wi Bhitiidy,ahe iramsittonpoetal xidag pporhe. selsgied Aloneorides ot (hgHBs

.supports includ ilica al uni irconia, clay,
2GRABIY ‘é‘gn%@ﬂasekﬁfﬁﬂaﬁp?(@} @?da’B}Xf/lH ggeo 17 és. 20 Suit abl)/e
zealjthifty, thofletdler $66¢ bt @etdl fraaahd lasthXide eares bE the, Peniodie

silica Zeolites such as ZSM5 and silicalite. Were
Tableenayabeadepym. conpri ses a netal fromthe 11th group,

su as. copper ' - . .
> odie PRI SR gy Fe o VoS URRRS R, B ALARSonide
sulsﬁtﬂthwanad ?hSi?gl@ ORIk ﬁ!ﬁ)oﬁ. Sattable fredpordve sgmdntsgrauds silica,
such as platinum the 2 [ b
o bR. SR, et oA A NGBS ef ef abl y., t he
cat@l¥sit 8ROy adad edlitea PFRERSS, Rblifehe hRRLsRaL zeolites

invention 1s copper supported on a zeolite,

su€ispecs Ml 3 yndoolgadite. supported on zeolite A or platinum

and_tin suppor il
Where the c%?a?ystt ggmgrri]se% Ialrrlle%ﬁ'from the 11" group, such as copper, the

oxide support is preferably, zeolite A or zeolite X, especially zeolite A.

Where the catalyst comprises a metal from the 10" group, such as platinum, the
oxide support is preferably, alumina or silica, especially 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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The catal yst enployed in the process of the present
i nvention may be prepared 30 by any suitable

wo ewhiosxgee known in the art, for exanple, ion BXUGBR®E/004052

I npregnation, vapour deposition and dispersion.

Sui tabl e catal ysts may be obtained for exanple from

STC Catal ysts Inc., Johnson Matthey & Englehard. 7 WO

209441938598 hBETHCBRANI OABASS a & HRbl ¥ oS! sBet e

catal yst "conpri ses a netal of the 11th group, such as
copspyibe catelyet is prephipd by iien-probpegee dVhere ihercatalysh aogprises a

re the gatalyst. conprises_.a tal from. 10t h

mefilafig b of iy Plen A e e sy o mest M b ButiPhated by
imprfegR@load by inpregnation. 5 The process of the

present invention is carried out under conditions

whdhepyocass ofiteapyeseat pyentionns efrriph eutypdenepaditipne sdareby at

[ i se .

65 B KbE ol Gkt BPs e AR 280 Sl toh v
an@ atSlesst X puttioniof tiexdach madondxided pegentiarbogasdhiaxkire & oxidised

Suitably, .the process is carried out at a tenperature
to formyqapbnhigidds0- 300 C, 10 such as in the range

10Q- i : f L o

noufitiyths SLLEH it PR Bl Bl AR 0

sudhaRde tHe ran@0100ar5@° (har absolute), nore typically 1-50
bara, such as in the range 1-30 bara. Total pressure

i nSuitebly.dhgprogess 0f the prenent inugntionliycatriedowat a tatalypressure in

used. ver,, it, h been fou e_advant ageous to
nelTFs Lont bkt bedloln S By Lo Rl QR IEF B

1-30a@s4.  TOtad pfedsur g frrrraideyl - 16 or mefe @dodly ThEbgasnay be
mxture is contacted with the catal yst at a gas hourly

usaghy FEewWyst, dtclas peeny fgurdfo beadvartageayy & qamo. aug theagocass at a
r 1t RRhD. L 1 -50,000 h-1. It wll
uﬁ%éﬁéﬁggsg¥g% tﬁ@&%&%pﬁﬁ%ag?qéﬁggﬂ%??nun1gas hourly
spdte gyehdxture ys ¢amtacttepeitiditie catalystathghh htindy graes seloéty
oyed and the naturg of .t conposi tion of the 20
(Gﬁg% i Geare Phe oo fit Ersfea;n?w@%ﬁ’@ﬁaw HORBPHO D
Tt WAIHE dridBrs8Ra hElvkbdt! @attht bp@eRsNds PR, sHaheva¥aH is
reaction conditions enployed and the initia
deprodes ppabothrihopressuygenplopedemdrihe natutetod thpaconmiositionef the

ﬁﬁg&gally, in the process of the present invention,
£a% "®oncentrati on of oxygen nmay be reduced from at

| eqrpé ext@fQo RBH X yb &Y BlrémBed doork theZins BERAurS Wahd&=nd upon
bel ow 1 ppm and may even be reduced to essentially

therixa¢trraaction genditionssurrioxed and she iniiahcancentpgsion 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.A

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 m;cly 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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Where al kyne is present in the gas m xture, the
concentration of al kyne can be reduced to essentially

worovisosds98 evel s. Typically, where the cat al ystPCT/GB2003/004052

conprises copper, the concentration of al kyne may be
reduced to | ess than 20 ppm 30 The reaction products
of the process of the present invention include water
soRfidn. carbon di oxi de. Such reaction products can be
readily separated fromthe olefinic hydrocarbons
usilihg peaegsssafi th@;mbmm evhniiguie paigelarlp ssefnlywhen thadlefin-

cop MR 04 D 08D Eeh th P e R oibG QW gherpy cracking of
hy&bgﬁgaﬁslnventlon is particularly useful when the

ol efin- containing gas mxture is obtai ned, at |east

i n Asaendingty, dia priagenhnventidnarroraiiescr prokdss éordhe removal of

5 A din Lesen

ox JHRGE S L Brums SRR B ek R BRE O gbRiastasbon
m@asidaiaXd uptoradiat leadtRge AKYHE Whid prbeas toPasRies dt&ps -

hydr ogen, carbon nonoxide and optionally at |east one
(amon%féng FHeashonsy psacarhos it s melechlar exyesa-confaying gas in a
fir§ 966 LR n b EARNsOABNTY B REBLRAD BblsRnRYGHR!

oxygen- cont ai ni ng a st Feactron zo h a
nonml efhglsichdmmabf ﬂamlfnabmgpmdtwmelﬁ oidstsithiomeheyratid of he

rmal fuel - ch [imt_ of ammabi [ ity and wherein
hy rﬂ&ar %roccmyaﬁ%tsrﬁ t© odimes the Stoxeb@n@&rgr%ﬂ of Bydregaghen fos
mo'?_PecruPar %ﬁyée’nr@%ﬁtaﬁ %gﬁsofo? Bérﬁﬁ@ferc'oﬁlbﬁﬁfd Qo Rhrbl3% Qﬁ(g((f&r z{?ﬁn
| ecul ar oxygen-contal-ning gas for conp

Watmntb lJ])stU@ﬂ apooduat Sieamdiompridmgansgenyat least ohe okeﬁn;:llu}deo &N,
i Si | east .one ol efin,

R ottt e R T R

readtidty Ashe( ﬁ)lea%@@ béiboh RY tHeprémReaRAt AomRPQE) mlr?goz{‘leatlo 3k
| east a portion of the product streamfromstep (a)

oxyeepitp §ydrogen oimt dfast aneypgabytvelumaefogegento ateaseapartsdne
L u Q. a eas
ol Bl ey B sl PRe Bt SRR ncial PRy rimet
poﬁi@bﬁfolf eHeeytirdgen aud & &€digd atl1e&aSH partioROF tHe@Artdh hé®xide and
hydrogen and to oxi dise at |east a %ortlon of the
1

Wl@ﬁ%@%l%ﬁbkﬁ/@@ge@ﬁaon W thp atleast oge plefla avberpipdhoepsalasti on
corﬂ rided Gt Bhst oﬁ@ﬁ‘feta‘? BEoRLELE leem ?Jlgdt&i dﬁ&% tﬁ@ér%h%( %{Jnsgs%ng of

mprises at one net
theslé)f @rdnqnhxﬁrtbasﬂ t*herogp ofithePerisdis ﬂiabg ofElerhdis thetnhetgropup
of. the Periodic Table gf El enent s

oxighgf ﬁ’@ﬂ%ﬁta EPF RSUBRPTI QYT GRASPRR R O¥IP it Bdcksrihan
SRR S AR oS o g,
Peridvic Tahlh ofElbuentfsupprtedrRaranacide sﬁpllniret}mfcaﬁl}etmlm somprises
tin,gg orli)tgggd Mt wﬂere)ﬁw cataslyﬁ%gxrntprltseg%t ‘l: stacln%srrtleta?l or ox1de ofa
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, butane and

mixtures thereof are employed. Suitably, the hydrocarbon is a paraffin-containing

feed comprising hydrocarbons having at least two carbon atoms.
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25 tin, and provided that where the catal yst conprises
at | east one netal or oxide of a netal selected from

wo bw4/0335ph group of Periodic Tabl e of the El enkeCit/6€BR1V8/004052

oxi de support is a zeolite. In step (a) the
hydrocarbon may be a liquid or gaseous hydrocarbon.
Suitable |iquid hydrocarbons include naphtha, gas

Oi IThe hyafodbhBbe &edqb hnsx NGt éﬂl’l’t@@letrxlitﬁéc%‘ﬂfr-oxy%gn-containing
Pref erably, however, gaseous "hydrocarbons suth as

gagt Hiebly, theopelseulabexygae-cantdiniriogas issolchdreatygan,air, and/or

| tabl t he hydrocarbon is . . .
Rt Hicuftethye! P e uRGPIE e s caikpbih an inert
gab &whng nittogdepAsdiubiVg .egdrpon atons. 9 WO 2004/ 033598
PCT/ GB2003/ 004052 The hydrocarbon feed is m xed with
anyddifianghiegd gomnpensmisrmekiryjapderhifsordesigedyaSuitably, methane,

e o)'e z S .
LA o AL ST O NESP SN TG B8y oy
stremhecul ar oxygen-contai ni ng gas nmay be m xed with an

inert gas such as njtrogen, heliumor argon. 5 ]
Ad Efih@ SIOMEAOREE TR dIErAcarbra o Belschlar pivegn-containgng gas is

5881 hieflrabByist@akYs Ed g?é?@rablghyw QP& fl"l@rsg)_?cglé(anelztﬂg (r)atio

nmonoXi de, ‘carbon di oxi’de or steam may be co
of hipdrorbait tmixyget-cedaminphgas séquired farmetapieate cahistiof of the

drocar bon to,.nol ecul ar oxygen-containing gas is 5
hy?%”?%?“ %%@FHQP§¥EQH%BQ¥§.5 times, preferably, 6 to

10 T WB&rob i80S hidly BRIpAERE bl & thatdtfyst 1R 1Rl fdl A8 At 2
to oxygen-contai ning gas required for conplete

‘as betlishenveabscityng gnsatir dear W00t ' qaefbrhlydiboxe 3,080iH ™ and

ter.. .The hydroca y he .passed over. .t he catal yst
b P BER I ARTIRY. Bl B ga st Gy g bt e

opHBluacsdk oty gsRatelocit il déheR@Ppdh thd pri3fet ah@BhiireafTeNe

20,000 h "1 and nost preferably,. greater than 100, 000

feqql compogitioni | | pe under st ood, however, that the 15

opipl | : ' L n the

oP LU DO o3P0 Gkt bn FREAF,

cofninirgy gislinto tivyfivsogectidnszone.- Themoldr fatiosf Hy¥fbges & Melkcular
and nol ecul ar oxygen- containing gas into the first

OXYRACITPBIRS BRS CARHETHOAARY BRTePleFangy arayitad they the desired
Uy USSR UL ARG Y3, A
oxXpgeoehontainisg pasos e et rarfiei 0L Aol 44 prafbreblypinathe raie @ toB. -

Ty 050 8 TELCE ST SN AL g 5 L the
corﬁgiiﬁfer%[l g'r(éhgx(i/pgigﬂé_ﬂﬁﬁl?}d%gen%%é&) §s PO Q5RO eohtARith
the catalyst in the first reaction 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 ﬂammabi]ity. Any suitable
catalyst known in the art may be employed. Typically, the catalyst 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 dry weight of the
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contai ning gas (and optionally hydrogen co-feed) is
preheated prior to contact with the catalyst in the

wo poog33sesact i on zone. Generally, the reactant PERGBR@3/004052

is preheated to 25 tenperatures bel ow t he
autoignition tenperature of the reactant m xture. The
catalyst in the first reaction zone may be any

cataiysal yst capabl e of supporting conbustion beyond the
fuel rich limt of flanmability. Any suitable
cat dibgsatakisbimay ba praveotad withepe @ram@rqosnmybl@ prayetecsa IleQre a

;Egr@%ﬁ %13/ §a {)I mjclr:%talg n?élé?l%ﬁlgd 1t 1 eﬁc?rﬁ pl‘r%%tf:% mltrlgea (?roup

13p$4riandioB 05 afethll Wil@Hiabvenche pfbnﬂaértm@yubcaﬁ tr@xhs@ﬂidrﬂﬂ@@al the
and/ or aI | adi um Typi cal or 10 nmetal
trang e mgE! PEaRer being edéfﬁrqnamf@é twhab/avhwh@taéfrt@mployed as
thé’@%d%%g 9Qr 94 txtag/mé \é}‘fgtaz%at%lﬁgg tc%?é@neﬁﬁ ﬁ%nﬁ%%{ of cha{a?}%]:e
suitdblaNor 2@@141/ 08 369 8h &G GBAAOZHABEB5RcludaP Ay, Ftt/In, TSN,

ted e or .nore suitable
Pef PR e SR GBI i 5o 1B atpeic mm oy kb8 or P to
theeGRJ v8di4 bt hs@pG oup 13,
4, u9 d’ or 1%&%%1%&%&?&%‘182 Hggtb%,q },the %(?ormt er may
be é’rttfmahl% tatalystetlad first lhteCtﬁ)ntZIOHﬂ$l Supmrterdetﬁaiy quitaliet er
diff.erent netal to that whi be enplo ed

b
suffr Walo S S aNb SRR o el s s B GBS

: geﬁ?@ﬁmﬂlﬁk%f&'red%@ﬁ%l@@e@fm&ﬁﬁ)ﬁbﬂﬁﬁ@lud(@ beﬁé‘ik?deehtfhﬁfm W Fhithilim

the auto-thermal cracking process include
sﬂmt/al(hASD?ta/hgnma (PAleDs), Ptrlacai]z}bllmtlznporﬁd,/admmn@dlmﬁateand
, Pt .or Pd to he oup

nicgcpn 1 (B AGeEylafonde TR sro0dF Synprb ey be S cobted,

forrafplel AitBheAgDHabl y, catalyst in the first reaction
zone i § supported. Any suitable support may be used

suc Ahasatelystaaxitdempermerain thefipordastiorbzineaeayasitably be in the

su gen 1y preferred, Suitable ceramc
ranggoponG © PDr Gaeniue s e TongesD il i icath mos
pre?éﬂablgﬁl?xghégqﬁgg 90@CHHY Ro4@- A1203), yttria stabilised

Zlrc mna titanate, niascon, and cal cium

zi r Thayhtophaaphateking bﬂ)cesnﬁ[ﬂdﬁr‘swé@@foh&oﬁama? ®e carried

wash-coated, 15 for exanple, with y-Al1203 . The.
outatUNQsphers o1 clevatgdaraisiiree Suakliethe pressure By e o thegprge
frofY tog’}'ba{rgtﬂ%fepa%l%g S?tg géagfasg%%x%&%%%@ g’fé’vﬁtg(% pressures

preferably, int
of, ﬁwleéxemalﬂ g to ﬁﬁbaﬂaemaaalgebeﬁlﬁi@blm 1000C. The

S5 B RS A1 5055 L HIS Aot Sh T e
corﬁﬁﬁ‘% Wngx tuPslbf SBfiXs subh8s Bh§RA pRopTicheR8d ik bl et a9 Een,
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 step (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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fromO to 2 bara, preferably 1.5 to 2 bara, for
exanple 1.8 bara. Elevated pressures of, for exanple,

wWQ@2a409/0539%9ara, may al so be suitable. Typicall ypCT/5682003/004052

product of the auto-thermal cracking process of step
(a) conprises a mxture of olefins such as ethyl ene,
propyl ene and the butenes, oxygen, 25 carbon

i oxi de and wat er. The product stream
eI 952 ¥ :

ri se al kanes such as net hane, et hane,
prAndam a pbftmnmftﬂmmsdlam strcmnxpmdesedtlh dhecytto-therralairagkings

h |
profiof See Pt e b S ERE sp@ BER it
streR® it s8dn83BAckibR Bdis ep (a) conprises 0.0001 - | vol %

oxygen, 30 10-60 vol % hydr ogen, 1-10 vol % car ban
monbbd mreseahihvegion veidl nosi bs idugirated by wey ef Hanperyly apde

roduct st fromst a) may suitably conprise
W“ﬁ. ﬁ@ﬁmawt6%§€&3%Vﬁg‘Hﬁ%ﬁ(6% on@bhydroggn qplo vol %
Pr%ﬁ;m mm‘"}%e‘* 10 - 60 vol % 11 WO 2004/ 033598
ol efin and 0.01-2 vol % al kyne. At
| eAspprersaehanged aolifnd cpabalives REPESHPPIBFICHPEEAS t he
follRYL 0 thermal cracking process of step (a) may be

paSsed directly or indirectly and as one or nore feed
Zedsite BARRirhdatéd@ a0 bkained doiroAldrich €hefichh €opresenmnshed

andgigpddn G S O ST BHEESHGIE AL o1 Ty g S Bgon
wad 5@3?5‘%&09{%9%6%@@/ STesfelRoRARRES 5NANSNOSHs 2RM te A

st was prepared by 1on exchange as follows: 10
soldtaal oftcepfek (Hx hittatkain @siopibed water. She wgseeldvas rtbfm saplg pad the

Chem _cal shed nd Si eve a 0.5
mixtig RGeSt e S et coprtbf SR e RRRE o
agﬂﬁﬁén aﬁ%ﬁd&!antﬁx%ﬁb keyepehal UblatibPframuas $és|selglwﬂ ﬁil of figsh

nolar sol ution of copper

0. OfM (Ea(ﬁ\&)g)m@s@ddnd toettle viegsselr Thvwesseb\gg\?eagatvaaélq“wéﬁo glaad ed
o Viin AR RvEr eg e SuTblnd s ABR &fnine e

supBfa@int Q6R6M, |tﬁalsoﬂlh$elﬁélﬁﬁ@ﬁﬁt}&ntes&bw¢ wasfheﬂ rwath ifoheahquots
vessel, 500 of fresh 0.05M Cu

(25tmbea@b)s@@emrrmé wasess dbe gl wanihan Pﬂl% g "c flﬂtef
funnel lgg\'}e é%:%\ ts%ﬁﬁ ﬁ'aﬁ@ Hie PO aﬁZ&v’eﬂ Hn&’é?qqﬁtr@%'@ aﬁﬁ&sphere at

¢ondi't ons ecanting t super nat ant sol uti on,
13WHEmsﬂhe@hmﬁmaln|ng in the vessel was washed with four
al i quot s

Analysis by X-ray fluorescence showed that the copper-exchanged zeolite A
catalyst contained 7.0 % copper by weight based on the total weight of dry catalyst.

Preparation of Catalyst B

Preparation as for catalyst A was repeated except that Zeolite 13X beads (4-8
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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(25 m each) of deionised water. The solid was then
transferred to a Buchner filter 20 funnel to renove

we@2@en3353ol ution and dried in an oven under a PCT/GBY®A/004052

atnosphere at 130C for three hours. Analysis by X-ray
fluorescence showed that the copper-exchanged zeolite
A catalyst contained 7.0 % copper by wei ght based on
5glof8 1bAVAIPOMRIE hat@ial AXYEGR nﬂ@sﬁere pﬁte&pm@tﬂl Qi@loﬁfsed
Catalyst B 25 Preparation as for catal
watespd atoé d0 enesk pragenferadedisl grerulasaxerbed (lzheswatm*s boﬂed

d from Aldrich Ch d
o MIBR ek dbn R ARy R BB R e A SR

soﬁlﬁ@memhé hattufehPasGRRREsHRYE AagRtkda6 8bid.eThE tif gltaﬁ{lhé§t
contained 7.7 % copper by weight based on the total

disgelvghandd wliity sesperdigrsthen s@dedpuwpd) hatqmrmremsangrsased:to

ufhCpi bl B Anigragaih Br 1S TR GUEY o3 vhse SR VRS
s1&9@ﬂf@§%§8§a£@%§%&@&%&%@% 5g of a 19/ wPt-silica

materi al (ex Engel hard) were placed in 10m deioni sed
Preparation Jofi Catalgt Dresh reagent grade tin granul es were

- added. The ter f.or 3 t.es,..cool e
oS RHPETOE Ah el T rfieaigt rochs el s o5 Ao Gere
usé®l ar  solution. The m xture was slowy stirred and
heated to 50C. The tin granules 5 dissolved and a

El@mmt@ agplypie of therratahsheadt %e v/ Bt and R 1PewpePat ure was
gclra?j%ﬁ%géa?al &]FPC and held at this tenperature for
ry solid. The solid was sieved to
r ePespardviah tas CdreatadyyaClves réﬂb@fbd@x&pﬂhat {?ﬂe@@bﬁﬁm gxran@ks
Catalyst D Preparation as for cata was repea

Weé@(‘é%eﬂt EkwtabalsalnglSo@f the eptafysiared: 7€\éwéw Pi ongidSd 7o st Sn.

Ejé grég %%!; Eag% g ;g cat al yst gave 0. 7% w w Pt
Pr 0 D §h§e Btaﬁ ErC: ion of Catalyst E

A Platpan abmtammoﬂﬂronozats prgpated® ywascingeh edg eﬁft@nge)ﬁxDHt HaO

widh 60 o i e oo (b B R ol S, S e

pldt %ﬁ&%aﬁtﬁIWdﬁiol%”Wtﬁk'Wﬁ aadPs0/38 offcristRb ahd E‘M%d GS57
contai ni ng solution was prepared by mxing 0.77g of

siliet (WsRdsizeH2@nules) and this mixture was dried at 110°C with occasional

mixing over a period of 6 hours. The impregnated support was calcined at 250°C for
1 hour. This group 10 metal catalyst did not contain tin.
Preparation of Catalyst G

1.08g 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).
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with 60 m of deionised water foll owed by drop-w se
addition of nitric acid until the platinumsalt fully
wale@gobisesl. To this was added 50.2g of crushedPEriGB2003/004052
sieved GS57 silica (0.5-2mm sized granules) and this
m xture was dried at 110C with occasi onal 20 m xi ng
over a period of 6 hours. The inpregnated support was
T}ﬁ%hﬁny@eazaﬁact&ﬁfé@bfy%atuﬂg th@wactomh&rgrsaeﬁn %@dfp%éb en
catal’yst did not Contain tin. reparat| on of "Cat al yst
(2@n11 108 ) 6f atmioppherie prassuse sl Cras 120Omin bf Hydogen gasdvas
of, nltrl S, Vi gor ous
nppPung i fotiadts F 8Tl L1 iR SR RES Y
inGUSBRABY OF tBXD Iﬁ@lr-%ed'hﬂe théitfddeh fRMSRENSa MM idRE o
added to 18.0 g of Con'paratlve Catal yst F, which was
zex dyse g nered 9f W negtest Afteobolibg at §406lansder e hydrogen gas
(2§dﬂ?1]rrﬁ%”gh§don§ %BQP'Ehe tg\%erﬁﬁke%gse%n}% ég%g% to]2 p ahd

wd3.he]dntitere uﬁ&amlirehﬂdrége&rﬂov@ &ml|5€hoﬁfs Qe abacsir w‘hs (tl@@pper
exchanged Zeolite A) was | oaded into a 30

Presgpyased £ & bate (\R/ﬁrt%?ug‘?ﬁl@fiﬁralllyd&?%ﬁet er 10mm such that the
ca I
S tbtethend kARl drthe 1B a Gl bt Ife e 6

mcﬂ%t @(ygalh 0.7 fno¥edcetllant, ﬁa)molﬂ./(Bh}\M))@@O@h{biﬁ%Eﬁﬂ)on monoxide,

003/ Q04052 The cataly ctivat .
24%%114 ﬁﬁylﬁ% reRet’s vaish das Passgcf %d e a@rteflmeheﬁaééw C1

bafgzaﬁxqrﬂl%fyénhﬁw)l %ac@%@l@&ﬁh@?HS}VPBﬁ%U Birdsh140C at 1C
drogen gas was then introduced into the

r edbe opmappsiton elbe gafeods muiturdeantidgwWeescatalyst bed wds analysed.

i ncr.eme up to 100 | - 9% e the nitroge
s BSAERERb S Fripeb Bulib et on RSt B reortal S e Da gyt

cofitetthgsn waY dlysbOhdngsh atyebAHerdiiaBiufRuIed by FeRaRR 9as
(250mL mi n") for one hour, the tenperature was ranped

Angiytiva Inptrumants Bicp Gbereslis argegéivendn d abledrbslamder  pur e
Eﬁ}/ngrl&gf&]égow for 15 hours. The reactor was then
to 1 barg (bar gauge) under hydrogen.
SulBseapRt whorepepshencesiabi e fellowihg diffsaices:» a gas

mxturgzﬁgonprlsn ng 0.05 10 m)I%oxygen 0.2 nol %
In Exgpnple et%@eﬁ%vr%wélﬁ@gaéﬂ%e wHfen R Byshogesex e,

mlgﬁtey%(f/ﬂlgg ot mgblg% %/?\9@1%&% Qﬁfﬁl@l‘%%&ygﬁq 42

cat al arg ’a‘gas ho
mad pagelrogehp@ itolo (c@‘HSh/)nm]bxﬁip @080 24 nidlB<tiyléne. The

0 oit'on of the ga eX|t| t he
In ESIRPE e R g o pe it 1TAG e sk b pipeen for 35
mif QRS St t'hé"réa@fbr%é pRR&INESH PY vegSuneby @yai@daphy and

t he oxyge :
The results for each of Examples 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).
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15 concentration was anal ysed usi ng an oxygen neter
manuf actured by Tel edyne Anal ytical Instruments Inc.
wab@4pessed ts are given in Table 1 below. ExanpUBE&B2003/004052
and 3 Exanple 1 was repeated except for the foll ow ng
differences In Exanple 2 the tenperature was held at
140 C under pure hydrogen for 40 20 m nutes and the
gasrhal @éiaWsﬁwﬁ@i@x"vbt%G By Qeltih g RE /@a%ygﬁd& aQuréarBF &by nitro gen
acetyl egne, 42 ol % hydrogen, 6 nol % carbon nono ite
(2508l pin el f%ﬂ@ﬁﬁiwémessurﬁ tEkAI76) 2 1% ttie tAﬂpxeﬁ(hmumesms

e, hydr m nut es, and

140 o Blogb ol LA R L SO o B Pty
inerbmes@Ryiup wwmonﬁ@lu%; while theaa@dsge@fﬂoExwpgﬁéua?nyﬂre&fc%d to
given in Table 1 below. _ 25 Conparative Exanples 1-3

ZeRoReT BPeghedyl Gaginptes. Wietsr heldingtas d4@¥cwpster pmrathydrggen gas
CFAARNSY 3% vty DR Rl (8 Wl AT TS0 L ana

wasdmhﬁhemmban@edhy(hogdnt:fth)"oerlaShohﬁad@é réddta vaas théh

t ube- reaﬁ)or with internal dianeter 10mm such that the
pressyriged &9 T oakg Wdgisdy 04r48§8- i ddl e of the reactor, and

WaSSuﬁéérqﬁ&H%i E@s&rﬁsﬁ' ttﬁ@feaétb%% ga%rdé%fg% /085{?215@%%.05 mol%

mat eri al sed m na
OXPZ, @Zﬂ@% &@4@6@ 4 h@l%:hydtqgsm onasl%acirbyatredotiye, 24

at' the r to under a ream of ni t rogen
Geoioh 1 mEPe alee Shher e rabapecad L e e 1
bafg dird'a aé\ﬂlbﬁﬂly%c@\léw& ? SVWO(’W drogen gas was
i ntroduced at | evel 5 mol % and was i ncreased
i ndihe gempeditign prthQ gasindringshe o4talwktited wakenalysedoGéwe | ow
reduced to zero,over a periqd of 30
R BRR PRt g il SR o e bSO as
coficehfion W i gnafyeed @ngamek 8%%1;1 nich® iAIRGRASIEET
ranped at 1C nmn-1 to 20 and was held tHhere under
Anglitigaldpetruaeas e owhe ssulisam gives in Thilde ddslovor was t hen
Hid gednbR 4 Darg under dry nitrogen. Subsequent
—ﬁ%m-rs—hng-the reactor, a gas m xture conprising
0. (B‘,Samp]e% wdsGrepeayagiesxcert tEatﬁﬁBh%aE}@ﬁW&d ®&Re., TAZrd¥kdhre
K ﬁ%ﬁ 6. nol % car bon nonoxi de, 24 nol % et hyl ene,
Bivf! 86\ RaIo8F  was passed through the catal yst bed at
200C, 1 barg and a gas hourly space velocity (GHSV)
of 5,000 h-1
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The conposition of the gas exiting the catal yst bed

was anal ysed. The

hydr ocar bon concentrati on was
wanakp3ses by gas chromat ography and the oxygenPCL/EB2003/004052

concentration was anal ysed using an oxygen neter

manuf act ured by Tel edyne Anal ytical
The results are given in Table 1 bel ow.

I nstrunents | nc.
Conparati ve

Tal}:té((i"pl e 4 ,Exanple 4 was repeated except that no

al yst was used. The results are

1ven in Tahle 1

bel ow. 2@atafst

Table 1
Conposi t

Cat al yst
ion X

Acetyl ene Et han

yggﬁge%\c f y

30 Inlﬁal‘ﬂ@s LO0PHBBB698]

SR, SRR

pmaml % moll % nDIn%%prr

PCT Ecit 250 $jonpasition
9%(5)(' Ace@ﬁ@ne Ethane

ygen
™% ol etk anp ol

Exal A0-08-0-—2-24 §-:802°0- DO AT at i 5= 10019
Brisd 0.2 %4 100D 9% Ex Ak 2
rakived.[002 O. 01805 Corrr ac2at i Ve 0®00. 2 |22 1000j 0.012
2 0. m:'_L Exanpl A+0--05—0- 0—1—<0-6G620-041
Conpar at|i ve 3 -| 0. 12 24 10 0.014 (Exanplej4
ExaﬁiH}é 205 0.2 24 0[dop. 002 (O 04 k). ve 4 |-<00005 D0.R18
100010.2 0.0 As_dan be n—from-Fablel—the
Conmawe'sé’r of the i%Rent i ptt rempd¥¥) esgehtial | /0'012
aH—of—tihe—oxygen—imitiary pr n the gas m xt{re
W thout jincurring 5 silgnifica loss of olafin
Exafiplet® | e [ethane h&9fng Hé&h det <Wher e |at&i%| en 04
+-S esent— 1t ure, € Pt S O, he
CO"WégtTévﬁP i nvention enahbl és the 2 p1?§(§t§i 0 %‘% 0.014
apeLyI ene to Pe reduced to ess y mninal levels
wit hout el antfi dant o—af o,
Wt oot g1 | 0SS T UI A= =PI d.l
Exappket i et al Pr )g(géu P40 A ﬁn& e of| T¥Pal ys
Conffrafiveaded Tntofaostal nless steed t ubuder rela®? or 0.011

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 stee] 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 raised 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
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(10mm internal dianeter) supported downstream by a
gl ass wool plug. A nitrogen stream was passed over

w0 b4033598 yst to purge the system of air, the PEHCBRI03/004052

heated by an external furnace to the required
experinmental tenperature, and the nitrogen pressure
raised to 2.0 barg. An initial gas feed conprising, by

cha%f‘%és Whre mgd% gn/f;t %ré% %@ the3Rs AN UE @88 Bosiéa Gﬁt‘h@ aRs

noxi de Yo et ene 21% acetyl ene and

exiting the gﬁmly&sbekiaﬂ.'amﬁelyxm]s B@@yé@caﬂbp@ egtweatr@tmndﬁﬁtwalysed
wat bubbl

rior to .adm
by FasErogmioerar B e owreh T sk s gveen
mefeERbATEuRI b g”ﬁ%(ﬁ)ﬁéAnﬁ Bc@linstnfhdaarigcand flow rate to
gl ve 10, 000 V. "Subsequent tenperature 16 WO

Ex @lg/5033598 PCT/ GB2003/ 004052 changes were made in

f.th f i tai )
ZIQ t@g(ﬁﬁ%sq%g ?@%@l Eéﬁg asnttal ?)(IJ' egglqu afﬂiﬁ%{%@ ?égtd' 119tfroéu|3§d
mtdwl@ FERT I@@ﬁtaﬁmgc@muyat@ @tmomcs aanalshsedditioy tlgfa@(ygen
chr omat ogr a and t he oxy concentrati on was

cormatay@edvagggﬂ@mn/%létﬁyé%ﬁlm Oélrsﬁﬁﬂﬁd?%WF@&HBWS
et SR Pl P MATRRRF 0 8 TR Bk

wa§ ffl@ﬁl ﬁ@?e%séd]ﬁorIQ@b'@ %ﬁer T8 hfhutdd @nlsgradh and ﬂﬁrd‘x@gén ng
fyst C at 100C, at which condition the oxy

comanmem ifelt todh Ipyas. AG@ppIH.S hgureen stoeam mﬁwégg%hag T}S8R 1A
t t d th
3.1bBTc ARE FRTEGHUH T (e BUOEUm HiE G Ehgas Bt eed Sofr Y Eon

felllt E%B%ﬁl%a cangided & ob?%@iﬁ fa%taﬁcﬁf 19t MEh8 Dn@hesh MeERMaNd

xygen concentration fell to O.lppm After 116.5
explmurest was stmzatedt Mo lyxdyegsnativadirrelene or etByleppivps deigcted

ure then i ncreased to 150C and the oxygen
“n‘ieéng ?’ls“ﬁﬁcﬁﬁ OB t 0 Qppm and renmi ned at Qppm unt i |

Exambfi@! of 196 hours on stream when the experinent

rm nated. No hy droglenati on of acetfyl ene or
et ythe peovgdsenteal Expergment H}ﬁ@élpreah)‘yheogast frelwas introduced

. ndi ti ons. e
imgnardroa s beeabl R RS GRS enuasion yos o
<0 i1 9 6BE1 4 BAGE Bh s&OM AARENID Keakrabry Steab) tt téhfifaturbheas

gen concentration was <0.lppm after. 16 hours on
drc@pecémﬂmﬁ(ﬂtaed tiRooxtygert eongenization arareased toehfriiat NPe was

eRereRORa! AR 9 0F SOERATOn BF ! SEet s
Exahivyd #ne was detected under any of these conditions.
In the (:bc?ve General Experimental Procedure 1, the gas feed was introduced
into the reactor contalmng 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 conditions.
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 passinga 1:1 v/v hydrogen nitrogen
17
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In the above General Experinental Procedure 1, the gas

feed was introduced into the reactor containing
w@ai0algasys E at 150C. The oxygen concentrati on PET/GBR@3/004052

25 Oppm after 6 hours on stream After 23 hours on

streamthe tenperature was dropped to 120C and the

oxygen concentration increased to 3ppm No

mixf%d Ep&ﬁ'ﬂ/ﬁtﬂo%rag o R Blevdafii@t, Weat‘?ﬂé?ﬁé' 180 V\ﬁ%m@a%@g bedis

under any of these conditions he results from
tempxratpd 5 350ucs, Ternoving &t dydiegen tmpmg@fﬁhwtﬂwded

cooliog B an BopRR oL "BOGRbARY & 12° PRrd fiy b cred

at aﬁ@@ﬁ?fbﬁhﬁ%&t@%%ﬁ@ﬂ 2 Eﬁ?&? of hiffBérpridito @eelis @endral BrPerimental
catal yst was optionally reduced. The catal yst was

Progeslitrmdd by passing a, 1:1 v/v hydrogen:nitrogen 17 WO

"o SE Y EnRL R ARy RALDS vl = e O

tubﬁhr fehétsr (10R1R ﬁ{t@hhﬂfcﬁaﬁlﬁér) 3u;5pmtred dotvasaainrigy 4 blass wool
ydrogen conponent of the m xture and cool i

plugnilesnotihesiglnse soak plugHBweam: {1hGHBIFPIHY it C?té‘g ore b of
the gia%sa wX?It pl}ﬁgﬁ%ssﬁteg&e& thPlatAYRI a%'atbeiogﬁl%rg‘ﬂsk' KRobpder 2

gen prior to'use in Exper i ment al
dovﬁlsﬁ’é&lﬁ edunesidre ghs saastmhé outlet¢cahpdrytstes( dptitroged sn;cam was

reduced) was | oaded into a s%aj nl.ess. s eel %% t{h
paspesEh e CRBR [IRERHEE SEISHREE Ay Aé‘dﬁ‘ﬁ‘é‘ FEJeLNAS P e am
paspé’dS@reglth%st%ﬁaﬁﬂ%t an%ﬂﬁ te érﬁu%&lﬁl@feg&'r@ﬁﬁomé Phdig

ream ernocoupl es were | ocated on top of the
ten@leﬂmﬂe was thepl reigedipsit g saentohal hmacatoethy sequirgddalpel She

t he, gl ass, wool rea
compREra o RIeatrednn e Ped VAR g at L FedBon.s
condemtrft Qn‘%ya@,ranﬁlls}ﬁe dg'ﬂs)éﬁforﬁa%g%ﬂt@%nﬂhl@e SHgke Bdrkn@ation

An 1 nitial gasS feéed was then assed over the catalyst

wanignalysoil Bsing e opEgeataeter lallnltfﬂt?éUfﬁé buileledyns duplyigd. The
m{%ﬂn{g ture was then raised using an external furnace
S I?eqw red value. The conposition of the gas

ExShbld 10 the catal yst bed was anal ysed. The hydrocarbon

concentration was anal ysed by as chromat ogr aph
anth B AR B Feteied PRRS Rakiay SERTTALE FR ental

|
Pro.c L?g grreqﬁ% ?A? %%H %ﬁ@ eﬁy 9% %@ @ﬁ’y%%)&gnpgg'ﬁ%lal%ygr%ggn
15.249%ashyl @t 8 8% carioon rhonaxsdae il 72 Geceebal difxider(. 8 regtylend

0.15:(;@2%?1&%@_117 &@5' ﬁ%,a?‘%d)gﬁg gcciin.C %ggrdlfse\? ‘waE%OABb ﬁﬁ,edatast%7%
volume 3 and reactor pressure was 2 barg. The 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 gas feed respectively.
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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.

Table 3
Temp °C | Oxygen % unreacted % unreacted | % unreacted
ppm Acetylene Ethylene 1,3 Butadiene
98 1150 100 100 100
130 560 100 | 100 100
| 139 4 100 100 100
164 2.4 64 199.43 100
186 22 14 99.0 83.3
Example 10

In this Example, Catalyst D (non-reduced) 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 GHSV was 10,200 h™" catalyst
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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
wEx@aPBIE98 Cat al yst D (non-reduced) was used i nP@GEGBR@B/004052

Experimental Procedure 2. The gas feed conprised, by

vol unme, 0.13% oxygen, 38.19% hydrogen, 16.96%

et hyl ene, 4.03% carbon nonoxi de, 0.28% carbon di oxi de,

voirtef0 a%@%éélrt]cgrﬂ)?(f_sgbr@ Wwhd %’b]ar% Om AHNBREE gl?’ Bi%é%l the gas

nitrogen. T was 10,200 h"1' cata

eXPORA OB §B98taPEThEBROBEH T BHeratured in geved imfiable dactler shown
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4 are the anounts of acetylene, ethylene and 1,3

acgfyjlean ciipdeneaindi lnd pigadipna esengmsthe jitidl gas feedmspbaively.
TS | yst bed expressed as a percentage of the anmounts
-*oi—% acetyl ene, ethylene and 1,3 butadi ene present in

Tdnf}e°CNi tOYgedas (f@achrefap@Cl v/@héacted 2PYSudrehefth 13
Oxygen |% unr eactied % unreacfted % unreacted 1,3 ppm

Acet yl en@Pm hy| entcegileng]i eneEthytamess0 1Botatdene1 00 139

) LN aVal 40N 1

10?.7 10080100339 0-3 6010160 lop%oo.z 47166
00 GCeneral Experinental Brocedure 3 A'3m sanple aof

13@at al ygto.was | ogd@d i nto a |stgwi nl ess stggl tubular
- _reactorl (10mm internal dilaneter) supported

1580wnst rldhin by a |di0ass wool |plQ@g, with pH®: her gl ass

an 1 | + Tla ] o Apher ¢ L anpnat ad ~
U VWIUI uy upPgyL -calt et il UUNT TS OCatcTd— Ot
18%5op of tq?e gl ass %ol pl ug |upstream of {(We cat al yst,

GarealB{RAmdiRaghdesdnesl Pl Ug downstream to neasure
Aggi I nl et and outTl et tenper atures. Anit rogen st ream
S

e eficasalyt veap doadad Hity 8 staindess gigeljubilperegstert @Ryt

intBln31 di ' 1:1.v/
iy TR B B PR i s
wdodpygmpsisai. €Tler@bcdudies Gadralogsied od Sopefahé Figss wWodl kg

mai ntajning at thjis tenperature for 4 hours, and
upstem eighs 6:%&1%-, apkbelow ?}.1% glass wool plug downstream, 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 catalySt,
heating to 175°C , maintaining at this temperature for 4 hours, and co‘oling to ambient
temperature under the hydrogen: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 Was 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 mamufactured by
Teledyne Analytical Instruments Inc.

Comparative Example 5

Comparative Catalyst F was used in General Experimental Procedure 3. The initial
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tenperature under the hydrogen: nitrogen flow The

reduced catal yst was stored at anbient tenperature
wapaen3BIbar g of nitrogen prior to use. An ini PCHGBY@S/004052

feed was then passed through a water-filled contai ner

at 20C, to saturate the gas with water prior to

passi ng over the catal yst at anbient tenperature 20
g@tfedd@miRRE, e ol 0 b ox YRR, 5187506 B?(#dé@n Vf@ﬁﬁ%lﬂaﬁylene

rai sed using an external furnhace to the“réquireéd ’
11\Paluearborhaorevigin 2i60 earbor dichialeg@d3 ¥cttylege thd7%6at Rl yst

e O e e .

was Qe t Tiad irdsunvaso:afeh PEReht s tH%as Brifhiy 48M RBL&hIyst bed at
manuf actured by Tel edyne Anal ytical Instrunments-lnc.

VapeusEERBERBIGSE 2Ra bl ¢16 5 Colgpehawn vie T@t §lays the Enmwasts of

43 P S8 R R0l BTG e b S
bed exypesssiak a hyrcandd gerof thddard itOofLgenylend leti3A%Rnrdriogen,

b éﬁ 42% et hyl glge,. . 11.95% car bon nonoxi de, 2.6% carbon
URAIGRE BEeSerd 1n Big nitak gas dord regpeatort, 3 but adi ene and
TaBle 5L9% ni trogen. The GHSV was 10, 667 h-1, and the

—_Teactor pressure was 2 barg. The anpbunt of oxygen

Tepipe¥@nt] Oxygeine (86 uaxeddtal) |froamreded dtoal yifenbied 128 | 5
various tenperafjures is given in Tablg 5. Al so show)
in TabllePBMyr e { STt s |dfthukene y| erjdButadigprene and

124, 3 butadpene rergining TN G gas exiting fromrthe
catalyst bed expressed as ja percentage of the anounts

14®f acet $b&ne, efBglene and|108 but adijege present in

he—ni feedrespedtively. Tahle 5 Tenp C

+ t1 Al aac
1TC T 3“\’ T
16@xygen $e%nreact &8 % unr ead®8d1% unr eadtled 1, 3 ppm

1 AAf

18Acet yI'epgy EThyl ege Butadie 28 %20 0042316671149
955 36/ 100 89 160 850 18 98.4% 71 1837680 0 88. 7823

10 Conparative Exanple 6 Conparative Catalyst F was
Couse]cril ti.vn ner a!6 Experi mental Procedure 3. The initial
—%Mé@e@éﬂ%’-ﬁo—sed, by vol une, 0.15% oxygen, 23.81%
Compatafe0atallS: IBF%8 8} €28eral Experimental Procedure 3. The initial
gas feed comprised, by volume, 0.15% oxygen, 23.81% hydrogen, 16.68% ethylene,
12.14% carbon monoxide, 2.64% carbon dioxide, 0.13% acetylene, 0.47% 1,3-
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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12. 14% car bon nonoxi de, 2.64% carbon di oxi de, 0.13%
acetylene, 0.47% 1,3 15 butadi ene and 44. 1% ni trogen.

WA b4/ was 10, 500 h-1, and the reactor presBUF/6B20a904052
26.5 barg. The anpbunt of oxygen present in the gas
exiting fromthe catal yst bed at various tenperatures
is given in Table 6. Also shown in Table 6 are the

Tapgn®unt s of acetyl ene, ethylene and 1,3 butadi ene
—+fFemaining—in-the gas exiting from the catal yst bed

T“él%pr@sséé")%na pe?@éﬂ?&@édo % wreaeteding %o uﬁreaceﬂyl ene,
et hyl ene 1 ut adi e esent | tial
gas fedd p?es pect A/ceﬁr@ene gqt 15004/ ogésg diene

12BCT/ GBZ®7J8/ 00405%0 Tabl e 6 Teop C OXydemgo unreacted %
uhreactled % unreacted ppmlAcetyl ene Bt hyl ene 1, 3-

148t adi er?éo 120 8728 80 100 1090144 760 580100 100 187

—io—o—s 6100 anmpte—ti—Catatyst—4 ﬁﬁs—u&ed—&—n—
18 neral§ éperl r%cgl Proce L?ﬁfg The i ial gas feed

5 conprised, by volune, 0.13% oxygen, 25% hydrogen,
18. 47% et hyI ene, 13.45% carbon nonoxi de, 2.93% carbon
E , 0.15% acetyl ene, 0.52% 1, 3-but adi ene and
C Wi T E(%;lg 6 and .t he
agd%ésc? o\? Splisgggﬂc}%né\}]\gs m"‘fﬁ%} r?ﬁed%gﬁ‘rg #Pe ytia) gasfegd

compasnby vasiuinheo U385 oy, ag%flf}@mgteaelsaﬁmw@len@e@ £,
eratures. is given in Table 7 Al'so shown

carpfyn I*if]g?gg’é‘ 0o A% CHEOR Aisuics0.df Y pocialsae M- é?r% 1, Zebutgdieneand
398hikodel HABAIE RN, Lik 4P %005 pEXLLL 10 Do

he catal yst ed expréssed’as a perce
The ppmomitof okygengirgserie, thepdsyxiing fﬁmd thk, oamlybub&ﬂdtt%ﬂous

B e b e 30 ]
acepyabneelkhened EBtenNge %ﬁﬁifng nxf’%g]gé% exitflg B3Rl c&tgﬂrst

140 900°79 100 100 180 660 ‘
bed expressed as a percentage of the amounts of acetylene, ethylene and 1,3-

butadiene present in the initial gas feed respectively.

Table7

Temp °C | Oxygen % unreacted | % unreacted | % unreacted 1,3
ppm Aycetylene Ethylene Butadiene

121 950 93 100 100

140 900 79 - 100 - 100

180 660 36 100 98

190 560 21 100 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
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190 560 21 100 35 15 Exanple 12 Catal yst G was used
in General Experinmental Procedure 3. The initial gas

wo e@wd/0335081pr i sed, by vol une, 0.13% oxygen, 25%CT/GB2003/004052

hydr ogen, 18.47% et hyl ene, 13.45% carbon nonoxi de,
2.93% car bon di oxi de, 0.15% acetyl ene, 0.52%
1, 3-but adi ene and 39.5% ni trogen. The GHSV was 10, 667
ac&ylkne, %ﬂ%/l Rt 2% tRfadRhne %éﬁ'eﬁﬁlnw 1R Gas eﬁﬁflg fr}pﬁlOthglaﬁtalyst
amount oxygen present in thé gas exit
beg amrpgﬁsd a&a@ﬁeracntv@rQfdh@amom@ﬁaa:w&m, éthylgnevaml 1,3+

ool e R el BB e, U S O, 22

Tabieg 1, 3- butadiene remaining in the gas exiting from
—the catalyst bed expressed as a percentage of the

Teaifat § GFyesset y "énelre@tthtjll cheunmedcted 3} Yhunredictede
pr esent he in | gas (f espect Tabl e |8
Tenp C Ofgge %|u r&’g%‘%‘gd 9 @@P%eél& ed /ié #é ppm

12écetyl e@aoEt hyl en@ol, 3- Butlagigpene 120] pf0 100 100 100
140 480 85 100 100 181 34 (15 99.24 100 190 3.3 0

1497 47 10605 Corrpa?r5i son of relé)lQIts from E)Oarrpl e 12 vvith

Conparat;i;ve Exat =€ 6—show berrefie effect—of
18FLh,e pre?énce of f‘. n on the cggczﬁl yst V\hembt he reactign

190s carrized out |at el evated gyrpessure (Pgjf er oxygen

rempvall_and lesd detrinmentdl ethyl ene | hydrogenatio

N—r

Conparison of results from Exanpl e 11 and Exanpl e 12

th t of. | the.reacti t
Coptghir Gretig B blafris T aut ClmuSr gt s o e
bersdfighil Eifeant tHerpeedhéosr 1@f or e catalyki WEGH Bk r@bhyd BR8rried out

hydr enation reaction) 15 20 25 23 WD 2004/033598
q%gg&@gyedﬂgg@gg)xygen removal and less detrimental ethylene
hydrogenatlon). Comparison of results 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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Clainms 1. A process for the renoval of oxygen from a

gas m xture conprising oxygen, at |east one ol efin,
whyanosgsps car bon nonoxi de and optionally at |PEEGBRW/004052

al kyne, the ratio of oxygen : hydrogen in the gas

m xture being at least 1 part by volunme of oxygen to

at least 5 parts by volune of hydrogen, which process

conprises contacting the gas 5 m xture with a catal yst

in a reaction zone under conditions sufficient to

oxidise at least a portion of the hydrogen and to

oxi dise at |east a portion of the carbon nonoxi de and

wi t hout significant hydrogenation of the at |east one

ol efin, wherein the catalyst conprises at |east one

nmetal or oxide of a netal selected fromthe group

consisting of the 10th group and the 11th group of

the Periodic Table of Elenments, the netal or oxide 10

of the netal being supported on an oxi de support,

provi ded that where the catal yst conprises at |east

one netal or oxide of a netal fromthe 10th group of

the Periodic Table of Elenments supported on an oxide

support, the catalyst also conprises tin and provided
Clgmat where the catalyst conprises at |east one netal ,

or R
| TAPEER B e o gt PR o pRSIE Ay . &
1eas?t ondofefing bgdogas oauﬂomglonmldd: andhoptionhldy aileast bee gligne, the ratio

m xture contains 2000. s, .of ox n. 3 A
of e s Ly eEsH la.tﬁ@g%sw%ﬁ?%?n% ol 1 Por BN e g
leat¥6a89@ %y VoIl 6f hydledERh] WiSh pfock@adinptlesvddnlic@hg the gas
hydrogen. 4. A process according to claim3 in which

mixthes widlsa patakystrie ageantion gers wnder eqaslitiops syiicienbp apidise at least a

porg%g égg‘e ﬁgdgqggp r%éé) foeospwl% %‘i ra%’t ngmlngn ap %e%gleoogfméd&lde and
with& @i g B hydrbadhaflot Bf the aglesht o€ bledh Nghet€in\ind caﬁ@lyst
al kyne 24 2004/ 033598 PCT/ GB2003/ 004052 6. A

COYp]PI‘@@é gkleast @Be ek of exige af amstal pelgmediEomile gory gensisting of
theal%agéal%na%d tﬁe 1o Q{Aﬁé 6P Iﬁ)ﬁ%ﬁ%lg Iﬂg elc? E@Qﬂé}{t’se ey mgﬂaﬁor oxide

preceding c Cata yst  conprises at
of the agdtal (Befﬂgvsm%ortmlamchnmxidefsapp@t provadgdgthbt vatfert the odtagzyst

catal y of at | east, on 4 de of
coBlEE Helh OB EPHdS T %@Ftaiﬁaﬁg%iﬂ 30" SR af e
TaklE QV\E en&hﬁﬂg&% on & 0>Aie°sru?§&§ Sth@&ﬁﬂ%jc'a% c‘bﬁlp‘ﬁls@a‘ t[H and

in which the tatal yst conprfses coppef in an anount
providet] hieat meregethe feathlystheoinpirveslA least 66e metal or oxide of a metal of the
1 1““ group of the Periodic Table of Elements the oxide support is a zeolite.
2. Aprocess according to claim 1 wherein the gas mixture contains 2000 ppm or less

of oxygen.

3. A process according to either claim 1 or claim 2 wherein the gas mixture

comprises at least 10 vol% of hydrogen.

4, A process according to claim 3 in which the gas mixture comprises at least 20 vol
% hydrogen. .

5 A process according to any one of the preceding claims in which the gas mixture

comprises from greater than 0 up to and including 20 vol % alkyne ‘
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9. A process according to claim7 or claim8 wherein
the zeolite is zeolite A or zeolite X 10 10. A
w@er@amssaccording to any one of clainms 1 to 6PCTGRRI0GI004052
the catal yst conprises at |east 0.01lwt% based on the
total weight of the dry catalyst, of at |east one
6. rretﬁ\a;brooerss acodirdieg od clainn®imvhivhltiecileshe ik acotylenkel ,
pal | adi um and platlnun1s orted on _silica or
| PHRECSSIaLCOTRINg tg ARYane ) Frgingrlaimsveeran fecatalyst
i [
) Eﬁieﬁ‘é“ Rt Breh bﬁ%ﬂ’%ﬁ"ﬁ%@‘e TR e By, B s one
megdl or hwidd |o~y" a ozt Isylsttedfrdmi ®@ppeygper tistlgdd, sipporeaal onla’Zzeoﬁte
rocess according to claim10 or claim 11l wherein tin

I’srtpresent in the catalyst in an anmobunt in the range

8.0. 04 idéeﬁoac\t\ér%ix%a§ RRiAN ih h\ﬁnélpth@katgtt’y t QMRIIRES &%}PE{HE an

cata yst process accord Ing 1o any one

amﬁwédéémh@mg¢@ﬁﬁ@mdﬁeﬂéwﬁgﬁhe gas mixture is 20
C o%}p‘ﬁ' Sg rae Or ln% EO Clglat ?8y§611%gd}hh€'e€llg %a%%!ﬂ?tg FS(ZJ’%QE 1& or

zaﬂﬁ@@&dlng to anyone of the preceding clains wherein
the gas m xture is contacted with the catalyst in the
10y e 4dtiPeRss 2eneeding toanysmgiof plass Lifed inmwhisk tlmatgeéysl gorgprises at

1ea®. Gt wid - ba%dp({notﬁg al%&e‘f%ﬁ%ﬁﬂ% &rgc st Ega‘cqeas Iggta{ o

precedi fig ere
oxide eps metdl ajlectod frant nicig], qiallhchaﬁltandIpﬁtimddlrsmgﬁéml’bﬂ/\mﬁéh &
1m)IecuIar oxygen-containing gas in a first reaction
alugPe with a catal yst capabl e of supporting conbustion

11.bexandedsh gCC%P([IH?{O ctiiHel 0 Fh&Binl thehde a?L ﬂétﬁfiﬁﬁ? cf is %)yesgﬂqn an

wherein the stofchiometric ratio o rocar
amopytge the renge .01 16 Stwibielmseden tedotahiveight ofi the d@tdacalysfc and is
car on to nol ecul ar oxygen 30 containing gas for
Sup&%ﬁ'ﬁ?@?é Y nbustion to carbon dioxi de and water, to

12.PT AQ#6€sRacdF Rt clftT RSP SARPIT @h&gan?fMQ Sfbselﬁtm hf%%%{alyst
one ol efin, hydrogen, carbon nonoxide and optionall

in ggrarn@Es in tblﬁéarmer@ﬁieto 625vt?/@a;se@4m 0836@8dry weight of the catalyst.
PCI/ 0 0405 actl a ond reaction

13, mdrogre Ragting o gayns AT O M Teshids SEEREe pom e i

corfAc®dl With tHeA4taMgkt #h ﬂh@‘i’éa@tl&{ ZEHEVHD 8 RerhRrAWANA gk?er}aﬁée -300° C

| east one part” by volune of oxygen to at | east
14.part Bropsssvetarding ¢ atypde ofjdw précefing chramaivpsteiruthe gas mixture is

oo ARLER A5 80t 0t 1 bR Bl B

barhhe car bon 5 nonoxi de and w t hout significant
hydrogenati on_of the at | east one olefin, wherein the

15. " A process according to any one of the preceding claims wherein the process
comprises the steps :

(a) contacting at least one hydrocarbon with a molecular oxygen-containing gas in a
first reaction zone with a catalyst c‘apable of supporting combustion beyond the normal
fuel-rich limit of flammability and wherein the stoichiometric ratio of hydrocarbon to
oxygen is 5 to 16 times the stoichiometric ratio of hydrocarbon to molecular oxygen-
containing gas for complete combustion. to carbon dioxide and water, to produce a

product stream comprising oxygen, at least one olefin, hydrogen, carbon monoxide and

optionally at least one alkyne,

25



10

15

20 .

25

30

catal yst conprises at |east one netal or oxide of a
nmetal selected fromthe group consisting of the 10th
w@e@up3mekl t he 11t h group of the Periodi c Tabl BCDGB2003/004052
El ements, the netal oxide of the netal being
supported on an oxi de support, provided that where the
(b) eatastipg in umcpnd Feetion zqneaaétlea@hrepmsoa of the pmdlmtéstm‘anafrom

sen AL P8 YR o b PSR Bl

to aglle8 5GARP by $6Bmetdf Thydz@@e@’(v@tﬁladﬁfiil}fshﬁﬁde‘%@ﬁcﬁtléﬂ‘s@;ufﬁmem to
catal yst conprises at |east one netal or oxide of

oxidige eaﬂeaSb% partgn of the hydiogempant torcrédimeatilesgt zportipn f axe “carbon
mox%%?cﬂ%@ﬁ%m hlaﬁt ﬁéfhﬂgaﬁ H?@r%%énaln%n A 61%% ietaéac oni]f %leﬂ2 Wherem the

catalyst comprises at least one metal or oxide of a metal selected from the group

1® group of the Periodic Table of Elements, the

consisting of the 10™ group and the 1
metal oxide of the metal being supported on an oxide support, provided 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 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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