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WD 2004/ 108638 PCl Y682004/ 1102262 Sel ecti ve

hydr ogenati on process and catal yst therefor The
present invention relates to a process for sel ectively
hydr ogenati ng acetyl enic conpounds in the presence of

WO gPEfiPFE conpounds. The invention al so rel at BET/GB2804/002262

novel catalyst suitable 5 for use in such a selective
hydr ogenati on process. The manufacture of unsaturated
hydr ocar bons usual |y i nvol ves cracki ng saturated
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unsaturated than the desired rodu t  but mhlc
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TRk thauedurs enksplart syG&peshdny ublzag intdes acetiyd eneatshend/ e
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bt over-hydrogenating the acetylene to produce

saturated 20 hydrocarbons. Therefore it is inportant
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hydrogen is present in significant excess of the stoichiometric amount required to hydrogenate
the acetylene, it is desirable to avoid hydrogenation of the olefin to a more saturated
hydrocarbon. The hydrogenation process is sensitive to temperature, which varies according

to the catalyst used. Af relatively low temperatures, typically between about 55 and about
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to the catal yst used. At relatively | ow tenperatures,
typically between about 55 and about WO 2004/ 108638
PCT/ GB2004/ 002262 2 70C, the acetylene is
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call ed the "clean-up" tenperature (CUT). Wth a
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surface area above 80 ng‘1 and the majority of the pores have diameters less than 800 A, In
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vanadi um oxi de or Cu, Ag or Au netal may be present.

35 Wil st nost supported Pd catal ysts in use are of

the "shell" type - i.e. having the Pd present only at

or near the surface of the support particles,

WQSEAGIH0 describes the use of catal ysts in mhirchibliverzze2
Pd is uniformy distributed throughout the catal yst
support, the alumina has a 8urface area above 80 nfg

and the majority of the pores have dianeters Iess t han
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l] a 0 ou Wi !
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which comprises a compound of a lanthanide. The catalyst is particularly suitable for the

hydrogenation of acetylenic compounds, especially for the selective hydrogenation of

acetylenes in olefin-containing gas streams.

The catalyst is active for hydrogenation when the palladium is present in metallic form. The
catalyst is usually made by first manufacturing a precursor in which a pailadium compound,
normally & sait or an oxide, is present on the support. It is normal commercial praclice fo

supply such catalysts in the form of a reducible palladium compound supporled upon an
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According to the i nventi on we provi de a catal yst
suitable for use in the hydrogenation of a 30
hydr ogenat abl e organi ¢ conpound whi ch conprises a

al | adi um conpound supported upon an al uni :
WO 2P characterised in that said catal ys@ﬁ#?‘ﬁg’?)&nm
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the hydrogenation of acetylenic conmpounds, especially
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Preferably the mean pore diameter lies within the range 0.05 - 1 micron, more preferably from

about 0.05 to 0.5 microns.

The catalyst may be provided in any suitable physical form, but for fixed bed hydrogenation
duty, shaped particles having a minimum dimension greater than 1mm are preferred. The
shaped particles may be in the form of cylinders, tablets, spheres or other shapes such as

lobed cylinders, optionally with passages or holes. Alternatively, but less preferred are
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ot her references. It may be made by cal ci ning an
active alumna (e.g. gamma al um na or 25
pseudoboehmite) at a tenperature of 800 - 1400C, nore
preferably 1000 - 1200C. A detailed description of

wo ihe1ekiect on the physical properties of al wmomasafo/ov2262

calcining at such tenperatures is given in
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a\%frggl%g e SRIIES Al GRALAbYSI00SHRPQEL S0 a&ntﬁ\? Btz Yhd form a

e 1n a variety of suitable particle shapes and
wprzalablepriadyy) ?rpga%wﬁw 5l o Re W@@U@ék&a@wm% “he

catal yst by any suitable nethod as will be well

The palladium is present at a level in the range of about 50 ppm to about 1% by weight based
on Pd metal in the total catalyst weight, but the amount of paliadium in the catalyst depends
upon the intended use. For removal of acetylenic species from C, or C; gas streams, the
palladium is present preferably at a level in the range of about 50 ppm to about 1000 ppm by

weight, calculated on the weight of the total catalyst. More preferably the Pd jevel for this
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known to the skilled catal yst manufacturer, e.g by
i npregnation of the support with a solution of a
sol ubl e pal I adi um conpound or by vapour deposition, as

“K)%Egﬁf%%fd in US-A-5063194. A 20 preferred nethod of

ure is by inpregnation of the supporfCHaB&i#ag2262

wth a solution of a solublg palladiumsalt such as
pal l adiumnitrate or palladium chloride, sulphate,
acetate or of a palladiumanmmne conplex. The
abfickiinenh tWﬁbﬁ@sﬁ)OLﬁjﬁb BbrﬂHeWhén E’ibl%‘r ﬁﬁcfr@c%boh@arm S8 e g.
lrye(v)l urére oga S%‘neng L??ypf)t é |p

2 PR sfear” Pt s BE &ty s ﬁsmghﬁ ‘P?d”tgrPépii@F'é@ ®8. 0.1%
tQ e, rgerp prafaraiineieni @2%orbaud0.atendst afibdnk oftraien P O&Igst Brtdhcied for
“dalend QL ARy e SRR Mok 8 cBRRUA: & ﬂQnred 19% tgﬁrst%g? ttran} ~end” duty.

cal cul at ed or neasured pore v e concentra
of the solution is adjusted to prOV|de the required:
Tastubniod ppableadinumundimbhig: ihrdiusdiasto eatahystoy s;ﬁh@r methods to

thcbg]s Hgédqgr théﬁg&ﬁﬁﬁﬁrﬁ %&%ﬁggmﬂf seagso I%( IP gfraa%l E%FHIE?‘E tt\uis-elanthamde

upport, nper a
SHBPHBA 2 Ba it eaais B tig swert supporet olitmthe stiverts Slitibleanluble

comyoudgs tt3edprorhber theetQFéﬁiseﬁasE%hhﬂr@%tch{oﬁde:sh%tat&réngQulphates
ected to treatment at el evat

TS R Blr P P 5 B0 e o -S4 i g Bov e 3t vt o

herapeing 2 gadrrtioxictiicespeeiivss. Feorxagpanploafiomdrain: [:trb\ﬁoter

c&ﬁ{)éuﬁ@i hrdbk %pph@@f%l d BfhddOndidiey (%H{Bﬁé?ﬁgta ﬁ%p@teﬁggﬁtdlu% o%gound

X |un1n% the dried, 1npre
8‘?8? EFYBISL %é&ﬁﬁé’@‘”atbofa atpé’i‘l%?éi”’a?q}?pé“@@@\?é lapgignigde pempound
ey te epilied thehd suppbrymbilegaimat eri al and forma nore
stabl e pal |l adi um species which is likely to be mainly
al | adi um oxi de. 35 The palladiumis present at a
ThedamoiehceproupdiageoBPowrB ol laBbapsi- 6 cabotind obértyement
swedighitorDas €d, PIORd,Fan, et &b, &) Tb hetal Tn@%%'nb{ﬁhl The preferred
o Bl NG BTPHES 2L PELL BT, By 08 SRS, o
“‘é’éfé{”*ijr@ﬁ'V e Cg@j@t@@@%mb mhe€RntenG3cgasust s eanmslly grbsent in the

caraldi aoth s ek S 8 8&8Nor Ma%%ra@ @e}bﬁﬂi thél cés%\égéerlh:ﬂ the
range of about 50 ppmto about 0O ppm by wei ght,

cal cul ated on the weight of the total cat al yst. Nbr e
The efiberad yonbler ®cpbevies plegmt dthi endABN 0047 108638 ppmw based

ongE ﬁiﬁ%@& ) ngc?tﬁg Iwe@htad? Qzleg&ﬁtcétg st' rﬁor% pre“el?aeoly 90”9&06 pPRPMW.

rocar
vpBeal mcéergs 3 Cﬁirﬁmacoﬁ‘%‘é{@ Xeg i fior R FOrEHTE B 85 s £500
piryyi lo adtblysts orelkaidesa sighi gheentlaoadispg —@fg. paldadbM h@neg
hgjrécar@ong 9105'104% p@%‘é gt: n%f E‘]F ‘?el%l g\‘gl%utter O%ygbefl%qeaseél up io'e. g 5%

by peipht. @hﬂﬂfowﬁtr@iloméﬁd Eéa@'ﬂ@ row%metah@ peefrmetty in the range 1:0.5

- - e thofegefbrabla incad ahyst:1§or 3’5 ront - end” duty. 5 The

| ant hani de pronoter conpound may be introduced into

the catalyst by simlar nethods to those used for the
t perefacRdihetdernsounddbref@hiay albsihe Entehide taomoofd iapeedrbhigin a
Ia§@4 & oereaF th@ surﬁx@é Bﬁﬂé %por@ @Efnﬁ)é% B cgﬁwst@@of'tﬂgp% ?&“{?ﬁ§ qbl

kno n(% toru Iﬁ‘ﬁ i h {P onto the su

o %ﬁé & ‘EJE‘H&% wFoge ’OBrUﬁB?f@FC'@?'Msaaéatﬁiyﬁfr"aw@sh iho
afis canguinemt s @scentrhied in dektivedagh atyeseantk %@Tab&@r 610
meﬁs@acha%emgemg%e trgm“ﬁtlt]ﬁ‘ner%%t%g%%tglpst ekt .nggz’sg

%e i ntroduced onto u g
SEHEHY ot AR PCiy? layir nsyparospled Prired. tharfacsh slseprrt in order Lo

ingodvatits casisaficd t@ttiodMYdally in preferred catalysts the Pd and preferably also
the lanthanide compound is concentrated in a fayer up to about 500um from the surface,
especially between about 20 and 300 um from the surface of the catalyst suppoft.
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conmpound may be applied to a forned materia
conprising a supported palladi um conpound.

Al ternatively a solution containing both a pall adi um
conmpound and a | ant hani de conpound nmay be applied to

wo tdeerissspport material. 15 The pronoter conpoundric:204/002262

conpound of a lanthanide, i.e. a conpound of an
el enent selected fromlLa, Cé& Pr, Nd, Pm Sm Eu, &,
Tb, Dy, He, Er, Tm Yb and Lu. The preferred pronoter

ed fr und of ceriu
o) S TR SRS bt s e
wémrmd@cmb@umoom@end amithannder ccoowpm)minsh!d alladuriabhyound
&T@%@é&%nt'ﬁo@dﬂ%@S@%ﬁ!Wkﬁsed & thB GOk ai@@sliogg adperbmoter

he case of cerium
ﬁOKWPWHH%Wg“Q SE)'F%?H)‘((%P I CONPBLIAG GeEUPragdRitimatr lggthanum, and being
rcaroen bratdeorutiof of® — 2:800mppavedbasOyeign of the o eATayRr
metal and the weight of the total catalyst, nore
_@{eferabl 50 - 5000 ppmw. Wien the pronoter is a

&P WRTSCBREBIENE of e Myshien frshiet tp stinwe nedrie Testnic dighprsacbBlenes,

for &5@91835%?@%}/(&1@&@& A H@hﬂ%n@@@r‘h%’ldﬂh Q@eaﬂwsm gher
Tﬁoncent rati reat

O S0k Bk Shofl Al e deeh bl S Rl ey Bupeigpeiecialy up o
ghrorbter Tayertrerdtyie veasedouertodsaipgn the Uperbingwedghies but
iJJ},‘%H@&Mt@atﬁrﬂét't@mg—:fratﬁr@s EQWE@MC’E‘\H '76’60 Qﬁ@&ﬂﬂ&ﬁém@%&tﬂ eg, 2 tween

in the ran re pr

BoE Rl T ulhe EopiinS grae Tagpens oerer Pl othbe
pRaht.and preferably al so the | anthani de conpound is
present only in a layer at or near the surface of the
support, i.e, that the catalyst is of the "shell"
Tig percetsiant gataik ghie fiattion sl bgdethendesetbe tip (e following examples
hydrogenation it is beneficial to use a catalyst in

1ch tive . .co nt is concentrated in a
TAMQn of ecatalcr FrntencriTPO ] he surface in order to
Awii 2958 eoftele calnl siorlias (icaly 20mEcng Rsassico@amywicidhet hed then
na;;édl Wi 3@@§ alaxqﬂert%mah.AMG&QMJL%&%%&%&%%H *65& t¥len

ace

I ve ocat ed beneath the sur
gL E e FSlr Gahot MenpHBrenT PLORasTSdrERy 6l 200 cm’

- Tat tatblystowers Pyeptraxtdd xysmurw:tmm@ﬁﬁmnyedg@abtajoybst SHves0Bd hanhr at

iepdrs?i ﬁJLf?sbét%O‘Sﬂ $2n g&njagd va'{’m !?&j(% bsggtjémrg% amibfeﬂt tem{a%rgture prior o

concentrate Fayer
C%@Fﬁﬁ%@“he@ébe0|ally betmeen about 20 and 300 pm from
the surface of the catal yst support. '1'O 2004/108638
PTQC{ %&? / %#2 erred :ji
A

at al &% & é§%s§gﬁ?elnv%ﬁ?%ﬁﬁw%%ﬁ% m%“%m W"HPUﬁWﬁ%EMtD
t*i?a’ﬁaﬂrivﬁ a Q%SUB"BEBY tragpeelecipal 9.8 U el & orspeumel 28ndr geuge The
c@ﬁ@ﬂﬂbﬁbf@@@@ﬁﬂ&ﬂwﬁﬁald pal | adi um conpound bei ng

%rtmgg} qt/Soppnw 5 0O ppnmw based on the wei ght of
[}%é cat%ﬁ?ét said pronoter conpound bei ng sel ect ed
qmﬁﬂhmwnwahﬁwumd of céfd um gadolinium or | anthanum
Eaitnbekngs> present agpa concentration of 50 - 2500

BnM/based on the mel ht of the total catalyst. The
F& ‘BEFEIAHA catal yst '®f the invention is useful to
Nitexgeve acetyl ene anduhiagler acetyl enes, for exanple
nethyl acetyl ene and vinyl acetylene fromolefin

streans.
The cata!yst bed temperature was increased in ca. 2.5°C steps o acetylene clean- up (Teur)
which was taken to be achieved when the acetyiene concentration in the exit gas was 3ppmy
orless. The experiment was continued by increasing the temperature by 1°C steps until
termperature runaway (Tior). As soon as an exotherm was detected, the reactors were
quenched with process nitrogen to aid cooling and thereby flush out the potentiat reactants.

All gas compositions were analysed by gas chromatography. By comparing the inlet and exit
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Typi cal processes operate at pressures between 10 bar
and 50 bar (gauge), especially up to 10 about 20 bar.
The tenperature of operation depends upon the
operating pressures but typically operate at inlet

WO 0BHHEPHt ur es bet ween 40 and 70 C and out | et PCI/GB2004/602262

tenperatures between 80 and 130 C, or higher,
dependi ng on the requirenments of adjacent process
steps in the plant. 15 The process and catal yst of

é Hené/v%@t Q&Q/Ie c!)mg% nl‘éEL ﬁ%n t?]%?%atubgg,glwﬁg Fagculated from the

76w ng festi
f"-ﬁ"fﬂ’i“ﬁ%ﬁxi}éfﬁéoﬁondl t| ons) About 20cnB of whol e catal yst

pel I ets (typi%alhy.R0KHwGng)- magmf:ﬁ@m%mqlmwel ghed and
then mxed with 3159 of an inert um na diluent. The

wobarealhsit) iathd indht leuenf acehieraadwas-dhenh2uteharigedeto a

agaleriear reactor having an internal dianeter of 20nmm

and a capamt of 200 cnB. The catal ysts were

%‘@”? %%%ﬂl@ar 1L IEpRAG! RioY H-MIBOIRRYY Weethlaiateady g fologHgy
DG°Ar', for at least 3 hours at 90C, then purged

with n| st cooling to anbient tenperature

pr| or to %gqm%wr}%éﬁ'@e the test. 25 A nodel feed gas,

wHESloged iR Sty s%te%tnﬂ? 284 58he &%ﬁ{sggﬁgel(g\{] ont - end

conditions was fed to "the reactor at gas hourly

space%gglociicyHof, -FCRNIRE Hat- (@Y. gestoe of 20 bar
gauge The conposition of the gas feed was: Acetyl ene

/| mol e% 0.6 Carbon nonoxide / ppnv 100 30 Ethylene /
Epastded 30. 0 Hydrogen / nol e% 15.0 Nitrogen bal ance The

1GakAbdtphad ’ctC@'}SB%rFﬂJtéﬁﬁ%eW@ﬁnrb@Qx%@ﬁ @fq:eh&n ?oagwo%r c%%lyst havmg
?tegs to acet%eene 1cI ean- 1:Up TcuT b 5 whi ch
8 b8 28T 'BURPHAEN ¢ fE atetarineate 86%%%‘??%%”6’#%'% %UH@D”
inglg torrg ais3. vers d&m@mv cyliodricklggtiets, Dheprexipedtirdtdniemwasiure with a

cgm+mm@af ah Q&Je%aégm.oﬁ be. m@frﬁk@g rﬁexgﬁdﬁa% gntd%gﬁad;u.n

unt | erature runawa ﬁlél
n'gi%ﬁhféf'?ﬁt%fﬁ' ettt Edre RSt da eoregniipdereof tfw@ﬁ@h ggfl palfadium

invihd ﬁl@tb@@f@SSd}lﬁHtéclrtogﬁﬂucie(h cﬁate@sﬁ%lﬂg 0@ réqiited &am{@yf eabusbtal
C as co S
c%oukéﬂ eTlﬁsoﬁlgth)dbg\‘ pr%%ﬁn(ﬁjaaguhé?rted CataHg corgg/o Erg% é}le SP] cgl eH

wer e ana
R RGeS RIPHONS VED PN OB BB BT EDT0a DO2eBENG §toral was

daeed yhenen hieel fourd el iMdaReted Qm@r"@hr%lr f@ﬁ fo@f %ﬂ)hﬁé%‘eﬂect

demtnp é%ﬁ beh ?o @j’_@’a g%rﬁiir)l‘! Eg:n Ipe%ﬁﬁ% mtﬁa;qés t‘e Eﬁ%?%@f 'fhge catalyst
W@@@B@ ppder Xrome@ds cotlltipes CERThed #wve brel thatestltsleeveowofn
TRGEY yh?é"a%iecmg wab CARR QM b dARLRMIR REan k& L cgt\é@gt 9he

e
resui?s %ow r]wai compared with the unpromoted palladium catalyst, the LOT —~CUT operability
window is wider and the selectivity to ethylene is significantly better using the catalysts of the

invention.

Example 2

A catafyst containing gadolinium instead of cerium was made by the method of Example 1 but
substituting a sofution of gadolinium niirate (made using gadolinium {l11) nitrate hexahydrate)
for the cerium (Il) nitrate hexahydrate. The Pd : Gd atomic ratio was 1 : 2. The catalyst was

tested under "front-end” conditions as described above and the results are shown in Table 2.

Example 3
A catalyst containing lanthanum instead of cerium was made by the method of Exampie 1 but

substituting a solution of lanthanum nitrate (made using lanthanum nitrate hexahydrate) for the




10

15

20

Et hyl ene selectivity (wth respect to

over - hydrogenati on) was cal cul ated by the foll ow ng
expression: 10 %Gc2H4 =100 %Bc2He where %bSc2He is the
et hane selectivity as defined by the expression bel ow

wo LR fee3de = (((C2He)out - (C2HE) M/ ((C H2) (@H@h@{eeﬂ}u}nzo

x 100 Exanple 1 A catalyst conprising 200 ppm Pd and

the required anmount of ceriumto give a catal yst

havi ng a Pd : Cc atomic ratio between 1:0 and 1:10

was nade regnating an al um na support, 20 in
GeFem{IGr ?Hf%? “%*ng -2 @pninaiia el 1 el Thecatalybiywas tested

S@sajrbmgnatcon Goms be opetiat WbeyeWnt heaefad s4lsAha0H 1ahLBe

of an aqueous solution of cerium (Ill) nitrate

hexahydrate and palladium nitrate sufficient to fil

the pores of the catal yst. I#ble iconcentration of the

Ceri um and partgdium i the spEgtiorpwesT agfested ot ¢
rtoice aFoatcddry St - Bawionge the reqw red amp untlﬁ]%)]tT ea};wc Fa
netal conpound., This nmethod of %)rep(a‘?ﬁ ng| ACsuppor seldctivity

Catreliyst c@hspaurd by the So-ca 25 971 nEi pignt 900

et _ '_' method-{i-s vvc f ||UvdH—"-E~6—-{—he Sk ed_

or’g t%‘lb't%l ne’ﬁ38 The resul(%l ng nat e??’l I s | dri%d af 92.3

£2@8@¢iH ai r CPor (3 hout s0-and thersthelated tp 45@ C in 629

Blhpkat {0UEcNOYrs toelhfect—degg tirifgcattongie—tQ;
rt the ceriiumand palladijumniltrates! to oxidic ]

‘%@Eﬁeéﬁg Th&®catal yst' "ds t est e Und&r "fromb- end” 944

mxamdicticons as descrl bad2above argt tjhe fsesul TS7arel gg3

!f" thl e-t—The seleetivi-t.y-was—calcul.at edlat
i PR 1L ah- up- terrper atUré for each dat 1I5yst. Phe 30 968
E’rxemgibﬂs shoGet hat conpared wi tih 48he uspropot ed 83.4

Fahbgdiumcatatyst,  thestOF—QuTzopergpt+i+ty—-w-n

is widerland the selectivity tlo ethyl éne is

significantly better using the catalysts of the

i nvention. Exanple 2 35 A catal yst containing

gadol i nium i nstead of ceri m was made by the nethod of
Exanple 1 but substituti nmm uti on of gadolini um

_ Gte. The atomic ratio was 1 ° 2. slaﬁeectivity
C@S’t"ﬁi‘%%t We¥ tested under "flrdnt {ERd" qotiditi onsO%e

Griltlysht e ( RedeteusPagpgeadet | ni Yn&YT 1] LOT tir adBCUT | % C,H,
hexahydr at e) foheﬁah%to%ﬁéﬂam (k] ) nidyrate °C)

rdesgiezbedcabove] and the resulltss argoshowisi N Tabl & 2-

mle—3—A tat-al-vst—econt-gi-ni-nd !ant anum-i nst

4.0 LY
E’->|-( - e%!lp E o v Latary corTTagt g
015 2eri umwas made by' the met/H8d cfﬁgxarpqze I bu;tg“’1

substituting a solution of |anthanumnitrate (nade

EtSin |g4l ant hanum ni trate hexahydrate) for the WO

T2 08638 PCT/ GB2000/ 002262 9 cerl um (11 I? nitrate
H’&?ﬁ o 4PE MafeoBaN N (PPRINGHTE Pt (d8siqited fa) was unppanoted
acatrelojfst (Apentaget ediunundepiolriarentof @adte eondi. tTHeRSt28Sts were

p%%%ibp%r%gyﬁ o@ﬂg aﬁunﬁnars%ﬁwrhﬁih%ﬁgeoﬁg (s)%io;’uep of-lp_J%h)elid?urr% fand

cerium, if present) nitrates according fo the general procedure described in Example 1. The

catalysts were tested urdder fail-end hydrogenation conditions as described below.,

Testing of the catalysis {Tall-end conditions)

20cm”® of whole catalyst pellets were mixed with 315g of inert alumina diluent and charged to a
tubular reactor. The catalysts were pre-treated in-situ with 100% hydrogen at 20 bar, GHSV
5000 he™, for at least 3 hours at 90°C, then purged with nitrogen whilst cooling to ambient
temperature prior to commencing the test. A modei feed gas, designed to simulate tail-end
conditions, was fed to the reactor at a gas hourly space velocity of 200001 at & press.ure of

17bar gauge. The composition of the gas feed was:
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Table 1 Catalyst Pronoter Pd : Ce atomic ratio CUT LOT

LOT-CUT % CZHQ (O (O (O selectivity Conparison

None - 57 97 40 90.0 Exanple la Ce 1:0.1 53 95 42
ample 1b Cc 1 0.5 55 97 42 92.9 Exa

92 3
wo %B“%“"f“gg 108 50 93.4 Exanple Id Ce 1 : 1. 25%@%‘3‘/@%26

94.4 Exanple le Ce 1 : 2 5%0115 57 96.3 Exanple if
Ce 1 3 58 115 57 96.8 Exanple 1g Ce 1 :4 58 80 22
83.4 Exanple 1h Ce 1: 557 58 1 63.05 "' Table 2
acatiahey/stold® oot er 1R@ : pronoter CUT LOT LOT- CUT %

4 al (atqm.c ratio) (O (C (C selectivity
H%rrg?%‘g“’”éog%’t None 5%& 40 90.0 Exanple 2 Gd 1 : 2 57
Effoenabnga’»3 Exanpken® La -1:2 58 110 52 95.1 Exanple
4 10 Two catal ysts were made contai ni ng 400ppm of Pd.

e (designated 4a) was unpronote and the ot her (4b)
R S b VRt el e 4 T E LA
tenpeTeiiee Catahjist saneken tope epared whin thérpdf%)gamatcbmﬁn@fhoﬁ Rene
e(ﬁi éHQm%@ 35;’%\’3&%83 Wl'i\ﬁ gs enﬁgé‘l'ﬁcbﬁ Q/lerlétalngl g Ig a(':ﬂﬂ%?&'{tc%@phy By

cerirum nitrates acor
Ci’j@?ﬁ’é‘P%\ hemi%@aﬁja%ﬂ@ca@@e? ekl apHy! EearpsEsion at Fhisen temperaure
(Gatad Mﬁﬁl&e\%ﬁe@twﬁtﬁ&br@dzaumﬁl@ﬁ usinaj the gatoyer é@}gﬁtﬁ)ﬁg B for the

frgrgréqP és&%f@%ec? oc\:fge '1%%%3 ne makje :l'lgf)értﬁ‘%g# ?‘9*}\?’?& cés ?butene and

end 'condi t 10N
treng Hbyete) ped et S-wkgdtengimesselaitba flea@lBderoferatime mias adlatdtaizas
idlbldient and charged to a tubular reactor. The

cat aI r re-tre itu with 100% hydr ogen
at 20@ \A%QI%{FDWEO@@@ ”te“e\x%r%tafta' Juengt @ Hours at
a@@@mla‘rlmmu&huw&namahe nit rogen whi |l st cooling to

antl e AR BRI ublleRE), | LERIIRACIDA | he test. A

nodel feed gas,_ designe ate ta end

.TE%WaﬁJ'iS@%%“OstTaP?& 9 SP%a ﬁlé@&qaawma'to\f%m%@ efftylepe selectivity

wapate Ceeroaitddtatiys2008h 'In atditian p)n@.s@ H6ls of ethah &Y to over-

h%%%ﬁitgghg%%g%%éiﬁﬁ?%ai@E%dlg 5 an pen\év‘?} ale s\s/g%ﬂcantly reduced.

These materials are not present in the feed gas and are formed by oligometrisation of the C,

compounds. They are thought to be the precursors to the “green oils” that cause catalyst

deactivation.
Table 3
Catalyst Pd: Ce CuT Ethane Bufenes Butadiene CaH,y
(atomic ratio} | (°C) make make make sejectivity
_ {ppm) {ppm) (epm) (%)
4a (comparison) 1:0 38 217 45 3466 97.8
4b _ 1:2 43 107 93 346 { - 99.2




10 Acetylene / nole% 1. 00 Hydrogen / nole% 1. 05

Et hyl ene / nol e% bal ance 5 The catal yst bed

tenperature was increased in steps of 5C to acetyl ene

cl ean-up tenperature (TcuT) which was taken to be

achi eved when the acetyl ene concentration in the exit

gas was 3ppmv or less. Al 'dJas conpositions were
clai@gal ysed by gas chromatography. By conparing the

" inlet and exit acetylene | evel s, acetyl ene conversion

tu | ect .
R L R R L e T
consfsty egshetialh0offa palpdiendomesingd sdeoded tred sabopet mFetiallselected from

t[tanﬁuhﬁﬂﬁ‘esﬁaﬁﬁmﬂah@airo%l-gnngfﬁa ]a %LﬁtﬂQumﬁét@ (,%mQMt &g m'w&ie of these
S-2- - but adi ene nake at

COmEWUQ%ChaEC%Sﬁﬂé%taf‘&fﬂa Cole iPedpapiers GE0or 1 gyginande wharei
the dBurbie ragio nfefldao [apthanide isin(thotaade Lt ene) 0o"i - (t ot al
but ane);, , (ppnv) and simlarly for 1, 3-butadiene

2. (e AR & DA bR By ggigﬁéaghiﬂﬁ);h Table 3

and show a significant inprovenent in ethylene

3. A %@(EI?&%& Vibit¥d inMHRR 1 oD BaifnSs PHATPHE e ST RL YishetbSiel 8% thh Pange

0.052 diition to |l ower |evels of ethane due to over-
RydP¥Yenation, the level s of C4 conpounds (butadiene
and butenes) are significantly reduced. These

4. A %E@S& 'a@!:lg‘im@& ﬁ aﬂ?gf ’tﬁ’er E’é&@’ﬁg H?tmts %e%z?% cggg/stqpq i ngrm_l_cﬂc shaped
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t hat cause catal yst deactivation. Table 3 Catal yst Pd
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ke selectivity ~Ppm) mm 4a
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93 346 99.2 11 dCdains 1. A catalyst suitable for use

6. A b&lalisies HydegenRat 5 WheRin tde BMSHRRAY SRAIRARY 8 aQBESIUNS of cerium.
conpound which consists essentially of a palladium
conpound supported upon a support material selected

7. Afcpighfst asiclalifdd amegnelstha preatdingcieins wierdin the akiiadiumds present at a

levelGrdhe rang atl 4860t 3AHEM eI 1 B by AeifAt$hiblRedfs HdHRSA and the weight of

ﬂmt&gqgg&gds characterised in that said catal yst further
ontarns a conpound of a |anthani de wherein the
atonlc ratio of Pd to lanthanide is in the range 1:0.5
8. A eatdlysbas claimed in any of the preceding claims wherein the lanthanide compound is present

at a concentration of 50 - 5000 ppmw based on the lanthanide metal and the weight of the total

catalyst.

9. A catalyst as claimed in any of the preceding claims wherein the atomic ratio of Pd to lanthanide
metal is in the range 1 :0.5-1: 3.5.

10. A process for the hydrogenation of a hydrogenatable organic compound comprising the step of
passing a mix{ure of a gaseous feed containing said hydrogenatable organic compound and

hydrogen over a catalyst as claimed in any of the preceding claims.

11. A process as claimed in claim 10, wherein said hydrogenatable arganic compound comprises

an acetylenic compound.




2. Acatalyst as clainmed in claim1 wherein the
support conprises alumna. 3. A catalyst as clained in
claim1 or claim?2 wherein the nmean pore dianmeter lies
within the range 0.05 - 1 micron. 4. A catalyst as
claimed in any of the preceding clains wherein the
catalyst is in the forn1of1§haped particles having a
m ni mum di mensi on greater than 1mm 5. A catal yst as
12. Acbrataseds claimagip cafm t heheeie cad pmgos faidreseamb@ttaisra hihe
prop!)r@m &%ﬂ'a@&yl&%&kﬁ&%d'aﬁd éma}BP.SFQ,SHM&ﬂ opén F&hk lé{iﬂwpound in addmon
adol i ni um or | ant hanum 6. cat al yst as clai ned
tom@VﬁFﬁ15 wherein the Ianthanlde conpound is a conpound
of cerium 7. A catalyst as clainmed in anyone of the

1. lpﬁr‘é‘ge%g'aQQaﬁle@?n%awgvﬁérgsngggg%%dsqgéd%% rf?cﬂa?‘ﬁs%mcﬂt a

level in the range of about out
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total catalyst. 8. A catalyst as clained in any of the
precedi ng clains wherein the |anthani de conpound is
present at a concentration of 50 - 5000 ppnw based on
the | ant hani de netal and the weight of the total
catalyst. 9. A catalyst as clainmed in any of the
preceding clains wherein the atomc ratio of Pd to
| ant hanide netal is in the range 1 :0.5 - 1 : 3.5.
10. A process for the hydrogenation of a
hydr ogenat abl e organi ¢ conpound conprising the step of
passing a m xture of a gaseous feed containing said
hydr ogenat abl e organi ¢ conpound and hydrogen over a
catalyst as clained in any of the precedi ng cl ai s.
11. A process as clained in claim210, wherein said
hydr ogenat abl e organi ¢ conpound conprises an
acetylenic conpound. 12 12. A process as clained in
claim 11, wherein said gaseous feed stream contains a
m nor proportion of an acetylenic conpound and a
maj or proportion of an olefinic conmpound, in addition
to hydrogen. 13. A process as clainmed in claim 12,
wherei n sai d gaseous feed stream contains a m nor
proportion of acetylene and a major proportion of
ethylene, in addition to hydrogen. |~




