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HYDROGENATI ON PROCESS USI NG CATALYST COVPRI SI NG

ORDERED | NTERMETALLI C COVPOUND FI ELD OF THE | NVENTI ON
wab@7possent i nvention relates to a process f oPCT/BB2007/002325

hydr ogenation, in particular the selective

Ly Y HROGENATION PRAICHAY DEM G ATATDOLE >

natlon ca Onpri Si A ecific
or der ed q(ﬁ 1213‘-’( WTEMEMEGKPOWOUND

conprising a support and the above specific ordered
internetal lic conpound supported thereon, and to the
FI® OF FH5 ﬁﬂﬁﬁﬁggxﬁh ordered intermetal lic conpound
as a catal yst. BACKGROUND ART Sel ective hydrogenati ons
of unsat ur at ed gydrocarbon ounds are of high
Thend RTFF ST si gAVFPEaRTe. TH ﬁ%m V& s Bf Hﬁﬁﬁgﬁﬁ fder the

hﬁdﬁﬁ?@ﬁﬂﬂﬂﬁd(Hu%fp&&h&@&ldﬁ%ﬂhmesebataﬂee h&drogenatlon of

ut | aramati c Yy [ QC S n

T ol SR o phSotntlY, 1R800 4 " Erogenation

cartaim&dd ofcoalplrymmg:onpounetpef:ndmct heo€dered anthGarmetallic
oﬁmée'&;;thévgc%y dg@”ébﬁ@? s3h sz”&ﬁﬁﬁ&‘t%ﬁé- fI¥ above

st ance atron o ene I s an
Sperq}(frlt%nprfiﬁﬁaét rinteprekessico <?Cé?ﬁﬁ}§'14 r Eepogfted thereon,

arRfekyl epgel nutde &f hyd ens 080 f@-cbheoptedeat | Ot &fmetallic
pol yet hyl ene. Because acetyl ene poi sons the catal yst

Cqmﬁo%qﬁaﬁﬁﬂ%nﬁﬁq%ﬁﬁ§%n of ethylene to polyethyl ene,
the acetylene content in the ethylene feed has to be
@%W;ﬁ{ e | ow ppm range. Moreover, economc
equires high selectivity of acetyl ene
hydrogenation in the presence of an excess of ethyl ene
Sé#%l(xﬂé”%%ﬁ éﬁggfﬁﬁga$fOEnQét&%QEE&”ﬁy&?o@&PﬁQﬁ compounds

ogenati on cat al ysts contain pa [ adi um
anﬁspgis@@gh industrial significance. The pyrolysis of

naphtha for the production of ethene, propene, butanes,
1,3-butadiene and aromatics is a key process in the modern
petrochemical induétry. For the nearly complete removal of
alkynic compounds from the Cy, C3 and Cgq cuts, selective
hydrogenations are generally used.

For instance, the hydrogenation of acetylene is an important
industrial process to remove traces of acetylene -in the
ethylene feed for the production of polyethylene. Because
acetylene poisons the catalyst for the polymerisation of
ethylene to polyethylene, the acetylene content in the
ethylene feed has to be reduced to the low ppm range.
Moreover, economic efficiency requires high selectivity of
acetylene hydrogenation in the presence of an excess of
ethylene to prevent the hydrogenation of ethylene to ethane.

Typical hydrogenation catalysts contain palladium dispersed
on metal oxides. While palladium metal exhibits high
activity, e.g. in the hydrogenation of acetylene, it
possesses only limited selectivity because of the formation
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on nmetal oxides. Wile palladiumnetal exhibits high

activity, e.g. in the hydrogenation of acetylene, it
w@omkasses only |limted selectivity because of PeT&P2007/002325

formati onof ethane by total hydrogenation and C4 and

hi gher hydrocarbons by ol igonerisation reactions.

Modi fication of palladiumcatal ysts by addi ng

promoters or alloying with otRer netals has been shown

to result in an increased selectivity and | ong-term

tabggit [ acet% $e-ﬁ%9 ogenatipn For _instance,

%% ncf Yect FOF tdf¥hat PBA ofCal k§Rds higher
hyirso ceepimon 2 doy 0s 1 Rgornenbsaetsion keaAgiols .4, 404, 124;
and D. C. Huang et al ., Catal . Lett. 53, 155 - 159
(1998)), Sn (S. Verdier et al ., J . Catal., 218, 288

Modlzf%:é(tzmg) pf maimdium Cadedlysts ebyaladdin@atptomoters or

aﬂ%g%;égsﬁﬁgﬁ o%%%@ﬁ%%kal@ J% B%@ %?g?wgaFgéékﬁglt in an

1qﬁrqﬁsed geleg@pv1@gta¢nd @pnqﬁgemn3§gapigg¢y in acetylene

h})‘tﬂl\/@éﬁfal.tictiﬁ crbal mtﬂsctaaﬁﬁ or mateeagtgdg that?_LQedH)lGU‘f&fdln semi-
catalysts r ns insufficient a ur

IO 15 SHRaeT ey FRpoHEEHedod FlocoBbiastwith Ag

Uﬁﬁhed prducid orared polgetiyapgeet! aladdceian .t kett. 53, 155 -

15399'(%]%9’ Y osdd NEs | QRGESELIN gtabl Ll Ly ofap %(H:'?)ad'ziiré‘ 288 - 295

st's ha nproved fUrfher
2(0&3dﬁyrl dne) (Ts \éen@hauﬁ#apfur jefti @d by Grtiaktivett., 86, 1 - 8

Juudogenat i on, ofiRbRY e (et hyl acetylege) | arhd49 404 - 413
adlene al | ene) , and the obtained proEy ene .
4} Fur R TR oldbs FWBEG pebpSlened - AMS heFatal 25, 307

- i hper t(aps4sel ecnbwevhydr ngwa&aealyﬁlcn@é&tﬂmasldéﬂeof these

t 3- but adi f
SR oo Rl SN S IO RE ana  purcrer
inmpg/oaieed) tent ah y sted eartd veidimnombay GEerdasd htker emttisonfor the
erd&J&qra}Pr@ﬁ O;s@fyéak cbhye hﬂr oaﬁxaéla{l 08 delectivity, the

ycl ooct adi_ene al ned
long term stability of palladlum catalysts has to be improved

further.

The C3 cut (propylene) is generally purified by selective
hydrogenation of propyne (methylacetylene) and propadiene
(allene), and the obtained propylene may be further processed
to polypropylene.

Another important selective hydrogenation in industry is the
removal of traces of 1,3-butadiene from the C4 fraction after
the extractive separation thereof. Pd/Al,03 catalysts are
commonly used in this reaction. Furthermore, the selective
hydrogenation of 1,5-cyclooctadiene, obtained by cycliq
dimerization of 1,3-butadiene, to cyclooctene on Pd/Al;03 and
of benzene to cyclohexene on ruthenium catalysts are of

importance.

In all of these selective hydrogenations, further

improvements of the selectivity to the desired product and an
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di meri zation of 1 ,3-butadiene, to cyclooctene on
Pd/ Al 2 g 3 and of benzene to cycl ohexene on rutheni um
we@aialysts are of inmportance . In all of thesePCT/EP2007/002325

sel ective hydrogenations, further inprovenents of the
selectivity to the desired product and anincreased

long termstability of the used catal yst have been
strongly desired. The intermedal lic compounds PdGa or
Pd3Ga7 are described by E. Hellner et al. in Z .

Nat urforsch. 2a, 177 1 ) and b
ingrepecd | fone “CeealSeahtin the et a"5apA L i8Gapave been
sdinmg&y,deﬂmme&ualytlc potentlal of these compounds

has been unknown so far . The use of ordered

internetal lic conpounds as catalysts in a variety of
Thi f irtermetaiticorompougsiserkdts desfdpbad iare)described by

E 2004 Q26287 N . and YO R0P3LP4228R. Ada, !rk?wevelisﬁ hesa7) and

docurents fail to disclose the application o g IS
by yhe Bhadgiffoutlisato HytrdgeR&SFORSTMOB Mebne37, 129 - 140

(32l ect i NewbYEE pgemgt | @nsalytic f potenthalfl adfisthéséhesmpounds
referenc%gﬂ%s on th use in fuel cells. In addition,

has) R&ETH HUROTh 79 c%ﬁbns fail to disclose the

specific Pd based internetallic conpounds of the

Tﬁ%‘%ﬁ%“o£”¥§aék88 1hEéfﬁéﬂ?yfygﬂé5ﬁﬁb&$3§cii°£aEQ§ysts in a

sent 1nvention to I ovi ocess
vwdatageﬂét @ﬁf@%mwﬁwmyaﬁo@mﬁWMIbﬁ in US

2({!?4}0132%%7 OfAfthat\/HE wetwmlzwmdﬁ%tgrenﬁme& these
arge excess_of ethene. (e ene af ford ethene

dFHIP T eFBdAe LA 1 %§Bﬁc%§ g??i??ﬁ?%ﬁnapé is type of
cdﬁﬁduﬂ&ﬂ abave, angdwbgehashows,an i bprovedchlone selective

éﬁ%ﬂ%@tgnéo hefgéEgeEhtr%%éﬁs Af ﬁﬁe%ﬁOLQEErences is on

fovi dée novel st's havin
thenef i gsal pnopénﬁﬂesqailﬁelectlb@ h@@@bgeﬁat|oﬁhese patent

apSRLLd O Sns | NFRAAL T CUb ar giRchb@esel egéi V@pecific Pd  based

intermetallic compounds of the present invention.

It is therefore an object of the present invention to provide
a process for the hydrogenation of unsaturated hydrocarbon
compounds, in particular of ethyne (acetylene) in admixture
with a large excess of ethene (ethylene) to afford ethene,
which overcomes the drawbacks of the prior art as outlined
above, and which shows an improved selectivity to the target
product. It is another object to provide novel catalysts
having the above Dbeneficial properties in selective
hydrogenation reactions, in particular in the selective
hydrogenation of acetylene to afford ethylene when ethylene

is present in an excessive amount.
SUMMARY OF THE INVENTION
The above objects are attained by a process for the

hydrogenation of at least one unsaturated hydrocarbon

compound using a hydrogenation catalyst comprising a specific
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hydr ogenati on of acetylene to afford ethyl ene when

ethylene is present in an excessive anount. SUMVARY OF
waka7hNSENTI ON The above objects are attai ned BYT/aP2007/002325

process for the hydrogenation of at |east one

unsaturated hydrocarbon conpound using a hydrogenation

catal yst conprising a specificordered internetallic

conpound. The ordered intermefal lic conpound used in

the process of the invention conprlses at | east one

of t A capabl e of act vatlng ro and at
R L 1A p E BRI L ap I %gs%ﬁaw.’f&rmetalhc
cdfh)ptrmnusedd ifrhetlsér pebdessofof hehentlemmttaldn Ccomprlses at
ound is at_a Ieas 18n€ klng of t

1%%? al ¥ sm%%a%?/f ¥ Bu dsapg 15t 8hs 25 ”ﬁ'él éﬁydrfogen' and
at yjeadt. doeormebglt co&ndiviper Bspeot, ¢arrea1@l@se:rﬁ activating
on C | i Sk .
A Olatf FARCEEIR A O (ol KOS RORAL 100 chpoouna 1
S‘-S‘El’pp@ﬂ"taéd gherkeast AGEST dkagdt o5t itvPeandt h‘é?tggﬁeclts mainly

sdfﬁbdﬂ&@&nby'B%%méo%ﬂfiﬁée%éﬂhﬂhefu%%ﬁé &, mzﬁﬁardlng to
-Ga ordered internetallic coggoun a cataly

arﬁ%?%?réépéﬁﬁoduﬁ%ﬁt Pr&ESFTHe p §BH%°Pn\Fe%t F8H°§Féled with a
catdlesct otombeiddpendemt clupport BRufdE DEBERI P& OF ordered

i e . crond Fipasted PRl EBhy" Trig 2

shows the evolution of in situ XRD patterns neasured

Aé&gfﬁﬁh#hQﬁﬂaEtﬁﬁqatEEBEh@E PdSBetp S0%dY HE&MH Ninvention
heliumTrom 3 Fig. 3 shows the conversion

relatpes 35p ¢ sefectifvia yb{'FfiﬁY -G peegredo imgpermetallic
cdibend 4400 daalyd( A2 g 3 (0.15 ng) , and Pd20A 80

(200 ng) in the hydrogenation of acetylene in
Preferred embodiments of the present invention are subject of

the dependent claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the coordination of Pd atoms in PdGa (Fig. 1la)
and in Pd3Gaz (Fig. 1b).

Fig. 2 shows the evolution of in situ XRD patterns measured
during thermal treatment of PdGa in 50% hydrogen in helium
from 323 to 723 K.

Fig. 3 shows the conversion (Fig. 3a) and selectivity (Fig.
3b) of PdGa (40 mg), Pd3Gay (100 mg), Pd/Al;03 (0.15 mg), and
PdypAggg (200 mg) in the hydrogenation of acetylene in

admixture with an excess of ethylene at 473 K.

Fig. 4 shows the conversion (Fig. 4a) and selectivity (Fig.
4b) of as-prepared PdpGa (10 mg), PdpGa milled in argon
(0.8 mg) and Pd/Al303 (0.1 mg) in the hydrogenation of
acetylene in admixture with an excess of ethylene at 473 K.
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adm xture wth an excess of ethylene at 473 K. Fig. 4

shows the conversion (Fig. 4a) and selectivity (Fig.
wdbjo7ab458% - prepared Pd2Ga (10 ng) , Pd2Ga mi | | BAI/EP2007/002325

argon (0.8 ng) and Pd/Al2 g3 (0.1 ng) in the

hydr ogenati on of acetylene in adm xture with an excess

of ethylene at 473 K .Fig. 5 shows the conversion

(Fig. 5a) and selectivity (Fi§. 5b) of Pd2Ge (0.5 ng)

and PdZn (100 ng) in the hydrogenation of acetylene in

adm xture with an excess,of ethylene at 473 K. Fig. 6
Fihone £REYS, s?%ﬂvﬁﬁﬁlgﬁlé@FQVHﬁPkﬁa?ﬂeseleCt1V1tY (Fig.
5hydoﬁged§GboﬂOOB aot WrehepdZn gl Veo endy| ¢ne the telrogenation

r fo f_ethylene at 473 K usipg Pt.Z
of B LR { I DT LED BEsl P (Y GEAREES| NRENTT QY Lene  at
4W%eKbenef|ts of the hydr ogenati on process of the
present invention can be achieved preferentially if
t he hydrogenation proceeds sel ectively. Everyone,
FigtivE i PRI fi EPE ofcaMRTRjeriat | BRdcats@lmitsivity of the

hfd&&ééﬁ&tﬂbﬁhofh%déﬁym el €61 ¥ OehdtiRaena | PRSthe presence
generaII%é g gﬁ @ reacti ?g IS referred to as be% q .
FRCEFIEST Ot P EY L8REs2pr &f &r BnPFaPPy PiéPhagnég Gatalyst.

several functional groups of simlar reactivity which

D%éﬁi cﬁfp&f@w”@#eEHEGENQEp&ESNreaCt'°” m xture,
e rema functional "groups of this type
react to a srgnrfrcantly | oner degree, i.e. they do

THe! Hohdead bR thge CasRIRg éﬂagfhdhsfilr%ge's\ée of. the present
.reactjons. Differently stated a hydrogenation i

1nVERict PR C3R baj 3chietetept ?ﬁ@r SnEé?tléVn 1y #h6yg é‘ﬁ(&‘ﬁ"&r‘?natlon
preesddonsdDecevényn hydrogenation reactions) fromthe

vari ous hydrogenation reacti ons which are possible in

the reaction m xture. Consequently, term "sel ective
Evgairenenacicent dsn i thes fiiseldl hef ehydowgamsiteian , cahalysis is

familiar with the term "gselective hydrogenations".
Generally, a chemical reaction is referred to as being
selective if this reacts preferentially with one of several
functional groups of similar reactivity which are present in
the molecules of the reaction mixture, whereas the remaining
functional groups of this type react to a significantly lower
degree, IiI.e. they do hardly react in the case of highly
selective reactions. Differently stated, a hydrogenation is
selective 1if this is selecting a certain hydrogenation
reaction (or certain hydrogenation reactions) from the

various hydrogenation reactions which are possible in the

reaction mixture. Consequently, term "selective
hydrogenation" as it 1is wused herein covers e.g., the
following situations: (1) some of the unsaturations (e.g.

double and/or triple bonds) of the unsaturated hydrocarbon
compound to be reacted are hydrogenated with preference
whereas the other unsaturations react to a significantly
lower degree, and (2) 1in the <case that one or more
unsaturations of the unsaturated hydrocarbon compound to be
reacted can be hydrogenated twice (e.g. triple bonds), they
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follow ng situations: (1) sone of the unsaturations

{e.g. double and/or triple bonds) of the unsaturated
whyavaecssdhon conpound to be reacted are hydr ogreBEERZNNT/002325

with preference whereas the other unsaturations react

to a significantly | ower degree, and (2) in the case

that one or nore unsaturationg of the unsaturated

hydr ocar bon conpound to be re@ct ed can be hydr ogenat ed

twice (e.g. tri pl e bonds), theyare hydrogenated with

e rence onc and the 2n < reaction step d
adE. s Eo0e En PEYpGREsaBenr OThY phcEn; 2nd cthe 2n
reaaotardn oatep h)&jrhgedayl aubserwai‘ .err &drt otlas pelrpoisevreof the

pf%érn:e ”Pﬁ@élaﬁiﬁ‘&ho of, t ir? i%geEsco'P%HHéé’ to as

uhdesir ed tar et %o oun 'S larger than 1
selgutafwd abf yther @alean watia ofnthe ;ﬂ@f@rqblyameé compound

td hé‘ﬂe undksi @y EB8§ eEero?Jp%Qerﬁ(]sg id 1shdePi €Bhn 1 : 1,

exanpl e of situation is the hy rogenatlon of an
P’%ﬁﬁ@&cﬁk@% RRF af ForR ﬁal nlly MOrEr FrafSF e pgpore than 5 : 1,

arfXGldisd eteferddislorg espopndi ng al kene wi t hout
substantial reaction of the al kene to the

correspondi ng al kane. Situation (2) may be exenplified
A pyriveal excdnwle off sl mbkyhent 61pi ve thenhydrhgenation of an

narn a C e
R e T ot B Te T Kane, Pardl v Y “BpkngBavely.
thes wzrlremora%m@cﬁék@aef WaRhONE  avdREtantiat w@eactlon of the
alddrat LNt Y echoteBpbHal hy eamta@éve Jhalateeis,(2) may be

bot e above situat.i ons in the
RIS AS ot EHen HEE P o iR ALEVRG! G & Ve eigly the
coassminditey acBtgnenevliened s othe ncanbacgelegceeacoﬂon of the

aﬁgrrport acgt X‘?;S?df%@r :t eneet}?afsais% %éﬁg (?l’a% - S As will be
aprotRsaittred | drron s thw dla}DQBmwertth@d tooet ﬁartetatgmﬁpl ége not

mdghé¥i§“3i65%§W$gOgeﬂﬁétQﬁéaﬁée ©sekrbbedhbnabbBge situations
Background Art section of the %resent speci fication.
may exist 1in the selective ydrogenatlon of a specific

molecule. In the case of the acetylene reaction in a large
excess of ethylene which corresponds to situation (2), it is
important that the ethylene, in spite of its 1large
concentration, is hardly converted to ethane.

Examples of selective hydrogenations are described in the

Background Art section of the present specification.

The unsaturated hydrocarbon compound used in the selective
hydrogenation process of the present invention is not limited
in kind as long as this contains one or more unsaturations
susceptible to hydrogenation and poses a selectivity problem
as outlined above. For example, the unsaturated hydrocarbon
compound may be an unsaturated carbonyl compound, e.g. a
compound having both a carbonyl moiety and a carbon-carbon
double bond in the molecule. However, the unsaturated
hydrocarbon compound preferably contains, as unsaturations

susceptible to hydrogenation, carbon-carbon double and/or
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The unsaturated hydrocarbon conpound used in the
sel ective hydrogenati on process of the present
WO rvenvdsen is not limted in kind as | ong as tPCBEEP2007/002325
contai ns one or nore unsaturations susceptible to
hydr ogenati on and poses a selectivity problem as
outlined above. For exanple, the unsaturated
hydr ocar bon conpound may be afh unsat ur at ed car bonyl
conmpound, e.g. a conpound having both a carbonyl

iety and a carbon-carbon, doubl e.bond in_the
C%Eb%ﬂiﬁ%gk@%me€§FPT?heQﬂﬁgﬁura?%ﬁ hﬁ&roga$ﬁﬁn from further
urcsHpOt et grise f s sdodpyt Tlohé atashydsogesatiipat i dne. hydrogenable
tible genati_on r = :
T O ar bonC SaPReRET el oneEl APl Ui diment, cthe
urisgtiuratemshydrarpshons goagsuris] el s o skyecégenafiyem, the group

cdn$i s U 008PabLe kKRR ELS) - LV Hi difled O AndDT @1kapolyenes;
preferred, enbodi nent, . the unsaturated hydrocarbon

aldomriinddi 3L E¥nest edripdmynre GsliPRbREReg opnd aromatic

c?ﬁﬂ?ﬂﬂdﬁ&S,TméK@lmé@ﬁéﬁeéﬂda@kk&?Qbﬁé?eahdahﬁkﬁgﬁgyenes, and

ok G o S e M hes  cover

batik.apol yeneki c aand t ¢rec bl &yoespodndbkyn&silflr malrley peeferably,
o . . .

Y GBSRIS R, RUEblibhy TIGEHS S plsbieqa mrom tne

grgul fardbrediepesndcygleal kedegneponpik¥ngsoapdobenzene.

al kadi enes, cycl oal kadi enes, al kynes and benzene. The
al kadj ene nay be -bgt di e whi ¢
235

, 3 e, W b
T Lk OUenE MAY Ge L hes SBUESHL SRSy MGt Oh BF craverted
bypr eseyt bAverhieon sel@idtiwd 0 Hydmibgpereat i hoaf beheg present

. ful ly. hydrogenated tq butane to a signj.fic degr.
lnl’ﬁeen%ly% ‘oal E%ad’inef i g:,o f O?L Za%{zrrepr?ee’, 1.“}1.6110% %%rl%eg fully
hydragenated adtenebwhbok witld & f o onpbicane sdegrepve  The

oYV L0eNM 00 P LRS- 1 B¥aRbLAN @ysLege&@e%tamLeh% which will
%gc ooctane resulting fromthe full gdrogen tiQn is a )
affort MRuctheTheesBrEdVRy LYY HPEERARL PBN erff@vention

cydldodtdros d cyri DBexepelviddtafienorredtitsg Of from the full
hydrogenation is a minor product. The selective hydrogenation
of benzene will afford cyclohexene with minor amounts of
cyclohexadiene and cyclohexane. An example of a selective
hydrogenation of a triple bond in the presence of a double
bond is the purification of 1,3-butadiene by hydrogenation of
vinyl acetylene present in the mixture. Still another
example of a selective hydrogenation is the reaction of

nitrobenzene to aniline.

The alkyne is preferable ethyne (acetylene), and this is the
most preferred embodiment of the present invention. Through
the process for the selective hydrogenation of the invention,
ethyne will predominantly be converted to ethene (ethylene)
while the hydrogenation of ethene to afford ethane is
negligible. This is even so when the selective hydrogenation
of ethyne is carried out under reaction conditions where

ethyne is present in admixture with an excess of ethene in
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cycl ohexadi ene and cycl ohexane. An exanple of a

sel ective hydrogenation of a triple bond in the
w@e@samsed of a doubl e bond is the purificati onPOf/ER2007/002325

, 3- but adi ene by hydrogenation of vinyl acetyl ene

present in the mxture. Still another exanple of a

sel ective hydrogenation is the reaction of

ni trobenzene to aniline. The 8l kyne is preferable

et hyne (acetylene) , and this is the nost preferred

odi nent of the present, i nvention. Through_the

ﬁiﬂkkgg f bP tﬁQEXQFeCtN@E‘ﬂ&dhﬁﬁen%t|Bﬁr5FgPﬁér1Y preferred

en@iTheéron, oettny@esmédztpfredeﬁhpﬂat hydbeg@ﬁa\tebhedctc@rdmg to

ethene et hyl ene) . whi | rogepat i on et hene to
ST nat e Hi1 | GHPE. PRES RE T R tB5mindn Prgcent in
tm%lee§¢wEOMymlngenattonhﬁ hatdnowenateshrin ed dargenescess in
ré 6:9%&&‘@%}1‘:8”3 M&@t?&ﬂéé”@o' étﬂ[eﬁée%lﬁﬁt ratio in the

m xt ure an excess of  ethene inrel at

S@W R e soh Baet selrakiyepeshEgpeellyérpegnataron of the
1ﬂﬁeﬂ¢¥b§e£§cbk@Eéﬁﬂwmﬁ hydragengd i en a"vﬂiﬁd'I'HSréoptr@Qerably

pre i nvent Most f er abl et hene i s pr.esent
i Slhe tPedot i ohOR xt UFb BIBEERYBLOFERAERTTS Lhar GEhene to
euhymsSvWénghﬁenramumo thhysaRe Thexenh¢neob0aehheneafter the

' f sele ti
Sé/j%wne %%d#%éﬁ 1%%]%}] 1il)f'{%h %{:/é% ﬁgl :sLtagrSef erapl 3}\5%
10 to 1 : , hore preferably 1 : 50 to 1 : 1 0 - .
Tﬂé1ééﬁgﬁﬁiéé“h§ﬁf@§§§§§1oﬁh8feﬁﬂéﬂ9ltQc@EQXQﬁe“@bg@%yrene in

ratio in_the mxture obtained after the sélective
eXRRADgeRht | SRYESNEypilcsl | §nakhesr g#xggPle g of Tha selective

hﬁmcajénaneld&ydr ogenatilonbef dpierued 1&9@@1 yl emett PestyiBACis the
Q§cess of st%ggne S anoth a selectlvet 1
?ﬁV Ogenat i onCOMEGF PRI Be afr eci ?ﬁ BCF %Gt ofCCtYLene

hydrddﬂnqkﬂq&tymeﬂscesanbérmmhyhﬂhdlmnsﬁh@cfee@ used for the
fgy% Ar %ﬁ?@%ﬁ L8 excess of ethylene in the

P Jyuse for t he pré%gratlon of pol yet hyl ene .

As used herein, the term '"ordered intermetallic compound"

refers to a compound that consists of more than one metal and

has an ordered crystal structure. For the purpose of the
present specification, boron (B), silicon (Si) and arsenic
(As) are regarded as "metals" since they can form

intermetallic compounds. In the ordered crystal structure,
substantially all unit cells include the same arrangement of

metal atoms.

The catalyst for use in the invention may be an unsupported
or a supported catalyst. If it is an unsupported catalyst,
the ordered intermetallic compound may make up at least 90%,
preferably at least 95%, more preferably at least 99% of the
catalyst. The balance to 100% may, for example, consist of
volumes of a non-ordered intermetallic compound which may
e.g., be due to the preparation method of the ordered
intermetallic compound. Most preferably, the catalyst for use
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As used herein, the term"ordered internetallic
conpound” refers to a conpound that consists of nore

wo ban/1e15¢9 met al and has an ordered crystal strRCI/EP®7/002325
For the purpose of the present specification, boron
(B) , silicon (Si) and arsenic (As) are regarded as
"metal s" since they can forminternetallic conpounds.
In the ordered crystal struct8re, substantiall y all

iniNiHe C@éiéctl:ﬂ@éUﬁﬁdfbgeﬁéﬁﬁoﬁrfﬂBGéQBnt ef msttﬁle at Qffention
The catal yst. for_use in_.the _invention

LT EE O %p%rfe’ééesa?awgﬁrmﬁfiamps Cgpound.

unsupport ed catalyst, the ordered int errret al l'i c

0 n t S pr erabl e
PP IR L 8RB o Bl Aot oo
cdyap keteal oamm%edayn far repansinystednshay @h \mtetmt in the

oféex%@oqr&réi%ra%llrﬂér%&@Jdnﬁ Comeﬂndd%éebswan cause a
ue to the Ere paration nethod of_ the ordered

Sm%ﬂtglérmqn cofonBBiihd. CRALE prRf dd| Pragred afgtpametallic

cdnifouts®i o t H&v_éehe@tllf\f%ﬂé.ﬂﬂ' ma{géaﬁbrﬂf O@ﬁslfﬁeaélt B€oms than
enti,re

i nvention_consi s
e BRAREAFY) GlookBBuHILY t SRELF - he DBEPEE: &@FS pbclude for
ex&ﬁg&ﬁS'wﬂdamcismalIyntensbitbelsonphebmlysabetdedtumns and
$¥ég rday be present in the ordered
|ﬁ%erne alTic conpound Such defects can cause a snal
nunber of unit cells in the ordered internetallic

Cl%mungmb@rlf@é%l%n@' faesenty aﬁhan%@ﬁnéé B8t dlefects will
s than the rlslo“tn%qu the unit cells. Defect

estPnclfudeCFHFA LR amPORAEE Yo s, TRREEr sk i aT']ge ordered
n&team&dablid utbmpsuadd . antHoﬁe\t@rﬁeEhét Formiysicaalused in the

I echLong; 93%108 G106 eégngse()fldjef eCtgﬁé"acai 5% cture.

pﬁo a cer arn ormgenelty range t & ordef
Ag nwaiddetke | poreesiateds. fromevdre aheveor mhee sgodghiometric

ragt{l?) gfc??gnEhépe&'eft hGat i G EhRf tond heoldeabacr ¥okahkmetallic
compétnéjas used in the formula may vary up and down. To give

an example, if a binary ordered intermetallic compound is
represented by the general formula AxBy., then x and y may
independently be an integer of 1 or more. In the present
specification, AB (i.e. x = y = 1) and A3By represent ordered
intermetallic compounds having a certain stoichiometric ratio
of the constituent metals (for example, PdGa and Pd3Ga7y).
Taking account of the above homogeneity range the values of x
and y may be slightly greater or slightly less than the whole
numbers indicated in the formula. For instance, in the case
of AB (i.e. x =y = 1), such as in PdGa, the actual values of

X or y may be between about 0.9 and 1.1.

The ordered intermetallic compounds of the invention may have
a variety of stoichiometric ratios. Preferably, the ordered
intermetallic compounds are binary compounds, I.e. those
comprising two types of metals, but they may also be ternary
or multinary intermetallic compounds. An example of a ternary
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As will be appreciated fromthe above, the

stoichionetric ratio of the netals form ng the ordered
wo paoenosssal | i ¢ conmpound as used in the fornul aPOBEYEP20AT/§02325

up and down. To give an exanple, if a binary ordered

internmetallic conpound is represented by the genera

formula Ax By, then x and y may i ndependently be an

integer of 1 or nore. In the %*esent speci fication, AB

[ X =y =1) and A3B7 represent or der ed

intermetallic co unds havi ng .a rtain
oxfSzasht oHBLPTRE LAl FHCof CORBOLANSt (fentiSfor a8 (FBP Present
in»enqman Rd@dppetcag3Ga7) . Taki ng account of the

above honpgeneity range the values of x and y may be

slightly greater or slightly less than the whole
Theifrderehdinteeetalihe ¢ompobtndsFeithiast sheemepninge of the

P Of i APkt ibn Hre yw Bé déeean@%ﬂs@lead%orﬁ hgetal alloys
actual values of Xx or may_ be between about 0.9 and

and Metrl T ket P W EPREL al Méoxanﬁaenaeléfi gRautions do not
ha{xfe/emleﬁdeiaédhawmacverﬂxetcmﬁfe St Ccli‘é@cﬂfi}béd &BbreS. Metal

e bt L st s Lo

saiet@lans but they nay al so be ternary or nultlnary
internmetal lic conpounds. An exanple of a
ternaryordered internmetal lic conpound for use in_the
Onstexecht inhesnetsdlis mmeeyds fHecorgeperrlly have a more

stdB IS NBE Gl & C a5 2BPRRESH tW £ BokPEriBaAI célichﬁs and solid
resent invention are {o be, dlstlngabshed fr

Jiopamd nEbhP SOFTUL Sl it of€ | SRNRBGEdanii LOFIde of the
c&ﬂwswn&ndiernofeha\zeoan oonet etloas oni c Ist ratloys, asd solid

sodl si:?lrérpe,d QQ&{\S a'\l/:Et 3 él}lgnﬁ:oarrﬁls{”%éfggd J'Q:Exdo y ais%ociated
cell s of al l'oys Solid so Fons. "Order@
reduqﬂnnnznﬁ|Qﬁ¢ﬁﬂmnmmdseafgnmgeﬂeFaIIy have a nore
stabl e atonic arrangenent in conparison to alloys and

solid solutions. This_ results in an enhanced lifetine
Thg pggered intermetallic compound for use in the process

according to the present invention comprises at least one
metal of type A capable of activating hydrogen, and at least
one metal of type B not capable of activating hydrogen, and
the structure of the ordered intermetallic compound is such
that at least one kind of type A metals, preferably all type
A metals, is mainly surrounded by atoms of the metal of type
B. In this context, the term "mainly" accounts for the fact
that there may be defects due to atom substitutions so that
there may be some metals of type A in the crystal structure
of the intermetallic compound, in the first coordination
sphere of which there are also one or more of type A metal
atoms. The above requirement of being mainly surrounded is
fulfilled if at 1least 50%, preferably at least 80%, more
preferably at least 90%, and most preferably about 100% of
the first coordination sphere of least one kind of the type A
metals is occupied by atoms of type B metals. The above
situation that the type A metal atoms (Pd) are mainly, more

specifically exclusively surrounded by type B metal atoms
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catal yst under reaction conditions. In alloys and

solid solutions, atons are prone to mgration with an
was®aaosted reducti on of catal ytic perfor mancePCRR2007/002325

ordered internmetal lic conmpound for use in the process

according to the present invention conprises at |east

one netal of type A capable of activating hydrogen,

and at | east one netal of tydé B not capabl e of

activating hydrogen and the structure of the ordered

i ternet I I c CcO ou d i uch that at_|east on
(@) tyPehinstare et e, 088 0 Type Anoeacs fen.
Fimi nldb surr Unlmeiederbbodimﬁﬁtof ofhethet abrdérbyﬂpe 1Bterhfetallic

this. context he Lerm a ts f

TR B2 by e 101 S oPaledes” Sontit U Tt o gTe the
tyreatAthetal rrayome soee cvetdl et alfy tsyperounded hey ctypeaP metal
atdhdiCtyre, gﬁhéﬁﬁ éﬁ%@?nggéglbf EREPEYRde kBotREnbitish sphere

coor di nat | ere o here are _al so one or
ofdthe At tigRsA ?F%‘Fa]Fl%@oﬁﬁ tyRe AbBeEaledsi PEFERLeek Py atoms

o etyife NBI ﬂiertaausr rasblechbwelgtf i hioed é}fclaidé e@ﬁé §9%sence of

ferably ast 80%, .nore prefe abI st
oGP her trBber EER bRt R 000s Ehedrtpee | SE°'eHS fordered
imoermk tresl 1 00 sphesendf is easthohkaki atd dbasheohgp&iAd of type

b t fyt I
n TEheLPs | SoBBEURL B, DLy Wy B B oLl By fBRnaga maimy
byt pdys abr shepastialc0f yterel Bsitnglirahas outedthg atoms of
t)};yep‘% E%né@?'alaé g:?éc%‘drlh§ntﬂ. Uébb?ﬁ@ﬂaE@H E@G%tbﬂlslz'ogf type B

a,_and for . . enbodi nent of
m%t'r"d]e"r'edll ﬁterq%il%ﬂlir}%t%nﬁourr‘rfé‘?%r fge HJFecfr?éfﬁﬁ]é’ce@E least
s¥, t4ed iR thoef ebab By t ABotypeoHIMEbakypeOBE matals .
conpletely surrounded by type B netal atons, i.e.
where about 100% of the first coordination sphere of
Thehemalareaettion@ﬂ(itrideometyﬁ;e A?fmetmeié eodul eth by) may be

83Ga7 in

AP0 Of 1YPE B TELRLS 1988%a ris NetoRXE! Ude ther . 20,
presence of de ects Thée™t eature at the structure of
p¥efeexaliof efrom 1 : 1 to : more preferably from 1 : 1

to 1 : 5. The metal of type A is not limited in kind, as
long as this is capable of activating hydrogen. However, Cr,
Mo, W, Mn, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag,
and Au are preferred. Cr, Mo, W, Fe, Co, Rh, Ni, Pd and Pt
are more preferred. There is no particular limitation of the
metals of type B, either. According to a preferred
embodiment, these metals are selected from the group
consisting of B, Al, Ga, In, Tl, Si, Ge, Sn, Pb, As, Sb ,Bi,
Zn, Cd and Hg, I.e. the metals of the groups 12, 13, 14 and
15 of the Periodic Chart. According to a preferred
embodiment, the mentioned metals e.g. of the groups 12, 13,
14 and 15 of the Periodic Chart as type B metals are combined
with palladium and/or platinum and/or another type A metal to
form the ordered intermetallic compound, which is more
preferably a binary ordered intermetallic compound.

The intermetallic compound for wuse in the process of the

present invention is more preferably selected from
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internetallic conpound is such that at |east one kind

of type A netals, preferably all type A netals, is
waemwowamseed mainly by atonms of the netal of typer/BP2007/002325

indicates that the atons of type A netal are

predonminantly coordinated to atoms of type B netals,

i.e. coordinated at |east 50% preferably at |east

80% and nore preferably about? 100% t o type B netals.

The nDIar ratlo of the netals of type A and B (A B)

: . Typi cal is frogm2 :
il O Coindiids yof B withiSPo st phengian. al, oa,
Impr en‘]eraebi,y Geonsd and Zw, lintérmeffhdliet abmpbuhyuseo& Pt with
' I te kisnd, -as |.png i s capabl
at{asﬂtél]a\?% Ié}%«!—.\h gr%génbgl-lov\lg’\/erﬂ §r§l\én n, N%ne 1n%'§rmeta111c
PAR{Pt @ommun% wiith Hit, ll'e:jastpton@ong.l am?da,ALﬂ:ra,r eTl and Sn,
sl ed ede? A\Qhevﬁref_@ra RhthéII 'oFaei"@gl Pl n@eSmetallic

nore refer rel1s no partlcu ar imtation o
CQ“I‘E"‘%&‘% al§ &f hw?erxe compPHBA, AcchiditRg qkination with B,

Ar efier el exfbosh neaf | méh@slsra“ﬁéahmg\retsebeat bdnfaﬁ:?rncompound

oiga B BB EipRyd Ence nn B (04! Aftordiapetera still

mdres mprefigpsrd?, eﬁlﬁodﬂxﬂemtld ibe odrilbee@einodirme€haitic compound
, tioned

fcﬁcﬁp%éj'lr}g £ ap%%]cgé%% Lﬁgséqgogﬁgggéz %ﬁgeﬁghbogg an ordered

bip@nyo diPd- Glﬁlar ingsrngpalBiget apmparadecomterEdiigh to  another

piRAH d A 4 B SKH BferPl At 4 WING AAEL88 §ﬁ9é9ﬁét&iﬁ!§c cBRbBund is a
to formthe orderedlntermetalllc caonpound ch is

bifgry pF@f‘@Pé‘E’l% 9 pi Rar }%r&é’i‘“@&rﬁ%&%WéFPu cZn The above
ircamoadyl 1 e |cra>h©rolmw [ clﬁonmamtdlé@laﬁse dridiel binary

1 AGEAS 01  NEREGSERL LOYERLEORT $ATOLe, RLELELABLY) used in
ect romn 2l FPE corrpo St P

theeas;elemieroé BydrAgenea;onn ofT Iqaz&qn&armamdlzhple bonds,
eé&ﬁﬁﬁl lt}c}% %g?@eg§v%f Il?fyé’f'c;g;brf’g 1&?St?9nec9§:béln’—carbon

and internetal
tigrhso RIS R QFV?ez§§1@ siwrrFspendiqg 3hkene. ahesgompounds

to be hydrogenated are preferably free of any unsaturated
groups amenable to hydrogenation other than the carbon-carbon

triple bond(s).

The specific ordered intermetallic compound to be used in the
selective hydrogenation process of the present invention is
preferably PdyGa, PdGa, PdGasg, Pdi3Gay, PdSn, PdSny, PdaGe,
PdZn, PtGa or PtZn; more preferably PdGa, PdyGa, PdGag or
Pd3Gay; and most preferably PdGa, PdyGa or PdizGas. These
specific intermetallic compounds may be used in the selective
hydrogenation of any unsaturated hydrocarbon, in particular,
in the following reactions: (cyclo)alkadiene — (cyclo)alkene
and alkyne — alkene (in particular, ethyne — ethene).

In a particular preferred embodiment of the selective
hydrogenation process of the invention, the at 1least one
unsaturated hydrocarbon compound is ethyne (acetylene), and

the intermetallic compound is an ordered binary Pd-Ga
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such as Pd2Pt Ga3. Preferably, the ordered

internmetallic conpound is a binary conpound of Pd in
w@oritossd on with B, A, Si, Ge, Zn or Ga, NOPEI/EP2007/002325

preferably it is a binary conmpound of Pd in

conbination with Ge, Zn or Ga. According to a stil

nore preferred enbodi nent, the ordered internetallic

compound for use in the procé§s of the present

invention is an ordered binary Pd Ga internetal lic

, conpoun Accordin ano her rred enmhodi nent
”’ttr?g%tﬁ ﬁﬂ“&?‘ﬁ&éﬂ |Re %a aCbi %39"‘7' Even more
pnﬁﬂarahmy(ﬁtﬁé sele&mhw@a&wmmogéﬁaéﬁbnTbé amyweme to ethene

is nc{er ge[tdalc}dtc v(r:ﬂ:@%%ed Saibove réefé’%}, ngegﬁeg 1?' cgmpounds

It conpounds Tonhprising are pre arab
unslmd rencticons eterdi yeohg dwbgerattihen etfhyoee b@har:tamgnmaterial

s'"""rgrf:éas[élbrﬁ: kﬁ.qpfa"gdm e,&qﬁ:% %Jb&/h thensgd ec{:hg eegﬁgﬁegﬁaﬁhboﬁresent

on-carbon tri onds to give t
i JArEEH FRASRP alk erla tien chppdtiidRet o be hydr ogenat ed
are preferably free of any unsat ur ated groups anenabl e
dro enation other than the carbon-carhon.triple
Tt oHAs) SUTRRLSLPELHT | EOB e el i Sir FERAT s dVERhRFs that
1ﬂtmﬂm9ﬁamﬂidrbémpnamdscaSVeebydedgmmﬂdlnimwbceﬁﬁenfdistinct

. IS

sumpmterd)rleop@meéaébny R 1 ytGao £ PAGss mlms@err,- such as
s@%r@&i ﬂHlefﬂcé‘df’lQﬁy %n@rﬁzﬁdofhgéﬁﬁﬁ catTQ§§§ts, and over

pecificinternetalllc cquoun S may be used in the
alsléaY@&.v%rhyareg\@ﬁsfﬂ. oPfLafiiynsgebraYEEs, in  terms  of
sdlEbtIcArdioNtol kheardé<ited plrbdbhe folwou\hagt wishing to be

re t|on cIo alkadlene . n n .
boy ééﬁé%% |n SaPFlc ed t q%ynég-g %eﬁg? ge}ﬁCthlty
1$qmmtuccmrm qeffred e@t:smmdrﬁecmf attivie sitest aldowing only

Ml%%é% xﬁ géémgf: tBe ioPventd %si@@rgﬁe&eﬁﬁirocarbon

one unsatura rocar on conpound I s_et
cqmpaaind ete)be hygdrogenated. Because the atoms of at least

one metal of type A, preferably all type A atoms in the
structure of the ordered intermetallic compound are mainly
surrounded by type B atoms, the individual atoms of the type
A metals are isolated. This is considered to avoid an
oversupply of activated hydrogen, and leads to an enhanced
selectivity. Due to the isolation of type A atoms, only some

adsorption geometries of the reactants are possible.

According to another aspect, the invention is concerned with
supported catalysts comprising the ordered intermetallic
compounds as described above in connection with the

hydrogenation process of the present invention.

Catalyst screening methods may be used to readily determine
which ordered intermetallic compounds are well-suited to
catalyse a specific type of (selective) hydrogenation.
Suitable screening methods are described in A. Hagemeyer, A.
Strasser, P. Volpe, F. Anthony, High-throughput screening in



10

15

20

25

30

35

the internetallic conmpound is an ordered binary

Pd- Gai nternetal |l i ¢ conpound, preferably PdGa or Pd3Ga7
woO 2ea7amseor e preferably, the sel ective hydr ogepPel/EP1000602325

ethyne to ethene is carried out with the above ordered

internetal lic conpounds under reaction conditions

where the ethyne starting material is present in

admi xture with ethene, the etiene bei ng present in

| arge excess in relation to ethyne. It was

surprisingly found the present inventors that .
hSUHGRISHT o CBINELS b r LoF RBRLPHIBFa m FopFggies  and
apb lsitdatcitorasly et bepesven, sikéexhevme, hgdodgenati ons, e.g.

over the supported nononetal lic catal ysts of the prior

art, such as supported palladium plati numand rhodi um
Theat akyélgd @t sorerinl lthpedf bel@r ofvtlaipegenali iom catalysis

wf¥¥E¥é§ﬁ§V¥'§ei§&HBaﬁﬁ %%ﬁ%ﬂﬂé@tﬁhé(&éiﬁkggﬁ'bsgameters for
product t_ hout w shi be bound by theory, it is

a aS8HRBE Iﬁaﬁlﬁq@‘éﬁwhawéée%éﬁééppwlf%ﬁ?%l%e t Fehe instance,

tmfta@ﬁeﬁ&wﬁé ugangk agt Iﬂtﬁinﬁéﬁx?ﬁal? seveagivsl h(}j/drogenatlons

. certalLn sor e les of -t nsatrat e °

iy BV BEHPBON ool CROBE: R SERIR b0, “BecabGe 43A°C, most

pat formalolfy a30<P etst 200&Cnet dheofpregsaire ,ipreé¢rendl yyall to 100
p n4h U e h

bal{lynte ﬁeé?%??ﬁ%&cgﬁpg%nZSa?%ﬁﬁa nFSE fﬁ%unﬁl% > to %0 bar.

Fogt gware td@taweﬁmm%eﬁr%@@ﬁsl%fm@ e t:9p‘€0A0ﬁéi185929re
isolated. This is considered to avoid an oversupply of

activated hyd and | eads t an .enhanced
Th&| R FFFRY. BVERS IR | RBYSt i SAVBA t}ﬁ@A apRgry  ordered
1nﬂégméﬂumﬂf@sommpoondgeemmpmueam@=gdmaadmnmemmé gadlium are

$23 R, ASCOEHL N9 LS RNILACT AAREGland (IS, NVERLLSDsts,  in

IS conc supporte nmprisin
pagrtdienelday ntter nehal IseleQnﬁpCﬁJn&itydafs»g@@@@rluomedoabcﬁﬁeetmlene to

éﬁngﬁg'OnA&bBPdEHSngd%9&5%¥éé€hﬂ”fﬁ¥%ﬁ%£ﬁntbg directed in
resent invention St "screeni ng nEthods may be

Qﬂﬁhﬁ%o RIWEFy H@teFﬁ?neuse of a® binary Pd-Ga ordered

intermetallic compound as a catalyst. The present inventors
have found that this type of ordered intermetallic compounds
offers particular advantages in catalysis, in particular, in
the field of selective hydrogenations. Due to their ratio of
electronegativities (Pd: 1.4; Ga: 1.8), the palladium is
retained in the metallic state but at the same time, a
covalent Pd-Ga bond of sufficient strength can be formed. It
is considered that these electronic factors lead to the high
structural stability of binary Pd-Ga ordered intermetallic
compounds. In addition, the covalent bonds are 1likely to
suppress or prevent hydride formation. This avoids an
oversupply of active hydrogen which may reduce the

selectivity.

For the above reasons, binary Pd-Ga ordered intermetallic
compounds were found to be excellent hydrogenation catalysts
(in particular, in selective hydrogenation reactions) due to

their excellent selectivity and stability. Of course, due to
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whi ch ordered internetallic conpounds are well-suited
to catal yse a specific type of (selective)
why@ragseat i on. Suitabl e screeni ng net hods ar ePCT/EP2007/002325
described in A . Hageneyer, A . Strasser, P . Volpe, F
Ant hony, Hi gh- throughput screening inheterogeneous
catal ysis: Technol ogi es, strategies and applications,
W ey-VCh, Weinheim 2004. THE skill ed person in the
field of hydrogenation catalysis will readily select
d opt e the reacti aranet rs for_a certai
8% oF PUE REBMOG8 T GHOT BALY | on CHSY | ASBanctlSq hepromising
cdnﬂnﬁa&ﬁsu&srcﬁqﬁﬂyétsnﬂmstfuatheeleypeseof reactions.
hydrogenations is typically 10 to 300 OC, preferably
20 to 250 0C, nost preferably 30 to 200 OC The
The essém:e:hlsvrgeetrmcal Izatdie o a0 Bar, apdef Gaabny 2the 75rdered

i @ rmd i1 ¥ eé@r'h Md5 0@93 bﬁﬁver’f@{oﬁoﬁﬁydgea'iﬁ the range
reference is_ na WO 03/10602 O . The, present

of Aknt ot stPate: f89nd fhey B} farSR oregRdt$ nPERRBY@PLyc from 2
: congeunds 2oNPhobgenprediehatilymh gald iumare : 5. Examples

o S5 i e RS YRR O pEb kB s paca,

Pcmaeg;r,yl é%uia,_e,aao;,et larden®do@ecor di PgiGR,, t PelpGeeseamd Pd3Gay are
t t : .

R A R

cqzrm%q@q Fhe prlesenfdpfgented s Redre h@uﬁd hern tfmlgd to be

hilgig, of 81 88t edel ntr@rdf@g%datﬁ&pm@aaﬁys%ers e.g. in the
artmulg}% dvant ages in catal%é , I n par ul ar,

SqLRe v TQefFReti 0B l%f-dr%%% ¢RHstopft Y i reverl when
tHatacetofl @ecihonbgatiadd i £s (a&dixéd4w16h, al. Brgé hexcess of

aIIadlun1| r iped in I t at a
SRR U 5 [Shal 0oL 8 TR Ll 5 e v an
e)gterle'lmgtm catrbctiweded. stabiditynsiweder t varidwsse reaction

ccﬁicﬁcélrd?{’é c fea‘l;gt or n | %éﬁ\;@egglsgha&ﬁéé‘ﬁﬁé‘féé of hydrogen,

st abi | nary Pd-Ga ordered internetalli .
aé%‘rﬁ}’cﬁmd 4 Fﬁcéaa’Pﬂson FREPLBY aMOROSIRS QP@ | igeygen. 1n

pdrricular under reaction conditions which are typically
employed 1in industrial selective hydrogenations, e.qg.
temperatures from room temperature to about 500 K. This
renders PdGa and Pd3Gay (e.g. in unsupported state) highly
attractive catalysts in general, particularly for selective
hydrogenations, and especially for the industrial
hydrogenation of acetylene in admixture with a large excess

of ethylene to afford ethylene with high selectivity.

The ordered intermetallic compounds for use in the process of
the invention can for instance be manufactured by melting an
amount of the constituent metals suitable to form the
intermetallic compound. The metals subjected to the thermal
treatment are present in a molar ratio corresponding to their
molar ratio in the intermetallic compound. Preferably, the
melting of the metals 4is carried out under inert gas
atmosphere, such as argon and nitrogen, preferably argon.
This manufacturing method is standard in solid state
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suppress or prevent hydride formation. This avoids an

oversupply of active hydrogen which may reduce the
waeleavdsed ty. For the above reasons, binary PJPCHEP2007/002325

ordered internmetal lic conmpounds were found to be

excel | ent hydrogenation catalysts (in particular, in

sel ective hydrogenation reactjions) due to their

excel l ent selectivity and st alifl lity. O course, due

totheir outstanding stability, they are al so proni sing

candi dates _as catal ysts_for further t es of
HEMS T s, ThRe NS OfeRreRATintG BCPIaRAy RdsGay is. for
exdmpxﬁdeﬁedcmﬂuummiﬂlMHecwarhund(ﬁxamﬁﬂemvemntme present

inth ran The. P .
aﬁlgé;aetf Sgrbr e e b?r? rgr% Zde%_aLl?o J.in Glr%d dkeJ.t Diploma
thesfer dbghiiseing Unnlve:osi_Ltat5DarEsan§l:ee‘.Gsﬁrmahe') » 1998, the

P rder [Ny IaCTs I S :
=Bt Ty yRrde o] US| LigoROROLO 1 o BiGRunce 1

itarentciieYy preferred. These bi nary Pd ordered
internetallic conpounds and al so Pd2Ge and PdZn have

been found to be selectlve dr ogenat. on
TSP SOTERCLOn S TS SFUBFPTe RO L Gpmpounds may
1raz:celtwé emenéal ehdykerps, every . whevhdie et yespecthveheompound
h SS | epe .
dafhos ABNERILL Iepeb CAE RSESS 8L BHOK SRcpripre. cnis
l%tﬁ%ﬁﬁ%ﬁ@fy sktebi Pdigan n@léitcbaﬁp@asnpéaéhDWn congruent melting

bR 4 ONS, L, SbMind Nakeadtd VEhaas aIMSPAR! 8% Ofhe respectlve
hydr ogen,_ vari ous hydrocarbons car bon nonpxi de and
%&ﬁ%‘% 1M QafYFEEar CHRISK IS IRFFIFhdr 1 bnSORALEAS where

argfen 1My calilsy eapkeyedrin i Bdustadial ewel eddieve thermodynamic

enatlo S er at s fro oom .
U LI LSFoeng, BembiF RS AR (ASTEh e hcunamycally most
stRdgia7md@i ficahiansuppdiamaedt at Shehiaghisaling atsi peeferably
#&taéa/%ét 'fb]geé‘ﬁ'r&houﬂ@r&fCUiﬂ%OXnaoEeﬁ5E§SEh¥% as large as

rogenatlons and especially r the industri al
poss1ble

As mentioned earlier, the ordered intermetallic compound for
use in the process of the invention may be used in the as-
synthesized form as an unsupported catalyst. In this case,
the specific surface area (BET method, Ny adsorption, for
more details see the Examples) is typically in the range of
0.001 to 0.1 m2/g. To increase the catalyst surface area, so
as to enhance the activity of the catalyst, it proved
beneficial to comminute (e.g. pulverize) the ordered
intermetallic compound. For . example, the ordered
intermetallic compound obtained by melting the constituent
metals as explained above may be comminuted with an
associated increased catalyst activity. The means to be used
for comminuting (e.g. pulverizing) the ordered intermetallic
compound are not limited in kind, and may be ball mills,
swing mills, cryo mills, planetary mills, etc. optionally in
an argon atmosphere. In the alternative, the ordered

intermetallic compounds may be ground by hand, e.g. using a
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hydr ogenati on of acetylene in adm xture with a |arge

excess of ethylene to afford ethylene with high
waeleavdsed ty. The ordered internetallic conpouPrdBEPZINT/002325

use in the process of the invention can for instance

be manufactured by nelting an anount of the

constituent netals suitable to formthe internetallic

conmpound. The netal s subj ectdd to the thermal

treatment are present in a nolar ratio corresponding

to their nolar ratio in the interpetallic cogpound.

QT AU, SHRES nEPTRHEbT O hET REFBFECFs FESP Fad o SPecific
suitiere | aces ods tatermemefed 3mbra&tarlgdm: atghnpound which is

t%ltéﬁ%ﬁ’dargr%gr%?né echem sﬁ %gé#;#gggg%%ﬁﬁzy 0.1 to

d r-so
1 pmepha i rfg'lcpdn’;asiarmr@ﬂerhblysoff@ﬂekanﬁl w2 /descri bed
in the working exanpl es of the present appl i cation,
and in nore detail in R. G edigkeit, plomathesns
Torec ARICE@RESUni F8Lsi t GREPAY FraCadt 2F eV HaYy) Of 10dde { hordered

nﬁ%ttneéﬁaﬂp{c V\B?ﬁbohﬁdhe{cﬁ/\ﬂ thel mﬁ%ﬂ@ﬁt@hed t‘h’%élr surface may
rereyence ni1ts entire ratli 0 Sone

b T HeP S AC E R it SHF ERC B0 RS 1 aB P RE o Red ggd as @
h;aim@enaet_gon vheadyshe Jmestpleet seéecumuﬁ@dm@emlon The
syl | 'té {ggg%%g$bﬁ rifed Y V§@”ﬁ§§8W'€o 'ia'}' atfer the

necessary does n Oow congr ue
cqmm:tmrrglctmhé;\re@rtmemaku ng atst mrqfireedli &gr aﬁ@ofthehe etching

sUiesRarddve dant efpet abbhpi SYEL16A) theaskkbhted pekR@Rver, the
w || concl ude where, annealing i.s necessarygi_lg ag)hl eve
0

lﬂfer%erwmﬁ% L | FOFPARNGE t hE- Fanpi RRETY Pd-Ga
cdnigourtd nodysagiredidrnblgstuséd@bhe wadiafliyeals oini §he unetched
aﬂbrred The annealing is preferably carried out for an
SUnt of time and tenperature as | arge as possible.
As mentioned earlier, the ordered internetallic

T}g&mifdadcé 0L ¢ M49End nd eb@r98ﬁ§évea bhecharwerhioRtE®Y ng, e.g.
e use I n e assy nthesi zed
by using alkallne etchlng solutions and complexing amines,

such as EDTA and derivatives, dependent on the particular
ordered intermetallic compound to be etched. Useful alkaline
etching solutions are, for example, aqueous alkali hydroxide
(e.g. sodium and potassium hydroxide) and alkaline earth
hydroxide solutions, and aqueous ammonia solutions. In the
case of ordered intermetallic palladium gallium compounds, in
particular of PdGa and Pd3Ga7y, the use of an alkaline etching
solution having a pH in the range of 8.0 to 10.5 afforded
hydrogenation catalysts showing in the selective
hydrogenation of acetylene a higher activity while
maintaining an excellent selectivity and catalyst lifetime.
In the case of PdGa a pH of about 9.0 and in the case of
Pd3Gay7 a pH of 10.5 gave the best results in terms of
activity in the selective hydrogenation of acetylene.

Wwhile the catalytic activity of the ordered intermetallic
compounds can be increased by way of the surface etching, the

selectivity, e.g., in the acetylene reaction, may be slightly
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formas an unsupported catalyst. In this case, the

specific surface area (BET nethod, N2 adsorption, for
woeoog/1056%ai | s see the Exanples) is typically iPCT/BR2007/002325

range of 0.001 to 0.1 m/g . To increase the catal yst

surface area, so as to enhance the activity of the

catal yst, it proved beneficial to comm nute {e.g.

pul veri ze) the ordered interddtallic conpound. For

exanple the ordered internetallic conpound obtai ned

melting the constituent netals as_ expl ained .ahove

er%‘f %k PR NGRS h FP afSSTER edEncPE &?&’fl‘”ty of the

urfedicast atddrd y. idthermeraslio beompednfipr a tempering at

conmm nutin ver t he,
SRS Bt LR o PR FLAERD, o, oo pattaion
pannndﬁeéxﬁanrbélsarsmﬁdgommlIsSuwgﬁblﬁIt@mpgrah@raﬁyfor the
éﬂf ernéftgre donal byoi n@n arger bﬁgsp@@re, kot &, most

ive e ordered internetallic conpounds may
Pﬂﬁi%ﬁﬁhﬁﬁilﬁﬁtﬁﬂﬁﬁoe.%. usi ng anDrtar. The above

conn1n?t|gn trgatngntstresultlin a specific surLace

area of the order interpetal li oun [ i's ,
THY GG A IheT aie Y TBoasneELSR FBLRYShr PEr e, in the
p1€bc§lrestso 30 mHe ﬁraeénﬁositn\wmtfmmbmyofansd be Simecreased by

0 increase the cat t act t y. jof e

B4 R R o TR e THN AT o T HA Y “dnd  inert
suwppddce. may be subj ected to surface etching before

they are used as a hydrogenation catalyst in the

sel ective hydrogenation. The surface etchin naX .
AQ%R?@%QEOU¥°prPBPtPSror%ﬁﬂ%ﬁt¢iu$Qﬁnnﬁ¥ﬁ??%ﬁ nvention is
cdd@Rtd@Ntwi th tﬁepﬁeéebﬁe¢daa(thfmﬁ§¢a$lag a catalyst, and

subsequent to t t Ho h
cquiesaiorl o AN com o s CoaIET puBger 0% oseren
1ﬂ%bfﬁemﬂmmnﬂwempauadpraﬁﬂxﬂﬂyteéedna§1@ymuygtgr|ﬁ mixture

Nﬁl t%%ﬁgv G884 €on TRES ﬁﬁb&?Ee BLehbPYeAB¥MPBdiments of the
®%achieved _

em cal etc
ordered 1ntermeta111c compounds 1n the supported catalysts

are the same as those described herein in connection with the
hydrogenation process. Suitable supports are those commonly
used in catalysis, e.g. compounds having a high surface area,

such as active carbon, alumina, silica, silicates, etc.

The following Examples are given for illustration of the
invention and must not be construed as limiting the present

invention.

EXAMPLES

Preparation of catalysts

Binary palladium gallium intermetallic compounds  were
prepared by melting the corresponding amounts of Pd and Ga in
glassy carbon crucibles under argon atmosphere in a high-
frequency induction furnace. 1.2083 g palladium (ChemPur
99.95%) and 0.7917 g gallium (ChemPur 99.99%) were used to
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by using al kaline etching solutions and conpl exi ng

am nes, such as EDTA and derivatives, dependent on the
w@arwilesbar ordered internmetal lic conpound to BPET/EP2007/002325

etched. Useful al kaline etching solutions are, for

exanpl e, aqueous al kali hydroxide [e.g. sodium and

pot assi um hydroxi de) and al kal i ne earth hydroxi de

sol utions, and aqueous anmoni ¥ solutions. In the case

of ordered intermetallic pal | adi um gal | i um conpounds,

in particular of PdGa and Pd3Ga7 , the use_of an
obFELR | AeJetBditng! kbiir4 MRV nG -A999 i ¥he(7ahdd &mol) and

182091 0410ca afiories hw@iogepaeilaedcas alg/sbas sang NBd,Ga was
in the.sel ective, hr};?rogenatl on, of acet

I
PLERIRTTy Wihi Pe RETREST 'Y an WicelFOREdel aﬁﬂls?we of the
olatrati rwed algmduq:tfset iwess oot Xlasd dy PckGa:aqz pdidffractometry

Lrgpnd he & .
gﬁ%jbest ko Epa%ﬂfg gscﬁ-i?bv yin Cﬁje s@?lectq%vdeiatlon'

results In terns
chRdg&fat PeRoshragetprane invhtranghesgapal ygeemetry with a

1.@%&% t¥oeitiba ors@ﬁrsa@lvét erdBidddd e COAROUBERPaIIBE  with
creased_b t he surface etching, the

r% TRV 155 a\l\?’@"m Ht?ﬁét‘éﬁétyl ene reaction, may be
sI i ghtl yreduced upon etching. To regain the

APELECHEYEIGOT B uneicheg Ldsead e Laldie cog  in a

oun terrp ect
glaasscmt earhgnofcruesi kplat | adaliadpant izl eslaaa liedbmrfné@ied with

I saton e ri 0
lggén Spa&%?e?’g%:%%%i%&48t: Ogﬁn%s?egr elpg)ra I)l/él(?vacuated

and 3§@aéed qeRr 57 PERO WSS oPdBRe WARIr 8§6RatWhbRRout further
araedal s . for use in the process of the present

i nvention may al so be increased by using precipitation

nmet hods, sol-gel chem stry and inert supports .
Tlm:csanij_oﬂlgst et hewdaespdctin t be gwiggenmilhveRdaterc sMM 200,

Cat i nﬁgtw' ghﬁd”%éisles)"ffg’fj@? N oPA3R® S Bdca and 2 x 10

min for Pd3Ga7 at 25 Hz. PdyGa was either used as prepared
after grinding in a mortar or after milling in Ar atmosphere

using the above swing mill for 2 x 30 min.

PdyGe was prepared by melting the corresponding amounts of Pd
and Ge metals 1in glassy carbon crucibles under argon
atmosphere in a high-frequency induction furnace. After the
melting the ingot of intermetallic compound was annealed at
1073 K for 170 h in a sealed and evacuated quartz glass

ampoule.

PdZn and PtZn were prepared by annealing of the corresponding
amounts of metals in evacuated quartz glass ampoules. First -
ampoules were heated up to 873 K for 24 h and annealed at
this temperature for additional 24h. Then ampoules were
heated up to 1173 K for 24 h and annealed at this temperature
for 72 h. According to XRD, PtZn appeared to be a single

phase after such temperature treatment, while PdZn was not.
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to a supported catal yst conprising any of the ordered
internmetallic conpounds as recited in Claiml , or a
worRoornos6df t hese, provided on a support. PrefRCT/B2007/002325

enbodi ments of the ordered internetallic conpounds in
the supported catalysts are the sanme as those

descri bed herein in connection with the hydrogenation
process. Suitable supports ar®d) t hose commonly used in
cat al ysi s, conpounds having a high surface area,

Tf?‘%?&%a?éﬁgw‘:ﬁ&p% T, CPURRSray (0 LBt and

addi tihd IMentinpeaded Nnwst 110t3 bg copst Buedags | iAfiteéng second
t he present invention. EXAMPLES Preparation of

anngaling SMake Phate mteryal | vam PhEeingdal | c
conpounds were prepared by nelting the correspondi ng
anmounts of Pd and Ga in glassy carbon cruci bl es under

Irar godent nos pireceeca sie a thieg ¢ ewe newn tialgset | sur fakeacehemical

2 | ' 9
L e R AR e o o o
CqmeEAImemonie. 760bulied ((MeiaX i r 268 )pand) 1.#091diluted
wit H3wh ddr 346 rﬂﬁé)r&;ﬁhg@é %I—Q Fd3Ga. 7 -PIP—drgé?sﬂ\Pém?nts were

prepared in siml ar stal_structure o

qurféﬂaftﬁdauvwe%h pR oKBEEE w&ysM@&ﬁtrr& efdplinathy apg a Mettler-
Td Il onel &y uaangalaeciEQEieSTe@hBrdi;fadf AP Bt efet Cdolutions

oA R Bt ) 4 PR i hlar *obe: PaReseRsPiagar were

adﬂ}idecto)r 75nohlcoaxﬁa|thsordn/ihu&ed edmmende datlaitfiraomand stirred

fcj}g LES a@g%ﬁﬁeé‘f L d)t kN9, ’@ggego%% Hn%ﬁdlﬁedffltt:rgzgd under
for In a assy carbon crucib e sea
Argqn chlewiband Washed t Wi bk g&additdzanlnas0 amdesifedthet diluted

amkdm K dPrutdilo®. h THeeé@%H%Ge%dﬁﬂié*%&@ddﬂﬂéatEy evacuation

anpoul es. PdGa was used wit hou t he
maé% min Qn a esfccator and storeé under Ar in a glove

box.
Characterization of catalysts

In the present specification the specific surface area of the
intermetallic compounds was measured according to the BET
method (Quantachrome Quantasorb Jr.). The samples (200 mg)
were treated over night at 393 K in helium flow (20 ml/min)
and measurements were performed by determining the total
amount of nitrogen adsorbed using three different nitrogen

concentrations.

In situ X-ray diffraction (XRD) experiments were conducted on
a STOE diffractometer (Cu-Ky) in Bragg Brentano geometry
equipped with a secondary monochromator, a scintillation
counter, and a Bihler HDK high temperature diffraction
chamber mounted onto the goniometer. The gases were mixed by
Bronkhorst mass flow controller and introduced in the
experimental chamber at a total flow of 100 ml/min. The
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anneal i ng. The sanples were powdered in a swing ml|

(Retsch MM 200, 4 m|l WC pot, 2 WC balls) for 2 x 30
worm7fiersePdGa and 2 x 10 min for Pd3Ga7 a t 25P&®EP2007/002325

Pd2Ga was either used as prepared after grinding in a

nortar or after mlling in A r atnosphere using the

above swing mll for 2 x 30 min. Pd2Ge was prepared by

nel ting the correspondi ng am@nts o f Pd and Ge netal s

in glassy carbon crucibles under argon atnosphere in a

i gh-frequency induction furnace., /After .the neltin .
x5 g G %1 CORPEF hELSRI AT 0SB IAURES L BaRGORSE with a
ma]i)573sbefcmrolir%&dr i nogEsseaded afkieffetiat ed goartgzhe in situ

ass _ampou

I e. Zn. an n r r red _bw.
ARG Sfor kb i efar e ShBRTRE 6% Hisnprapg onco @
stealc dsredl. quartz gl ass anpoul es. First anpoul es were

heated up to 873 K for 24 h and annealed at this

tenperature for_additional 24h. Then anpoul es were

Thivatt@@ T it 0SEaP3 1ktyor 054 PGRd Sithed8F2y tWaHi Studied in

h%leir’cg@,raa@% eokperd 2i A Hef,A;:@Qr diong trp, XRD h&l Zamappeneedn situ
0 a_single phase after t enperat ure .

XIS REEERETSAr T BABR WSS ndi SR oPBFE. THAAUGES in the 20

ragrgeindfrenes38d5°n aqi 148 andl adddt i diraind y Zhneal edoat 52.5°,
7 3 . AT C naalqisn { ngl .

N R e R

ok a8 alspst s¢@rf.acePAdGhemnshl P@sear nyanss pratedndgopy 323 K to

7PN SEEMh | P83 ak VAT §9YSKPHre 5pEBRE LAY, aBRBNKXRD patterns
sol ution (Merck, 0

25% p..a.) was diluted th ter, to ,
WeLR MeARHTeY bEPVReTR L By FBeEYr ekt s Wﬁdﬁeeﬁgﬁﬁﬁﬁﬁﬁd heating
ratd harosii ek bt OvES ex/ndbrd. Cal i matic and a Mettl er-
Tol edo I nlab 422 electrode calibrated with buffer
solutions (Merck centiPUR pH =7 and pH=9 ) . 50 ng
BduGa ®@d@d3GadnePdi@ddedshowgd m ofenarkapleit exfability and

s BTN A FOlLHE R A o €fhe above thermal treatment in
various reactive gas atmospheres at temperatures commonly
used for selective hydrogenations. This could Dbe
demonstrated for example by in situ X-ray diffraction (as
described above), as well as by thermal gravimetric analysis
(TG and DSC). Representative XRD patterns measured during
thermal treatment of PdGa in 50 % hydrogen in helium from 323
to 723 K are shown in Fig. 2. As can be seen, no additional
diffraction lines corresponding to Pd metal, PdO, or Gaj03
were detected. The observed narrowing of the diffraction
lines is indicative of crystallite growth of the PdGa
material. However, up to 500 K which is the typical
temperature employed for selective hydrogenations, the

crystallite growth is small.
Catalytic measurements
Catalytic investigations were performed in a plug flow

reactor consisting of a quartz tube with a length of 300 mm,

an inside diameter of 7 mm and equipped with a sintered glass
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for 10 mnutes at 300 K. The solution was filtrated
under Argon flow and washed with additional 50 m of
wo b@7dodsed ed amoni a sol uti on. The etched sanpPET/BRR07/002325

dried by evacuation for 120 mn in a desiccator and
stored under Ar in a glove box. Characterization of

catal ysts In the present specification the specific
surface area of the intermet&dic compounds was

nmeasured according to the BET net hod (Quantachrone

antasorb Jr. ) The | es 0 were treate
£ rE i HHPPST € 358K a |S|tuﬂﬁ%%%v?%OWH‘Pﬁ’F%}“EﬁdCOHtrOl a
thm&&idcﬁimmswwelpelaft@ﬁmedehy dederthel ngaathleng otwdlre wound
t nj n agsqr e N
2 D e ORAGEPED, Pt SN th (98 CBlagea inside
theXRBackper toemessyaree TondbempdrabhuaeSPEE ¢ catalyst bed.

T}IJ age%%?a%rt (Qéséé )wbgeBrlﬁQQe@r%‘f@Qo MJﬂst mass flow

secondary nono chroma tor,

rrﬁlrllerréﬁu bﬁOE%%nﬁéPW é&drﬁl/smré)f HDR: H’ag]fﬁtan CP 4900 Micro
gdsﬁrﬂlﬁd‘cﬁﬁéﬁcﬁgﬂﬁﬁ r egt) oin@hanbeei ApUpt 8fnoBtart BRadropol mass

oni onet er. gases were.mxed ronkhor st
T VB ol Igg)a%e]?%t}’fjaﬁce% n %Iﬁg UeR eﬁaﬁen?%‘?fyms The
Vaohiarber MatraGCot atorfitaimof theer / moduléeexhaash gagith an
0 t|on ont.[. RUOUS re S
1AL DO SRR T BHE B, I P CCoih B B EEDS detector.
Hysgoergrieind lmghaumyosoth@ (ffeetdw@%np%@ passibipepxwgen and
nloéltcéaé'h stiggluands Thedbherdmbrst abhkst yiff dda atdup  were

0
N e O o L T LU 20% et Dere e gihe,  and
etPhi{en 7 waiee &%@S‘ahtfa@éd nohhearq anmgméromﬁanﬂ to 4hé total
CO%?Cd?fL{fof a%gflg tOUéEi n fggeﬁl : sec/ \Sﬁut%naepz ﬁp 3\M5>q}ttédiene'
n-fGae werteansat andf r ore323bKtene) was determlned using a
siloxane (dimethylpolysiloxane) column. Higher hydrocarbons
were also separated on the siloxan column but not further
quantified because of the presence of many different Cg and
Cg hydrocarbons and their low total concentration (less than
0.1% of absolute product stream concentration). Argon (6.0)
and helium (6.0) were used as carrier gases for the molsieve
column and for the other columns, respectively. A
measurement cycle including stabilization, sampling,

injection, and separation took between 4 and 5 minutes.

Acetylene hydrogenation experiments were carried out under
the condition of 0.5% acetylene, 5% hydrogen, and 50%
ethylene in helium. All gases were obtained from Westfalen

Gas (Germany) .

Activity and selectivity of the materials in the
hydrogenation of acetylene were measured by temperature-
programmed and by isothermal experiments. The experiments
were performed at 473 K in the isothermal mode. The

conversion rate was calculated using the following equation:
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723 K and from 323 Kto 693 K, respectively, and XRD
patterns were neasured isothernmally every 50 K. The
webdogavise®e heating rate amounted to 0.5 K/ m n. PGDEP2007/002325
PdGa and Pd3Ga7 showed a remarkable stability and
structural integrity upon the above thernmal treatnent
in various reactive gas atnospheres at tenperatures
commonly used for selective dr ogenations . This
could be denonstrated for exanple by in situ X-ray
diffraction (as descri bed above) , as well as by
thermal gravinetric analysis, (TG an SO .
Representati ve XRD patterns bpassstduri ng t her mal
treatnment of PdGa i wOBY Bphydrogen tn heliumfrom 323
to 723 K are shown in Fig. 2 . “kgpasan be seen, no
additional diffraction |lines corresponding to Pd
nmetal, PdO, or Ga2U3 were detected. The observed

wHEYFd QM 'E%(ﬁhérﬁ%é%ﬁféﬁété@ﬂcéh9§§th§n'QH'EﬁE'ﬁgoahct stream
cry starlite growt h 'of the PdGa material. However,

up
ang %@afssr\/rﬁ%htli‘% %%tYW%aFOFg%EFﬁ%PQ éﬁpFB‘?eéeﬁér before
tr&eI chad/ﬁdaydr ogamzt | @Rd edtie ity Stald | tcaleuQetted s from the
. Catal ytic measur er Catal ytig investi,gation 1
SR T o PRUBE TR oI TECE| ovivmas BBHEPet I TEE of Sgetvlene
cqxlmtzrammnvmbdafcaréenghb ofred@orm ardi nSxdethe acetylene
cSHAHRAL: Aln T FHBAhEGHLRPEG W Lh @ sintered
gl ass to support the catalyst bed. For tenperature
control, a thernocouple was |ocated next to the
heating wire wound around the reactor. A second
t her nocoupl e was pl aced | i de t([l}z reactor to neasure
the tenperature of the ca 51"%5( d. The react ant
gases wer eSelixe llers
(total flow 30 m /@R -CANEL,ARTAXCOPYQ M cro gas
chromat ograph (GC) and a Pfeiffer omistar quadropol
mass spectromster (M5) were used for effluent gas

anal ysi s.
Calculfation of the selectivity assumes that acetylene is only

hydrogenated to ethylene, which may be further hydrogenated
to ethane.’  The amount of C4 hydrocarbons and carbon deposits
formed was supposed to be negligible. In addition to
hydrogenation of acetylene to ethane, ethylene from feed may
be hydrogenated to ethane, which is included in the
selectivity equation. In order to measure selectivity in
acetylene hydrogenation at the same conversion, different
amounts of catalysts were used according to their specific

activity determined in a previous experiment.

Activity of the samples was calculated using following

equation:

Conv Cfeed C

exp

Act=

Myt
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Varian M croGC contains three nodul es, each wth an
i ndi vi dual columm and a thermal conductivity detector.
wolgaragsm and hel i um of the feed gas, and possPOI/EP2007/002325

oxygen and nitrogen inpurities because of leaks in the
set-up were separated on a nolsieve colum. Acetyl ene,
et hyl ene, and et hane were separated on an al um na
colum. The total concentrati“On of C4 hydrocarbons
(1-butene, 1 ,3- butadiene n- butane trans and

si | oxane

but .
il Zebuhone) s delsifiaed USLIG e el LOANe con Croeq is
th&ﬂ&pnnentnaxmnnu@ﬂ acethtenel axarfesd, unn but0 Nt %, megt the

f f
sl i15Sr gl LoALIatass £l hac cHhERshEs Y, 1904 o/
angh reAMta s oﬁxxe@ézsrgetlhah parggnetexissdliike ttoacgas flow (30

ml9t,r eaBmparaedt-bat | HHY - kA gaﬂd( sz.%sﬁﬁde hghigdu® (£089%) and is

were used as carrier gases_for the nol sieve col unm and

bassd (fe i &R UMEES MRetbti vel y. A measur enent

cycle including stabilization, sanpling, i njection,

and, _separation t bet ween 4 n1nutes A et ene
T AT oy T T 30 oo pEEOH. 248 {RER8gonal,
95\:@%j|t|3(2r5 ofneehs%abérybbhe S%hycztmg@miahd E&D%Dn alumina

e dsh Rglai U Al lh 193! yNers 0 leged ofr om

%ﬁa e# Gas % $H yf . Ag?ﬁVIt &%e%Fe€%|V|t reference

Aqqa}etmaelrlnw sam nultlﬁepﬁ%taeaeﬁatl.l@ﬁllw aﬁ:lelt\gﬂrér&hlm ewas used

aﬁ@sm@mﬂ@m@w@@progﬂma agd abyldysot(baggab Ag79.72,

experirents. The eg‘gerlrmntsge (@Irformsd at d b
r ‘?ﬁr"r‘éi 58t RSt nbf2AbE80 Tk EBRver Wa§ Pprepared by
medadinlg athd usimgsdundiold ophpgieqlatmintrdypdssthg elements

e e Chaplle g bosesas o o

Concentﬁatl% f§b pro légreggg b 36348 g (99.95%
ChemPur) ) three times in an arc melter under argon.
Subsequently, the regulus obtained was enclosed in an
evacuated quartz glass ampoule and heated at 800°C for six
days. After the heat treatment, the regulus was powdered and
phase purity of the Pd-Ag alloy obtained was confirmed by X-

ray powder diffraction.

In the case of PdpGe, PdZn and PtZn, the intermetallic
compound was ground in a mortar and the amount of catalyst
was adjusted to reach more than 90 % conversion.

Examples 1 and 2, Comparative Examples 1 and 2

The activity, selectivity, and long-term stability of
untreated Pd-Ga intermetallic compounds (PdGa, Example 1 and
Pd3Ga7, Example 2) in acetylene hydrogenation were determined
in an excess of ethylene (0.5% CpHpy + 5% Hy + 50% CpHy) and
compared to the catalytic performance of PA/Al503
(Comparative Example 1) and a PdypAggp alloy (Comparative
Example 2).
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and C] Yp S 3 is the acetylene concentration in the

feed before the reaction. The selectivity was
waeadocabsbed fromthe foll owi ng equati on, w th EBOPRRS7/002325

bei ng the acetyl ene concentration before the reactor

and Cx the acetylene concentration after the reactor:

("bypass x) Sel = “bypass Cx + Cethane + 2xC C4H c

Cal cul ation of the selectivi@§ assumes that acetyl ene

is only hydrogenated to ethyl ene, which nmay be further

rogenated to ethane.' The anpunt of C4 dro rbon
R R e i Beating
tHuequrg:tﬂaalaa:ed n ﬂm&fm@tralbl@ydcmgleoaﬁdsn ahdacehyl emeference

hyI e fro may. hydr t to
alr?gL {31 %%ncr?%’dggd Egt the s&f rv%?if//%i %%t'i 0%315 mg.
arléh Rﬁmt;#gg@ rr%@@mng)sehebﬂlurtmy o aacneewm@n temperature of

4TV eI B dhe SRy COHVERS| eehyﬁéﬁéemh feed.

anounts of catalysts were used according to their
specific activity determned in a previous experinent.

Th%ct h¥btylehet Neorsped Bsn WasidC at 8d| &gt diddrgi iy | @me@tlmty
U.atl n = ntat %re Conv,.i s

d
L1 BLR b Efle iBomushe o a ril Figugss 3b° ' Biring 20
hcnnm:emtm@tlon oftaeamy| BigGan fseladyed & Coms¥antntaaetylene

elra%{’pjﬂt & ueg calabysl 1pc0-A04 CONSEBALLERLX Beetylene

ont ai ns expe par aneters
cqrmeanszgas plfovak(%ut 115 %téllff[ﬁ@rrat tawg (fmg« Fimad on stream.

PC%OQ&C%%H eséé‘gga rate)?a%%@gyd:cﬁﬁﬁ ?@oﬁvsrs%ﬁeqtems at 85%,
whanreasgyf 4ﬁ§%&§£ﬁ%ﬁhlb{ted a strong geactggatlon from 100% to
40% conversion during 20 hours time on stream. In addition
to a high conversion of acetylene, the untreated
intermetallic compounds PdGa and Pd3Gay possessed a high
long-time stable selectivity of about 70% compared to 50%
selectivity of PdjypAggp. and only 20% selectivity of PA/Alj03
(see also Table 1 the rows with "-" in the column "pH of

etching solution").
Examples 3 and 4

Isothermal catalysis experiments were performed by heating
the chemically etched (by means of aqueous ammonia solution)
intermetallic compounds in helium to a reaction temperature
of 473 K followed by switching to the ethylene-rich feed.
The results are shown in the following Table 1, which also
includes data obtained for the above (Comparative) Examples 1
and 2.
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was used as a benchmark catal yst. The Pd-Ag all oy

(Pd20 .28 79 .72' referred to as Pd20A -?80 n h

follow ng) was prepared by nelting the correspondi ng

physical mixture of the el em&fts 1.20405 g Ag (99.995%
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Chemical etching of PdGa at a pH of 9.0 resulted

in 93% acetylene conversion and 64 % selectivity after 20

(m = 5 mg)

This corresponds to an eight times
40 mg) .

hours time on stream.

higher activity compared to untreated PdGa (m =

Chemically etched Pd3Gay also exhibited an increased activity
in acetylene hydrogenation. 7 mg of Pd3Gay etched at a pH of
10.5 were sufficient to reach a similar acetylene conversion

like 100 mg untreated Pd3Ga7y.

The above shows that the activity of PdGa and Pd3Gay in the
be

chemical etching while maintaining a selectivity superior to

selective acetylene hydrogenation can increased by

conventional hydrogenation catalysts.
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obtained are plotted in Figure 3a and Figure 3b.

During 20 hours tine on stream Pd3Ga7 showed a
wa@oenstiedst acet yl ene conversion of 99% PdGa r emcher20a7/002325

constant acetyl ene conversion of about 90 % after two

hours tinme on stream Pd20 980 showed a nearly

constant conversion |evel at 85% whereas Pd/ Al 2 g3

exhi bited a strong deacti vat i2dn from 100% to 40%

conversion during 20 hours tine on stream In addition

to a high co grm on of acetyl ene, unt r eat ed

EXaRk &t 9% Ry PHEa Eﬁameas 7 possessed a
hi gh long-tinme st abI e selectivity of about 70%

FESE%V%%§ 2$W eIe V'EéggféﬁQ%§$L%$9 f% 1%1 %éyof PdyGa

1muetmnétdllmt¢\@nm@tlm i:pHasfpeephrﬁg formt aéﬁey grinding in
ghd sahhermgy %@t@ﬂshﬁﬁ | el €6) in

perfor ned eat| ng the chemcally etched (by neans
a"cﬁtké\]cﬁ}'e%u%Y mﬂnstsetluwe&ﬁ) A ARG caIB%%Buﬁés ethylene

(0 s h@I I@Qr? 4042 Beactign tenpersat Ln:;?{ of 4k iqdemeithed and
o(ﬁ/ ing to_the etg\g ne;rich ee The results Bd/A1-0
wn 59 t i ¥ ol | SAFRYY ThbI e Eer ﬁ/ﬁf“@ﬁ & so® 2~3
(cmmmtmmm@n for the above (Conparative)
Exanples 1 and 2 . Table 1 : Acetyl ene conversi on and
selectivity of untreated and chenical etched PdGa,
Ignid@maPdrAt2d vSis apperimenie afexs PErRormesh by heating

tﬁ%“%ﬁ%bfﬁe@%fWi@nﬁdQ@a4g§mﬁbunégegh@akhétQQE@Qe&EePQﬁ%erlals

at a pH of .0 $sul ted_.in 93%.acet I ene
(%?iﬁ/aer%%ﬁr&ﬁéréﬁl %Jsoeuf&m% 2§ afidleso Wi ¢ feigH mill:
0 S8 MRpM PdMA B, O r@spongds in heleughtot aneeahutgbar temperature

ared to untre % % )
of&éﬁ i PGS D ERLE0 SR Brbortun Lee xishy feed.
activity in acetylene hydrogenation. 7 ng of Pd3Ga7
Fleé&hed%fr‘t eﬁlcPHlﬁ; show the acetylene conversion and the
corresponding selectivity obtained in the above experiments.

As can be seen, PdyGa shows excellent activity, stability and

selectivity.

The catalytic results after 20 h time on stream are compiled
in the following table. As can be seen, the activity of PdjyGa
can be increased significantly by milling ( note that only
0.8 mg milled PdyGa was used in Example 6) so as to increase
the specific surface area, while retaining the high

selectivity.
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chem cal etching while maintaining a selectivity
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Examples 7 and 8

Catalytic experiments were carried out using PdjGe

e convers

While reta

haty) g9
50 as

ni ng

DN,

and mll ed

(0.5 mg)

and PdZn (100 mg) as ordered intermetallic compounds in the
hydrogenation of acetylene 1in the presence of excessive
ethylene at 473 K. Isothermal catalysis eXxperiments were

performed similar to Examples 1 and 2.
5a and 5b.

in Figs.

As can be

of only 0.5 mg is highly active.

seen,

Moreover,

The results are shown

PdyGe which is used in Example 7 in an amount
PdyGe and PdZn

exhibit a high selectivity in the conversion of acetylene to

ethylene in the presence of a large excess of ethylene.

Example 9

Acetylene was hydrogenated in the presence of an excess of

ethylene at 473 K using 100 mg PtZn ordered intermetallic

compound as a catalyst.

Isothermal catalysis experiments were



excess of ethylene at 473 K. Exanples 7 and 8

Catal ytic experinents were carried out using Pd2Ge
w@ 0003/1045%9 and PdZn (100 ng) as ordered i nternepel/EPm07/002325

conmpounds in the hydrogenation of acetylene in the

presence of excessive ethylene at 473 K. I|sothernal

catal ysis experinents were perfornmed simlar to

Exanples 1 and 2 . The resul 28 are shown in Figs. 5a

and 5b. As can be seen, Pd2Ge which is used in Exanple

7 in an anmount of only O .5 Is_highly active., .
PefPEBREy SIBHIEF Ry %%Pje‘iﬁrgi angd Ri-ghsSs& vityFig- 6. a
hilghe sed@earistiay ddo atrs Haedierdd ethylene ath 4hHeigh conversion
ispreipggegpf a | arge excess of ethylene. Exanple 9

AGSEVITETE 'was hydrogenated in the presence of an

excess of ethylene at 473 K using 100 ng PtZn ordered

internetallic conpound as a catal yst. |sothernmal

catal ysis experinents wereperforned simlar to

Exanples 1 and 2 . As shown in Fig. 6 , a high

selectivity to the desired ethylene at a high

conversion is achieved. CLAIMS 1 . A process for the

hydr ogenati on of at |east one unsaturated hydrocarbon

conmpound usi ng a hydrogenation catal yst conprising an

ordered internetallic conmpound wherein the

internetal lic conpound conprises at |east one netal of

type A capabl e of activating hydrogen, and at | east

one netal of type B not capable of activating hydrogen

and the structure of the internmetallic conpound is

such that at |east one kind of type A netals is mainly

surrounded by atons of the netal of type B. 2 . The

process according to Claim1l , wherein the

hydr ogenation is a sel ective hydrogenati on.
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3 . The process according to Claim1l1l or 2 , wherein

t he unsat urated hydrocarbon conpound has carbon-carbon
walombhiessend/ or triple bond(s) but no other hydrOLEPR0Y/@2325

group (s). 4 . The process according to any one of

Clains 1 to 3, wherein the unsaturated hydrocarbon

conpound is sel ected fron1the group consi sting of

al kadi enes, cycl oal kadi enes, Qlkynes and aryls. 5 .

The process according to Claim4 , wherein the

unsat urat ed hydrocarbon is i%&é%e whi ch is converted

to ethene through the sel e& hydr ogenation. 6 . The

process according to CCaim5 , wherein the ethyne is

1 Pregen adm e h qf et

pro%és&’é&:ordl)r(lE 0 Q%E ﬂgdgéggﬁitprecegﬁgg 8? 1JQ§t one
ungisdgiatache bydn@carboaf et eduphnar net al hydrogenatlon

catATRAUNE dnpSiUGihg hat é¥dé§@§tlﬁﬁﬁéﬁétéfflé'Eéﬁpound Xﬁereln

coordlnatlon sphere of the at |east one kind ty
thi?etJa‘P'ée]F%eB%H:b?ed:OB?Oé’t%c%‘f‘Pﬂl‘ﬁ%SBaﬁ?et%\?%S‘B Onﬁhé“etal of
tyRe0 PSR BN Gidi A eing hydybeee) nad@04¢olebBe one metal
élrst coqdination s re of the at | east

VEIPR el A & A b By AteTe aF Bgpe K RERAs. 283 the
Strumr‘“ edessheciotretimzrd bl tamycomeowtdt he puebethag at least

t f A
%&ﬂ’fouéé’fco Stzll‘ﬁmg‘é%ﬁg i xﬁa/{ﬁly hﬁhﬁﬁéﬁ@%ﬁe%g r9%ms of
th@sme@@l RIf qyrperm Pd, Pt, Cu, Ag, and Au. . 10. The

process accordi ng to any one of the precedi ng cl ai s,

mher in the netals oftggg B are selicted ﬁ[onmg%%

2.gr odpSconBF SEFRG of2FOTHNY Ga b9 n, CFPRIM Ce, relin
hyldrogsatSorBiis £n,s€iectainge Hyydddgerddiei gnocess

accordi ng any one of the preceding clainms, wherein the

nmolar ratio of the netals of type A and B (A: B)
3. The process according to Claim 1 or 2 wherein the

unsaturated hydrocarbon compound has carbon-carbon double

and/or triple bond(s) but no other hydrogenable group(s).

4. The process according to any one of Claims 1 to 3,
wherein the unsaturated hydrocarbon compound is selected from
the group consisting of alkadienes, cycloalkadienes, alkynes

and aryls.

5. The process according to Claim 4, wherein the
unsaturated hydrocarbon is ethyne which is converted to

ethene through the selective hydrogenation.

6. The process according to Claim 5, wherein the ethyne is

present in admixture with an excess of ethene.

7. The process according to any one of the preceding
claims, wherein the structure of the ordered intermetallic
compound is such that at least 80% of the first coordination
sphere of the at least one kind of type A metals is occupied

by atoms of type B metals.
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is from20 : 1to 1 : 20. 12. The process according to
any one of the preceding clains, wherein the

wo paoenosssal | i c conmpound i s sel ected fromthe gPOLBP2007/002325
consi sting of Pd2Ga, PdGa, PdGa 5, Pd3Ga , PdSn,
PdSn2, Pd2Ge, PdZn, PtZn and Pt Ga. 13. The process
according to Claim1l12, wherein the internetallic
compound is PdGa, Pd2Ga or PdBGa7 . 14 . The process
according to any one of the preceding cl ai ms, wherein

the jnternmetallic co ound ected to surfa
8. o1 CRhRy FRBCsRS (Saeraend o SIS Ton ki (Tfgs of the
firbe sebedhnmalbpdmmmanﬁlaﬁ1tﬂé afhtepsbcese &dowt difhgtype A

me{-,gl(s"| o%éuE?@ﬁr %é/n R:I ocfh'tg/%é]_SB G 18d out using

an-al aI| |on he process according
to Caim1l5, wherein the internetallic conpound is

9. PdG@hgr 5?§Q§Zsangc58§d@h50ftBheaﬁ&ka$h8e @fChtH@ preceding

solutionis in the range of 8.0 to 5 17 ,
ClBFE&esQﬁgﬁﬁﬁﬁﬁlﬁ@etSeéﬁﬁsoﬁEEoFYPﬁeApﬁ@?%d?ﬁﬁeEFSﬁm§r°m the
grvlipr @iondilke iiny espetcal | Mo, compomad Re,c@wr nRtedogl,i @o, Rh,

to_use hydr og natl atal yst in the selective
ir hy§FOggaat§5n g % 3%? a binary Pd-Ga ordered

internetal lic conpound as a catalyst. 19. The use

1Oa009éalnﬁrégegka'gb é retg t?ﬁ ML AL r@f'otﬂé Fﬁkecedlng
and e order I nt rneta I'C conpound_is
clapms,: WEreim the mesadecnii th?oBCI%ﬁ?n §818th§ ‘from the

grvsﬂgr @bﬁstlg%lﬁgd%rfe@ | atier iRt aldd ¢ onmundsé s SWGaple As, Sb
catalyst conprising a support and an
Bigr 48r e§% n@BFnECal I i ¢ conmpound supported thereon,
wherein the internetallic conpound conprises at Ieast

119neTHgt%régéééug%é%rding any one of the preceding claims,
wherein the molar ratio of the metals of type A and B (A : B)
is from 20 : 1 to 1 : 20.

12. The process according to any one of the preceding
claims, wherein the intermetallic compound is selected from
the group consisting of PdyGa, PdGa, PdGasg, Pdi3Gay, PdSn,
PdSny PdpGe, PdZn, PtZn and PtGa.

13. The process according to Claim 12, wherein the

intermetallic compound is PdGa, PdzGa or Pd3Ga7.

14. The process according to any one of the preceding
claims, wherein the intermetallic compound is subjected to
surface etching prior to use as a hydrogenation catalyst in

the selective hydrogenation.

15. The process according to Claim 14, wherein the etching

is carried out using an alkaline etching solution.



10

15

20

25

30

capabl e of activating hydrogen, and at |east one netal

of type B not capable of activating hydrogen and the
wa@tooaabasse of the intermetallic conmpound is surCT/ERBD7/002325

at | east one kind of type A netals is mainly

surrounded by atons of the netal of type B . 22. The

catal yst according to CaimZ2l, wherein the ordered

internetallic conpound is a %3nary Pd- Ga ordered

internetal lic conpound.

16. The process according to Claim 15, wherein the
intermetallic compound is PdGa or Pd3Gay and the pH of the

alkaline etching solution is in the range of 8.0 to 10.5.

17. The process according to any one of the preceding
claims, wherein the intermetallic compound is comminuted
prior to use as a hydrogenation catalyst in the selective

hydrogenation.

18. A use of a binary Pd-Ga ordered intermetallic compound

as a catalyst.

19. The use according to Claim 18, wherein the molar ratio
of Pd and Ga in the ordered intermetallic compound is 20 : 1
to 1 : 20.

20. The use according to Claim 18 or 19, wherein the ordered

intermetallic compound is PdGa or Pdi3Gay.

21. A catalyst comprising a support and an ordered
intermetallic compound supported thereon, wherein the
intermetallic compound comprises at least one metal of type A
capable of activating hydrogen, and at least one metal of
type B not capable of activating hydrogen and the structure
of the intermetallic compound is such that at least one kind
of type A metals is mainly surrounded by atoms of the metal

of type B.

22. The catalyst according to Claim 21, wherein the ordered
intermetallic compound is a binary Pd-Ga ordered

intermetallic compound.



