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i nvention relates to a process for the purification of organonetallic
conpounds or heteroatom c organi c conpounds with a catalyst based on iron
and nmanganese supported on zeolites. Organonetal lic conpounds are
characterized by the presence of a bond between one netal atom (al so
arsenic, seleniumor telluriumbeing included 10 anong netal s) and one
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or of esters ( » 15 are neant. The heteroatom c organic conpounds
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as oxygen, nitrogen, | i des, ur, horus,. silico an bor 20
Nany of these @8 Crﬁﬁ‘%’%‘é of SitreRns R FHRPLRLE Eh £ <3

chem cal appl 'EﬁB&l ?ﬁlelg@g rié§ b zBhighs purity are not general |y
requested in this |eI and hei r |f|cat|on I's carried out by
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applications, particularly in the sem conduc I ndustr In these
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carbon, such as for instance the alcoholic rachcals (-OR) or of esters (-O-CO-R)

15 are meant.

The heteroatomic organic compounds (also simply defined heteroatomic in
the following) are those organic compounds comprising, in addition to carbon and
hydrogen, also atoms such as oxygen, nitrogen, halides, sulfur, phosphorus,
silicon and boron.

20 Many of these compounds have been used for a long time in traditional
chemical applications. Reagents having very high purity are not generally
requested in this field, and their purification is carried out by techniques such as
distillation (optionally at reduced pressure, in order to reduce the boiling
temperature and therefore the risks of thermal decomposition of the compounds)

25  orrecrystallization from solvents.

However, these compounds have been recently used in high technology
applications, particularly in the semiconductor industry. In these applications, the
organometallic compounds and the heteroatomic compounds are used as reagents
in the processes of chemical deposition from the gaseous state (known in the field

30 with the definition “Chemical Vapor Deposition” or with the acronym CVD). In

these techniques, a gas flow of one or more organometallic or heteroatomic
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chanber ; HO7986i de the chamber the conmpounds are deconPeBEHI®PISIeact ed,
so that materials containing netal atons or heteroatons are formed in situ
(generally in the formof thin layers on a substrate). The 5 organonetallic
or heteroatom c conpounds can be al ready “i4T the gaseous form but they can
also be inthe liquid form In this second case, the gaseous flow of the
conpound i s obtained either by evaporating the conpound, in which case the
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the container for the liquid, in wh case the flow contains vapors of
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bi s- net hﬁ@yel’gggen%g%&ﬁgl -magnesi um  magnesi um bi s-t etranet hyl hept ant a
edi onat e, di net hy|mﬁ%ﬁorﬁm&ﬁétmm%§sﬁeﬁbd@ﬁ Biexé deplicatiehd s hafnium tetra-

t et raet hoxydi net hyl am noet hoxi de, di nmethyl gol d, acetyl acetonate, |ead .
bi s-t et r anet h}fbﬁ@ildﬁeMﬁ§1umumexﬁﬁ¥hYgﬂlﬁ@Hﬁﬁbr trig bty lalwaimam odi-i-

copper bis-tet pt j_on ' rg- . .

t et ramet hyl hep “iﬂg%‘?% %Q@e,%t h%ﬁ%‘*‘éﬂ%t hy gg?yéar'}lllﬁnu%mn chloride,
tetramet hyl ti ndjethiyRlimiahy | tthoxide] n diméthglaluntiutoexi Badridef r arimethylantimony,
bi s-tetranet hyl hept anedi onate, 30 tantal ym pentaoxi de,. tﬁln alum

t et r aet hodydi rfEeiylaptimesy: hoxi dd-i-Rrapylantimeny, tris-dimethylamino-antimony,

Hhyl .
tetraet hoxyt et@@n@%gﬁg%@;ﬁwm%ﬂi&ﬁbuWMe, phenylarsine, barium

t et ramet hoxyteira
bis-tetramethylheptanedionate, bismuth tris-tetramethylheptanedionate,

—

dimethylcadmium, diethylcadmium, iron pentacarbonyl, bis-cyclopentadienyl-
iron, iron  tris-acetylacetonate, iron tris-tetramethylheptanedionate,
20 irimethylgallium, triethylgalium, tri-i-propylgallium, tri-i-butylgallium,
triethoxygallium, trimethylindinm, triethylindium, ethyldimethylindivm, yttrivm
tris-tetramethylheptanedionate, lanthanum tris-tetramethylheptanedionate, bis-

cyclopentadienyl-magnesium, bis-methyleyclopentadienyl-magnesium,
magnesium  bis-tetramethylheptanedionate, ~ dimethylmercury,  niobium
25  pentaethoxide, niobium tetracthoxydimethylaminoethoxide, dimethylgold
acetylacetonate, lead bis-tetrmnethylhepténedionate, bis-hexafluorocopper
acetylacetonate, copper  bis-tetramethylheptanedionate,  scandium  tris-
tetramethylheptanedionate, dimethylselenium, diethylselenium, tetramethyltin,
tetracthyltin, tin tetra-t-butoxide, strontium bis-tetramethylheptanedionate,
30 tantalum pentaoxide, tantalum tetracthoxydimethylaminoethoxide, tantalum
tetracthoxytetramethylheptanedionate, tantalum tetramethoxytetramethylheptane-

RECTIFIED SHEET (RULE 91)
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dionate, tantalumtetra i-propoxytetranethyl heptanedi onate, tantalum
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silicon-based sem conduttor devices; the production of ~materials having a
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used in ferroel ectri.c,menori.es, or the production of materials 20 having a
| ow di el ect ri ctePamethytheptansdionate. 5j vy for insulating electric contacts in

sem condugipor devi Tﬁé;pﬁlgﬁpélhﬁasmawﬁibcaéﬂz dseaganis thesd Rppheutak’ eel y
high purity are required, with levels of the order of 10', 10 ppm whereas
t he traditi onatrimethglborae, reyhmetyice dindethylbydeazingw(that 5htvdhereine beths msthyl

i ities | th b 25, Furth inth
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the storage i suHaLhgRhelphoRis, 'Eaﬁﬁdephiﬂaanaaba@mnefceﬂ)ﬁﬁae fromthe

container walls, which anyway nmakes necessary to use a purifier

i medi at el y bef or e Some tapiphl examiplas qfapplication®f thrse m e theprepugtionsgf
Patent US g, 47Q. 555 .d ib ' 30
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forned of ZnSe; the use for p doping (for instance with boron) or n doping (for instance with

phospborus) of traditional silicon-based semiconductor devices; the production of
materials having a high dieléctric constant (for example compounds such as
PbZr,Ti1<x0;) used in ferroelectric memories; or the production of materials

20  having a low dielectric constant (such as SiOy) for insulating electric contacts in
semiconductor devices.

For these applications reagents having an extremely high purity are
required, with levels of the order of 10", 107 ppm, whereas the traditional
chemical techniques do not allow to obtain levels of impurities lower than about

25  ten ppm. Further, even in the case that organometallic or heteroatomic compounds
of very high purity are produced, the storage is source of contamination due to gas
release from the container walls, which anyway makes necessary to use a purifier
immediately before the application (so-called “point-of-use” purifiers).

Patent US 5,470,555 describes the removal from organometatlic compounds

30  of oxygen gas which is present as an impurity, by using of a catalyst formed of

copper or nickel metals, or the relevant oxides activated by reduction with

RECTIFIED SHEET (RULE 91)
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hydr ogen, Y@BH81%&d on a support such as alunina, silica orPGIVITDHeHISE.
According to the patent, by this nethod the renoval of oxygen gas froma
flow of the organonetallic conpound can be obtained, down to val ues of
10. 2 ppm However, oxygen is not the only inpurity that has to be renoved
fromthe 5 organonetallic or heteroatom c conpounds. O her harnful
inmpurities in the CVD processes are for exanple water and, particularly,
t he speci es dbydwgey depositetiva a sippert atiétoas démidagsitieaver sitigateo recatdingtoor
het er oat om ¢ gonpound,. fol |l ow ng .t undesjred reactions generally with
wat er or oxygg’r?. P?*SPt’i‘?YstﬂHﬁc’é‘Fﬂ"g’ﬁ g’ﬁere&i’é’ 8? XYSER B | Bolyr gabiokettaths ¢

conmpound MR, , @{aﬂic'\éo?:% eah b&iRt gani.c radi cal and
n the val enceoggmt e neta Mlﬁgont g?nbnatloh@#%ﬁ%%fﬁ?- @;& speci es can
occur, wherein x Bovwaned, okggear isvaot Yhegnlbdinpadty thatihas to. be rehesed dong eiat ed
species are harnful in.the CVD prqcesses because the i nt roduce oxygen

atons int @ t hATsfEPwelallic grsieropigmie gomponnsisSathst b HRRYTHips ity the tric
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the reaction of water and oxygen. wth organonetallic or heteroatomc
conpounds wh oé‘@dﬁ‘:ﬁ&eﬁ reachpns genesalbbwithwaterr oxysene dor instaiseainfbel casecafrali ng

to the present, invent| ] S 2 ' ' ahLl | c or
het er oat om ¢ ?gllrlrér%uﬁlt&]aﬁ 6(}1]%%& ﬂ&u‘??@#(g‘gﬁl Iséméb%'@h\g%ﬁ{egh r}\?\# th’gengé éﬁ;{]aggag‘t i{b ed on
iron and banganeméc dediesl tagd an tHeoldldnee. offBe Rufal f M; atbtamiRfioRe fieal i ed

out on the organonetallic or heteroatom c conpound either in the liquid or
in the vapor -d-OR}x SPECigs s preys wheseint i, infegeryayingdietwern hand pon-

and manganese C at 01 ' riLy ' ' , ch as
a hydr ogenat eﬁ%%‘f?’ é{}(&%ateaﬁy%ﬁ%s a%a:ﬁ%ugﬂwﬂb@%eg ciatﬁarpges??%t %éeaﬂlk%vﬂe} i on
w || be descr iibtestuca okirgen atbing\ihtogheiniaferiad being feendd) thdesensibbyvdleging the

wherein: - figure 1 shows a cutaway view of a purifier by which it is
possible to plﬂectnc properties thereof.

15 Object of the present invention is providing a process for the purification of
organometallic compounds or heteroatomic organic compounds from oxygen,
water and from the compounds derived from the reaction of water and oxygen
with organometallic or heteroatomic compounds whose purification is sought.

This object is obtained according to the present invention with 2 process

20  wherein the organometallic or heteroatomic compound to be purified is contacted
with a catalyst based on iron and manganese deposited on zeolites. The
purification can be carried out on the organometallic or heteroatomic compound
either in the liquid or in the vapor state.

It is also possible to use, in addition to the iron- and manganese-based |

25  catalyst, other impurity-sorbing materials, such as a hydrogenated getter alloy or a
palladium-based catalyst.

The invention will be described in the following with reference to the
drawings, wherein:
~ figure 1 shows a cutaway view of a purifier by which it is possible to put
30 into practice a first embodiment of the process of the invention;

— figure 2 shows a cutaway view of a purifier by which it is possible to put
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enbodi ment of the process of the invention. In one enbodi nent thereof, the
process of the invention consists in contacting the catal yst based on iron
and nmanganese deposited on zeolites with3the conpound to be purified in
the liquid state. This can be carried out sinply by 5 introducing the
catalyst into the container of the liquid conmpound, fromwhich the sane

Wi 'l be evaporated kyoheaiticed sefontichibodinfent 6f tBE pitess dfalie dfentio a
preferred enbodi nent the purification is carried out by contacting_the

catal yst based onli rps embodimsghrikereofnithh pregsss of B d0vNUPR GEnSISHy iR er

gas, of the organqnetallic.or.heteroatom ¢c_conpo B : 109, the
05° nvent i on_RITHEE e saPRBLaRErd B AhE nrf PR Sraddhed 16 Lt it
purification gfe dohourdB®be phafi@l inSths Gguitiktdde. iThid b Boodiied ont dimply bpnmonl y

used in the industry. The sumof the netals generally forps about 10 to 90%
of the totsal utdtodhgivg thewatayst intprike pontaineriod thocliqnisl compavnd, Ferywhichdhe an

vary between about ..7.1 and . 1. ng..i s_peeferabl bout 2:1. 15 A catal yst
suitable for P%CWIB%%@(?{“%%Y%R?’@%PFg’htﬁiasca%bqréa%y t he Japanese conpany
Ni ssan G rdl er Catmhéstr,Ga- a lfréferrt @ renitd@iniint ithe qRiifestied ié refriedgeasebysuch

as helium argon or nitrogen. This product contains iron and manganese in a
wei ght ratio efntadding the @falyst\lgeed pr ifos and Shangdness WHYCVAROE: P @hil Rati o

between the two_.naterial,s, the . d Lting

i ron and mngﬁmg?ﬁef)gh? qr%q%%ggéﬁﬁ@ayﬁétg@%@%@r [ teg.f%vgﬁg’ceﬁ%gsi t of
netal s onm@eoliiveRfion Swilehe dadckibed a¥ilfe Partipularl fsfbraheples tind panficatiohpitt thei on
froma sol ution wherein soluble conpounds (also .indicated in the follow ng
as precur sor s )Vapr statesinaedhisanihe senditemmestsommany yard i e ARBY-ei n t he

zeolites which w f b arting
ol vent and the prids REEYAHE sHE bR HRAL ko T0R8 YHE BEme [ cul5d

possi bi i ti es weighit! fThé h@tiobétween irdhntandmirganest han praec betsaes ahowt Edlandl e in

the selected solvent. For _exanple, it is possible to use organic solvents

such as al cohdrkauhis paeferably dhouh2:lpr ecur sor wherein the nmetals are

CorP! exedypt 1, 20 PHABRE s peSpBbasc il s iy tan one

company Nissan Girdler Catalyst Co. Ltd. for the purification of inert gases such

as helium, argon or nitrogen. This product contains iron and manganese in a
weight ratio of about 1.8:1.

When it is desired to have a different ratio between the two materials, the

20  catalyst can be produced by depositing iron and manganese metals in the desired

ratio on zeolites. The deposit of metals on zeolites is generally formed by

techniques of coprecipitation from 2 solution wherein soluble compounds (also

indicated in the following as precursors) of iron and manganese have been solved,

and wherein the zeolites which will form the catalyst support are provided. The

25  starting solvent and the precursors can be selected in a wide range of possibilities,

with the only condition that the precursors are soluble in the selected solvent. For

example, it is possible to use organic solvents such as alcohols and esters with

precursor wherein the metals are complexed with an organic ligand: complexes of

metals with acetylacetone are typically used in this case. Preferably, though, a

30  water solution is used for operation, In this case, the precursors employed are

soluble salts of the metals, such as for instance chlorides, nitrates or acetates. The



30 water solution is used for operation. In this case, the precursqf$J 004
enpl ayed are soluble salts of the netals, such as for instance chl® |6%;,
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precipitation of the conpounds formng the first deposit on the zeolites is
generally carried out by increasing the pH of the solution; it is thus
obtained a first deposit forned of the retal conpounds, generally oxides
or hydroxides or nore generally internedi ate species of the oxy-hydroxides
type. Once this first deposit 5 has been obtained, the solution is

centrifuged oprefibitatturedfahe dongonnls ﬂ'@lﬂhﬁiﬁgsﬂﬁrﬁrstfdeﬁaéit bl ek 286liteh e
treated at high tenperature for the conversion of the conpounds of iron
and manganes eSangraliyicarried oph by incgrasinieche pH afitke splytiany itris fiugebtained 2 fisst et al
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2l ow of - hychepdsh rtiEoraShE plelf cPRioobh S uERamy HeS 0k frohatBe S5 R ¢ he
10 i nter medi agenepillydufimédiateapbdiseoPihe dxyliBARdxidesPpd. OndethisMisE 85281 St ep,

which imediately follows the first one, a flow of purified argon at a
t enper at uPe ofasdeen jobtpinedp fpcojuiopds senfrifiged los filterhdcand the tvest powidetsearpr oduct

for at |east 0 . upport, of ,the catalyst is generally in_the form
of pellets orérsspmac'i'[eﬁ %@&ﬁﬁ%’b&g“ Hadh A’bé'l’éit%p‘m%ﬁ%e#ﬂr fh ﬁn‘i:?nfs’eﬁﬁin PE E?’ﬁg
range of the ssgidinds 6fip6h aidinesganese folifiethld! Th fahith Of the bIpRERkddsi ¢ or
het er oat om ¢ conpounds with the catal yst based on iron and nanganese is

bet ween abouttozbemgtel foop@ccurs Withwe two-stepe tharmab treatinent, evhvein infthefiyden i s

limted, whergas eppey at ur.es. hi gher t han ,about, 100C deconposi tion
reactions ofﬁﬁ8%¥°@‘%8gwqﬂ%%p?mﬁ%“%&g@f %9@%&5 Fg‘FS the
pref erredot enpesradetias pioduct2forVd tiftieNof 8OMBabteAMBLAL Yh Qh@@gco%goéi&zp S@fricnThe
flow of the gas to be purified can vary between about 0,1 and 20 sl pm

(liters of gasnmediaiely Edlows the frstianed, xHavi af owified pegonratnatesperaturehsiodtut e
pressures pr raRby . conprd s bei ween , about .1 and bars., ,This fl ow can
be forned onlgmgfﬁ) tB h%lsv%%g?dsmﬁge #élc@g}% AP u?}#g’f T’tlalg?ff 4]_’?5“‘0r of said
vapors in a flow The %uﬁ%frf o€ th® @8talybh @5 GaRérhily ifaBe Tofn T pullétsI8P small

interfering neither with the catal yst based on iron and nmanganese (or with
the other po&dingets, hadng gige befwiepn hgnddtrami al s) nor with the deposition

By ooess MaeTelr e pRtSIRE LA Bt AR BSOS B
or heteroatomic compounds with the catalyst based on iron and manganese is
between about —20°C and 100°C; at lower temperatures the removal of oxygen is
limited, whereas at temperatures higher than about 100°C decomposition reactions
of the gas to be purified could occur. The range of the preferred temperatures is

20  within room temperature and about S0°C.
The flow of the gas to be purified can vary between about 0,1 and 20 slpm
(liters of gas, measured in standard conditions, per minute) at absolute pressures
preferably comprised between about 1 and 10 bars.
This flow can be formed only of the vapors of the compound to be purified,
25  or of said vapors in a flow of a carrier gas. The carrier gas can be any gas
interfering neither with the catalyst based on iron and manganese (or with the
other possibly used gas sorbing materials) nor with the deposition process wherein
the organometailic or heteroatomic compound is used. Argon, nitrogen or even
hydrogen are commonly used.
30 Figure 1 shows a cutaway view of a possible purifier to be used in the first
embodiment of the process according to the invention. The purifier 10 is formed



30 Figure 1 shows a cutaway view of a possible purifier to be used? BnIANHEDE
first. enbodi nent of the process according to the invention. The purifier
10 i s formedoRoBsg&AN 2006 WO 01/ 079586 PCTI I TO /00184 -7 ofCcmrboggigll,
generally cylindrical; at the two ends of body 11 there are provided a
piping 12 for the inlet of the gas into t;e purifier, and a piping 13 for
the gas outlet. The catal yst 14 based on’ iron and manganese on zeolites
(the type with the support of cylindrical shape is exenplified) is

contai ned inside body 11. The inlet 5 12 and the outlet 13 of the gas are
preferably prof/ittiedy\Mtg‘enstaﬂmdaﬁmﬂxmahrmdtdmndefofbbéyV/Clﬂad;rya&,pﬂwmm in

the field (not sho gure) for connection with .the gas |ines
upst ream and amgﬂ%éﬁ{ ‘PIFé g@?q g3sgnto thepuridier.rangra BIRE L3 donthe S?ﬁde

with vari OUS3E1{§[§&!F ﬁ@éa‘%{u & 155 bab e rpﬁgﬁgﬁc¥ ﬁﬁﬁ f§L b Eeélﬂ% @ﬂiﬁ%ﬁ

steel AlSI e int rnal SUrtaces o pur| |er are |n
contact with sﬂmoﬂiﬁ)f@ghndmﬁ slpnpeﬁsae:ednhghfmﬂ?cstdoﬁtmhecﬁhadelbnﬂy Illal‘lsaunlace

roughness abou 5 pmis o ined. .In order to revent traces
of the cat ﬁi aﬁ@@ere? }%?A?n"ééher@s w5 prEd ldm‘gﬂ%mgo‘mdﬁ%f g py
the outlet gags [ r (ﬁlﬁ'lk t ﬁﬁghgfv,%ranged
nmeans for retal %eg%msﬁg&ébgrﬁ?ﬁﬁfgéeﬂé%%tgg%ﬁeo %ofroiégg septa,

general |y net #ie gas, Ima\nlpstgem amed dbéwhdteeatngafthe porifief. THeepyrifierbodyictalbee 15

for retaini ng p rt| | es. wi t hoyt causi ng an excessive essure drop i the
gas flow th& Yarions et ﬁéﬂ??ﬁé% tgaﬁrféeﬁfélr@ﬁwabgar hi§ PUFROSH 1%

and 0, 003 m I@sx ’[fhle‘?ﬂ\‘.eﬁﬁlg.g-f usrmh@guﬁﬁbut gcwml%e@n &fisct%wthwth

t he catal yst bas on iron and nanganese, fso wth at |east one
addi t i onal0 naigas, iasd pmfmﬁlgwﬂwﬁomhshgd antilyal swafpen abeghngss loaver dhanapoand, Sa

catal yst based on p m 20 deposited on Or OuUs support bot h. The
use of hydrogé‘ﬁht‘%& 63 :fnawrffwg Hrsvemrrgacsw?ftﬁ sefelyst %iagé@n} hege
m cr oel ectronl to the
purification 5 CP%I%HS G%H?gglg suchﬁgs Slq}(%{é%ﬁlgg hﬁ%&@i%g%ﬁﬁ er
al | oys usef ul af ontlétha cawbmnmgearmednbefoakétmguhe@drﬁmlatetmmh @snets or25
zirconiumw th one or nore erren S selected t he nS| tion, f?al S

tr
and al um numPORYd SFR R+ SRDEE C a"l‘Hﬁ%Z%‘Pfatlhﬁe %Psalqré’gf SPATFS TUifRBlsi um
and/ or {4 CORpUairif) @aﬁfcie%%mom ua@{ﬂgaﬂa{ceésh\% ¢mta sa%@ R é&en@&' oys

ZrM2, wherein M 1s o or nore anong transition Co or

Ni , descri bed thesipadfthtse dgSningd 84h gfadraltyharabéteysn Einowmeand@sﬁﬂﬁlmmd I n
pat ent US 4, 312,669 and
The gas flow to be purified can be contacted, not only with the catalyst

based on iron and manganese, but also with at least one additional material,
selected among a hydrogenated getter alloy and a catalyst based on palladium
20 deposited on a porous support, or both.

The use of hydrogenated getter alloys for the purification of gases in the
microelectronic field is known by patent EP-B-470936, but restricted to the
purification of simple hydrides, such as SiH4, PH; and AsHj.

The getter alloys useful for the invention are the alloys based on titanium or

25  zirconium with one or more elements selected among the transition metals and
aluminum, and mixtures of one or more of these alloys with titanium and/or
zirconium. In particular, useful for the invention are the alloys ZrM,, wherein M
is one or more among transition metals Cr, Mn, Fe, Co or Ni, described in patent
US 5,180,568; the alloys Zr-V-Fe described in patent US 4,312,669 and

30  particularly the alloy having weight percent composition Zr 70% - V 24,6% - Fe
5,4% manufactured and sold by the Applicant under the name St 707; the alloys



30 particularly the alloy having wei ght percent conposition Zr 70% - V
24,6% - Fe 5,4% manufactured and sold by the Applicant under the nanfe JAN 2004
707; the avbeoysrovds 01/ 079586 8 2 8 JAN 2004 PCT/ 1TOL / 0018 TaAme sy
wherein A nmeans any el ement selected anong yttrium |anthanum Rare Earths
or m xtures of these elenents, described in patent US 5,961, 750; the all oys
Ti-N; and the alloys Ti-V-M described Tﬁ'patent US 4, 457,891. The | oadi.ng
wi th hydrogen of the above nentioned alloys is carried out at a 5 hydrogen
pressure | ower than 10 bars, and preferably higher than the atnospheric
pressure, at UVeReAawheRén AQhgHnk 38 chaient Sdledt@D b Pliiah Ulagthansm Rt

400C. Geater detalls on the nmethod of |oading the getter alloys with
hydr ogen can Barths eiumixties of theap elementsndéseribes waatant ,Bﬁl,iﬂgéﬁanqﬁe

optimal tenperatyre a faryyse of Lhe.hydr t tter alloys in
this applicat p‘g#ﬂ %ndc%ﬁg'ﬁ?%seﬁ V?%“SS?@S?W%%#@%é‘sgﬁgﬁe and about 100C.
Preferably, the cghaliyslindwaRhyafbgBR ol i dbdve theRtiBRIdoAfoys iPaRFiEd 6@NYtal NS
0,3 to 4%of palladiumwth respect to the total catalyst weight. At |ower

val ues of 3 pahyé@eempresstre fower thane] & beusyand preferdbly bighex then ths/atmospherieni t ed,

wher eas pal | ag] quant i fi | gher an 4% Lght brin b gr eat
I ncrease of tﬁiééégaérF ’a#?glﬁlb%&% E'Q?OQWTW?%@F%%P&%’@%Wﬂ%@ggégmgfigqlﬁgtooac'

purification Yiredter ddthies o themletiof rafdoadibg ¢he g@uwall&?y withehydbogehi GantRd er i al
is included between about 20 and 100C, and preferably between about room
rfgﬁ’ﬂ

tenperature afenEL® thm.eb@@pwn_tiowr ppight Eiﬁ #7893 Ik optigal targerafaraany
ot am oo, ol SeeaBt 3Bt of 6 By dalalty BN B4 il U dopiii0n 17 sofinflied, | ¢

based on pal | aedivernabod teahaEtrs aPaidut 0@ vai | abl e on the nmarket, and are
sold for the catalysis of chem cal reactions  (for exanple, hydrogenation
reactions) from t Feciembbatheeatdystbasioon paliadimy 68 4 Porgils SURPAT Aentains 0,3

A et vely 4% of ki O 9508 BHE R RGO 10 il o ©

a porous support "w a quanti 5

exanpl e pal | agialladiail eontsde, thed€ildty efingiuriy edneval isEmhad wheatast prdiadiasd r ed
quantity of palladiumin the final catalyst; drying of the so inpregnated

por ous suppor tduantdissdghari than A4 by weaghirhsing, shorbp ey tagressoifhe catabit ;
fﬁte' gpggug | gg&gﬁ@%@&&%ﬁ%& 8 e SREAH N FRIP I THROGH mA WnplQfre OF
range for use of this material is included between about —20° and 100°C, and
preferably between about room temperature and 50°C.
The support for palladium-based catalyst may be any porous material
normally used in the catalysis field, such as, e.g., ceramics, molecular sieves,
20  zeolites, porous glass and so on. Catalysts based on palladium on a porous support
are available on the market, and are sold for the catalysis of chemtcal reactions
(for example, hydrogenation reactions) from the comﬁanies Siid Chemie, Degussa
and Engelhard, Altematively, the catalyst can be produced by impregnation in
solution of a porous support with a quantity of a palladium sait or complex, for
25  example palladium chloride, PdCl,, calculated on the basis of the desired guantity
of palladium in the final catalyst; drying of the so impregnated porous support;
decomposition (for example, thermal) of the precursor; optional calcination, for
example at temperatures of about 400-500°C, of the product so obtained.
The additional material (or the additional materials) can be positioned
30  indifferently upstream or downstream of the catalyst based on iron and manganese

along the direction of the gas flow. It is also possible, when both the cited



The additional material (or the additional materials) can be positioned 30
i ndi fferently upstream or downstream of the catalyst based on iron Z&dAN 2004
manganese w@abpawsdgghe direction of the gas flow It is al soronsmilbbms when
both the cited WO 01/079586 2 8 JAN 2004 PCT/ITO 1/00184 -9 additi onal
materials are used, that one of themis upstreamad the other one
downstream of the catal yst based on iron9%mnd manganese. The additi onal
material (or the additional materials) can be provided in a separated
body, connected to body 11 of the purifier containing the catal yst based 5

on iron and NROGRGRAS i8S uséd, Rhiki HEES ofBnd i mme fadr the nghénege of the
above nentioned VCR type. Also this second body wll be preferably nade of

the materi al dowmstremintdf théveatdlystinabidnmp irevasid mangahesesur f aces as descri bed

for body 11. Preferably, the addiiiqgnal terial r, the additianal

materials) are ar %G@%‘ﬁf’ﬁaltﬂ@teg fgﬁ? F?ﬁ?nai&%’e’é&i@r‘éﬁnﬁb? ﬁreovﬁdaet%aﬁ vt

based on ironsanhdPRERBSekfed td BodP | PYF BB Gurifier dditdinidgtBe cthlgsihiasé®r ent

materials can be m xed, " but preferabl%/ they are separated in _the purifier
p

body. Fi gure 2ngooasd mangaresapyvieans of pipings erd GHingp.ufor fstance ghthgi aboKg nor e
than one material (it case of, two. materials is,;exenpls f s ad

particul ar, i fnegﬁ g%%ﬁmer i@poﬁﬁl&eseg@}%ﬁ%(fynav ﬂtlgbet ﬁgef%?lé@g'})?%%%rfm 3
wherein the diff@faftnd Wi HeHmshinEletsl Jf B subBaY Atdeskribed ifeibddyel tour i f i er

body. The purifier 20 is fornmed of a body 21, a gas inlet 22 and a gas
outiet 23; the caPuifgreblyhthenilditional matesinbiomthepiditinnabmatesials) areapagedn t he

ide of inlet.22 inside bed ,_and. ' i
o ranged o moibfiesruRe ey Wbt AP sAfal bR Xn i0f ol ddleanice 157
catal yst 1das@ehvidbdPB {hafdade) thé diffepsit Biaferilbian be miRed; it plufsrably thecdrani cal

menber 26 20 which is easily perneable to gases, such as a netal net, is
arranged bet weeparatedin thapuriieebadsl s in order to hel p maintaining the

separation and the, ori gi nal e i.cal car f : | . In
the case that t\/\o%ﬂ?gr%ﬂ Sﬁg?“gﬁé{gs‘groé%péoggg%tg a}tﬁe?ﬁgﬁsa%ggﬁr%mlaﬁ t he
same body (thensinidididl Qthecoasd ol itho eshtérinld isgexemphified); e patticuldreit shows abe
kept at a 25 tenperature conpatible with the workin t,errpettaturealsof al |

the present navefienmede agapnding e dppanaterpd grode syhesny the diffeesn are

tenperatuje a ik o ifRP 98I0 fimted Stdchddy 3G

vari ous c?fed%ﬁ%ﬁ#@%@?@g%? btod&'sr@ém? ! ddy _
gas inlet 22 and a gas outlet 23; the catalyst based on iron and manganese 24 is
arranged on the side of inlet 22 inside body 21, and, on the side of the outlet 23, is
arranged a material 25 selected between a hydrogenated getter alloy or a catalyst

based on palladium on a porous support; preferably, a mechanical member 26

20  which is easily permeable to gases, such as a metal net, is arranged between the

! two materials in order to help maintaining the separation and the original
geometrical arrangement of the materials. 7

In the case that two different materials are present at the same time in the
same body (the situation exemplified in figure 2), the purifier must be kept at a

25  temperature compatible with the working temperature of all the present materials,
and consequently preferably between room temperature and about 50°C.

Finally, it is also possible to add to the various cited materials also a water
chemical sorber, for example calcium oxide or boron oxide, this latter prepared
according to the teachings of patent application EP-A-960647 in the Applicant’s

30  name.
The invention will be further illusirated in the following example. This



chem cal sorber, for exanple cal cium oxide or boron oxide, this | attEIZB JAN 200;
prepared according to the teachings of patent application EP-A-960647 in

the Appli odDi/e79s@0 nanme. The invention will be further il lpgshred/mdsi n the
foll owi ng exanple. This 2 B JAN 2004 WO 01/ 079586 PCTI |1 T0O1/ 00184 -10

exanple does not limt the scope of the invention and is useful for
illustrating a possible enbodinent intend®d to teach those skilled in the

art howto put the invention into practice and to represent the way that

i's considered the best for carrying out the invention. 5 EXAMPLE | A

rifier of the type ,shown jin.fj re i j nmade., The rifier. h od
Made of steel  SHEIC 458 it A Fiseso! Borbyration g st Grptiopfatng
catalyst, forpndivdl «sBHim&RAhich8edYd tdER rtﬁ%&t alifkd Yo lierartlRow o %ﬂt M2
whi ch iron an manganese are deposited in the neasure of 56% and 31%

respectivel y winventich imde peadtice entiite tepteatntcthe abvays thahds ghnsidéred ithe rbedi faxd
into the purifier. The tgur,ifier I's then connected, by neans of VCR
connections, ufRTHRRAVLIC ¥EPRPR_gen cylinder containing 10 ppm by vol une

(ppnv) of water and 100 ppnv of oxygergxmugi@vmstreamto a mass

spectroneter of the APTMS type (atnospheric ssure ionization nass
spectroneter) nod. ATEkiRG0 the typee shownp an fighent as madbaThé perified has artsidyy

threshol d of 10-4 ppnmv both far ter, and for oxygen. The tesgt_js carried
out in ni trogewaﬂﬁwéa@?oﬁlsi 5 micam siepalyeluge %ﬁam‘ﬁ Bt -af b catalyst,
conpound, Dbec t | yzi ' | \VS) : f. €
sensibility i nﬂ%{ﬁ%d ggsorg %%ﬂj?ﬁg gﬁ%%ﬁpquaﬁdgé%%ﬁet ét) gﬁltsvglgltdlvmﬂ?ﬁe%‘rg
organonet al | i c maagmwse dare vdepbsitedoin ¢hrainieasire ob 6696 and B1i% i regprictivelyu htith

The gas to be purified is passed at 5 20 barg in the purifjer i nt.ai ned at
r oom t enpekat uFespedhite Ahe tatplosptagyst gveight intray uceﬁh@t%gtjﬁ mﬁfg The predenis

the quantity the%o‘?ﬁo@t:g@,l W%&%%{ish bP \fdﬁ 38&%%?%%?%%%5%&‘ told Ritfigeh | dyiindbs

under the anal yzer sensi resh e functronality of
t he catal ysts beasephiggn 10rppm dydvolemgappme) iofi wdter amdi 06/ ppaiv of exygememices.

Ui 1 o1 a 25 GUURRFEAR dF %ONERAPIRIRIGT QDUSRBIME 0o (BRomFE FHR v
! Mooty e S AP R 2000t SUELFAEH) SR by om

capacity of5 20 sdusing threshodd of lm‘ﬁppgasboth for water and for oxygen. The test is carried

out in nitrogen instead of in a flow of vapor of an organometallic compound,

because the anatyzing instrument used {APIMS) has a reduced sensibility in the

vapors of these compounds, such that a test with an organometallic compound

would not enable to obtain significant results. The gas to be purified is passed at 5

20  bars in the purifier maintained at room temperature, with a flow of 0,1 slpm. At

the beginning of the test the quantity of water and oxygen in the gas outlet from

the purifier is under the analyzer sensibility threshold, indicating the functionality

of the catalysts based on iron and manganese in the removal of these species. The

test is continued until the analyzer senses in the gas output from the purifier a

25  quantity of contaminant of 10~ ppmy; this contamination value of the output gas

is adopted as indicator of the purifier depletion, From the knowledge of the test

data, it is proved that the purifier has a capacity of 20 V1 (liters of the gas

measured in standard conditions per liter of the iron- and manganese-based

catalyst) both for oxygen and for water.

RECTIFIED SHEET (RULE 91)



measured in standard conditions per liter of the iron- and nanganeﬁg-@ﬂfﬁﬁ
catalyst) both for oxygen and for water. RECTIFI ED SHEET (RULE 91) J
2004 WO OO O0VeBR8E PCT/ 1TOL/ 00184 -11 CLAIMS 1. A processpEDaTiiivelss
purification of organonetallic conpounds or heteroatom c organic conpounds
from oxygen, water and fromthe conpoungZIQerived from the reaction of

wat er and oxygen with the conpounds whosé purification is sought,
conprising the operation of contacting the organonetallic or heteroatomc
organi ¢ conpound to be purified with a catalyst formed of iron and
manganese netals supported on zeolit &3LABMSA process according to claim!]
wherein the catal yst based on iron and nanganese  is contacted with the

or ganomet allki ¢ ArPraeass ioa: theiruridicguen of cogpenmelallis eprapPoRRsisnPh hetespipmigUr e

or in a carrier . 3. A O£EesSS rdi t ai erein it he m_of
t he wei ghts of olrg%ﬁc gﬁﬁpoﬁﬁ#gﬁﬁgs%%%&ogyﬁggﬁg I@’%‘a@a]@ X dst HgnY%f om
cat al yst wei ghtthe 4eachiol! 6F S@feraGRbbdida wWathCtiri BdrhpWieisewhosd PuyiBiclidn i@t i o

between iron and nmanganese is between 7:1 and 1:1. 5. A process according
to clai m4 whersehghiseerapnsing dhe apegasionof zontacieng theprganmetallicor dictagoatomic ai m

2 wherein said operation isS.cafri out .at a_. temperature.betwsen about -20
and 100 7 n FPEE soBbolelq b RS PBRER Ml a 2l RERARSN B yB A Batpditte
carried out at thetals® redddezdafitegeen room tenperature and 50C. 8. A
process according to claim2 wherean said operation is carried out with a

flow of tHe gal precebeageording taiclaimn \ewereindbe ctialystbased Ondigmandamangansset e

pressures conprise t about 1 10,bars.. 9. A process accor.di to

Cl 2 m 1 “wher of 1 CRBARYNORE Feeomshlfi, 8 HeSup iy Qobinif SgeRER

tetra t butoxi %mﬁf@?&ﬂb@elﬂ?ﬁﬁwwgﬁ.hw alum num tri-t- butyl al um num
ydr

di -i-butylal um num hydride, trinmet hoxi‘al um num dinet hyl al um num chl ori de,
di et hyl al urd-nunrh esrhesss deccoriing o wlaamy ki whereinhther sure oft tenweightsa af iiramn pnd

L1 ot hyt ar soniandeped Bk R ok ofi SRl GtgHR: ot ron.

4, A process according to claim 1 wherein the weight ratio between iron and

manganese is between 7:1 and 1:1.
A process according to claim 4 wherein said ratio is about 2:1.

6. A process according to claim 2 wherein said operation is carried out at a
temperature between about —20 and 100°C.

7. A process according to claim 6 wherein said operation is carried out at a
temperature between room temperature and 50°C.

8. A process according to claim 2 wherein said operation is carried ouf with a flow
of the gas to be purified between about 0,1 and 20 slpm, at absolute pressures
comprised between about 1 and 10 bars.

9. A process according to claim 1 wherein the organometallic compound is selected
among hafnium tetra-t-butoxide, trimethylaluminum, triethylaluminum, tri-t-
butylaluminum, di-i-butylaluminum hydride, trimethoxyaluminum,
dimethylaluminum chloride, diethylaluminum ethoxide, dimethylaluminum
hydride, trimethylantimony, triethylantimony, fri-i-propylantimony, tris-
dimethylamino-antimony, trimethylarsenic, tris~-dimethylamino-arsenic, t-
butylarsine, phenylarsine, barium bis-tetramethylheptanedionate, bismuth tris-
tetramethytheptanedionate, dimethylcadmium, diethylcadmium, iron

pentacarbonyl, bis-cyclopentadienyl-iron, iron tris-acetylacetonate, iron tris-

RECTIFIED SHEET (RULE 91)



butyl arsine, phenylarsine, barium bis-tetramethyl heptanedi onate, bispgtiny 2004
tris- tetranet hyl hept anedi onate, dinethyl cudm um diethylcadm um iron

pent acar b&¥PIOYFEE cycl opent adi enyt-iron, iron tris-acetyl %ﬁw%ﬁe i ron
tris RECTI FI ED SHEET (RULE 91) 2 8 JAN 2004 WD 01/ 079586 1 VO3 00184

t et ranet hyl hept anedi onate, trinmethyl gallium triethylgallium
tri-i-propylgallium tri-i-butylgallium2triethoxygallium
trimethylindium triethylindium ethyldinethylindium yttrium
tris-tetranet hyl heptanedi onate, |anthanumtris- tetramnethyl heptanedi onate,

magnest um bi - Fo RO ARt FielEhsafigts oo, i rpmpy i,
Dot y1 et onat o o R, o e nfifien, [ A Gisppe:
acet y1 acet onat E1sBetynumcotanat b epimatylbepaationsé Nt  tis-
tetramet hyl ti n%@%@ﬁ%ﬁﬁmﬁ % nﬁ%‘?g‘%qﬁenﬁéi 'ﬁ@ﬂﬂgﬁi%l/mnt ﬂ)immetnh?ylcyclo-
bi s-t et r anet hypentdrtigih yiiash ﬂﬁﬂ%ﬁlﬂﬁmb?s@{éh%ﬁi%it}?yﬁ epttgl{]etd?cln% 1?3, dimethyl-

t et raet hoxydi met hyl am noet hoxi > de,” tantalum
t et r aet hoxyt et MEHRErKy hidhiwna pextacthatide, misHimhu W@ﬁ&iﬁoﬁﬁf&ﬁﬁ%%ammeemm de

t et r amet hyl hepj. i.onat e, tantal um .

tetra-i-pr opox‘?}?ﬂe&{ﬁg‘gﬁ%n@hylaﬁgg'?%ﬁ@&%at lead ¢ Bin-tgtramethylheptanedionats,  bis-

tri-di et hyl am Saflubtdcppparde, gﬁ,% el |l yri Lethyltelljnium_di a-

propyl-tellurium ti tanil?%em biasc-l - p%{(.)%g%y- b?ééq‘ég riﬁﬁ#ﬂ?@ﬂ edinnats,

titani um bi s-Scapliypoxirissieraictyitivptameiionst odintthylkdlé R iy MaRltyIEL1 B, O S-

di met hyl am no%@g‘ﬁg&s i tt%?]ai m tetradi met hyl am de, titanium

t et radi et hyl am de, Tt eﬁ@i‘% tHtp uteBRitchitoxide, a rtrontiomt rids-tetpmenhyi-de,

vanady! i - pr ofstahediongieRidinug Enta%h" S tedfd : : .

bi s-tetranet hglmllsl’ept anedi onat e, z?nc | gé’?é@%é%%%’#@%%ﬁﬂw}mn-

tetra-t - but oxide, tantalyoni tetmacthox dtetramethybhdptadedibmans di@iaui MthantigQni um

tri-i -propoxy-t% %m@éhgg 1 ar‘edi onate. 10. A process according to cFaim!]

wherein the hetero g’ﬁﬂ’i‘ & c@ﬁ‘f?@‘ﬂﬂd tetea-1-peaperyistrametindheptanedionate,

tri met hyl bor angntahgy Wixliétholaflidei-B s %ﬂ.ﬂgg t.vl ani ne, . ..

phenyl hydr azi ne, tri methyl %hos_phorgé{nﬁg&%u%yl D & I%IB’ ?ffgﬁylteu"m“n’ dr-i-

t - but yhner captPappy!telluziump; dibandun dis proproyytids-ederintetiylhepthiBorz@ Midaiy t he

operation of acting the. arganonetal Lic or organic heteroatomc

conpound to b%q%m ] #Ilogg RiF-ffmetny ‘FE'&%‘T"WG’ titanium bis-ethoxy-bis-
dimethylaminoethoxide, titanium tetradimethylamide, titanium tetradiethylamide,
titanium tetra-t-butoxide, titaninm tetra-i-propoxide, vanadyl i-propoxide,
dimethylzinc, diethylzinc, zinc bis-tetramethylheptanedionate, zinc bis-acetylace-
tonate, zirconium tetra-t-butoxide, zirconium tetra-tetramethylheptanedionate and
zirconium tri-i-propoxy-tetramethylheptanedionate.

10. A process according to claim 1 wherein the heteroatomic organic compound is
selected among trimethylborane, asymmetric dimethylhydrazine, t-butylamine,
phenylhydrazine, trimethylphosphorus, t-butylphosphine and t-butylmercaptan.

11. A process according to claim 1 further comprising the operation of contacting the
organometallic or organic heteroatomic compound to be purified with at least oﬁe
second material selected between a hydrogenated getter alloy and a catalyst based
on palladium supported on a porous support.

12. A process according to claim 11 wherein the organometallic or heteroatomic
compound is in the form of vapor, pure or in a carrier gas.

13. A process according to claim 11 wherein the second material is a hydrogenated

RECTIFIED SHEET {RULE 91)




second material selected between a hydrogenated getter alloy and a ca??@m
based on pall adi um supported on a porous support. 12. A process accofdi b
fo clai m MORHEME$N t he organonetal lic or heteroatom c coppeu@sibosssi N t he
formof vapor, pure or in a carrier gas. 13. A process according to claim
11 wherein the second material is a hydrogenated RECTI FI ED SHEET (RULE 91)
2 8 JAN 2004 WD 01/ 079586 -13 PCT/ | T01/80184 getter alloy selected anong
the all oys based on titaniumand/or zirconiumwi th one or nore elenents
sel ected anong transition netals and al um num and m xtures anbng one or
nore of these galtdroatboyvéeldeted drasrigltheaidh® bageld " GORiaHBm %ﬂd/o‘?‘zﬁ'&&ﬁﬁﬁlz -
according to claim 13 wherein the getter alloy is selected anong W\'}E

al | oys, wher ePRE NI Boph &legpenin seleciad rgnangatraisitiomn nretdlal sndCalumihumFend Co or
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16. A process according to claim 11 wherein the second material is a catalyst based
on palladium on a porous support with a palladium content of 0,3% to 4% by
weight.

17. A process according to claim 12 wherein the contact between the gas to be
purified and the supported palladium occurs at a temperature between about —20
and 100°C,

18. A process according to claim 17 wherein said contact occurs at a temperature
between room temperature and 50°C.

19. A process according to claim 1 further comprising the operation of contacting the
organometallic or heteroatomic organic compound to be purified, in the form of

vapor, pure or in a carrier gas, with a chemical water sorber.



