WO 01/ 79587 PCT/1T01/00185 "A PROCESS FOR THE PURI FI CATI ON OF
ORGANOVETALLI C COVPOUNDS OR HETEROATOM C ORGANI C COVPOUNDS W TH
HYDROGEW%%@TTER ALLOYS" The present invention rel atgsgt@godogRgrcess for
the purification of 5 organonetallic conpounds or heteroatom c organic
conpounds wi th hydrogenated getter allioys. Organonetal lic conpounds are
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are meant.

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

Many of these compounds have been used for a long time in traditional

20  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)
or re-crystallization from solvents.

25 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
with the definition “Chemical Vapor Deposition” or with the acronym CVD). In

30  these techniques, a gas flow of one or more organometallic or heteroatomic

compounds (or a flow of a carrier gas containing a known concentration thereof)



30 these techniques, a gas flow of one or nore organonetallic or
het eroatom ¢ conpounds (or a flow of a carrier gas contai ning a known

concent r@hlogl%swereof) WO 01/79587 PCT/1TO /00185 -2 isSp&OffdpyRses i nto a
process chanber; then, inside the chanber the conmpounds are deconposed or
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bi s-cycl opentadi enyl, iron tris-acetylacetonate, iron tris-__
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tris-tetramsiylbhephandgidodatdmedflaiegmesi chiivhis -diethylgluoicto peintxadh, eny| |
magnesi um bi s-cyc ent adi enyl ., nesi um.bi s-tetra hyl hept anedi onat e,
di met hyl ner c@Wﬁ‘ybﬂ?‘ﬁEPlﬁm gﬁr%“d&cgﬁaf‘%@%/f 8y | etélﬁ{ﬂ%an imon, *triet-

bi s-t et rametiypepiaasd eiadigethylaniiexafihony, 0pREPAIrsinaC atideatlr@nal, €,

copper bis-tetranet hyl hept anedi onat e, . di met hyl sel eni un}‘ di et hyl sel eni um
scandi um t r i Eistdanety -HepiankbitylRERe, Ragim histteyametaylhoptanediqnate hy| t i n,
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pentacarbonyl, iron bis-cyclopentadienyl, iron tris-acetylacetonate, iron tris-

| tetramethylheptanedionate, trimethylgallium, triethylgallium, tri-i-propylgallium,
tri-i-butylgallium, trimethylindium, triethylindium, ethyldimethylindium, yttrium
tris-tetramethylheptanedionate, lanthanum tris-tetramethylheptanedionate,

20  magnesium Dbis-methylcyclopentadienyl, magnesium bis-cyclopentadienyl,
magnesium  bis-tetramethylheptanedionate, dimethylmercury, dimethylgold
acetylacetonate, lead bis-tetramethylheptanedionate, bis-hexafluorocopper
acetylacetonate, copper bis-tetramethylheptanedionate, dimethylselenium,
diethylselenium, scandium tris-tetramethylheptanedionate, tetramethyltin,

25  tetracthyltin, strontium bis-tetramethylheptanedionate, tantalum tetraethoxy-
tetramethylheptanedionate, tantalum tetramethoxytetramethylheptanedionate,
tantalum tetra-i-propoxytetramethylheptanedionate, tantalum tri-diethylamido-t-
butylimide, diethyltellurium, di-i-propyltellurium, dimethyltellurium, titanium
bis-i-propoxy-bis-tetramethylheptanedionate, titanium  tetradimethylamide,

30  titanium tetradiethylamide, dimethylzinc, diethylzinc, zinc bis-

tetramethylheptanedionate, zirconium tetra-tetramethylheptanedionate, zirconium
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di met hyl‘{,(?b 'Bgé um titanium bis-i-propoxy-bis-tetranet pyrhfflgzedi onate,
titaniu YPa |rrethylamde 30 titaniumtetradiethyl am de, dinethyl zi nc,

di et hyi zi nc, zinc bis- tetramethyi heptanedi onate, zirconium
tetra-tetranet hyl hept anedi onate, zircargum RECTIFI ED SHEET ( RULE 91)

| SA/ EP WD 01/ 79587 PCT/I TO /00185 -3
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conpounds such use erroel ect nori es; or the
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about 1@n pteriatuhenas, 2 digndickecitecenatat (it o sRBPadscsush as
het er oat om Pogh Tk %;W‘ef%sed‘%'fggoéié&ﬂc ?ixgrﬁ&é{es fof &EOﬂH&&%onté}en&e‘?{ e’

source of con on due to gas ease’ from the Contal ner s, which
anyway nakesanag ens]sw Yieleotrics@natapiufsiidh as Si@) formmetitiag eleytrivedontaets e
application é }%@ ed ".point-of-use " purifiers). Patent US 5,470, 555
descri bes t FEPIGRATIFAPT 49ViSH-or ganonet al |i ¢ conpounds of oxygen gas which is

present as an i FRHIthée, appliodfomyd r@igeidts Cdvag/ Sin feRfrémély Ohigh purity are
15  required, with levels of the order of 10"-102 ppm, whereas the traditional
chemical techniques do not allow to obtain levels of impurities lower than about
ten ppm. Further, even in the case that organometallic or heteroatomic compounds
having 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
20  immediately before the application (so-called “ point-of-use ” purifiers).

Patent US 5,470,555 describes the removal from organometallic compounds
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
hydrogen, deposited on a support such as alumina, silica or silicates. According to

25  the patent, by this method the removal of oxygen gas from a flow of the
organometallic compound can be obtained, to values of 107 ppm.

However, oxygen is not the only impurity that has to be removed from the
organometallic or heteroatomic compounds. Other harmful impurities in the CVD
processes are for example water and, particularly, the species deriving from the

30  alteration of the same organometallic or heteroatomic compound, following to

undesired reactions generally with water or oxygen. For instance, in the case of a
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copper or nickel netals, or the relevant oxides activated by reduction with
hydr ogen, deposited on a support such as alumna, silica or silicates.

Accor di an t.9-43; the patent, by this nethod the renoval ofcopypensgas froma
flow of Yhe'or ganonetal I i c conpound can be obtained, to values of 10-2

ppm However, oxygen is not the only ippurity that has to be renoved from
the organonetallic or heteroatom c conpounds. Qther harnful inpurities in
the CVD processes are for exanple water and, particularly, the species

deriving fromthe 30 al telﬁ{ati on of &Qgs ne.o e}ggn%%%léli ¢ on l&e;meroatorri o

conpound, f GIPER AEFRRYTCENGSSTPREG "ONS yenerar Y Swi't A wat er “or oxygen.
For i nstanceygidic t4icaase nothe daleRECTH HleERet@HEE Cofifididztial )frdnSAMER(WO

01/ 79587 PCT/ %TOl/ 00185 -4 generic organonetal]ic conpound MR _,, wherein M

represents tORxFBEEPS CAR AT BINGEHT € it AUINEET SHY"S Yeheecpal @Wp% 'gTe_s‘“t he met al
M contam n%ﬁ?%ﬁd\?@e%@%"&l&( I&ar%l’ iSRECHED 5BResO&CHcau@ELIiMrduLs an
I'ng between an

i nteger vary n. These oxygenated species are harnful in

t he CVD pr ocessesabesadusetht meyeriahbeing fomndsl, thy gensibly sltsringths dlerstigrat er i al
being fornmed, thus sensibly altering the electric properties thereof.

Obj ect of tﬁgolﬁﬁrﬁgsetﬁ?re? vention is providing a process for the purification

of  organonet al |ji5e&BRYIESHORVARLE OO Dfgeds Corabapadiidsion bOm oxygen,
water and fromthé conpounds derived fromthe reaction of water and oxygen
10 with or gamewmemataliic compAEIde rs A SHPEORMBTAREs CURLBIH (FOFT P¥8Ton i s

sought . Thi &, 0D}, fC koS0 RbABGH AEAAEDE e LAGORIESERl: dualkton W th a

process wherern the organo ic or heteroatom c _conmpound to be purified
i s cont d6t edwithvbigan@méiyltic ogestabadmietdnerouadd wiose Phafigationfis aghton can be

carried out on the rganonetallic aor heteroatom b in the
liquid and in th “%88188‘ 1S pbtaggeg; accordpng o %Fé’éesg%ts{sﬁ?%lqgﬁ?‘gmdéep%%ﬁé addi ti on

to the gettegh@bihis oRhiRhethlTPUF hétyroadaiididigpomt es bapsrifielieBoaactpdl | adi um

on porous supports or a mxture of iron and ,mangar%ese su potrtedthon
€ carried out on §]

zeol i tes. with a hydrogenated getter alloy. The purification can
organometallic or heteroatomic compound both in the liquid and in the vapor
15 state.

It is also possible to use, in addition to the getter alloy, other impurity
sorbing materials, such as palladium on porous supports or a mixture of iron and
manganese supported on zeolites.

The use of getter alloys for the purification of noble gases, nitrogen or

20  hydrogen to be used in the microelectronic industry is known. Further, it is known
from patent EP-B-470936 the use of hydrogenated getter alloys for the
purification of simple hydrides, such as SiHy, PH; and AsHs.

However, it has been found that a hydrogenated getter alloy 1s also capable
of removing water and oxygen from an organometallic or heteroatomic compound

25  (liquid or as a vapor, pure or in a carrier gas), and of converting the species
containing oxygen of the type MR, (-OR)y to the original compound or to
compounds of the type MR;..Hy which are not harmful to the CVD processes
because they do not contain oxygen.

The invention will be described in the following with reference to the

30  figures, wherein:

— figure 1 shows a cutaway view of a purifier by which it is possible to put



The use of getter alloys for the purification of noble gases, nitrogen or
20 hydrogen to be used in the mcroelectronic industry is known. Further,

it is kngyy-84spm patent EP-B-470936 the use of hydrogengigopgiiker all oys
for the purification of sinple hydrides, such as SiH4, PH, and AsHS.

However, it has been found that a hydragenated getter alloy is also capable
of renoving water and oxygen from an organonetallic or heteroatomc
conmpound 25 (liquid or as a vapor, pure or in a carrier gas), and of
converting the species containjing oxygen of _the type MR ; .., (- , to the
ori gi nal conpound'@F’Wﬁmué%ﬁbéﬁﬁd§m5%gPﬁ@ PQﬁgeMﬁ%&fﬁ#ﬁcﬂﬂﬁ@hugﬁhénot
harnful to the CVQ proggsses because they do not contain oxygen. The
invention will be described in the followng with reference to the 30
figures, wherein: figfircguhewda sitewsy acewf anayiici wwioth & ippessoleto iy which it

i ible to put WO 01/.79587 PCT/1701/00185 .5 jnt | i rst
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cutaway ¥iew of a pueifoner by which it is possible to put into practice a
second enbodi nent of the process according to th?1 5 invention. IL.n one
enbodi ment t her dbf pnq KkEbprigreas dh@roli HBC HRAER i96nhE oHEFYLR FAPSIEot act i ng
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al loy into tlimid stert Ahinern of canhel ditgunply by mpmdndng theogatiwhiledy wivdheame wi l |
be evaporated b 1 eating or w a carnier . i preferred
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getter algl oyhaMihdoVRARE SarriBtER. OF in a carrier gas, of the organonetallic
or heteroatom c conmpound. In the follow ng, t he T'Llnv_ent.i on will

) . e
described with paeweenl ar 2 rREpigFehcBeeMNAE BuPHRIERON ol ‘ial’i‘“?thuR/Ebor st at e,
since 15 thigfnf BE GRMNHAEN HRS 6P HHRNPokdShtte IR it BRatrRE WSS, Y -

the organometallic or heteroatomic compound. In the following, the invention will
be described with particular reference to the purification in the vapor state, since

15 this is the condition most commonly used in the industry.

The getter alloys suitable for the invention are the alloys based on titanium
and/or zirconium with one or more elements chosen amongst transition metals and
aluminum, and mixtures of one or more of these alloys and titanium and/or
zirconium. In particular, useful for the invention are:

20 ~  the ZrM, alloys, wherein M is one or more among Cr, Mn, Fe, Co or Ni
transition metals, as described in patent US 5,180,568 in the Applicant’s
name;

— intermetallic compound Zr;Mn;Fe;, produced and sold by Applicant

under the name St 909;

25 — the Zr-V-Fe alloys, as described in patent US 4,312,669 in the
Applicant’s name, whose weight percent composition plotted in a
composition ternary diagram is included in a triangle having its vertices
in the following points:

a) Zr 75%-V 20%-Fe 5%;

30 b) Zr 45%-V 20%-Fe 35%;
c) Zr 45%-V 50%-Fe 5%.



The getter alloys suitable for the invention are the alloys based on
titanium and/or zirconiumw th one or nore el enents chosen anongst

transiti % Ls and alum num and nixtures of one or /?r? tgpese
. . . 01
al | oys a%g){{m anium and/or zirconium In particular, use 0f/gr t he

invention are: 20 - the ZrM? all oys, vwhereln Mis one or rmre anong Cr, M,
Fe, Co or N transition nmetals, as described in patent US 5,180,568 in the
Applicant's nane; internetallic conpound Zr1WnlFel, produced and sold by
Applicant under the nanme St 909- 25 - the Zr-V-Fe all oys S 9 ribed in
patent US 4, 312, 669dipiridierlyApppieaprving Weigal PRFFES SORB? ﬁ‘ﬂn %é?@(’ S‘?

conposi tion plotteg, j SR 5 BATPOSILHOY PRI e HABE A nder B kyded i n a
triangl e having its vertices the follow ng points: a) Zr 75%V 20% Fe

5% 30 b) Zr 45%7720% Fe 35% C) Zr 45% YV 50% Fe 5% WD 01/ 79587

PCT/1T01/ 00185 -6 and particu havi n ght grcgnt
conposition Zr 7004K? 1@31716@%1]3_% %e%f?l{db[‘oe% &ht uC cfmgyS(f %e Apglfl cant
under theg nanme St Awﬁ@amuﬁ&@etﬁemta@krsevml|c corrpound Zr 1V1Fel, produced and

sold by the 5 Applicant under the name St 737; - the Zr-Co-A alloys as
descri bed in patenttheugrsicgﬁl al®6 an deraibedpi) ipetAt &S nanel. 73thdsethei ght

n & pol ygon_ havi naPren s eppft une FREN BARGLPRERR SRR 57 10 ao
9% A 10% b) Zr 68%aposkade ferd9o digdradr is7dSaBre@4%6 A fd¥pgon havmo its
vertices in the following points:
10 a) Zr 81%-Co 9%-A 10%
b) Zr 68%-Co 22%-A 10%
c) Zr 74%-Co 24%-A 2%
d) Zr 88%-Co 10%-A 2%
wherein A means any element selected among yttrium, lanthanum, rare
15 earths or mixtures of these elements, and particularly the alloy having
weight percent composition Zr 80,8%- Co 14,2% -A 5%, produced and
sold by the Applicant under the name St 787;
— the Ti-Ni alloys;
— the Ti-V-Mn alloys described in patent US 4,457,891.

20 The loading of the above listed alloys with hydrogen is generally carried out
with the alloys already in the final container (the body of the purifier). This
operation can be carried out at temperatures between room temperature and about
400°C. Temperatures higher than 400°C are not advisable since the maximum
quantity of hydrogen which can be loaded in the alloy decreases with increasing

25  temperature. It is possible to operate with hydrogen pressures up to about 10 bars,
and preferably above the atmospheric pressure. Pressures higher than about 10
bars are not advisable since, without offering particular advantages with respect to
lower pressures, require the use of special equipment and safety systems, whereas
pressures lower than the atmospheric require the use of vacuum systems

30  downstream of the purifier in order to establish the gas flow necessary for the

hydrogenation. In practice, the hydrogenation can be carried out in various ways.



d) Zr 88% Co 10% A 2% wherein A neans any el enment sel ected anong yttrium
| ant hanum rare 15 earths or m xtures of these elenents, and particularly
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alloys; - the Ti-V-M alloys described._in patent US 4,457,891. 20 The
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hi gher tgan ﬁaig{aﬁfim%ﬁs V@hligoh Soflet BGlr@dthe Alrt @ flatki welnyernatdd, defthaed

procedure can be exT)erl‘rrent ally determined for each alloy. For exanple, in
the case of mémtialsordusientlicoamperalrolp S0°Gomd munamgsnthy editondshveyed in

R R L e R R R
i ntroduced Wetdpeged fopWalfefuahoto wiithatt lehtieg; gothe ad, thegurificb8%atitrd ur e of
the two gases i s forned, ..

by closing two valves positioned upstream and downstream thereof.

15 The useful temperature range for the purification of organometallic or
heteroatomic gases is comprised between room temperature and about 100°C; at
temperatures lower than room temperature, the oxygen removal is limited,
whereas at temperatures higher than about 100°C decomposition reactions of the
compound to be purified could take place.

20 The flow of the gas to be purified can vary between about 0,1 and 20 slpm
(liters of gases, 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,
or of said vapors in a flow of carrier gas. The carrier gas can be any gas

25  interfering neither with the hydrogenated getter alloy (or with the other possibly
used gas sorbing materials) nor with the deposition process wherein the
organometallic or heteroatomic compound is used. Argon, nitrogen or even
hydrogen are commonly used.

Figure 1 shows a cutaway view of a possible purifier to be used in the first

30  embodiment of the process according to the invention. The purifier 10 is formed

of abody 11, generally cylindrical; at the two ends of body 11 are present a piping



10 maintaining this condition for 3 hours; the argon flow is interrupted,
in the neantinme reducing the tenperature to 150C and nmaintaining this
condi ti omofopressone hour and a half; then, the hydrogen fAGIWTDE00IS er r upt ed
while the argon flowis re-opened for half of an hour, w thout heating; at
the end, the purifier is isolated by.glosing two valves positioned
upstream and downstreamthereof. 15 The useful tenperature range for the
purification of organonetallic or heteroatom c gases is conprised between
roomtenperature_ and abfo

t 100C, at ..t | o
t enper at ur e, 2t!FetheXY§en #’8#8?/31%6 3’“??%??}503?%%% f&wﬁ% Dt%%élﬂlert,(}%@

I reas a nper at ures hi gher
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coul d take place. 20 The flow of the s to be purifi can, vary. bet ween
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per mnute) .at R $e) fOF @nBEdish WitOmPp ok SBekshpkiemanambout 1 and
10 bars. Thitfile g%}?j\/&%;éh%gu?gr}#’fegg (%nl of the \/laporsg of . the .conpoupd to be
purifieds alowattraai df veporiier.nTie purdier dody &A1 D MglgsWViItTNENQUS MP8F gas can
be any gas 25 interfering neither. wt ¢ agLtigemal | oy (or
with the ot H’é?te%§§f‘%P§Ffﬂgeélamﬁt%a Rh 1}14;815 S}Steg?gsgegg%@%gr With the deposition
process whergimcds g thOpganam®ida) whizhodre e tentoatvoith thecgaspagritefesablis ed.

Argon, nitrogen or even hydrogen are commonly used, Figure 1 shows a
cut anay vi ewelestropolsbes iptilel puitaps fasghpess eﬂ@@& aigﬂuﬁ%% "Lfr? peptatng @Hbodi nent

of the pr OCesaeéﬁccor di t”tg%fteé’o% {i.‘é g"g{ﬂé‘rt‘?ﬂlgjy ?de%@orﬁ%@inﬁvic@ﬁie@%msﬁr@uhﬂed of a

body 11, gen® ?V%’f i hdri cal; wo ends of body 11 are present a
pi pi ng WO 0141868 RE DY tRObh0A k85 flowsing@e figr purfer badesl @ftlet hd cgalein the
purifier, and a piping 13 for. the gas outlet. T lJ 41is

cont ai ned i MASTRIECYIPERISTAr TeAENG W@?nlfﬁla%nﬂmbﬁ%n%g? i %ﬁ%ﬁ%&g? ﬁeﬂ%raﬂ%as are
preferably proviidad, ot cSiandasshsconoeaiions saftatlbdorveRitiyppartkiown in
the field (not shown i'n the figure) for connection vvijthnthe %gz | i nes
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15  the getter alloy 14 can be present in the powder form, but preferably it is used in
the form of pellets obtained by compression of the powders as shown in the
figure.
The gas flow to be purified can be contacted, further than with the
hydrogenated getter alloy, with at least one additional material, selected among
20 palladium on porous supports or a mixture of iron and manganese supported on
zeolites, or both.
The material formed of palladium on porous supports contains preferably
0,3-4% by weight of metal. The porous support may be any material normally
used for this application, such as, e.g., molecular sieves, zeolites, ceramics or
25  porous glass. Catalysts comprising palladium on porous supports are sold by
many companies that manufacture catalysts for the chemical industry, such as the
companies Siid Chemie, Degussa and Engelhard. The optimal temperature range
for using these materials is comprised between about -20 and 100°C, and
preferably between room temperature and 50°C.

30 The material formed of the mixture of iron and manganese on zeolites has

preferably a weight ratio between iron and manganese comprised between 7:1 and



surfaces of the purifier body, which are in contact with the gas, are
preferably electropolished until a surface roughness | ower than about 0,5

mis obtgj n order to prevent traces of the getterpdfiRYonoyder from
bei ng cara,rdljogggsé(%vmstream 10 of the purifier by the outlet gas flow, inside

the purifier body at outlet 13 can be . arranged neans for retaining the
particul ate, such as nets or porous septa generally netallic having size
of the "gaps" or of the pores suitable for retaining particles wthout
causi ng an excessive pressure drop in the gas flow, the size of these

openi ngs canl:tenven ahdry prefeypblyehisgatio dHaeit 2‘6- ARG TORtERS AR PP REPYEY he
purifier, 15 the. getter al ts 4 pewasplidarm but
preferably iatcc?rgl gstgdﬁ? WOd%]%gesgdg?%ﬁ)g? q%@ﬁ%@fgggb?giﬁgggnby. cgirarpr essi on of
the powders @snesTanbptimalttheperftugunege Bhesigathis hawialds panpised PE@Ectan be
contacted, further than with th rogenated getter with at |east
one addi ti onabouire0andd00°(send ge ﬁa@%ﬁ%&eﬁwo&ﬁe%ga%aﬁ%e %&1& %%érc bus supports or
a mxture of irop,.angREHganasel SUPRRE adiionl aeelibtesm de potdunedhe
material formed of palladi umon porous supgorts cont ai ns fr%era ly 0, 3-4%
by wei ght of inddfeadntly Tipetrgsor eudowsippsaintol s, nyogemgterge st Aoy it fy  used

for this application,.s , 9. I S RVIEShe 2R&] hi&@Sonder am cs
or 25 porous 15 1%%_0'?&}‘? %ggsfﬁg'c%ﬁ%raasgrﬁéﬁggi Ié%\glgi um on porous supports are
sold by manyaeaaEpan esds ihat oreerfuhen tismpstcamaldyse stheopne ¢rvesHesm Al

i ndustry, such_as the conpanjes Sid Chem e, Degussa and Engel hard. The
opt i nmal tenp@?é@"éﬁoéer}aéﬁﬁigc?“erf Yusing these materials is conprised between

about -2@Q and 108G ,@MsbnaPhefehaklyihbetnaem meaeridsnpertet proedadd 50C. 30
The material forned of the m xture of iron and manganese n. zeoljites has

pref erabl y asepeiatghbodyacormepied wobery koAl BRPURERY ’éméé%ﬁ}(dg%‘ﬂ:nﬁ@bmen 7:1

and WO 01/ 79587 PCT/J1TOL/ 00185 . -  fin&V &R iHRLRe BE fceihabd Yaehtldridratio is
about 2:1. Tﬁ‘%%er ﬁlagryewgealgsan §emb$% ucentljD ’acéordi?l to the nodalities
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15 Preferably, the additional material (or the additional materials) are arranged
in the same purifier body wherein the hydrogenated getter alloy is provided. In
this case, the different materials can be mixed, but preferably they are separated in
the purifier body.

Figure 2 shows a cutaway view of a possible purifier containing more than

20  one material (the case of two materials is exemplified); in particular, the figure
shows a purifier made according to the preferred mode wherein the different
materials are kept separated inside the purifier body. The purifier 20 is formed of
a body 21, a gas inlet 22 and a gas outlet 23; mside body 21 are arranged, on the
side of inlet 22 the hydrogenated getter alloy 24, and on the side of the outlet 23 a

25  material 25 sclected between palladium on porous supports or a mixture of iron
and manganese supported on zeolites; preferably, between the two materials a
mechanical member 26 is arranged which is easily permeable to gases, such as a
metal net, in order to help maintaining the separation and the original geometrical
arrangement of the materials.

30 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



about -20 and 100C, and preferably between roomtenperature and 50C. 5 The
addi tional material (or the additional materials) can be positioned

i ndi f f erwplolyosepst ream or downstream of t he hydrogenat edayamoe01ssl | oy al ong
the direction of the gas flow It is also possible, when both the cited
additional nmaterials are used, that ong.of themis upstream ad the other
one downstream of the hydrogenated getter alloy. 10 The additi onal
nateriald(or th addi ti onal naterials) can be provided in a separat e body,
connected to bo 11 of r fier i.nin etter
al l oy by nedh%Pg uB?%?Wﬁ%ggn Hf e\kam t? éﬂ?ﬁ%fgﬁgém%gr %Eggg %entloned
VCR type. Als@ cblhyeauaﬂg@mde@b@mewdehlml pngfeeinablayd Bfmescﬁc the materials
and wth the finishing |level of the s rfa es describ d f or 11. 15
Preferably, the Farmdivi iloHapiSpreoerlario € QHgOHT &Hs TPRIETEA é%)

are
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i's provided. this case, the different naterials can be m xed, but
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(the case of IﬂB Btls is exenplified); in particular, the figure
shows a purifi errhre@ecaraowili bg fiudhd: NBupraedemr td fobldeingheragiphe.t Tes di f f er ent
materials are kept separated i nsi de _t he i i

urjfier .bod h ri.fier 20 is
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and on the |§e of the outlet 23 a 25 material 25 sel ected between
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15 g of St 707 are introduced in pellets, which are hydrogenated according to the
previously described procedure. The purifier is then connected, by means of VCR
connections, upstream to a nitrogen cylinder containing 40 ppm by volume
(ppmv) of water and 100 ppmv of oxygen, and downstream to a mass
spectrometer of the APIMS type (atmospheric pressure ionization mass
20  spectrometer) mod. TOF 2000 of the company Sensar, that has a sensing threshold
of 10™* ppmv both for water and for oxygen. The test is carried out in nitrogen
instead of in a flow of an organometallic compound vapor, because the analyzing
instrument used (APIMS) has a reduced sensibility in the vapors of these
compounds, such that a test with an organometallic compound would not enable
25  to obtain significant results. The gas to be purified is passed at 5 bars in the
purifier maintained at 100°C, 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 getter
hydrogenated alloy in the removal of this species. The test is continued until the
30  analyzer senses in the gas output from the purifier a quantity of contaminant of

107 ppmv; this contamination value of the output gas is adopted as indicator of



tenperature conpatible with the working tenperature of all the present
materials, and consequently preferably between roomtenperature and about
50C. Fingblyrost is also possible to add to the vari ous pamigel/eeedser i al s
also a chem cal water sorber, for exanple cal cium oxi de or boron oxide,
this latter 5 prepared according to _tjhe teachings of patent application
EP- A-960647 in the Applicant's nane. The invention will be further
illustrated in the follow ng exanple. This exanple does not limt the
scope of the invention and_is useful for illustrating.a possible
embodi nent  thetrevider deriettaiia PR ﬂ%?slg“’@ﬁ?‘ﬁgieeoé t{] %f{@at%trl 1%%%9?(13&165@(3
i nvention i nactl I @RESERlc dabendmdted hatiahdurd onsdidatsed t he
best for ¢ ﬁf@?%%gédﬁﬁ%ﬁgqfﬁgg% ion. EXAWVPLE 1 A purifier of the type
shown in fi garlgers of thergmter. aliphefopoxydenetdidd far W88y nade of steel AISI 316
and an internal volume of about 50 cm In the purifier, 72 15 g of St 707
are introduced in pellets, which are hydrogenated according to the

previ ously described procedure. The purifier is then connected, by neans of
VCR connections, upstreamto a nitrogen cylinder containing 40 ppm by
volume (ppnmv) of water and 100 ppnmv of oxygen, and downstreamto a nass
spectroneter of the APIMS type (atnospheric pressure ionization nass 20
spectroneter) nod. TOF 2000 of the conpany Sensar, that has a sensing
threshold of 10-4 ppnv both for water and for oxygen. The test is carried
out in nitrogen instead of in a flow of an organonetal lic conpound vapor,
because the analyzing instrunment used (APIMS) has a reduced sensibility in
t he vapors of these conpounds, such that a test with an organonetallic
conmpound woul d not enable 25 to obtain significant results. The gas to be
purified is passed at 5 bars in the purifier nmaintained at 100C, with a
flowof 0,1 slpm At the beginning of the test the quantity of water and
oxygen in the gas outlet fromthe purifier is under the analyzer
sensibility threshold, indicating the functionality of the getter
hydrogenated alloy in the renoval of this species. The test is continued
until the 30 anal yzer senses in the gas output fromthe purifier a quantity
of contam nant of

the 10



10-3 ppnv; this contam nation value of the output gas is adopted as

i ndi cator of WD 01/79587 PCT/1T01/00185 -11 the purifier depletion. From

t he knowhedgeoet the test data, it is proved that the peei/froenoiBas a
capacity of 6 1/1 (liters of the gas neasured in standard conditions per
liters of the getter alloy) for oxygepn, and 4 1/1 for water. WO 01/79587
PCT/I TO /00185 -12 CLAIMS 1. A process for the purification of
organonetal | i ¢ conpounds or heteroatom ¢ organic conpounds from oxygen,
water and fromthe conpounds deri qulgﬂtl\/:lgm t he reaction of water and oxygen
wi th the conpounds whose purificaty sought, conprising the operation

of contagti Uﬁﬁr&ﬁesm&aﬁ@f@ﬁ&h&n U HEIRRRAITCEmpA@ANIrCh&QBReIAC L0 be.
purified w th'a hydrogenated getter alloy. 2. A process according to claim

1 wherei n t hegdnyd rogemate dogebxeenaivpiey aid Tepnthg cospoungst derivpé from
organonetal | j ¢ or .heteroatonm nj G C i f - or, pure
or in a car rt}’%treaéggl? 3.V erp?%%é’gg&gic{égtpdﬁﬂgg%%}%gg}%i %ﬂ%e é{rﬁggﬁoqﬁg

hydr ogenat edoggit! @mpaisin@ythé speamiocal df eyntadiagebe ongatdnieaiionr etetbatonud r coni um
with one or nore el enents sel ecf%gd. non tr nﬂ’ti onurret al s and al um num
and mi xt ur eSTERMPIEIENGFO bropEiise W 5P9°BEd SRHE A"V t ani um and/ or

zirconi wn  angdMBerEekddinbeo bRAA Rehewih hehydicRanfed Settellldyad cotddtedt a
tenperature conprised befween roomtenperature and 400C and at a hydrogen

pressure | oweith thisamganomistallic. ortheterogipwiccaysarae eURRAURE 18 gheciorn it yangier ei n t he

| oadi ng of theeg]rqt ter alloy is carried out at a hydrogen pressure which is

hi gher than Fhed nosp eri ¢ pressure. 5. A process according to claim3
wher ei n 3.he Ayeicogenasrdihggetclam alvheayin the Apdrapdnaied detien ailpygenerbdy f or mul a
ZrM2, wherein Mis one or nore.anon G, M, Fe or I}IiC rrdetal S. _6. A
process accdPdithep tEnemeadsr ﬂﬁcé’iné}“% WOy U SRR G ET TR APPRY is an
al oy conpryskifgn 249 MHMmyARAhY RiRfeksi Rz oW es Movesd TiEsepglogent
composttion with titanium and/or zirconium, and wherein the loading with hydrogen is carried
out at a temperature comprised between room temperature and 400°C and at a
hydrogen pressure lower than 10 bars.
4. A process according to claim 3 wherein the loading of the getter alloy is carried
out at a hydrogen pressure which is higher than the atmospheric pressure.
5. A process according to claim 3 wherein the hydrogenated getter alloy is an alloy
having general formula ZrM,, wherein M is one or more among Cr, Mn, Fe, Co or
Ni metals.
6. A process according to claim 3 wherein the hydrogenated getter alloy is an alloy
comprising zirconium, vanadium and iron, whose weight percent composition
plotted in a ternary diagram of compositions is comprised in a triangle having its
vertices in the following points:
a) Zr 75%-V 20%-Fe 5%;
b) Zr 45%-V 20%-Fe 35%;
¢) Zr 45%-V 50%-Fe 5%.
7. A process according to claim 3 wherein the hydrogenated getter alloy is an alloy
comprising zirconium, cobalt and one or more elements selected among yttrium,

lanthanum and rare earths whose weight percent composition plotted in a

composition ternary diagram is comprised in a polygon having its vertices in the



plotted in a ternary diagram of conpositions is conprised in a triangle
having its vertices in the followng points: a) Zr 75%V 20% Fe 5% b) Zr
45% V 2004 f6arvd €) Zr 45%V 50% Fe 5% 7. A process asepfdifdss o claim3
wherein e hydrogenated getter alloy is an alloy conprising zirconium
cobalt and one or nore elenents selected anong yttrium |anthanum and rare
eart hs whose wei ght percent conpositiph-plotted in a conposition ternary
diagramis conprised in a polygon having its vertices in the WO 01/ 79587
PCT/1T01/00185 - 13 followng points: a) Zr 81 % Co 9% A 10% b) Zr
6rrgoa/(:1§0aﬁ2% Afo}lg%ngg‘)oliégz 74% Co 24% A 2% d) Zr 88% Co 10% A 2% wherein A

y elenen el ected anong yttrium |anthanum rare earths or
m xt ures of #)hessl %I Enis10%. A process according to claim3 wherein the

hydrogenat ed getter allqy | n alloy conprising titaniumor nickel. 9. A
process accg}l’)dfrn‘ég/f‘&%c:!r%'rﬁ go%ner ein the hydrogenated getter alloy is an
al oy conprysynpokideadoym 2%anadi um and manganese. 10. A process according

to claim2 wherein saldooper(gtlon is carried out at a tenperature
conpri sed be®WefB%éom Perpeteat ure and about 100C. 11. A process according
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1 to 10 bar smixtires 4f thescdaserecording to claim 1 wherein the organonetal lic
compound e ReLecled. AN atium et i LML aeldc LT et ghum rum
di met hyl al umdmpnselY @ahids or nickel.
9. A process according to claim 3 wherein the hydrogenated getter alloy is an alloy
comprising titanium, vanadium and manganese.
10. A process according to claim 2 wherein said operation is carried out at a
temperature comprised between room temperature and about 100°C.
11. A process according to claim 2 wherein said operation is carried out with a flow
of the gas to be purified between about 0,1 and 20 slpm, at absolute pressures of
about 1 to 10 bars.
12. 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, dimethylaluminum chloride,
diethylaluminum ethoxide, dimethylaluminum hydride, trimethylantimony,
triethylantimony, tri-i-propylantimony, tris-dimethylamino-antimony,
phenylarsine, trimethylarsenic, tris-dimethylamino-arsenic, t-butylarsine, barium
bis-tetramethylheptanedionate, bismuth tris-tetramethylheptanedionate,
dimethylcadmium,  diethylcadmium, iron  pentacarbonyl, iron  bis-
cyclopentadienyl, iron tris-acetylacetonate, iron tris-tetramethylheptanedionate,
trimethylgallium,  triethylgallium,  tri-i-propylgallium, tri-i-butylgallium,
trimethylindium,  triethylindium, ethyldimethylindium,  yttrium  tris-
tetramethylheptanedionate, lanthanum tris-tetramethylheptanedionate, magnesium
bis-methylcyclopentadienyl, magnesium bis-cyclopentadienyl, magnesium bis-
tetramethylheptanedionate, dimethylmercury, dimethylgold acetylacetonate, lead

bis-tetramethylheptanedionate, bis-hexafluorocopper acetylacetonate, copper bis-
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di et hyl al um num et hoxi de, di net hyl al um num hydride, trinethylantinony,
triethylantimony, tri-i-propylantinony, tris-dinethylam no-antinony,
phenyl ar rodgh | MEt hyl arseni ¢, tris-dinmethyl am no- ar senpeypiipr/bgiky! ar si ne,
barium bis-tetranethyl hept anedl onate, bisnuth

tris-tetranet hyl hept anedi onate, dinethyl cadm um diethylcadm um iron

pent acar bonyl, iron bis- cyclopentadilgnyl, iron tris-acetylacetonate, iron
tris-tetranet hyl heptanedi onate, trinmethylgallium triethylgallium
tri-i-propylgallium tri-i-butylgallium trinethylindium triethylindium
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second material selected among palladium on porous supports and a mixture of
iron and manganese supported on zeolites.

15. A process according to claim 14 wherein the organometallic or heteroatomic
compound is in the form of vapor, pure or in a carrier gas.

16. A process according to claim 14 wherein the second material is a catalyst based
on palladium on porous supports with a weight content of 0,3-4% of palladium.

17. A process according to claim 15 wherein the contact between the compound to be
purified and the supported palladium occurs at a temperature comprised between
about —20 and 100°C.

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

19. A process according to claim 14 wherein the second material is a mixture of iron
and manganese supported on zeolites, and wherein the weight ratio between iron
and manganese is comprised between 7:1 and 1:1.

20. A process according to claim 19 wherein said weight ratio is about 2:1.

21. A process according to claim 15 wherein the contact between the compound to be
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of iron and nmanganese supported on zeolites. 15. A process according to
clai m 14, hersigh the organonetal lic or heteroatomc conpepi@ibdsd n the
formof vapor, pure or in a carrier gas. 16. A process according to claim
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bet ween abgutifie@andmd sifidBed d8xtuwi piowend nangera AECEDAA IBIRFER @her ei n
said contact occurs at a tenperatuyre...conprised between roomtenperature
and 50C. 19.COmPgsglisdye 8?%%96“?&%&& m 14 wherein the second naterial is
a mxturg ofsifQnss andrdiRN@ABRES NuRpatinedidbomanldctes,at andmwkefes n t he

wei ght ratio between iron and manganese is conprised between 7:1 and 1:1.
20. A procesommreet RtTeen 160w tENRT G S/ HE Y 61 said weight ratio is about 2:1.
21. A progess according. t. | Bk ke seRtiaglorkeiuaan hhe
corrpound%o bé’%"ge%c#wlgi?ﬁq%ﬁé%q](%%E%Ef?n%sﬂ/ EP WD 01/ 79587 PCT/| TOI / 00185
-15 puri fi echrammntehalisoppoerbadmin cigamie cofpoyngdrio dadPuplisd AdsechsBidw s at a
tenperature conprised between about -20 and 100C. 22. A process according
to claim21 YWHEFS¥ sai d contact occurs at a tenperature conprised between
room tenperature and 50C. 23. A process according to claim1 further
conprising the operation of contacting the organonetallic or heteroatomc
organi ¢ conpound to be purified with a chem cal water sorber.



