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PCT/ US98/ 188W§ 99/22848 PROCESS AND APPARATUS FOR REMOVIPKIG/USI¥/AS846
CARBONYLS AND MO STURE FROM A GAS BACKGROUND OF THE
| NVENTI ON 1.. Field of the |Invention

a

A : 1 . :
This invention rel ate 0 S aL a
nmet al car bonyl conposis‘?#%ﬁgmﬁﬁﬁﬁg b ??@ééEM@WM&AL
particularly, this inventi GAREORYES ANDMISTEHRE FROMMUASUS o
removing froma gas a netal carbonyl composition and noisture pr esent
in a gas to be treated, as well as noisture fornmed during renoval of

metal carbonyl conposition from:the gas. 2.
Description of Prior Art BACKG N F N nuner ous

i ndustries require the use of 1 F&Iéi !f :ﬁﬁ qaieﬁioi n their processes. Even

parts per mllion (ppm) or parts * pb) | evels of

contam nants can have ﬂﬁb%%ﬂt@h&eﬁt&@%&ﬁﬁ?ﬁcess and kPSardRRefRIrd vﬁ{gry
ndus

performance of certain products. The 199 Sem conduct or
Associ ati on (Sl Aja metaincarhdnylicompasition asd maistude frooy a gasc ddeieng

establ i shed key i rity level specifications in bul k and specialty
gases for 0.25 [é’gﬁwlﬁﬁlﬂvc§§mﬂﬁgﬁﬁ“ telates te ayprocgss and apparatys fopp,

respectively. Theghifkyd | oyl - pecification for
t he sane device ggorre_t"}l%%v\g{sa?gtgadaﬁn%%l?akpﬁrg{ig%pgs't'on aar{ogﬁg?féé err].
Because of these presentinregas tabe treabsd, 28owel BeMoisture AstiRsd@uitid ect s of

using unpurified gases, the purification of process
-removal of metal carbonyl composition from the gas.

2. Description of Prior Art
At the present time, numerous industries require the use of

purified gases in their processes. Even parts per million (ppm) or parts
per billion (ppb) levels of contaminants can have deleterious effects on
. the appearance or performance of certain products. The 1994
- Semiconductor, Industry Association (SIA) recommendation for
- semiconductor processing established key impurity level specifications
in bulk and specialty gases for 0.25 ym processing of 0.1 - 1.0 and 1 -
- 100 ppb, respectively. The individual metal on silicon wafer
specification for the same device geometry was set at 2.5 X 10"
- atoms/cm?®. Because of these requirements and other observed
adverse effects of using unpurified gases, the purification of process
.- and purge gases in the microelectronics industry has found
-+ Widespread acceptance and usage. The ideal purification material

et

wquld remove the unwanted impurities without generating volatile
1z by-products that would contaminate the gas. Also, the purification
- -+ - material should not be volatile under vacuum or pressurized process
- ;flow conditions. It would additionally be desirable for the purification
material to chemicaily convert any toxic impurities into less toxic,
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and purge gases in the mcroelectronics industry has found wi despr ead
accept ance The ideal purification materi al WORGTHUPBABRA8 ¢ he
unwanted inpurities wthout generating volatile by- products that woul d
contam nate the gas. Al so, the purlflcatﬁon rrat erial should not be

vol atil e under vacuu r’ess r| ze LOCgSS ow n woul d
addi tionally be @ngg?e?g"ee Yé’fo ?H,qoqllycﬁﬁ %lﬁ"fcat’ r%?téff"fjw&{‘@ OEF?%% Sally
convert any toxigg H'@EB’(H éﬁ'i QPB r% te elecirical power for operation.

2 nonvol atil e by- pro s. Ide purification material woul d
operate at room temb.mcﬁéw& airﬂblrdoﬁateedi'achmleﬂ%'l r4&€8) fdvescrites the

oper ati on. i ndl e

descri bes the

@manse@ ssécém {aridjelegiric.ateh uhen

et al Solid State Tee (!"I‘F%gﬂgé'f?tél (@e’

oroducti on of | &b enfalinG, B3R ceé'V@‘snf%@hﬁé‘f@.yﬂé@ﬂfé 855 [errim

producti on of
Unfortunately,

t %@mlcétﬁﬂﬁtbzodle\ﬂéemt (?ebn‘iéihéélko 38, Unfortinatdly,dheand
t herrodynam cal ly favore

deposireaction okCQ@avith cedain me’tajsmgunr@esam:bmckelt i contamnation.

to formvolatile netal carbonyl

S

was observed i n, Cooper nduct or. | nt|l 301
descri besv'é%'if)‘é?q ‘S?n)fésveﬁ % u‘f’rﬂaﬂ lﬁé?%@%@?f%"@%/@%gaé? Mretal s,

ni ckel, is
t hat can
Thi s

t hat

e.g., iron,

chro n
s packnged 1 n oUEBos N feter et id e ngtdl cfaniifatn. THET
observed an i ncrepsLobseried i Coopet,abl SéiicondistordntlM9o97, B0Uu8),80M thati nder
versus the unetched control silicon wafers that was t hought to be due to

reaction of CO widesctibes expe@nental resulisshawing jncreased levels of metals,

e.g., iron, chromium and nickel, contamination on silicon wafers when

CO is packaged in steel vs. aluminum gas cylinders. However, there

~was still observed an increase in nickel contamination using the
* aluminum cylinder versus the unetched control silicon wafers that was

“thought to be due to reaction of CO with the nicke! in the Hastelioy

tdbing and nickel gaskets used in the study. Xu, etal J. Mol. Catal.
1993, 83, 391 describe the ready formation of iron pentacarbonyl,

"Fe(CO),, from the reaction of CO and the stainiess steel surface of a
" FTIR cell. In addition, both Fe(CO),and nickel tetracarbonyl (Ni(CO),)

are very toxic with Threshold Limit values (TLV) of 100 and 50 ppb,
respectively.
Colden, et al Ind. Eng. Chem. Res. 1981, 30 (3), 502 describe

7 the adsorption of trace levels of Fe(CO)s and Ni(CO), using five

commercially available adsorbents, i.e., activated carbon, silica gel,

#3ctivated alumina, a methanol catalyst and HY zeolite. The activated
%#¢arbon and zeolite showed the largest adsorption capacities for the
“carbonyls and were further investigated for carbonyl desorption at
“¢3glevated temperatures. The desorption of Fe(CO); was observed from
¥ fhe zeolite and only a slight amount (<0.1%) from the carbon; however,

Ni(CO),, was completely desorbed from the carbon at elevated
temperatures. In addition, the presence of other impurities, e.g.,
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tubi ng and ni ckel gaskets used in the study. Xu, et al J. M. Catal.
1993, 83, 39?’%%348% the ready formation of iron pentacar boRGF/US98/18846
Fe(CO[err], fromthe reaction of CO and the stainless steel surface of a
FTIR cell. In addition, both Fe(CO/[err] _and nickel tetracarbonyl

(00 1 L)t ot €0 il U o At 00,
30 (3), 502 descr&%beacitytdﬁhé‘gaQérWeHH\oWar&% ﬂgefm'e atoyis e ThErbfiovh and
I've y a ents e ac

Ni (CO[err] using conmer ci a aval e adsor , l.es, i vat ed

carbon, silica gedfthesé invethbcarbbryls via pRygisdrptive praceissby wiithathe HY zeolite.
The activated carbon and zeolite showed the | argest adsorption capacities

for the carbonyl sconeemitary concemeationefdbese taxieiimpurities withipia pediarpyillon at
el evated tenperatures. The.desorptiomn of F [err] was observed from
The seol it o hnd- oEgtin & SRR SHeiai fBizad Yndh B trod BBl 3R e o

Ni (CO[err] was %gﬁi@}f@}y desorbed fromthe carbon at el evated
tenperatures. In addition, the presence of other inpurities, e.qg.,

3 carbon dioxide (CJO #¥rS.]FatenhNoh4,608238desthibes a proceskifor relmovirdgsor pti on

capacity of the adsorbents towards, the netal carbonyls. The renoval of
these netal car borG{GO)sifEom G2 ceRRINING gases HEBE & SeAVERIER EoNYsting AT 8ANnt

Co et o T SR BB A bhend iy B ek e 1 @
U.S. Patent No. 4sdl(aht23fhelgss bf S6iverits s 0686Sirdbds besawse the vapors from
these solvents will contaminate the downstream products with carbon
and oxygen impurities under vacuum or pressurized flow conditions.
International Patent Application Publication No. WO 94/25142
describes a scavenger of lead oxide, PbO, dispersed upon a support to
- remove metal carbonyls from a gas. In this application there is some
uncertainty as to whether the carbonyls are removed by chemicai or
physical meané. However, from the data, it may be simply by
physisorption since black deposits were only observed when the
temperatures were >100°C, i.e., decomposition of the carbonyl.
- Irreversible removal of the toxic carbonyls by chemisorption is desired
from a safety standpoint., While PbO has sufficient reduction potential
- to oxidize iron and nicke! carbonyls to their respective salts, the PbO
will concomitantly be reduced to lead metal with the generation of
- moisture impurity as shown below in the case of Fe(CO);:
Fe(CO); + 2PbO + 2H* = FeO + 2Pb + H,0 + 5CO
i ' THe hydrogen ion is commonly found present in support materials and
gases as a contaminant. The release of moisture impurity into the
purified gas stream is not desirable since moisture can have
deleterious effects in certain manufacturing processés, eg.,

-“semiconductor manufacturing.
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Fe(CO[err] from CO containing gases using a scavenger consisting of an
al kali et al WRMRe¥Bde in conjunction with a high boiling hydRGKUSI8E8846
sol vent. The use of solvents is undesirable because the vapors from these
solvents will contam nate the downstream products with carbon and oxygen

| nernat fonal Pat ent SR HAER HOKFoAR7847 SBESBG4 SeAePOEE e | bes a
scavenger of | eaqdiecsieanBaifufboMBBARGS 1B ads MIRARIS cdridisthBrERLS et &
S. plfcatrion r

carbonyls froma g n this ap re I's sone unc ailnty as to

whet her the car baaalgsthaving asitecrivicipa edinpahents, Cuharid/eaCueamt Znbovever ,
fromthe data, it_my be sinply by physisorption since black deposits were

only observed whehhasgscavengershanetheaanee undesirahle characteristisedeposi ti on
of the carbonyl. rreversi.hl e removal of, the toxic carbonyls b

cheni sorpti onyi s fﬁkﬁs‘;éﬁ 'ﬁ?'%ﬁ? g“EHf'&t §° QPJ_HﬁSS?H‘F'TS’%FPﬁc%QRQ W)a/\s
sufficient reductlh@pn%ﬁ;tpaq%%ﬁ‘ﬁv&i%ﬁ% RB. wgrg@?fﬁ,f)géckel carbonyls to

their respective salts, the P concom t ant reduced to | ead
metal with the gener atli.& Ratentido 4,868, 148eschipesiscavengerdfdr semonirighe case

of Fe(COerr]: . . Fe(CO [err] + 2PbO + 2H+ = FeO + 2Pb + Herr] O
+ 5CO The hydrod@{efﬁﬂp‘i’@ycﬁ%‘ﬁ(ﬁﬁﬂg in g0 gape of apetanhalids eprpavR@ri al s and

Gas. st ream s notied '8 siPrEAT g Kpinbla ik, ikt tfe a3 Palblfmedlc: '
certain manuf act weldiled frofe #feegroud dbnsistifgiof AthAL(D! baBMkRAnur i ng.
magnesium (I!), calcium (1), strontium (1), barium (11), cadmium (I},
nickel (1), iron (1), iron (1), zinc (1), and aluminum (lll); and y is an
integer whose value is from one to three. This scavenger has the
- advantage over other adsorbents, e.g., zeolites and alumina, in that
‘- there is no competition for adsorption of moisture with the gas to be
~* purified or other gas impurities, e.g., CO,. The scavenger disclosed by
this patent is only capable of removing moisture and not other
impurities, e.g., metal carbonyls and sulfur compounds.

It would be desirable to provide a composition suitable for
removal of volatile metal carbonyls either alone or together with other
impurities such as sulfur compounds from a gas while avoiding release
of moisture into the gas. It would additionaliy be desirable to reduce
the moisture concentration of the gas. It would also be desirable that
such removal is accomplished by chemisorption and not physisorption
mechanisms to prevent reversible release of the sorbed composition.

. - Furthermore, it would be desirable to provide such a composition which
£ i§ effective for use at normal operating pressure and room
temperature.
SUMMARY OF THE INVENTION

The present invention provides a process and apparatus for

removing metal carbonyls from a feed gas while avoiding the release

of moisture into the gas. In addition, the present invention provides
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4 Czech.. Patent No. CS 187947 B describes a scavenger for
Fe(CO[err] 3YRA9¥BMr conpounds from gas mixtures consi sti ng PET/USIS/AS846 yst
having as its principal conponents, Cu and/or CuO and ZnO These scavengers
have the sanme undesirable characteristics, i.e., release of noisture

impurity, as do the scavengers descri hed ﬁr,'l | nt ernati onal .Patent )

Ap T call on No. viBHigh ARt ogass Bnd SpPaiatas WHIRLAES (GMoYSR BRoITTLES AIRSSNt iR
scavengers for re ' ' [ RINE | f,a netal

hal i de conpound d%%ﬁ‘ﬁbg&gﬁ%o@?aﬁﬁgr?gr"?%?"n‘ﬁ}'é‘g err ,egv%ere Mis a

y-valent netal seheoting cfomainlri?ﬁs?ammatemawo'sn@nqﬁhibhﬁé\énractwé, beryllium

(1), magnesium (11), calcium . strontium (I1), barium (Il), cadm um
(11), nickel (1), scavengarfor ramexing metal carberyls and maisturgifiom egas | The: and
y is an integer whose. value is fr.o ne to three. This,scavenger,has the
advant age over ot r‘i‘é’Fsﬁ'&s'BﬁL’J'HQﬁ??," lgl%ﬁ),r %@Wiqaésa%ang%ﬁfﬁg?f% 4985 there
IS no conpetition | itioR isSforwngd purified or
ot her gas inpurit iihgpagﬂg‘g?@c‘gﬂ?ﬁ'f@ e scge\ggrggp t?rsemséggclgﬁ this patent
is only capabl e ofcomprisingpaniclestfarmed frdrmasuppor coateawith imescavenger foret al
carbonyl s and sul fur, conpounds. .lt would be desirable to provide a
conposi tion sui t afietat earopryis\ANd/erparticlas of 8 meiahcabanybssavenger A8 well one

voi aing 1ol ease 8P FROTQBRraRoRi i Syffort oadgh TR engertRy = 07 M @
desirabl e to reduggoistife BRHMr PafticedN6Fa Mastupd sedvdriyergas. It would al so be

desirabl e that such- removal is acconplished by chenisorption and not
physi sor pti on mechani sfdetabcarbengmemayatiremgas iseiftenterd by paksingdhégas

O o i TR et oL G SR AE S EIEHES SHElichof anc
room tenperat ur €. tha metal carbony! and release of carbon monoxide derived from the
. metal carbonyl. Any moisture formed during the oxidation, such as
when hydrogen ion is present in the gas or in the apparatus for treating
~ the gas, is retained by the moisture scavenger.

Since hydrogen ion is normally present in most gases, it will
readily react even in low concentrations with oxygen atoms produced
during the oxidation reaction to form moisture. Thus, the moisture

. scavenger is positioned either downstream of the scavenger for metal
carbonyl or in admixture with the scavenger for metai carbonyis in
order to remove moisture formed during the oxidation reaction.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic drawing of an apparatus of this invention.
& - Fig. 2 shows the absorption spectra of CO gas containing nickel

rcarbonyi and of purified CO gas free of nickel carbonyl produced in

+ .. accordance with this invention.
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SUMVARY OF THE | NVENTI ON The present invention provides a process

and appar at W¥OP3?2#8novi ng netal carbonyls froma feed gas wWROTAISISB8&46 ng
the rel ease of noisture into the gas. In addition, the present invention

provi des 5 such a process and

appar at us whi ch al so renoyes noi st yr r%s.e'nt in the initi éeed gas. The
apparatus of this i nve’ﬁsi%ﬁ%ﬂﬁﬁﬁ??@@@”%‘&ﬁ%&%%ﬁ%ﬁ%ﬁ& A cul ate
conposi tion whi chrdfedfo ASthbVEirsA 2 W -&Ppé/' s and
noi sture froma ggs. The%us‘?lng iﬁc u egﬁgnlimfln et '%@aﬁ%%@gggménd an
outlet for treat énverdion VEi¢heaprior al at e conposition is forned of a mixture
of particles conprising particles formed froma support coated with a
scavenger for netal carbonyls and/or particles of a netal carbonyl

scavenger as well as parti AtoTaty wEado th a
scavenger for noisture andf AR

carbonyl and r el emntainhgenmedal canbanyi isecardacted avith @ mixluece of pattictasr bony ! .
Any noi sture forned during the oxidation, such as en hydrogen ion is
present in the gg‘lﬁv 'qcﬁ”‘?%@ S&ﬁb%n%ﬁfdef?me%?'r@égwﬂﬂ a(rﬁea égg\{eq]g:‘erlf% ai ned by
t he nmoi sture sca | ' ' r in
et gases, it wiTPELLE gr seauentRIN Gl SEapather 6t o metaf clibOMIOASAE

atons produced diyy cthtadtewitk b dehvenpardecinboistureo form noi sture. Thus, the
noi st ure

The scavengers for metal carbonyls according to the present
~ invention consist of:
a) an active scavenger having a reduction potential greater than
“about 0.175 volts comprising a metal oxide, organometallic oxide or
- mixtures thereof:
b) an active scavenger for removing moisture from the gas
o ;iassing through the apparatus of this invention; and
) c) a high surface area support material that can consist of either
(a) and/or (b).
e The oxidizing reagents are selected such that the reduction
potential is sufficient to effect oxidation of the metal carbonyl
compounds. Representative suitable metal oxides include oxides of
manganese, chromium, copper, silver, iron, vanadium, titanium,
antimony, bismuth, lead, and mixtures thereof or the like.
~ Representative organometallic oxides include species such as
pyridinium chlorochromate (PCC), pyridinium dichromate, and
b2ty 5‘5“"'55r6mium (V) oxide-3,5-dimethoxypyrazole complex or the like.

& These scavengers also are useful for removing sulfur containing
species including H,S, SO, and CH,SH. The preferred scavengers for
metal carbonyls are CuO, Fe,O,, MnO, or C;H,CICINO, (PCC).

The moisture removal capacity or efficiency of the active

scavenger for removing moisture is not affected by the presence of
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scavenger is q;i(;)smloned ei t her downstream of the scavenger for netal
carbonyl or W &ture with the scavenger for metal carbonyPETUSI¥1a84¢ t o
renove noi sture formed during the oxidation reaction.

BRI EF DESCRI PTI ON OF THE FI GURES ig. 1is a schematic draw ng of an
apparatus of this,inuenti abso tion sgectra of CO -

gas cont ai ni ng nPHI&N W@Sﬁx’hata‘ﬂamg‘fprﬁ?ﬁrﬁf‘p%@' ‘E?J)“Bﬁ with moysture for,
carbonyl produceg dd?ng“&ﬁﬂﬁéjé??ﬁol’f"' Emetd?:'tﬁ é@@ﬁ%@ﬂ”‘for removal ?f %sture

6 Fig. 3 s e difference in a sorptl n spectra o

treated to renovémpurity ex&rdrcprgsemd the feédlgas ion generatdd asea by-tginodlmts
I nventjon vs. the prior DESCRI PTI ON OF SPECI FI C
EMBODI MENTS from Fh%&aﬁtl@arfﬁéhwmﬂat oddg s osganemetalicoxide species, a gas

el ude ascaven gt PEiREtcol R BEHGY Hhbied sBkbbl sGeR s Mibldods . "o, "
sequential Iy w t agiesiitifdide speces®h alsuppopony! followed by contact with
a scavenger for noisture.
The active moisture absorber can be:
(i) metal halide compounds dispersed in the support, of
the formula MX,;
(if) metal halide pendant functional groups, of the formula
-MX,.,, covalently bonded to the support, wherein
M is a y-valent metal selected from the group consisting of
lithium (1), beryllium (1), magnesium (i), calcium (II),
strontium (I1), barium (1), cadmium (il), nickel (1), iron (il),
iron (1), zinc (1), and aluminum (lif) and mixtures
thereof;
y is an integer whose value is from 1 fo 3; and
the activating scavenging moiety metal halide compounds
and/or metal halide pendant functional groups have been
- formed by reaction of corresponding partially or fully
- alkylated compounds and/or pendant functional groups,
with the gaseous hydrogen halide, to form the active
scavenging moiefy metal halide compounds and/or metal
halide pendant functional groups;
the vapor pressure of the support is less than 1 ppm;
* M is selected such that the heat of formation of its hydrated

halide, Mx,~(H,0), is greater than or equal to 10.1 kilocalories per mole

~¥ - Of such hydrated halide compound for each hydrated water molecule,
*-%i:¢: wherein n is the number of water molecules bound to the metal halide
- in the metal halide hydrate as disclosed in U.S. Patent 4,853,148

which is incorporated herein by reference. Representative alternative
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The scavengers for netal carbonyls according to the present invention
consi st of : WO9972284%) an active scavenger having a reducti on Pet/EHt8/1§846
greater than about 0.175 volts conprising a netal oxide, organonetallic
oxi de or m xtures thereof: b) an @ctive scavenger for renoving

nmoi sture fromthe s passi'ng through the apparatu f 1his | | Qn; and
c) d;’i hi g(;h surfac@ag&'a'ég §%‘fﬂ&erﬂ§&§% a0 Eﬁé&ﬁ?ﬁ&"&%‘ﬁ@? §%a\6qsndg?%/ﬁg% %g)

and/ or (b). N | dhZ2hg e sel ected such that the
reducti on potent ng’!}‘gggtt?f‘??é?gh?é??%é #@gfm%ki dation of the nmetal carbonyl
conpounds. Repr esent aWien sot emplayimepaiticies crsisting oftbemetat saxbionyl

manganese, chrom um copper, silver, 1ron, vanadium .titanium antinpny,
bi smuth, |ead, afgavengernasshe moistyre §Favengqr4&énpneﬁﬁe%&\%@ﬁaiear Onrsri?

R o o BT s R e R T W B b R
Contat i ha Shect 5| nel SIS AAIRER AotV FreniaThin: oL
scavengers for manyimateriatsiipiatare eorapaiibleeyith thedlwid rt]E,ingquiﬁ;eCF and any
G110 G e L ks avaguresb Aol T Ao uSAE hed He ca by
the presence of paye the characteristics of: 7
a) high surface area, generally greater than 50 m¥g;
b) high porosity; and
¢) good thermal stability.
Representative support materials include alumina, silica,
-~ "carbon, titania, magnesia, zeolites, and highly crosslinked polymers.
The preferred support material is alumina.
The active chemistries utilized in the scavengers of this
invention may be deposited on the same or different high surface area
' support materials. The support material itself may function as one of
* the active chemistries. In the case of utilizing different support
materials for the active chemistries, the separate materials can exist
within the purification vessel as a homogeneous mixture or layered
beds.
Representative gases which are purified by removing metal
carbonyls and moisture impurities include carbon monoxide and inert
gases such as argoﬁ. helium, nitrogen or the like. Any other gases can
" be treated provided they are compatible with the described |
- "“Scavengers.
"HI32. Fig. 1 illustrates the use of the present invention. Referring to
?Fig 1, an apparatus of this invention 10 includes an inlet 12, an outlet
"*'14 and'a housing 16. Particles 18 can comprise a mixture of metal
' carbonyl scavenger partiéles and moisture scavenger particles.

Alternatively, the metal carbonyl scavenger particles can be positioned
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ot her i npuri t would preferentially conpete with noisture for
bi nding to t‘&g%éﬁ%)%g The active scavenger for renoval of Cg‘(l{§9§/18846

i mpurity either present in the feed gas or generated as a by-product
fromthe reaction of the netal oxide or grganometallic oxide species

mgnesum hai | do SERRLEERHEL 1 el o EB G AT O

absorber can be: separately posmoned adj&bénf@ié%uti&'ﬂdqn(a)!mﬂtélt&ndﬂimehéed in
t he support, of formul a MX[err]; (ii) netal

hal i de pendant fumetaﬂ oadiongl scaenger pam;:les)calmba positionex| iora $eparatel ent | y

e o B S oo kb P i NS T
magnesi um (11), I%%n%é’@bév#lb%n ¢ in 2 separate housing d%ﬁ?ﬂﬂéérﬂ%ﬁtﬁé%&%ﬁ{g’l fléfn) |

(rr), cadmum (I

zinc (I'1), and althgirmetat ééﬂbbhypé&vgn?bﬂbﬂﬁlcles t her eof ;
y is an integer whose value is to 3; and t he actlvatlng

scavengi ng mi ety net alherfallowing exemplesdillustrate the paesant iaventionandiareendant

functional groups rtlave 8 &t h formed by reaction of
correspondi ng paﬂq éf'tPQ B ?JW‘V @ same. al kyl at ed conpounds
and/ or pendant functional groups, wi th the gaseous
hydrogen halide, to formthe active ' scavengi ng noi ety
nmetal hal i de conpounds and/or netal EXAMHL(E‘!pendant functional groups
t he vapor pressure of the support is |ess than S

sel ected such that t heA gheamigm V) gxideopn giuming ngtl§@repareqa| i de

M[err] (Herr]Ol[el 0 per
nol e of such hycﬁ' L%hﬁé?ﬁtﬁ%%oﬁlg%@ﬁa&{egﬁ%&%g %Q%E)f éfu&‘rﬁﬁ% 6*' ecul e,
wherein n is the 5gnpgyindeivhikes vméeead ML) lil@‘amdled withhsvemhéad nisthiadical i n
the metal halide hydrate as disclosed in U S. Patent 4,853,148
' stirring a solution of chromium (V1) oxide (12.0 g) in deionized water
(25 mL). The resulting mixture is stirred for one hour, transferred to a
round-bottomed flask and concentrated on a rotary evaporator.

-. Additional drying is done at 120°C under vacuum for four hours.

EXAMPLE 2
A pyridinium chlorochromate on zeolite support is prepared
- according to the following procedure: To 2 N HCI solution (66 mL) is
added at room temperature chromium (V1) oxide (12.0 g) with magnetic
stirring. Pyridine (9.2 g) is added dropwise with stirring over ten
. minutes. The resulting solution is stirred for 15 minutes. NaY zeolite
- . (50.1 g) is added to the solution resulting in a temperature increase of
the mixture. The resulting mixture is allowed to stand for 1.5 h, then
the mixture is filtered providing orange-colored zeolite. Drying of the
PCC/NaY mixture is effected at 130°C under vacuum for four hours.

EXAMPLE 3
A commercially available copper oxide on alumina scavenger is
dried according to the following procedure: A sample of CU-0226 S (50
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which is i ncglbpora ed herein by reference. Representative alternative

8 noisture YORBAYEr s which can be utilized include scavengePSTAIS8%/18846
BaO, MyS(Oerr], Cal[err], CaSJerr], or the like. When not

enpl oying particles consisting of the rrei | carbonyl scavenger or the

cavenger can- be & o3 ENGRary RiprbEtgR cneaifed Witin a STEER iR slimior 1 ©
material s accor digingle dyfihdet Mﬁg%&?llfé%gﬁgﬁed% FBlImstessioRditti sg q

conpatible with the flui"d being puri any by-products pro

during the puri fiisdriedratr€fCCiants3 sipme fiowyaf muified nitragen forel&haasct eri stics
of : a) high surface area, generally greater than 50 nferr]/g;
b) high porosity; and c) good thernmal stability.

Representative support materials incluiﬁgs&%gk£§é silica, carbon, titania,
magnesi a, zeolites, and highly crossli _ ers. The preferred support
material is alumna. A mixture bPh8ogsér 3@dé BAHIGMInELand BhhydRtsi N the
scavengers of this invention may be deposited on the sanme or different

hi gh surface arednagngsiom haligiecon aluminalie prepared tcoaiding to thet followingay
function as one of the ag\tn' \fl?e chem strje In the case of uiiblizi n

di f ferent supporftpmﬁ%qlgﬁ. @r"'&rﬂfﬁe‘a‘§['¢‘.§slqyﬁet?ﬁ>%? sample phieUsQd28 & e
materials can ex'(gé. %%Ef&a@iﬁﬂ&é%b@& i©0sdf 5 Bhrtify fn '&%ﬁ?&ﬁ@&%&

m xture or |ayere
vessel constructed from a 2.5 inch section of %-inch OD stainless steel

tubing, compression fittings, metal frits in the fitting to contain the
scavenger and valves. To this scavenger is added anhydrous

- magnesium chloride on alumina scavenger (ca. 0.5 cc; Millipore
Waferpure® Reactive Micro Matrix for chloride and oxide gases).

EXAMPLE 5
This example demonstrates the use of the chromium (V1) oxide
on alumina scavenger for the removal of hydrogen sulfide (H,S) from
an inert gas stream. A 4.5-cc sample tube is filled with the
CrO,/alumina scavenger prepared in Example 1. A test gas mixture of
950 ppm H,S in helium is passed through the sample tube initially at a
flow rate of 375 sccm which is later increased to 750 sccm. The
downstream H,S concentration is measured using a residual gas
‘analyzer (RGA). After consuming 146.25 L of challenge gas, H,S
~"+ breakthrough is detected by the RGA to provide a H,S capacity for the
- " irjorganic scavenger of 31 L H,S/L bed.

afl 3o o

L ST IR
B TR

EXAMPLE 6
This example demonstrates the use of the pyridinium
chlorochromate (PCC) on NaY zeolite scavenger for the removal of
Ni(CO), from carbon monoxide.
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Representati ve .%ases which are purified by renoving netal carbonyls and
moi sture i mpMA 422848 nc| ude carbon nonoxide and inert gases FEIVAS/1884¢on,
helium nitrogen or the |ike. Any other gases can be treated provided they
are conpatible with the described scavengers. Fig. 1 illustrates

(e use of the present, LhLeh o0 HhaL s W b SLLaiy AU Baa
par ol e 12 CoN RIS sl OTRl s conpRriepulaRRPagas Por il o

and noi sture s_ca\P es. _
scavenger parti clpganifld with 9optiowdley-pass loop around the sample. An9 adj acent
the inlet 12 while the noisture _scaveng:er particles are separately

posi ti oned adj acamknpwa condeptratian of Ni(&Q)yis gengratedhby heating igenickelt al

car bonyl

ESE‘YfigﬁﬁtﬁEf‘r{%érﬁhésméﬁ&igfﬁﬁéié?@_ﬁ?°%§ﬁ ﬁwei%@fe%bég%%“é‘g?t oned
In a separate hOugbfige @rmé%s?ggs hj O&.i 8ftﬁérg'§éﬁs%ﬂ th l@h“iﬁb an‘?ﬂé ony
nmpl es | strate the

scavenger particles. W ng ex pr esent

i nvention and ar eylindér ém&@@YW—béﬁéﬂ (tosroviieebackground level) at a flow
EXAVPLE 1 A chromum (VI) oxide on alum na support is prepared

accordi ng to the ratg oiA# sgempr dheodewnstieara bytpassed sndpurifi agis
measured using a FTIR and RGA.
Table 1 shows the observed results with values given in amps

and ND is the abbreviation for none detected.

Table 1
®NI(CO), | PNi{CO), | ®Ni(CO), | ™Ni{CO), | *NI{CO), [ ®Ni(CO),
mle. 171 169 143 1414 115 113
By-passed | 0.20E-12 | 0.52E-12 | 0.56E-12 | 1.47E-12 | 0.35E-12 | 0.83E-12
Purified ND ND ND ND ND ND

The overlayed FTIR spectra of by-passed vs. purified CO gas is shown
in Fig. 2. As shown in Fig. 2, the purified CO is free of Ni(CO), as
shown in the dotted trace.

EXAMPLE 7

This example demonstrates the difference in downstream
moisture impurity level through the use of anhydrous magnesium
halide on alumina scavenger with the copper oxide on alumina
scavenger in the removal of Fe(CO); vs. solely using the copper oxide
on alumina scavenger. A 4.5-cc sample tube is filled with copper oxide
on the alumina scavenger prepared in Example 3. A sample of
Fe(CO), is contained in a small section of tubing with valve that is
connected to a tee on a manifold upstream of the scavenger sample.
The scavenger sample tube is installed on the manifold with an
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(50.0 g) in deionized water (50 nmL) is added with overhead nmechani cal
stirring a SWPIRMBof chromium (V) oxide (12.0 g) in dei oni PeHUSHEIEH46 (25
m.). The resulting mxture is stirred for one hour, transferred to a
round-bottoned flask and concentrated on,a rotary evaporator. Additional

drying is d 120 ¢ und For f h . .
EXAMPLE 2 atopmop%:f(»{a%naﬁg%ﬁa%ﬁ#ﬁsé@%ﬂéf@%@sf gonssitratiop of

d di : 0l . o i T et 66 N
PP aad ot oo FRCI, in Refidth i YeRerRPBF SiERingheiava td teclitiision (B5 )

stirring. Pyridi rgbé Sohtdihingsthe F&G0); feprovidievthelchalienge ggs avikture.eiihis
m nutes. The resulting solution s stirred for 15 m nutes. Y zeolite

(50.1 g) is addedesbgasmmidureis ejtherpagsed thyouah the sampiey el REr ease of
the m xture. The resulting mxture is all d 'nfl t he
mixture is filterdRioRAIYP rwssﬂéfpga@&deoﬁ%ﬁ‘g{é@w?[%gﬂé‘%ffh%” g"?tgﬁﬁé%n

PCC/ NaY m xture i f Pl g easfi® niedsored
EXAMPLE 3 &Xﬁom%ﬁﬂt@%%ﬁ%g@gggper ggi degorsl 'al qenj na
scavenger is driusingadoTIR. nEolawiny his destant Secpsampletube cantainipge of

CU- 0226 S (50 . . . 10 QC)T‘I from
Engel hard Cor por anixéurecefaappes @xide on alumisa apd anhydreyssagpesip

chloride on alumina prepared in Example 4 is tested in a similar
fashion on the manifold. The difference in FTIR spectra is shown in
Figure 3. As shown in Fig. 3, the spectrum for the scavenger
containing only copper oxide on alumina (the upper spectrum) shows
many absorbencies corresponding to the presence of moisture.
~ However, for the spectrum of the mixed purifier containing copper
" oxide and active moisture scavenger (magnesium halide), the moisture
"'I_eve.l is niear the detection fimit of the instrument. This result
" demonstrates the improved performance of utilizing an active moisture
~ scavenger which forms hydrates upon reaction with moisture as

| cbmpared to physisorptive dessicants.

&
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sanpl e cylinder, usimg metal frits inserted into the conpression fittings
is dried at WOOPSr r j Imn‘m w of purified nitrogen foPCLESIRNSBES.
EXAMELE 4 mlﬂﬂm m” per oxide on alunina and anhydrous
magnesi um hal i de on al um na s prepared according to the foll ow ng

procedure: Wthin a nitrogen-filled gl ovE box a sanpl e of CU-0226 S (ca.
4 cc) prepared in Exanple 3 is used to pﬁLﬁi!Mﬁly fill a small sanple

vessel constructed frag l.ach ® : el = | : i.al ess steel
t ubi ng, conpression fi 't‘?‘r‘éﬁcﬂafea?aﬁ&%@g?%L\t%@éffgi)'{{%%\"%aé{gn (!1i n the
scavenger and val aggonyiCompdsitionpaied Bjistufe fREAEE gashaswellss for FEBoERgUM
chloride on alum na scavenger (ca. 0.5 cc; MIlipore Waf er pure Reactive
Mcro Matrix for ahoisturebyprodudt fermeadsduling removal of said carbonyl '

EXAMPLE 5 Thi,s e ag})l e deno s.thg\%}es t he use of the chrom um (VI)
oxi de on al umme%%mg’e $3¢ GARWHIERGOIIPISEShy dr ogen sul fide (Herr]S)

from an inert gas i Bgﬁ@!ﬁeﬁn é'?fgﬁagpﬁﬁg]gteﬁ@_epiﬁidéslihg’ggmﬂtg‘ t he

Crderr]/alum na scaven repare test xture of

950 ppm H err]S igurke fofinkd ofafiistedrpesitbn hheinganmdductiohpotentialal 1y at a
flowrate of 375 sccmwhich is later increased to 750 sccm The

dowlnst r ea?1R(I—3|'[A$ar r L%reatmdbam aboubd. 175 voltsselented fonythe grevprensisiing of a

anal yzer . ter ' 146. 25. L af, chal |

br eaki hr ough |+ dueElcxRes mgaRpRefalic pRye FEosmiages disreol bR 5ESond
I norgani ¢ scavengeirigies Hellidifh & édride fofthed of @3 domposition capable

of removing moisture from said gas.

2. The composition of claim 1 wherein said first composition is

a metal oxide.

3. The composition of claim 1 wherein said first composition is

an organometallic oxide.
4. The composition of claim 2 wherein said metal oxide is CuO.

5. The composition of any one of claims 1, 2, 3 or 4 wherein
said second composition is a metal halide of the formula MX,, wherein
M is a y-valent metal selected from the group consisting of lithium,
beryllium, magnesium, calcium, strontium, barium, cadmium, iron, zinc,

aluminum and mixtures thereof and y is an integer from 1 to 3.

6. The process for removing metal carbonyls and moisture from
a gas, including moisture formed as a result of removal of metal
> carbonyls from said gas, which comprises intimately contacting said
gas with the composition of claim 1 and recovering said gas after
contacting with compossition of claim 1.
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Thi s exanpl e denonstrates the use of the pyri ' chronat e (PCC)
on NaY zeol i WO ¥ 8thger for the renoval of lmmwmu" JH CETRISAS/18846

nonoxi de. L ¥ As5(Q«cc sanple
cylinder is filled with PCC/ NaY zeolite ?rrpl e prepared in Example 2.
The sanple cylinder is_installed on mani fold with _an optional
by- pass | oop around t hé- sHIfpPrOcess of dlalfn hersin s3)d ‘?O&E’P?ﬁita a
Ni (CO[err] is JeRed| d&a y heating a nickel filter in carbon nonoxide
to 130[err]C to provi ? e chal | enge gas m xture. This test gas
m xture is either passed through the sanple cyI I nder or optionally
by-passed (to provide background level) at a rate of 48 sccm The
downst r eam by- passed afld 1@ process GU"QHE 6|\gherem s%iﬁ%ﬁ%ﬂwm@" B #7I R and
RGA. bl e he observed results with values given in
anps and ND P&%‘}?@" %H?g@ﬁ' ‘iton for none detected.
Table 1 [err]N(CO[er] [err]NN(COJ[err] [err]Ni(COIJ[err]
[err]Ni (CO[err] [err]N(CO[err] [err]N(CO[err] me 171 169
143 141 1159. The protds8pf plaim FdvhéreDthelmetal @xiseHs CUO0. 56E- 12
1.47E-12 0. 35E-12 0.83E-12 Purified ND ND ND ND
ND ND
10. The process of claims 6, 7, 8 or 9 wherein said second
composition is a metal halide of the formula MX,, wherein M is a
y-valent metal selected from the group consisting of lithium, beryliium,
magnesium, calcium, strontium, barium, cadmiufn, iron, zinc, aluminum
and mixtures thereof and y is an integer from 1 to 3.
11. The process for removing metal carbonyls from a gas which
* comprises contacting said gas sequentially with a first particulate
composition having a reduction potential greater than about 0.175 volts
selected from the group consisting of a metal oxide, an organometallic
" oxidé and mixtures thereof and then with a second particulate
composition having a surface composition capable of removing
- moisture from said gas.
12. The process of claim 11 wherein said first composition is a
*  metal oxide.
13. The process of claim 11 wherein said first composition is an
" -+.¢ " gtganometallic oxide.
w4e gni 14, The process of claim 12 wherein the metal oxide is CuO.

15. The process of claims 11, 12, 13 or 14 wherein said second
composition is a metal halide of the formula MX,, wherein M is a
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The overlayed FTIR spectra of by-passed vs. puri ﬂmm

in Fig. 2. ANOSIBIMSI n Fi g. 2, the purified CO i H‘[‘mmﬂn é?s/ljss'ffs
shown in the dotted trace.

This exanpl e denonstrates the differ ence j n downstream noi sture

inpurity level thr ough t he jus nesium "
al umi na scavengerY-VRIERt met kﬁﬁgﬁgﬁd %%g\eoaf%r’ ngisting of "%%Weh&gf“"ﬁﬁ t he

renoval of Fe(CO t na
Scavenger. A 4. 5 BEbhesHi, BRGNSt PEFARRERImEN, 30n, zinc, SRribUM ¢

al um na scavengera,-pj RivaLRSE thl&ré_of%ﬂd wisdan ivtegenframdfto 3. Fe(CO[err] is
contained in a snmall section of tubing wth valve that is connected to
a tee on a manifold upstream of the scavenger sanple. The scavenger
sanple tube is installed on the manifold with an

12 optional by-pass |oop around the sanple. A ppmlevel concentration of
Fe(CO[err] in heliumis generated by opening the valve to the diffusion
tube containing the Fe(COJ[err] to provide the challenge gas m xture. This
test gas mxture is either passed through the sanple cylinder or optionally
by- passed (to provide background level) at a flowrate of 100 sccm The
downst ream by- passed and purified CO gas is neasured
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using a FTIR_ Following this test a 4.5-cc sanple tube containing-a mxture
of copper oxW#&3848| uni na and anhydrous magnesi um chl ori de OPCHPSIH1§846
prepared in Exanple 4 is tested in a simlar fashion on the nmanifold. The
difference in FTIR spectra is shown in Figure 3. As shown in Fig. 3, the
spectrum for the scavenger icontaining only ‘copper oxide on alum na (the
upper spectrum) shows many absor benci es1édrresponding to the presence of

noi sture. However, for the spectrum of the m xed purifier containing copper
oxi de and active noi sture scavenger (magnesium halide), the noisture |evel
is near.the detection [imt of the instrunent. ThisqQesult denonstrates the
i nproved performance of utilizing an active noi stureg scavenger which forns
hydr at es upon reaction with noisture as conpared tg physisorptive

dessi cant s. 13

CLAI V5 1. A particulate conposition suitable for renmow
car bonyl conposition and i . Or renoving a

noi sture by-product fornmed/dyring renoval of said carbo conposition from
sai d gas which conpri ses: onpkising first
particles including a surflacel formed of a first conposition. having a
reduction potential great fromthe group
consi sting of a netal i res thereof
and second

14
12

Figure 1



particles including a surface formed of a second conposition capabl e of

renovi ng noi WPIPRA2#E om sai d gas. 2. The conposition ofCHPET§1846
wherein said first conmposition is a netal oxide. 3. The comnposition
of claim1 wherein said first conposition is an organonetal lic oxide.

4. The conposition of clairm2 wherein said netal oxide is CuQ 5.

The conposition of any one of clains 1,223 3 or 4 wherein said second
conposition is a netal halide of the formula MX[err], wherein Mis a
y-val ent netal selected fromthe group consisting of lithium beryllium
magnesi um cal cium strontium barium cadmum iron, zinc, alum num and
m xtures thereof and.y is an integer from1l to 3. . 6. The process
for renoving netal, carbonyls and noi sture'f"r‘O‘rH%Plgﬂe,dWcl udi ng noi sture
formed as a resul t+&F rempyal ,of netal carbomPurifiecb@Osai d gas, which
conprises intimatel vt cqitbAdibpligai d gas with the conposition of claim1l
and recovering saiogh ;*H;:l A dddet i ng wth conposition of claiml.

' ' ' ”’ ' : Ni(CO),

8 06 I L 2057.8 cm’
[ ’ ; ””: I
3 . glﬁii{
3 0.4 R
- sl A |
02} VU R |
Pind e |
L Yyer Iy
00} PR
2150- 2 A -.2100.. A é- 4 . A 19m
© Wavenumbers (cm")

Figure 2



14 cess of claim6 wherein said first conpesition is

nmet al oxi de. W-B%%n%“% 8. The process of claim6 wherein sgPd ?W’§§98’18346
conposition is an organonetal |ic oxide. 9. The process of claim7
wherein the nmetal oxide is CuQ 10. The process of clains 6, 7, 8
or 9 wherein said second conposition |s a retal halide of the fornula

MX err], wherein Mis a y-valent netal 36kl ected fromthe group consisting
of Lithi um beryllium magnesium calcium strontium . barium cadm um
iron, zinc, alum numand m xtures thereof and y is an integer from1 to 3.
11. The process for renoving netal car bonyl s froma gas which conprises
contacting said gas sequentially w té‘fq "@““P%(Swlcu' ate conposition
having a reduction potential greater abou .175 volts selected from
t he group consifsting of a netdl oxide, an|organqnetallic oxide and m xtures
thereof and thén with a secondiparticulate conpo§ition having a surface
conposi tion capabl e of renovildg |noi 4tuie finem sai § gas.

Wavenumbers (cm’)

Figure 3
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