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because the netallic conpound not only contam nates the manufacturing
process, but al so causes stoppageBckgpbtufdused in the supply system
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ethane/ethylene and DEZn, tends to accumulate in the vapor region and increase
the pressure in the storage container. The metallic compound gradually deposits in
the storage tank, the supply equipment parts, and the filling lines during storage,
20 transportation, and supply of the organometallic compounds to a manufacturing tool.
This becomes problematic because the metallic compound not only contaminates
the manufacturing process, but also causes stoppage of parts used in the supply
system. Further, the metallic compound may cause further deterioration of the
organometallic compounds. In spite of the unstable properties of organometallic
25 compounds, a strong demand remains in the semiconductor and photovoitaic
industry to supply these unstable compounds fo a manufacturing tool continuousiy
while maintaining high purity.
As a result, purification technigues and supply technigues for organometallic
compounds have been developed. JP Pat. No. H6-41151 discloses purification
30 methods for diethyl zinc using column chromatography with activated carbon. JP
Pat. No. 2002-3303391 discloses a method for removing impurities from trimethyl
indium using sublimation. JP Pat. No. 2001-3217854 discloses a method for

purifying a dry organometallic compound by contacting the dry organometallic
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various consumption plants 180a, 180b, and 180c. The one or more storage tanks
170a, 170b, and 176c may be transported to the consumption plants 180a, 180b,
and 180c¢ via a conveyance road.

25 One problem with the distribution route 100 is that, even if the organometallic
compounds are highly purified prior to transport, the compounds will eventually
decompose and generate decomposed metallic compounds. Some of these
decomposed metallic compounds will diffuse in the organometallic compound and
some of the compounds will deposit in the tank and supply equipment during storage

30 and transport. Further, if the crganometallic compounds in the transport tank are
transported at elevated temperatures (e.g., 60°C), the amount of decomposed

metallic compounds will increase.



5170 are then transferred to the supply tank, such as a bubbler 230. The
organonetal I i ¢ conpounds are then supplied to the manufacturing tool 220
usi ng netwodsikmnow in the art, for exanple, a bubblingPsupptogi/nspiood.
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bubbler 230. The carrier gas 282 introduced in the bubbler becomes saturated with

the organometallic compound 224 and the saturated gas mixture is supplied to the
manufacturing tool 220 through a supply valve 290 and a second supply pipe 294.

25 Deposits on the siphon tube 250, the filling valve 260, the first supply pipe 270,
and the filter 280 of the metallic compounds generated due to decompaosition of the
organometallic compound in the storage tank 170 present several problems for the
supply system, making it difficult to supply the organometallic compound to the
manufacturing tool stably and continuously. The filter 280 may be easily clogged

30 with the decomposed metallic compounds, requiring frequent repair and
corresponding downtime of the supply system. The decomposed metallic compound
is generated not only in the storage tank 170 but also in the bubbler 230. During

bubbling supply, any decomposed metallic compound in the organometallic



t he deconposed netal lic conpounds. One technique attenpts to reduce the
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become clogged with the metallic compound. Thus, these known techniques are not
sufficient for reducing metallic compounds generated in organometallic compounds.

20 Recently the demand for these organometallic compounds has increased, so a new
solution for the stable supply of these compounds is highly desired by those in the

semiconductor field and the photovoltaic field.

Summary
25 Disclosed are adsorbents for removing a metallic compound from equipment
parts used in the photovoltaic or semiconductor industry. The adsorbent is made of
metal, wherein the metal has a high adhesion to the metallic compound. The
disclosed adsorbents may include one or more of the following aspects:
e the equipment parts include storage tanks, transportation tanks, supply
30 equipment tanks, supply lines, and filling lines;
¢ the metal of the metal adsorbent is selected from the group consisting
of Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Cr, Mn, Co, Ni, Zn, Ga, Ge, Rb, Sr,



| oconpound of these netals; the liquid organonetallic conpound is selected
fromthe group consisting of diethyl zinc, dinmethyl zinc, triethyl zinc,
triethyl wbanivmwemest ri met hyl al umi num trinmethyl i ndi umpCrnBatvgiootindi um
trinmethyl gallium or triethyl gallium 15 the netallic conmpounds renoved
by the netal adsorbent are selected fromthe group consisting of Li, Be,

Na, My, A, K, Cay, B¢ NbliMo, Ry, Rh, PECoAgNEd, [AnSn@E8Bb, Ce, BROHT, Sfg, W, R€r, No,
Mo, Ru, Rh, Pd, Ag, Cd. In, _Sn. Sh, Cs, Ba, H, Ta, W Re, GCs, .ir, Pt, Au,
TI, Pb, Bi, oxide95thePdi, Thyth.&ii GesStideeosiochandoillovadhesrE t hereof; 20
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trimethyl aluminum, trimethyl indium, triethyl indium, trimethyl gallium,

or triethyl gallium;
15 « the metallic compounds removed by the metal adsorbent are selected
from the group consisting of Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Cr, Mn,
Co, Ni, Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn,
Sh, Cs, Ba, Hf, Ta, W, Re, Os, Ir, Pt, Au, Ti, Pb, Bi, oxides thereof,
hydroxides thereof, or combinations thereof;
20 + the metal of the metal adsorbent is copper, the metallic compound is
zinc generated by the decomposition of diethyl zinc (DEZn);
+ the shape of the metal adsorbent is selected from a plate, a powder, a
wire, a net, and combinations thereof;
¢ the metal adsorbent has at least one flat surface;
25 ¢ the metal adsorbent comprises a copper wire net; and
» the metal adsorbent is a particulate sponge.

Also disclosed is a method for removing metallic compounds generated from
the decomposition of a liquid organometallic compound during the storage,
transportation, and supply of the liquid organcmetallic compound using the

30 adsorbents disclosed herein. The method may include one or more of the following
aspects:
« contacting a liquid organometallic compound that generates a metallic

compound from the decomposition of the liquid organometallic



supplying liquid or vapor of the liquid organonetallic conpound fromthe
tank or tube; the netal of the netal adsorbent is selected fromthe group
consi sti Yo 2011/107966 of Li, Be, Na, My, A, RCT@R20180509% , Cr,
Mh, Co, NI, Zn, G, Ge, Rb, Sr, 10Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In,
Sn, Sb, Cs, Ba, H, Ta, W Re, GCs, Ir, Pt, Au, Tl, Pb, Bi, Cu, stainless
steel, and al | oyscarhpowal with teheetdl @dsdrbent aragieetfahkeiad, woeneouadleast a
represent ed by the or a 1:21.3- Mwhere each R of R, 3. s independently
an al kyl group an‘EP"I\/P h’%@ﬁ“%&‘?@@?%d?r IsdRMBEeddrItge dAdidst i ng of Li,
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Pt, Au, TI, Pb- Bhediqumbmn@aundsetaiﬂc cbmpeunétamldsnetad Iadsdznb@ut droosigagiret al | i c
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M where each R of Ry_3 is independently an alkyl group and M is a
metal selected from the group consisting of Li, Be, Ne; Mg, Al K, Ca,
15 Sc, Ti, Cr, Mn, Co, Ni, Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd,
Ag, Cd, In, Sn, Sb, Cs, Ba, Hf, Ta, W, Re, Os, Ir, Pt, Ay, Tl, Pb, Bior
compounds of these metals;
e the liquid organometallic compound is selected from the group
consisting of diethyl zinc, dimethyl zinc, triethyl zinc, triethyl aluminum,
20 trimethyl aluminum, trimethyl indium, triethyl indium, trimethyl gallium,
triethyl gallium, and combinations thereof;
» the metallic compound removed by the metal adsorbent is M, oxides of
M, hydroxides of M, or combinations thereof;
+ the metal of the metal adsorbent is copper, the metallic compound is
25 zinc generated by the decomposition of diethyl zinc (DEZn);
+ the shape of the metal adsorbent is selected from a plate, a powder, a
wire, a net, and combinations thereof;
« the metal adsorbent comprises a copper wire net;
s exposing the metal adsorbent to pure water,;
30 ¢ drying the metal adsorbent to remove the pure water,
+ exposing the metal adsorbent to a diluted acid solution;
» rinsing the metal adsorbent to remove the diluted acid solution from the

metal adsorbent:



storing the liquid organonetallic conpound and the netal adsorbent in a
tank or tube. Also disclosed is another nethod for renoving a netallic
conmpound 8O 2gam@resed fromthe deconposition of a |iqui @Congzmonsdzl |ic
conmpound during the storage, transportation, and supply of the liquid
organonetal i ¢ conpound using the adsorbents disclosed herein. The nethod
may include one odryiyyibeafnscbienéel bdwomgnasipeicts: storing |iquid diethyl
zinc (DEZn) that generates zinc particles from 10deconposition of the
liquid diethyl *zi $6ring the tigwd csganupetadisrrampewty and H BretimdseserNt o
copper, wherein a t&ﬁﬁggugeportion of the zinc particles is renoved from
the diethyl zinc by € ddsorbent nmade of copper; the adsorbent nade of

copper is a ARprescitsdd islandther wefer fonedmbasga hatdlliceompsbngi ze of 400
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wat er ; | t ;
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fromthe adsorbent; drying the adsorbent; and the drying the
copper $-'ses exposing the copper adsorbent to nitrogen gas. 25A so

di sclosed is ygt &Bﬂﬁﬁ%gyiﬁgdiﬁﬁwgh L (DEFY U JERlRAb & RS ner at ed
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de one or nore of the
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copper;
e the adsorbent made of copper is a copper net;

15 + the copper net has a lattice mesh size of 400 microns by 400 microns;

¢ supplying liquid or vapor of the liquid diethyl zinc from the tank or tube;

* exposing the adsorbent made of copper to pure water,

+ drying the adsorbent made of copper to remove the pure water;

» exposing the adsorbent made of copper to a diluted acid solution;

20 » rinsing the adsorbent made of copper to remove the diluted acid

solution from the adsorbent;

o drying the adsorbent; and

s the drying the copper comprises exposing the copper adsorbent to
nitrogen gas.

25 Also disclosed is yet another method for removing metallic compounds
generated from the decomposition of a liquid organometallic compound during the
storage, transportation, and supply of the liquid crganometallic using the adsorbents
disclosed herein. The method may include one or more of the following aspects:

e exposing the metal adsorbent to pure water;
30 ¢ drying the metal adsorbent to remove the pure water;
s exposing the metal adsorbent to a diluted acid solution;
s rinsing the metal adsorbent to remove the diluted acid solution from the

metal adsorbent;



rinsing the metal adsorbent to renove the diluted acid solution fromthe
netal adsorbent; WD 2011/ 107966PCT/I1B2011/ 050920 drying the netal

adsor bentwo 2pugiotée6ni ng t he nmetal adsorbent in a storageCranisii/ofoptd i ng the
storage tank with a liquid organonetallic conmpound; storing the liquid
organonetal lic conpound in the storage tank for a 5 period of tine,

wher ei n t he netal dgigptheantial eosyeenat | east a portion of a netallic
conmpound generated fromthe deconposition of the Iiquid organonetallic

conpound from thePdsiipniag drearesaracsorhentdo apdaiage taskippl ying 1iquid or

vapor of the liquid organonmetallic .conpound fromthe.storage tank; 10 the
reral of the malnGUEHEROT ErkGrEe B R RSO L  ng of L1
Be, Na, My, A, Ay tIR igdib: ; ' ' sté@gefBnk Bra Y, Zr,
N, Wb Ru Re paog Mol orbinotalictoriouriin R stpetink Bra [} %

A6, T, Pb., Bi, Quericst aitiheswhetaiethe metaladsoykentiemenes at terst pinguiien
organonetal I i ¢ conpound i.s selected fromthe group 15 consisti.ng.of.

i othyl 2inc. i na RN BT pEL T AreRRH o e Mot mP Ao Ry T TA by

al um num trimet hylgahBeiedanic tbhlolvl fiord thMiquia lorgamdthe@dic dapodiid; et hy!
gallium and conbinations thereof; ~ the netal of the netal adsorbent
i's copper, the *nmese@pplyiogdigmsioemdinos of theliged ergarsumeialichrde@orbbemt i on of
di et hyl zinc (DEZ%%_}; and Ztg he nmetal adsorbent conprises a copper wire
net. Brief Descripti B PHE Drawings For a further understanding of the

ngture and obj gect gie0hetdlor HesRMI ddRY¥ARH Mselected from thEGRSBNEShSifMY d be
made to the follow ng detail ed description, taken in conjunction 25wmth the

acconpanyi ng dr awbhgsBei Nawig Al K keaebenbnts MneCgi Merln ke, SaenRarSr,
anal ogous referenge.n ns gnd r,ein: F i i am of a
prior art distri bﬁt Fﬁwﬁﬁﬂ?’eﬁ%ﬁﬂgﬁgp{*% 98 I&. &Qngﬁeé?r P?acﬁé’gfn%%n??’ from an
overseas producti gg, Fl Pe A0 T PISNEIS TS sRlisieedeteel, and alloys thereofFI G 2 is a
diagram of a prior art nethod for supplying organonetal lic 30conpounds to a
manuf act uri ng teoothe liquid organometallic compound is selected from the group
15 consisting of diethyl zinc, dimethyl zinc, triethyl zinc, triethyl aluminum,

trimethyl aluminum, trimethyl indium, triethyl indium, trimethyl gallium,

triethyl gallium, and combinations thereof;

» the metal of the metal adsorbent is copper, the metallic compound is
zinc generated by the decompaosition of diethyl zinc (DEZn); and

20 s the metal adsorbent comprises a copper wire net.

Brief Description of the Drawings
For a further understanding of the nature and objects of the present invention,
reference should be made to the following detailed description, taken in conjunction
25 with the accompanying drawings, in which like elements are given the same or
analogous reference numbers and wherein:
FIG. 1 is a diagram of a prior art distribution route for supplying organometallic
compounds from an overseas production site to a domestic customer.
FIG. 2 is a diagram of a prior art method for supplying organometallic
30 compounds to a manufacturing tool.
FIG. 3 is a diagram of one embodiment of a transportation tank for
transporting an organometallic compound containing a metal adsorbent according to

embodiments described herein,



FIG 3 is a diagramof one enbodi nent of a transportation tank for
transporting an organonetal | i c conpound containing a netal adsorbent
accor di ngvoaoanoawsment s descri bed herein, WO 2011/ 107966REXV11/B00401/ 050920
FIG 4 is a diagram of one enbodi nent of a storage tank for storing an
organonetal | i ¢ conpound contai ning a netal adsorbent according to

enbodi ment s B3 6t iskediabeareiof onBldmnbadigent ofl bagrragedéniofuer stofoglanent of a
bubbl er for supplying an 5organonetal |ic compound cont ai hi ng, a netal
adsorbe@r@aaee@ﬂ%w%@o OHRE GAT UMD st A8 TIaN @oRorng (O EMEPEMEts s a

pi cture I w~tank containing a DEZn solution and a netal adsorbent
accordi?\%gctr@egrﬁ%'inhents descri bed herein after heating at 80C for 2 days.
10FI G 6B i sFH5.[f staidiegodmaf ginesambadiknand ot aitmibibierdo DEZrplgiopwni on wi t hout a

nmetal adsorbent according to prior art t hods after heating,at. 80C for 2
Ghye. oraanomaelic sampelfa sPoRiinB s metdl gpaerbesnesradits fs b3t e B0mur o
to heat&égg:r%gg Hargg@sure to a DEZn sol ution. FIG 7Bis a
pi cture of a dried copper adsorbent after two days heating at 1580C in the
presence of BI®EMAisabutirenfa glass tard GntalingaDpiesalugonfand & osiar

ot ut  otsoTbefl al GBI ABb & osbed el e TR AL i G40 Dezn

sol uti O@ayg,th a copper adsorbent after storage at roomtenperature for a
period of  tine. 20FIG 8B is a picture of a glass tank containing a DEZn
g6l uti on wi t hisat6Biscappduresefspgloeatantt camasing adiE4an selbban vémpet atne@l for a

per o0, Sl bBFspragn F B Skl b Eolle AL SBRERH ZgaRLPont Prior o
after exposUuFEs.ITA & HbBiueadil cotherZhisbetaitleidr Resgpofireon hehitifky eherred
Enbodi nment s
exposure to a DEZn solution.
FIG. 7B is a picture of a dried copper adsorbent after two déys heating at
15 80°C in the presence of a DEZn solution.
FIG. 7C is a picture of a copper adsorbent after twelve days heating at 80°C in
the presence of a DEZn solution.
FIG. 8A is a picture of a glass tank containing a DEZn solution with a copper
adsorbent after storage at room temperaiure for a period of time.
20 FIG. 8B is a picture of a glass tank containing a DEZn solution without a
copper adsorbent after storage at room temperature for a period of time.
FIG. 9A is a picture of a copper adsorbent prior to exposure to a DEZn

solution.

FIG. 9B is a picture of a copper adsorbent after exposure to a DEZn solution.

25
Detailed Description of Preferred Embodiments
Disclosed herein are non-limiting embodiments of compositions and methods
used in the manufacture of semiconductor, photovoltaic, LCD-TFT, or flat panel type
devices.
30 Disclosed herein are effective and simple adsorbents for removing metal

impurities generated during storage, transportation and supply of organometallic
compounds. Also disclosed herein are effective and simple methods to remove

these metal impurities.



Di scl osed herein are non-limting enbodi nents of conpositions and nethods
used in the manufacture of sem conductor, photovoltaic, LCD TFT, or fl at
panel typgodeuiwess 30D scl osed herein are effective an@CIilBpieodROr bent s
for renoving nmetal inpurities generated during storage, transportation and
supply of organonetallic conpounds. Also disclosed herein are effective and
si npl e et hotlise Hiclosen vl sotesas metiahethodsepirdvids for WO easy and effective

2011/ 107966PCT/ |1 B2011/.050920 . The dj scl osed adsorbents and net hods
provi deafeival petheadgtaliinapyriiesiareonasings snearatediian decempestiontates or
conpou i Lt f r | d

dur g | EEARCTEEIC bOTRAGRTTRARY i< ParRpckafiol RERRIE Rtk PpSE CRaty.
adsor bethesiisridsakttisabeptr and mdieods pdrinat Sepgihlecfupmyhofgn higlr panty 5
organonetal i c_conmpound desjred in the sem conductgr ,and photovoltaic cell.
Shoci 1 @ERNgMatc BBPGHNIRISSHRY i BEocPBESBAEERL nfphoRV AL tled et hods

nmay re”@%ﬂ%ifi@eﬂly@ﬁ?@[@é’%ﬁ@me@%&béé& aé%’(gﬂBgHﬂsdiﬁ tﬁégjﬁcﬁ’és%% MBI may

or ganome I c "conpound. As previous I scussed, the netallic conpounds
ar e genenatedthier danonheo skideeaiisosi mpomdsf geneyateshistthe lorgaromp@liitds duri ng
transportation, storage and supply. Using standard techniques, the netallic
conpouncl¥MESHI%Y not be renpved effectively, so it was difficult to maintain

the purity ofsie,iongaapretatd ithe GRS IHUNG drbgenerRteRIFdnthen,
storage, and supply. Filtration techni gues have been studied as a neans for
rienovi ndecdrepeltitenpbsadneosiialingopmoungs duripgreportaben, stergednd echni ques

the. pr ovud et aafuafRehhPer RSN SRIp AT AR O pb FRlBRLY, Sscn

adsor begffsctivat, BBtihAgS diffigt foohbmithinghe pobhesshplorgahdgetdie: cuppbyndf
organonetal | ic conmpounds in the sem conductor and photovoltaic cell
i ndust r §uiing itpEragspeidation etagei and serRly afdbrtrmieshalkiesetaysdiean | ow f or

the tra tati . 20U e
i nt oy e 50 Hediich f A B0Rgthe KRECHIIRBABEIRdUE SRR HAMIE, g
tisans pofiltrative ety sdsonvagenotA Smdadnsoitalssdutivar ie¢ceuaeat wds ocbesdayand

nmet hods of using the adsorbents that extend equipnent |jfe and fthe time
bet vveenrqgé’dﬁﬂyr%tgpﬁ’ﬁ‘? REQGpSR@Nd %meetsﬁﬁt?r QH%?%B S0t ThanSHartRBds of
using th r J i } he
copply SERCSAReDlnde BhaRRINOGE SNE BRAHAG oo BRRNAHGANG 56 Sub0K, dit
conpoundsyaoecmiskic chepdeodapo fedsearpicahtiictoc ang ginoth \iediposeeleiddostrperays  of

t he mangf acé/uri ng tool is greatly reduced. The term organonetal lic conmpound
as used®REPHEH refers to compounds 30whi ch generate metal lic conpounds by a

ggconposi ti oMh eRld abreemEaing Mdthdul allow for the transportation and
storage of the organometallic compound while maintaining its purity by capturing
metallic compounds generated during transportation and storage. Also disclosed
herein are adsorbents and methods of using the adsorbents that extend equipment
life and the time between required mainienance.

25 Moreover, the adsorbent and methods of using the adsorbent disclosed
herein reduce maintenance costs for the supply system that supply the
manufacturing tool with organometallic compounds because the decomposed
metallic compound deposited on parts of the manufacturing tool is greatly reduced.

The term organometallic compound as used herein refers to compounds

30 which generate metallic compounds by a decomposition reaction and contain Ry.3-M
in its chemical structure where Ry.3 is one or more alkyl groups and M is a metal.
Exemplary metals include Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Cr, Mn, Co, Ni, Zn, Ga,
Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Cs, Ba, Hf, Ta, W, Re, Os,

10



inits chemcal structure where R1L_3 is one or nore alkyl groups and Mis a
nmetal. Exenplary netals include Li, Be, Na, My, A, K Ca, Sc, Ti, C, M,

Co, N, ANO2@H/10@$ Rb, Sr, Y, Zr, Nb, M, Ru, Rh, Pd, ARgT/I8Zh11/030920Sn, Sb,

Cs, Ba, Hf, Ta, W Re, Gs, WD 2011/107966PCT/|B2011/050920 Ir, Pt, Au, TI,
Pb, Bi or conpounds of these netals. Suitable organonetallic conpounds

i ncl uder drienhyITl, Pmc&(oDEZn")pouﬂﬂm h}ésezmmalstshﬁaﬂﬁﬁlorgbmmmgtaNC trimethyl

al umi num trimethyl in iethyl indium tripethyl gallium or triethyl
gal | i urﬁowac@rlﬁpw@ﬁlet@%m é@Eéﬁédj”ﬁ‘@F@f’ ﬁir\ceﬁ@rt@yitawrnimrtﬂﬂtﬁt%ched and

cyclic :ﬁﬁHﬁ%’drﬁ trime c}hg inditf) tt@étﬂ/olm ﬁjnn]é tgecmgjﬁqﬂm"f‘s@ﬂﬁgﬁxhg&ﬁhﬁ refers to

a netallrc compoun enerate tron o rganonetal lic
corrpound ExEmptaarnyalkpitgrblip @sacmpidurds mgrsitodihade biancHea, at@beydic, Fe, Ba,

My, V, Cd, Mo, Pb, N, A, Pt, Pd, Mr, Yb, Y, In, Gd, Er, Ga, Sm Dy,
o‘é Tmalkds- Hf, Ho, La, Lu, Ru, Rh, Ti, 10 zr, O, Ge, Nb, Sn, Sb, Te, Cs,

Ta, W oxi depndlefiihe uéB@aﬁoma%gys,eawr@m%ﬁs% afibialc @ﬁé@uﬁﬂat al's,

and m xtures ereo ultable nmetallic conmpounds I nc , In, Sn,
Zn, Cd,g@nerdmi fonﬁmtthesiecnmmbmpnWmnm«‘gdeemetatﬁme@mpcreinda,l Exeampdanyi xt ur es

th f. Ad bent t |1
o e e e b e e ToE i A e ©
deconpogj, MQﬂd%t% wmawrablal sw%w% maeHdlw@lL%sm mﬁwrbqnts are

made of netal in contrast to pi cal orbents 20which are typically made
a6 act i ZaCedGeaNvoon, HOI SVﬁ’e€§, Ta,ch@el@suqf@nryéﬁgl@eﬁ%meﬁafsc?mmr@a@taspé t hese

typi cal ads rbent s eco |on o) anonet al | i i's not
ober aratea hase kietalse B ZERIRAR idseht Suldiie RANETEM kb TTBEF AT o
the di se;bow@na@odaeek@essafrtrﬁbm@taa§thgd@oiua@s by picgal mpern usdadsauieent

mat eri al s, f or exarrpl e, activated carbon, which physically captures the

decorrpo’@@EBCBCSmet allic conpounds via the porosity on the adsorbents surface.
In addition, since the surface of the disclosed adsorbent may be quite flat
and exhibits hi gh heat resistance, oxygen and noisture nmay easily be

rnenovedAlisorbddte di scl osed adsorbents before use by nitrogen purge at high
tenperature. _The disclosed adsorbent. may be reused nan ause this

adsor bent st %Q@Cﬁseﬁ(ﬂﬁ%é@e”%GOF}%'SS@CW%B‘%@%&@ﬁQb@rpftgﬁﬁ?”aaéﬁrbent
can be trh%rm&%%“@d %%@ﬁérratéﬂq ﬂie 896’64%?5&90@8? fﬁwé&?%b%téﬁé’ pure
adsor

wat e nt ma or ne romany met Ic material
capabl Qcmﬁpaxaﬂmﬁl ng to the met aI l'ic compound of interest. Exenplary

metal lic mit'F %|sciose¥j a s%lri%j%s are made of metal in contrast to typical adsorbents
20 which are typically made of activated carbon, polymers, or chelating reagents. In
contrast to these typical adsorbents, the decomposition of the organometallic
compound is not accelerated by the disclosed adsorbents. Further, the adhering
ability of the disclosed adsorbents is in contrast to the typical porous adsorbent
materials, for example, activated carbon, which physically captures the decomposed
25 metallic compounds via the porosity on the adsorbents surface.

In addition, since the surface of the disclosed adsorbent may be quite flat and
exhibits high heat resistance, oxygen and moisture may easily be removed from the
disclosed adsorbents before use by nitrogen purge at high temperature. The
disclosed adsorbent may be reused many times because this adsorbent is made of

30 metal, so the decomposed compound on this adsorbent can be removed using at
least one of a diluted acid solution and pure water.

The adsorbent may be formed from any metallic material capable of adhering

to the metallic compound of interest. Exemplary metallic materials may include Li,

11



WD 2011/ 107966PCT/ 1 B2011/ 050920 Be, Na, My, A, K Ca, Sc, Ti, Cr, M, Co,

Ni, Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sh, Cs,

Ba, Hf, T&O2WuB266Cs, Ir, Pt, Au, TlI, Pb, Bi, Cu, stai rCedB20at/e®b20 al | oys
of these nmetals, and m xtures thereof. The netal adsorbent may be any shape
or form capable of adhering to the 5netallic conpound. The netal adsorbent

may be Ba, Mayviddedl, fiQra, I dipCanyn, diy, diednf Grarésd, i, Bre Yb£adsh, el Rets

i | t el et | i , | d i cal |
Chapes, Bbhd eRecCraronabD, Chi Pachinihat oRBaks bt PErAGHiEE B Clhay beo™ =
di Sposeﬁa!n’béshgﬁgi?tﬁgtéyéﬁ%f ﬂ‘\@!sé”ﬁ?etgf %HS rﬁtﬁ(ﬂfrégfhér@&ks supply tanks, or

supply tools adsor bent be In a nmonolithic form Exerrplary
10nonol i t hi cThonmetali aﬂslomid@ﬂtbhay,be arp*lsﬂtm orcforrbruapbblet&feadhm}?lgbe thkk sposed
in the in%aﬁlrlor vol u

t t ank |
st onsmaIACerTHPH A Banteel SaSPaR RS o WY P ErnBly B

adsor begilided farrhd #cifid hésds, pellets r:n%t[ﬁhte@é’é %@%me% eayﬂc%a@egh@e@&feﬁhat
has a |arge surface area are preferred. el i eved that netal

adsor beg&mhmarhsgoa|rwm@rsrameSaaleteieéan@teeaBDWgeef helstanaayiathaseateur i ng

t he net dec sed ¢ und, t han taI rbents havin simal | er

ot meahat BB AR TP E i e R o LP S PR o R B ke A P RBeE as the
et al aéiﬁﬁﬂ)bﬁﬂﬂs The n@&éf@@ﬁnr@éﬁ@nﬁ?beﬁﬁd%h@%ﬂﬁfeﬁ% Usidrgplanesh having a
smaller lattice nesh size. In certain enbodi nents, where a nesh material is

G8ed asmphelithis iarmadedese hocks helatas: PabEClsy thwt gy e disppsedie Bie bieridie
packi ”3\(03&@%3 §F}1r5§ TR r'sﬁéplg':%k %?%Bgs% E%OS {4 hkky packed mesh

struct S sur rea han el y packed nesh

struct Uérﬁbo%rﬁ@dts aalsessrenissiichofithg shetal bys@bphtises fidtesurigical | i ¢ conpound
are believed to be nost effective at adhering with the deconposed netallic
conpound. ThWetSEEBEIRNIIRGVIPE 3 Phanfeihed PaB sflamBr AR AP AENEd: i ¢

wire megh b&%ﬂ%ﬁ tﬁg{lﬁ’ule é! @erﬁ?ﬁgw ¥ %?%%régﬁfe =Raped ap@morm&ne ﬂ xon

packlngty e |c Wwre a copper wre nes
gert ai ncajtboldg ti‘wtrEta!\decenmled\Mmmurﬁj htmedneisal adsierests fiaveng arsncdikem cal

plants for the separation o stsfromgasflow y be used.  The |ze of
Phe | attEcEeR. On CeHaTEo0P DM et DHSA B SIOTATE SresEha385 Melilons. 1 n
one enmboei reaky tﬁégu@éié@é&%%ay%eaﬂcéa%am FhedrRASVIRG CORRREr havi ng

at least one of the follow ng characteristics le nm packi hg size, a nesh
si ze nulatie robshBizea |sweltadecribedirogntsgehany asneﬁnm@tﬂnmneeusgba&&@r atio of

S

BpOi neefiafeifLorpe ERhmdRE, %fméaepa@hu aél@aﬂ rﬂe@ﬁ%ﬂﬁbﬁmé rsa\rmré@stshrf@@@per
wire mesh are al so available from ﬁ/{ neering rporation of Japan

under t#&@arihae aDnvehlopseki p@:k@@mesh structure etal adsorbents which physically
capture the metallic compound are believed to be most effective at adhering with the

decomposed metallic compound.
The adsorbent may be in the form of a net comprising metallic wire mesh.

25 The metallic wire mesh may be an S-shaped bent mesh or Dixon packing type mesh.
The metallic wire mesh may be a copper wire mesh. In certain embodiments, wire
mesh which is used as a demistifier in chemical plants for the separation of mists
from gas flow may be used. The size of the laitice mesh of the adsorbent net may
be 400 microns by 400 microns. In one embodiment, the adsorbent is an S-shaped

30 mesh made of copper having at least one of the following characteristics: 10 mm
packing size, a mesh size number of 50, a surface area of 580 m?/m?®, an occupied

space ratio of 96.5%, and a density/weight of 280 kg/m®.
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5In one exenpl ary enbodi nent where the organonetallic conpound is DEZn, an
adsor bent nmade of copper is nost suitable for capturing zinc (e.g., a
m xt ure oVoz2bhneL7%bnc oxi de and zi nc hydroxi de) gener at @dTABzM/H3v020t her mal
deconposition of diethyl zinc (DEZn). 10Adsorption Method The
di scl osed adsorption nethods allow for the storage, transportation and

supply of organgsetagkbitent aeROMAS oMiilcermaBh R @aRhindié e POCTOKUOf the
organonetal | i c compounds by utilizing the netal adsorbents disclosed above.

At a ni fﬁﬂ@ﬂﬂlﬁﬁfim\@%ﬁ)@@lﬁaé@(ﬂJéﬂ@@r pritebleradsesrntmass T ecefrioRper nérean
e commotreh it sl AR BNl QPRI R A fE R b SR U e L IR M Gmce o

met al , mheediRorPacRagt(Ca)portion of the nmetallic conpounds is renoved by
the metal adsorbent. The discl osed netal adsorbent and organonetallic
cénpound maylnbEB¥RMAPIREY elosimert whgie e aragroPRiRG comeed trDERB

t ranspo L ol : r VG A2 3 during
the. st of had et RS ccBhe® KPRLY AP RIS A L& o e 0 e
di scl osgfchehabxigdsardant hyesoxive )pesicrateddhdm thd trertrahdspempositiok of st or age
tank, or supply ﬁ)%ui Rrrent, prior to, during, or after filling the tank or
equi pretethy giicBE48Y ganomet al 1i ¢ conpound. Prior to contact with the
organonetal | i c conpound, the netal adsorbents 25di scl osed herein may be

cl eaned using at |east one of a diluted acid solution and pure water. The
rmet al aAdsobstidon iethbden be rinsed with pure water or other solvent and

then dried. inert gas, such as,nitragen rgon, helium or , conbinations
thereof may bHBe &S s[egl %dr%_@rﬁ’tff@ @&W%eﬁ%w‘pﬁ%%‘%é{%?%’ thms.[pr%taHpg}iaﬁg process
may be €486 bedrdRhoRASME icBehJRdBRIUhSiIrgSRthePurithef theert gas. This

30process nay al'so be used to clean or regenerate the netal adsorbent after

use. | toiganbeldteNiegortraungs danitiiginghiee metal adgigbenlertiscipsashgbd vt fhe net al
adsorbent to e effectivel apture the tallic oL iLntain
the_purMyhErihg didSi Afar AP i R o VesGsb i Foh SaRe B4 L) G50920
REi or t@orﬂ{abhh@ﬂnéﬂg@n@a@tbs%etam@@bmmwdsﬁmﬁ decbmpbBRicarganenet al | ic
conpound, the tank or supply equi Pment may be exposed to a vacuum or purge

pr ocessofasnogietalic emfedalpeih adnefpl edsrrbest medswd nielab evheseistaileasld oxygen
f th ur f i I !
o 35 6 A ) B B oSS al o

t he net aletalecopestdndarganncegditccanpdund ndat vanspaimed withkindutankr
transportation and storage of an organonetallic conpound in a tt{ansport

tank i stubedhat sdepe fpﬁthegﬁr@mmﬁpa, gloepges or supply ofthe organometallic

20 compound during the storage, transportation, or supply of the organometallic

compound. The disclosed metal adsorbent may be positioned in the transport tank,
storage tank, or supply equipment, prior to, during, or after filling the tank or
equipment with the organometallic compound.
Prior to contact with the organometallic compound, the metal adsorbents
25 disclosed herein may be cleaned using at least one of a diluted acid solution and
pure water. The metal adsorbent may then be rinsed with pure water or other
solvent and then dried. An inert gas, such as nitrogen, argon, helium, or
combinations thereof may be used to dry the adsorbent. An endpoint of the drying
process may be detected by measuring the moisture content of the inert gas. This
30 process may also be used to clean or regenerate the metal adsorbent after use. Itis
believed that cleaning the metal adsorbent allows for the metal adsorbent to more
effectively capture the metallic compound and maintain the purity of the

organometallic compound.
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10FIG 3 is a diagram of one enbodi nent of a transport tank 300 contai ni ng
a netal adsorbent 330 according to enbodi nents described herein. The

t ranspor twbank/®@®6may i nclude a carrier gas inlet val veC34B2010050920
introducing a carrier gas into the transport tank 300 and a filling valve
350 for transferring the organonetallic conmpound fromthe transport tank
300. 15The tpadswOfiing &ktad@ri suiphly é@ﬂpWetnlﬂmm tﬁégﬁgﬁmmha{dllimc@ﬂvﬁb@m@d
310. The transport tank 300 may be filled at a production plant ere the
or ganon®EdPNK &' SHRPY AHIIENT Hagbsdrideged The (Gchingper PUEIROS6es faiynbe

t ranspo [ [

i m 1 ar ke grd BEed B BT R eara kg SpberS TR 8Bt bEte 300

may be tan@nspopbsdeduipmenhe production site to a 20filling plant where the
organonetal lic conmpound 310 is transferred into one or nore storage tanks

whi ch are transported to the consunption site. A netal adsorbent 330
as di sctgéﬁz] 1 eisBr b i oM fhhn the transport tank 300 prior
to, M‘@%ﬁ%ﬁ ank with the organonetallic

corrpound 3100nkrerieediaiemt efrbadéthredtisr, addwrbingahs poetkl dackmB808=dray 25be

transported overseas fromthe uction site to,the conpsu t|o site. The
T e borempaii So0ome 01 Bl arsber G R S P RYbel & t ank

capabl eoefandhdthing c@ﬁ%@ﬂﬁ‘?ﬁ althdrs ﬁ%ﬁ%ﬁ!&@éxpﬂﬁhﬁe@%%?@emﬂ&@ mﬁuei Bi ¢
conpound 320 gener at ed he transport tank 310 during transportation or

svor ageFlay3 Isea dd@mmeﬂ olmyz arbodistent chddmriseott 380 360 cohtaningveerntetan

wi thout forpin sus nS|on3|nth t,ransport tank.31 net al
adsor beAts ?8”%@0 Bgccgrsgg;ntgoe r&%dﬁﬁ? gf a %[e{rhe"ﬂh%?riagap% tfmf g(ﬁol nert
gas as Ghelnad sahnauer @m:éraxaa%}e mwrbﬁ@éd@e?ﬁg AEGrREr §aLRethe VO

2011/ 107966PCT/ 1 B2011/ 050920 with a diluted acid solution, rinsed with

wat er atianspashtanki ¥ ard adiling vales 859 4er andest thedrapavastaticenpl ary

Adsor pt %ﬁgﬂggﬁ%@ﬁ%ﬂ% t?%r?{p%%taﬁﬁ%o SFIG 4 is a diagram of one enbodi nent

of a st al hing @ metal adsorbent 430 according to

egbodi nent s Trs eranbpedrt hefie300 |sTﬂ%dS\£/@tﬁ agergankmaliceympeunis 8dof dhe
transportatl on, storage, and sup of liquid organonetallic conpounds. The

st or age tregsmori kP Bayme filleg am ﬁroéwcts@@&m&%re itee errAsOmRialito at a
Filli “gcd% Bhn& 13b |§E%H%)cegﬁnls1é?§nv\ﬂ§ow %ﬁ.ﬁ éo%%ag%% t'raﬁ?(sfﬁ%xgeefrdrﬁ%‘é ported

to a 10 co nption e stora then be
connect pnbdmctahn aite dirgaiptes abhsgmptippkite t &irhilémiotths lidstnputicor rautalshbwnr i ng

the | aui g oroanonetal L1 ¢ cogpound 41010 the ransport tank L gupplied to
20 filling plant where the organometallic compound 310 is transferred into one or more
storage tanks which are transported to the consumption site.

A metal adsorbent 330 as disclosed herein may be positioned within the
transport tank 300 prior to, during, or after filling the transport tank with the
organometallic compound 310. In certain embodiments, the transport tank 300 may

25 be transported overseas from the production site to the consumption site. The
transport tank 300 depicted in FIG. 3 is exemplary and any type of tank capable of
storing organometallic compounds may be used. The metallic compound 320
generated in the transport tank 310 during transportation or storage may be
adsorbed by the metal adsorbent 330 of this invention without forming a suspension
30 in the transport tank 310.
The metal adsorbent 330 may be cleaned with pure water and then dried

using an inert gas as described above. The metal adsorbent 330 may be cleaned
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One exenplary nethod for supplying the liquid organonetallic conpound to a
manuf acturing tool will be explained with reference to FIG 4. Referring to
FIG 4, aw02onavrwies gas 434, for exanple, argon gas is iparnpzuvewdtnt o the
storage tank 400 through a carrier gas inlet valve 440 to pressurize the
storage tank 400. Wen the pressure in the storage tank 400 is increased,
the | i qitlel aafigestDaEHl Ut AiRBOd RethAdstel sint hieen tirian s ©dlindnr gaghs t he

si phon tube 450 and supplied through a filling valve 460 to a supply tool.
201 n t héessrieerdlpovg. descri bed prior art nethods, the netallic conpound
generated in the storage tank during transportation or storage of the
organonetal I i c conpound is supplied together with the organonetallic
conpounBxentperyaidabiptionddethexfdr Suspeadeciki n t he organonetal | i ¢ conpound
may deposit on the tube and parts of the su system énot shown in FIG

. . I )
45, Tor exanbiG.4 el JesramIasanesroetimant 6f 8 5'apsirzerdd cgatinng s
Con”oljrln%fa? aaeegaédthgbsacgeﬂﬁh%we oA RATHHEQ WIS, %@réa%g%%ahk As
nmet al deconposed compounds accunul ate on the parts, the parts y
mal f unc4@®mayrbes isgd faradinsgottatidovsiorage, Bod subplysyfdined sganhegaltit s may be

d d eith | d | d. R i to Fl 4 th [ 1
CommounoHeRgISE by aags it E8 Bare He SN FEoEr GRS PP E Lompound
410 1n ﬁmaﬁé@iﬂﬁ\g%iéﬁtﬂ:ﬁoﬂg@oﬂ#ﬁ 'a'Fﬁg ﬂrqrg?t%ré@e%m 166 'i%ﬁay%@ﬂr@%&fe%l@' y of

the liquid organonetal lic conpoun e captured he nmetal adsorbent
480 di schrosetptier @ant (Mot shewngt dhe stivagb dank 400 nuwasibentedcdraasted wgh

Ponpoundl #ANCEs a5 SUPgpIBBPER! BaY DL /S5t e RE IQUETRETEATRA, 1 ec
of the gmhablihd 460 eHEdaiEorbRINkUBRLDEKEd Iy uethurhueh@iey). t ube 450. After

or prior to use, the netal adsorbent 430 may be cl eaned using a cleaning
sol uti on conPnesixegderyl raatdoddire soppliingi thadigdidaeansaleid!liorompaupdie awat er .

nort | onenyiRag e RRLNDR R B R I Ry RSB, 450

The i netdrrigpgapuBgeioraabmipeirbon e iaintaniuekeviabate tseirpge aani 400 The i nert
gas purge nmay be perforned prior to introducing the netal adsorbent 430
into thereYdt agamelesplet ypivard4d tor essalizeothe Haragst tank 4890 yeRe thso from
the sto ; ' a : ' I n one
erbodi ner Uil e o 5 HE loh & EFRPIRLE YR, Il TR Mo AR SoMndtiR

el evat edl10 engpenatamspobetl dheughdhesiionadbe dserindi80opledi thtaugtue 8lingnt o t he
st orage tan% 00. Afte[\r cl eaning and drying, the netal adsorbent 430 is
more ef Y&l¥e AP0 9@ WBRYI9%g the netal lic conpound and mai ntaining the
Ryrity of Uhe BERBABRLA!ddseribeapRIRdrdHElRas e hEmNRRAhAsUAN, Storage or
15supply of the organonetallic conpound 410. It shoul d be understood that
thi s megénetatdd indhrestorggedaak Hiidng drapepardatidn onstoragd oidbe droagemetedical | i c

d 410 in.the s 0 and ly_high i .
or oanongt PP il P RRERSrARS Paie PrBM RNl ML btee et a
adsor be@ém?@ﬁﬁ(ﬂ %Q%M@eﬁﬁh@r&%mb@m S rhfo @Y nsiytdediosarvhertebé inbs

desirable to maintain the puri of an 200rc};anomet allic conpound.
parts of the supply system (not shown in FIG. 4), for example, valves, flow

25 controllers, vaporizers, gas flow controllers and filters, positioned downstream from
the storage tank. As metal decomposed compounds accumulate on the parts, the
parts may malfunction or stop leading to downtime for the system so the parts may
be removed and either cleaned or replaced.

Referring to FIG. 4, the metallic compound generated by decomposition of the

30 liquid organometallic compound 410 in the storage tank 400 during the transportation,
storage or supply of the liquid organometallic compound may be captured by the
metal adsorbent 430 disclosed herein if the metal adsorbent 430 described herein is

positioned in the storage tank 400. As a result, the organometallic compound 410
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Exenpl ary Adsorption Method for Bubbler One exenpl ary net hod of
using a bubbler 500 to supply an organonetal lic conpound 510 to a

manuf act uwonrgiirwoiéowi | | be described with reference to PCEIBH11/28PIG 5 is
a di agram of one enbodi rent of a bubbler 500 containing a netal adsorbent
530 according to enbodi nents descri bed herein. The bubbler 500 may be used
t o supphlich igagesiaatiaidase oetra mietallcoogpopodnd oy esubplicduhragh thel by
introduction of a carrier gas 534, for exanple, argon, into the liquid

or ganon®PaPM fébetbound 510 in the bubbl er 500. 30The carrier gas 534, for
exanple, arg : i hhf i whdgui d

or ganonet al I'?@eco r(')dlﬁ% ug%ofﬁ%gﬁéé%gggﬁéggqggﬁgggg é?]aehggsr"h? gr gas val ve
540 andclaasipgrsgarticbsxmieng at teiast ogasf 83Uluiad adid sblbibheandb@@reiwateat ur at ed

ith t the |j id talli 510 to .f .
MEx ur o DA CH R b 81 esns e g LBORSTHS Pl ae8aa  may
be S!Jpp%zseﬂurtg% tbn@w@e%aﬁ%ﬁélm $90kntRIrR weh niatSURRYb&RI46® SR inkkt t he

previously described prior art methods, the netallic conpound generated by
deconpogad porgeahay e pdartfuimgdortganelseatai tempesatporindhe énartigpe pdege inayst he

l'i qui d tallic, c d. bubb] i d
deconmoSehENaTERS PEoCIHBBRAHE Sa 0 e A orE L BT R RO PRR Rk A0 e
downst r gaiherTBarenpesadtaratisbibept 490RRUNthesstsRANRIRAKI4D0t iR rgaseous

m xture may deposit on the parts of the ;\%’Bply system The parts maas
itAcl uderegepesaipphy maipleadsorpeerd30. garid ewbednted| thergetaladgarbees 43s t he

1. d | | i
ctop 1 oBREeEY MialRRERIA R 7Rl Bl ol RSP G R MRt na
ei t her gieanadoducéEphaaadstoRagd ek 400 After gassayandi diimgetidemievsr s t he

metal particles to the manufacturi ngﬁ_tool , the netal particles may .
cont am adgEbenAisuna® eifedtyetd spPEATNoGEedPeially empreUnd Ard BNt sses

f i Nt ' j 5 talli
P onpountis bite BEHERAARE LA RS CLAPLUnd ARG hG ManbBolaon, Siorghe o 31 1 ©
hebbl er sy diitiengrganppleyalli@yoimeocaapddedt dyoult &enmicelrstadd ohnddehis 530

positioned in TIhe bubbl er sult, the gaseous n xture 554

00. As a.r
suppl i eetRPG @.er%m’eﬁ%mqﬁ'ﬁ%@owgvﬂ%?@ﬁé%w% r@%ﬂ%ﬂ%@l"&mﬂmw% ree of
metal p { ! i i [Fels i sor bent
e rmyé ée irﬂh%aﬁng%tg%g?ﬂghgg%ndzwép%ﬁy RighRIUrY ofRaréPeetaliBRoMRIRINIAY
exemplary, and the methods of using the metal adsorbent described herein are
applicable to any situation where it is desirable to maintain the purity of an

20 organometallic compound.

Exemplary Adsorption Method for Bubbler

One exemplary method of using a bubbler 500 to supply an organometallic
compound 510 to a manufacturing too! will be described with reference to FIG. 5.

25 FIG. 5 is a diagram of one embodiment of a bubbler 500 containing a metal
adsorbent 530 according to embodiments described herein. The bubbler 500 may
be used to supply a gaseous organometallic compound to a manufacturing tool by
introduction of a carrier gas 534, for example, argon, into the liquid organometallic
compound 510 in the bubbler 500,

30 The carrier gas 534, for example, argon gas, may be introduced and diffused
into the liquid organometallic compound 510 in the bubbler 500 through a carrier gas
valve 540 and a sparger 550. The carrier gas 534 in the bubbler 500 is saturated

with the vapor of the liquid organometallic compound 510 to form a gaseous mixture
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cl eaning solution conprising at |east one of a diluted acid solution and
pure water. The netal adsorbent 530 may be dried by exposing the netal
adsor bentwbaoanmorwert gas purge to renove noi sture and @xygBrii/nimra he

net al adsorbent 530. The inert gas purge nmay be performed at an el evated

t enperat ure g_ri or to introduction of the 25metal adsorbent 530 into the
bubbl er53®boTnisrgaseosp dainiuig Saddnay Peryrehed ta the mandfachadsr tvehthreBon Bs nore

ef fecti tays Nng the deconposed netal lic conpound and mai ntai ning the
purity %‘&qﬁ]gg@ggégymret allic conpound 510. It should be understood

that the netirofleafreviemdlyidegctibed prbRA desthoposad mempiewutbswr t he
organonetal I i c conpound in the bubbler during bubbling supply 30is .
exenpl a9§NAAL PyufesrBraEtien @8 theskeHd pegerEreipHiCHAMPIYRY Bduseenfied Bubbl i ng

supply et ri ; ' %x&m- SANQTR itf.Suppl yi ng

rrgt hodsﬂﬁt%cl% g%%ﬁﬁgltf'g%g{@gpgé%%}escn f@g)bﬁgé el n rra%/é(g“ié’ tﬁ%ed i ncl ude

met hodsdetrhpasecamedgiiic cemppliyd settbead vadhr ther geesbouyg mixeatiang! trtaxwsdsuum i n t he

t ank, 2011/ 107966PCT/ 1B2011/ 050920 a gas, fl ow supply net hod by m xi ng
dowsataaren 1he o

an i ner$OYREreaIBh COEPAsES MPtaNIG FRMPEYY SEFPakEddnRREREEaYS i ¢
conpoungl,; : t T, j I tallic
np r‘?'uxt@r’é@'m%yea BEit SHRRL Eyg?ﬂ% J19sk RERDI9 5825%#3?/;5@%"@%5??%‘2@ fa '

conpound to inc e Its va pressure. owi ng
non- | i nsupplyg tubeaafifibess gas llewdiedtaisedangvalvead fov thenhstadlicccarepdions of usi ng

1 SRR RO Eo o BB 55 RTINS BB
inventi@g. s;)é’@é’)'ﬁ\é%rthetdéﬁs@ﬂﬁ?@b%ﬂkﬁeé@wd@?hér%@%}%dortr@p%%eél IFUriMelr Usi ve

and are not” intended 10to Iimt the scope of e inventions described
her ei n. thgrgassoustraixide sieheenitbe nagtal paticlestiagbe manfagubng toclt thesmate by

i ght. . | f t ' ti ; [ ' I
wni on P @RE ERuprielar & RE T RO RsRear S BhL P Bl R Bt fea Ty, The
exanpl egrodesssd pedo et WerrBacodusigdodsi ng DEZri as the 15organonetal lic
conpound, a cggger net as the netal adsorbent, and zinc as the netal

déconposed cBafrsting to PEGnS ithe angipdiceonepunstscignarategrin dakiisgidt r anspar ent
conduct j i . i f.ar, | i | . mt he
ot NS ol e B BALEE o8 6 W PERD, LIS e

duri ng/ﬁie&ha%eaggahmrﬁ%om:snngaddn shuppliyhlegB0@r Alsi s, ttmlrglgéasﬁces (e.g.,
Zn and/ or Zn ich ca ead to mmi ntenance i es as, well, as

cont am Waftvwggw ﬁH%p't?éipTSstF?éﬂafﬂ}gﬁ%‘“f‘ﬁéO@Eﬁnt%e bubbler l?ﬁ@bé@ﬁaaﬁlv fie %has a

latti cem%%ﬁ Hide Bkt AR m4gron by 400 microns and is available from
TO TOKU ngilbneérlgr?g Ca,gapgrat'i on of Japan under the nane D xon Packing (Cu).

20 After or prior to use, the metal adsorbent 530 may be cleaned using a
cleaning solution comprising at least one of a diluted acid solution and pure water,
The metal adsorbent 530 may be dried by exposing the metal adsorbent to an inert
gas purge to remove moisture and oxygen from the metal adsorbent 530. The inert
gas purge may be performed at an elevated temperature prior to introduction of the

25 metal adsorbent 530 into the bubbler 500. After cleaning and drying the, the metal
adsorbent 530 is more effective at capturing the decomposed metallic compound
and maintaining the purity of the organometallic compound 510.

it should be understood that the method of removing the metal decomposed

compound from the organometallic compound in the bubbler during bubbling supply

30 is exemplary and that the methods described herein not limited to the bubbling
supply method described herein. Other exemplary organometallic supplying
methods to which the metal adsorbent described herein may be used include

methods such as a vapor supply method performed by creating a vacuum in the tank,
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25 Heating Test: In actual operation, DEZn is heated to increase
its vapor pressure and flow rate so the adsorption experinents for

conpar at iwe 2exiamplee A and exanple 1 were conducted at amrCEIB®AL/@3920
tenperature to sinulate such conditions. 30 Conparative Exanple A - Heating
t est Prior to introduction of the DEZn into a glass tank (10 nlL) the
gl ass tasrsWay semivmeihed bBoTxingraraingergasdswi a$ KIIeUgas wish tlery@eoioxy gen

3?252“{@%“5%?‘5%%’“@00*‘?833%3#035%E?E%@gﬁﬁ“@%%%@ %ﬁ‘ﬁieﬂq@aﬁ?ﬁ@ﬁ%l ove

box i n whyaebnidiglidesnpount! tvascroasattaivager predenre: 50C by nitrogen. Zinc
particles were generated by heating DEZn at a tenperature of 80C for a
period of two days. As shown in FIG 6B, when DEZn is heated wi thout a

tal adsorbent 5according to prion )(adrnr]p t hods, zinc particles were
visible within the DEZn sol ution. € sol1d zinc residue was rinsed with 1%
HNGS. Exarrpli@tbe-folﬁdﬁ&hgn@nﬂeaﬁnng%xbmplem thatisatheetd optzdbdsbdedEZand nt o a
glass tank (10 m) with a cop 10a€wrébent p05| iioned therein, both the
copper &% tuwt%@sep%@ medaka e%@ﬁa@éa e BBeSHBNIAOFHCHE of
i X NOUESRhEI SR 1KY AR AR S5 By Idcamolilitngl iFsirdie e ARentiBR. copper

sor be m o e

adsor bent . e copper a nt was 1nt a net as picted in
FI G 7AHowkeegltlas enttamkmeats drelnctdhtentded DEZe allnndugivewedbos noh intbhdéd t he

dew poi nt malntal dundr -50C h rogen flow, 15T asstank 10
10y e e e st ASG Bk o SeReT bel el LA oD SRR *Zi e
particl 6§rc\éﬁfa%e§eﬁﬁﬁéfaﬁ9 rAod8AL b @eldEdn EWaHb[éé‘@f HRARGEN RIS AIDE nt

posi tioned thérein at a tenperature of 80C for a period of two days. FIG

6A is angihbetrctewbile phmp@r@ts@ examplas vdicthae nfvtge)@nmﬁza o autnventieindrea net al
adsor begl\t accor di ng it g anple 1 after heating at 80C for two days. 20After
heati ng ?ﬂ%”%&ﬂp?é‘? GPbEnt was extracted fromthe I qui d DEZn sol ution

and bot h t heTgr®RREMPASIS Q& LB MledatoPdie Wohg ubicdaskise DEZ &4 thady vacuum ng
at 60C to get solid zinc residue after evaporation of the DEZn. The solid

ZBnc r egic@iienesllie caBwOURHt & CoppeNEt aTihe MmelRl pgsarbsinttancezibe ashlee copper

?ﬂ:%&;ﬁ% é%l%ﬁe%oo JA Mo dur. ' SEZR 9s SHRORWR hatdteftdr MaBRg 12 rBpaN-e to

conductive oxide (TCO) films for photovoltaic cells. DEZn suffers from the same
problems as other organometallic compounds, DEZn self-decomposes during
storage, transportation and supply, generating Zn particles (e.g., Zn and/or ZnO)
20 which can lead to maintenance issues as well as contaminating films deposited

using the DEZn.

The copper net has a lattice mesh size of 400 micron by 400 microns and is
available from TO-TOKU Engineering Corporation of Japan under the name Dixon
Packing (Cu).

25
Heating Test:

In actual operation, DEZn is heated to increase its vapor pressure and flow
rate so the adsorption experiments for comparative example A and example 1 were
conducted at an elevated temperature to simulate such conditions.

30

Comparative Example A — Heating test

Prior to introduction of the DEZn into a glass tank (10 mL) the glass tank was

vacuumed at 80°C for a period of six hours to remove oxygen and moisture from the
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25FIG 7B is a picture of the dried copper adsorbent used in Exanple 1
after two days heating at 80C in the presence of the DEZn solution. FIG 7C
is a pictwoeonfloaeeopper adsorbent after twel ve days heaCirng20a1/0890 i n t he
presence of a DEZn solution. The anobunt of zinc captured by the copper
adsorbent, the anount of zinc 30remaining in the DEZn, and the ability of

t he coppléfs &idor bemolass tealpwiasdillzd vdth inuwe &RErE.- 8 olutarshparvieetitsur ed f or
Conpar at i.v - n I - A AT .
2015/ 10588 B RS B e R R ah EB U hES -4 L PLUER0e % ¢ ne pEZn
(ng) Capatiticsasavéiei ddrierateld ByheeARODBEENtat @ @mpceatre B0 o/ peRdd 3f
two days. As shown in FIG. 6B, when DEZn is heated without a metal adsorbent
5 according to prior art methods, zinc particles were visible within the DEZn solution.

The solid zinc residue was rinsed with 1% HNO;.

Example 1 — Heating Test

Prior to introduction of the DEZn into a glass tank (10 mL) with a copper

10 adsorbent positioned therein, both the copper adsorbent and the glass tank were
vacuumed at 80°C for a period of six hours to remove oxygen and moisture from the
glass tank and the copper adsorbent. The copper adsorbent was in the form of a net
as depicted in FIG. 7A. The glass tank was filled with DEZn in a glove box in which
the dew point was maintained under -50°C by nitrogen flow.

15 The glass tank (10 mL.) with the copper adsorbent was filled with liquid DEZn
(2.5 mL). Zinc particles were generated by heating DEZn with the copper adsorbent
positioned therein at a temperature of 80°C for a period of two days. FIG. 6Ais a
picture of the glass tank after heating a DEZn solution and a metal adsorbent
according to Example 1 after heating at 80°C for two days.

20 After heating the copper adsorbent was extracted from the liquid DEZn
solution and both the copper adsorbent and DEZn were dried separately by
vacuuming at 60°C to get solid zinc residue after evaporation of the DEZn. The solid
zinc residue was rinsed with 1% HNO;. FIG. 7A is a picture of the copper adsorbent
used in Example 1 prior to exposure to heating and exposure to the DEZn solution.

25 FIG. 7B is a picture of the dried copper adsorbent used in Example 1 after two days
heating at 80°C in the presence of the DEZn solution. FIG. 7C is a picture of a
copper adsorbent after twelve days heating at 80°C in the presence of a DEZn
solution.

The amount of zinc captured by the copper adsorbent, the amount of zinc

30 remaining in the DEZn, and the ability of the copper adsorbent to capture zinc in the

DEZn solution were measured for Comparative Example A and Example 1 and

reported in Table |.
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Example 1 23.2 1.7 93 Table | As shown in FIG 6A, the DEZn liquid
with the copper adsorbent was very clear by conparison with the liquid of
DEZn wi t wototie7mdsor bent as shown in FIG 56B, where PCmaBpar/oiootes were
visible in the glass tank. The zinc particles in the glass tank with the
adsorbent _could not_be seen visually Referring.to ElIG _7A and FIG
7B, the ¢opper adsorbent hAdsetped ZuraeZing Suspended captGampitiringe zijnc

particles well after heatji ng. hown| i n, FJ,.G t he or hent had
a netallijc luster prior tlo cap@ﬁgfng z nc"b Eﬁé‘s bu?\qﬁpfe?ﬁ%ﬁ]eati ng
the copper adsorbent at 80C for a peripd of @gngpys in |AQybebdiiedm,) tihe
metal liciluster of the copper adsorbent was reduced and zinc particlles were
vi si bl e orﬁ:QmB Euamﬁieﬁof t he agisorbent as sBeé¥n in AIG 7B.-As shown in
FIG 7C, re—fetal-H-ctuster—of l2..c copper—adsorbent—+s—further—r+eddced
after tV\E:E\?‘@“(’j%k?s heat i ng at 8684 n the presente of a DEZn ution.| 15The
amount of zinc remai ni ng 1 n the glasggdj@ank was neasured by i nductively
coupl ed plasna mass spectronetry (1OP-MS). As shown in Table I, 22.2 ng of
zinc particles were present in the DEZn after heating w thout a netal

dsor b . |
S asent 1 n A ShiebR o FIE MR VR o Wl o 8ol adsT S r AR S BR nt it
not cap@z@é;ebn(] beaipadswh tthtthe IigRledf BEZAdEHNE Me HASbehhgs SBERN GOFEGE! i ons.

Therefore e netal adsorbent reduced the diffusion of zinc particles in

t he DEZBBbyhexeering@wtislemware visbleirethe gass bnker Rariacsmarignes nihecdoss , t he
zinc pa{gﬁa%%ﬁith% &Si%(?a Sgc%lgﬁﬁggéé)gﬁén%h%”%trongl y attached to the rret al

surface € ZIi'nc particles would not come off by

agi tati on of Refgringt@FIGAPAEDERIG. 7B, $hocepperiagdorbent having @argeur pose of
the storage test is to confirmthat the netal adsorbent descrl bed herein
can ads®4 %@e@é@é’ﬁﬁ@géheﬁr’ﬁicammébédﬂ@b@fw f(%“ﬁ’é p%’%?l%’éé’) Gy A, the

2011/ 10809&3%'3%533%%19%0%%!!& luster prior to capturing zinc particles, but after

10 heating the copper adsorbent at 80°C for a period of 2 days in liquid DEZn, the

metallic luster of the copper adsorbent was reduced and zinc particles were visible
on the surface of the adsorbent as shown in FIG. 7B. As shown in FIG. 7C, the
metallic luster of the copper adsorbent is further reduced after twelve days heating at
80°C in the presence of a DEZn solution.

15 The amount of zinc remaining in the glass tank was measured by inductively
coupled plasma mass spectrometry (ICP-MS). As shown in Table |, 22.2 mg of zinc
particles were present in the DEZn after heating without a metal adsorbent at 80°C
for 2 days. However, only 1.7 mg of zinc particles were present in the DEZn (the
amount of zinc particles which the adsorbent did not capture) heated with the metal

20 adsorbent under the same conditions. Therefore, the metal adsorbent reduced the
diffusion of zinc particles in the DEZn by over 90% even at the elevated temperature
of 80°C. Moreover, the zinc particles on the metal adsorbent were strongly attached
to the metal surface of the metal adsorbent as the zinc particles would not come off
by agitation of the metal adsorbent.

25 |
Storage Test:

One purpose of the storage test is to confirm that the metal adsorbent

described herein can adsorb the decomposed metallic compound (zinc particles)

20



when DEZn is stored for an extended period of tine at roomtenperature.
Anot her purpose is to denonstrate that clean |liquid DEZn w thout zinc
particl eswoaylih®7gener ated i n storage tanks such as thePCTaRzponioszeank 300
depicted in FIG 3 and the storage tank 400 depicted in FIG 4 using a
metal adsorbent to capture the zinc 5particles. Conparative Exanple B -

St or agewires DEZn is stomd for an@xiendesdpesiachel e taheomBEzampetaue. ghagdierank (10

oxvgen aonei s AL e B Ret e T e h B0 PR B R AR NaftndB Br i e i th
li qui d EEdtatedl i dibdagendniks suetagthd @Qﬁs;ﬁcﬂﬂmaaw@e;ﬁ@@@)mfme BQirdpne to
sinmul ate the actual storage t enper at ur e. 2 - Storage Test Prior to

i nt r odudterage @nkddd dwretepin §1G9- 4lusig @ mﬂéal(é_%qmntvtptqapaﬂ@db%émo

gadsor JIns g05| tioned therein, both the copper adsorbent and the glass
nk wete vacuurred at 80C for a period of six hours to renpbve oxygen and
noi sture fromthe glass tank and the copper adsorbent. The copper adsorbent
was in the f?rmof a net as d?pl c:tred in FIG 7A The glass tank was filled

et whi ch the dew poi nt was mai nt ai ned

under -50C bpsna.wonﬂgsau&lmﬂa@mmg@ggéa@% bt i BEZ A, ke

adsor bent was store room tenperature a perio
The anmowsduuohed Bh80%efraianperipd of sikéoDEZAD ramb\tqu,@lanlartcymfstmﬂme‘rmﬁper

Smpar 28GR AGnEI S e AR AR TES 2 i Dol ¢ FIgBTEpled Si8oount of

zinc re 2 Fshs0lia neeasysieds Y e tSRMe i nc Suspended
in the ?ﬁgér@c%g?u?l gg dAgi(éltc? ?%%@he AdsorbenpeCYO-pCor%rezExanpl e B -40

Example 2 — Storage Test

Prior to introduction of the DEZn into a glass tank (10 mL) with a copper
15 adsorbent positioned therein, both the copper adsorbent and the glass tank were
vacuumed at 80°C for a period of six hours to remove oxygen and moisture from the
glass tank and the copper adsorbent. The copper adsorbent was in the form of a net
as depicted in FIG. 7A. The glass tank was filled with DEZn (2.5 mL.) in a glove box
in which the dew point was maintained under -50°C by nitrogen flow.
20 The glass tank (10mL) with DEZn and the adsorbent was stored at room
temperature (25°C) for a period of 60 days.
The amount of zinc remaining in the DEZn and the ability of the copper
adsorbent to capture zinc in the DEZn solution were measured for Comparative
Example B and Example 2 and reported in Table Il. The amount of zinc remaining in

25 each glass tank was measured by ICP-MS.

Zinc Suspended in Capturing Ability of
the DEZn (mg) the Adsorbent (%)
Comp. Example B ~40 -
Example 2 ~4 ~80%
Table |l
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- Exanple 2 -4 -90% Table |l WO 2011/ 107966PCT/ 1B2011/ 050920

According to Table Il, the anmount of zinc particles in the DEZn w thout the
adsor bentwoas1140ngé2. 5. ( DEZn) ; however the anmount of 2PCHABpAr/Hice2es in
the DEZn with adsorbent was only about 4ngl2.5nlL (DEZn). Therefore the
nmetal adsorbent of this invention reduced the zinc particles suspended in

t he DEZn by ®eeqrd®@i Table ll, i @nogpt fsziae paﬁ‘tdﬁsdndﬁeﬂﬁz@m@tﬁgut k of

Exanpl e cont ai ni tion W copper _adso t st orage
ot 2 BN P A0 Sl 8 Moy BB R A BBA STPERE s LEE ok o

Conpar apEys RaRs&bBnteas anl Atgoa 4. 5val UDEZR) WIrhbeibreatheanpll adsor bent
after storage at 25C for a period of 60 days. As 1l0depicted in FIG 8B, the

col or oRdEEZeNiRitRUPVEHIE a@sIEBS Hte Was epsesRpndainthe ilfelply Cverl es
wg\re su§@§nded in the glass tank. On the other hand, as depicted in FIG
8A, the’cOlor of DEZn with the adsorbent was very clear even after 60 days

of storage. FIG;8RA & picturel eitthe glads thhie of Eppapladsonbgningef DEZangdletich pri or
to exposure to 15a DEZn solution. FIG 98 is a picture of the copper

adsor beih grcappeRprgoment atier siRpRaR2YS Tor BESTIPRG daveat FIGHHR s a
tenper aﬁiﬁﬁﬁea I??Eah%%'%g% [T {S‘F Cﬁﬁp‘égér/tﬁre @%rﬁ@@"@ cbﬂtali:ﬂi% aPezhhe) @@per

adsor bent tall'ic lTuste I or to capturing zrnc partic , but
after ewjloasuirectmpddBEdsoftmentafigesicodgeht 86°Waysa pehed nebdaldays. lAsst er of the

58"t he GoatearBE. 48, Stouor Al BRan wHiou: the adso Sl HaRerRUDEERYSE Exanpl 6
vort o1 DR SRS fgsar SlOTORRROI tlSE T
of ti medehiciedgnthl@n8potheacdlonobnd Zstwittatie adsorbaerwaDESry dear eden after
60 days of storage.
FIG. 9A is a picture of the copper adsorbent of Example 2 prior to exposure to
15 a DEZn solution. FIG. 9B is a picture of the copper adsorbent of Example 2 after
exposure to a DEZn solution at room temperature for a period of 60 days. As shown
in FIG. 9A, the copper adsorbent had a metallic luster prior to capturing zinc particles,
but after expasure to DEZn for a period of 60 days, the metallic luster of the copper
adsorbent was reduced and zinc particles were visible on the surface of the
20 adsorbent as shown in FIG. 9B,

As demonstrated by Example 2, the metal adsorbent disclosed herein can
significantly reduce zinc particles in DEZn when the DEZn is stored in a tank for an
extended period of time during transportation and storage. Further, DEZn stored in
the glass tank used in the above experiments is more easily decomposed by

25 comparison with DEZn stored in a storage tank made of stainless steel 316L EP
grade, which is typically used, because more moisture and oxygen is typically
present on the surface of a glass tank than the surface of a stainless steel tank.

It will be understood that many additional changes in the details, materials,
steps, and arrangement of parts, which have been herein described and illustrated in

30 order to explain the nature of the invention, may be made by those skilled in the art
within the principle and scope of the invention as expressed in the appended claims.
Thus, the present invention is not intended to be limited to the specific embodiments

in the examples given above and/or the attached drawings.
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the glass tank used in the above experinents is nore easily deconposed by
25conparison with DEZn stored in a storage tank nmade of stainless steel
316L EP gweadeii/mieeh is typically used, because nore nDPSTABB1&NIIZIXYgEN i S
typically present on the surface of a glass tank than the surface of a
stainl ess steel tank. It wll be understood that many additi onal
changes in t H&ilgetrabpdimenis of s #vestiepdhavaheearshamgenchdesdrinsak t s, which

have befdffbns 45sebt badoandadl busheatad i A0ardalnd B ER AN pRe nature

princi ptie: gt Sclepeniply dfhieisiimveiicnoIMiRsc@XpH PSSR deBctibed Aprandes cl ai ns.
Thus, the present invention is not intended to be |[imted to the specific

enbodi nBXeEP|asy Ry @xhnpl EBitigoy danbviiiatipng/and mreifigetiernhedth@r awi ngs. WO
2Q11/ 10 / / 9 : I8 i f. 1S .1 nvention
hgve beéﬁggﬁ%agﬁgﬁgﬁﬁ %’%d?osr%boll?ﬁ ?Qgé&'ﬁ]ci)ﬁg%to g%é@&éﬂggﬁn%%t%‘de by one
ski | | edAcooidiveglatie yédgwoot prdegaiohiisgof pited ke tispembbdpnertteaielnigedf this

i nvention. The enbodi ments descri bed heregn are exenplary only and not

li mi ti ngeralkitiaPnitingied Bynéhesidines waGhoiedows thenscoedrfp¥airh ishall Mifddfet hod
are possj : WE f Jdnavention. Accordingly the scope
of proté%?hgwéFgﬂﬁgfHF?%gﬂggﬁﬁgﬁﬁﬁgtgﬁgﬁa?%énts descri bed herein, but is
only limted by the clainms which follow, the scope of which shall include
all equivalents of the subject matter of the clainms. WO

2011/ 107966PCT/ 1B2011/ 050920 What is clainmed is: 1. A nethod for renoving

netal lic conpounds generated fromthe deconposi tion of an
organonetal | i ¢ conpound during the storage, transportation, 5and supply of
t he organonetal | i ¢ conpound, conpri sing: contacting an

organonetal | i c conpound that generates a netallic conpound from
deconposition of the organonetallic conpound with a netal adsorbent made of
netal, wherein at |east a portion of the nmetallic conmpound is renoved from
the Iiquid organonetal lic conpound by the netal adsorbent. 10
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2. The nethod of claim1l1, wherein the organonetallic conpound and net al
adsorbent is positioned in a tank or tube. 3. The nethod of claim 2,
further cwopoiwiomgésuppl ying |iquid or vapor of the 15organsat/eiobioc
conpound fromthe tank or tube. 4. The nethod of clains 1 to 3, wherein
the metal of the netal adsorbent is selected fromthe group consisting of
Li, Be, Waatiswaimed ik, Ca, Sc, Ti, C, M, Co, Ni, Zn, Ga, Ge, Rb, Sr, Y,
Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sh, Cs, Ba, Hf, Ta, W 20Re, OCs,
lr, Pt, Au, TI, Pb, Bi, Cu, alloys thereof, and stainless steel. 5. The
met hod of cl Aifisthbdtier fémcy\hﬁgr;ﬂhétan;b%oafmm@@e@bkat@dcwmwd i's represented
by the formula RRMwhere Ris an al kyl group and Mis a netal selected from
t he gro@@cmn@fﬁlg@n AgaePragnometalligeconppuns dunmgtb@ststageﬂtran@portmn Co, Ni,

Ag, Cd, In, Sn, Sh, GCs,
B§ Hf %‘ggﬁwl%@}%ﬂ@@r&ﬁéﬁ?m&u%ﬂﬁﬁ Bmﬁf'ggp conpound of these met aI S.
6. The met hod;mhcmgaamrgartmn@taumgfnmcﬁuﬁdmaogga@@m alnheat@ummmm:u S
selected fromthe group consisting of diethyl zinc, dinethyl zinc, triethyl

zi nc, tFPRLIRACTIRAIIAN Plike qr@aﬂ@m&a“wwam wh%ﬁ@wmmmm@de gt hyl
5011/ 10TSEPER R 88 st Bpslion bt B oprtBound S removed fram e fiquia

met al | i srgzonpadalls compoved dytheheetaebdsorddabr bent are M oxi des of M

hydr oxi des of M or conbinations thereof. 8. The method of clains 1 to 7,
erein the netal of the netal adsorbent is 5copper, the nmetallic conpound

i s zincogene ORRSEH The

met hod %f cl gﬁéns%%lt%dtomlaﬁﬁgrel n %lﬁ?etﬂgﬁg %ﬁ’drﬁé%lec (fzr%r?ﬁ @Eéﬂ% t%er;[tg} is

sel ect edd$aroanbisgiositoned ipevidsk or&ulvé.re, a net, and conbi nati ons thereof.

10. The nmethod of clains 1 to 9, wherein the netal adsorbent conprises a

copper net.

3. The method of claim 2, further comprising supplying liquid or vapor of the
15 organometallic compound from the tank or tube.
4, The method of claims 1 to 3, wherein the metal of the metal adsorbent is

selected from the group consisting of Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Cr, Mn, Co, Ni,
Zn, Ga, Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Cs, Ba, Hf, Ta, W,
20 Re, Os, Ir, Pt, Au, Tl, Pb, Bi, Cu, alloys thereof, and stainless steel.

5. The method of claims 1 to 4, wherein the organometallic compound is

represented by the formula R-M where R is an alkyl group and M is a metal selected

from the group consisting of Li, Be, Na, Mg, Al, K, Ca, Sc, Ti, Cr, Mn, Co, Ni, Zn, Ga,
25 Ge, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sh, Cs, Ba, Hf, Ta, W, Re, Os,

fr, Pt, Au, Tl, Pb, Bi or compound of these metals.

0. The method of claims 1 to 5, wherein the organometallic compound is
selected from the group consisting of diethyl zinc, dimethyt zinc, triethyl zinc, triethyl
30 aluminum, trimethyl aluminum, trimethyl indium, triethyl indium, trimethyl gallium, or

triethyl gallium.
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7. The method of claim 5, wherein the metallic compounds removed by the

metal adsorbent are M, oxides of M, hydroxides of M, or combinations thereof.
8. The method of claims 1 to 7, wherein the metal of the metal adsorbent is
copper, the metallic compound is zinc generated by the decomposition of diethyl zinc

(DEZn).

9. The method of claims 1 to 8, wherein the shape of the metal adsorbent is

selected from a plate, a powder, a wire, a net, and combinations thereof.

10.  The method of claims 1 to 9, wherein the metal adsorbent comprises a copper

net.
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