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[0004] The combination of alkali metals with silica zeolites, such as ZSM-5, has been
extensively studied in many laboratories. For example, it was recently shown that pure silica
zeolites can absorb up to 12 mole percent cesium from the vapor phase and comparable
amounts of the other alkali metals (except lithium). Prior research with alkali metal
encapsulatlon in all- sﬂlca zeolites revealed that such a combination reacts exothermically
with water to produce hydrogen quantltatlvely (See for example "Toward Inorgamc 7
Electrides", A. S. Ichimura, J. L. Dye, M. A. Camblor and L. A. Villaescusa, J. Am.
Chem. Soc., 124, 1170-1171 (2002) and "Inorganic Electrides Formed by Alkali Metal
Addition to Pure Silica Zeolites", D. P.Wernette, A. S. Ichimura, S. A. Urbin and J. L.



Addition to Pure Silica Zeolites", D. P.WWrnette, A
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[0009] In addition, the invention relates to a Group 1 metal/silica gel composition
comprising the product of mixing a liquid Group 1 metal with silica gel under conditions
sufficient to absorb the liquid Group 1 metal into the silica gel pores and heating the resulting
mixture to a temperature of between about 215°C to about 400°C. The Group 1 metal/silica
gel composition produced does not react with dry O,. This material is referred to as “Stage
II”” material.

[0010] The invention also relates to a Group 1 metal/silica gel composition comprising
the product of mixing a liquid Group 1 metal with silica gel under conditions sufficient to

absorb the liquid Group 1 metal into the silica gel pores and heating the resulting mixture to a
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composition of the invention.

[0020] Figures 10A-10C show the results of an analysis of the product of reduction of
benzyl chloride in a batch process.
[0021] Figures 11A-11C show the results of an analysis of the product of an overnight

batch reaction of phenyl sulfide with the Stage I material of the invention.

~ DETAILED DESCRIPTION OF THE INVENTION

[0022] Group 1 Metals: Alkali Metals and Alkali Metal Alloys
[0023] Alkali metals are those metals in the Group 1 family of the periodic table. The

terms “Group 1 metal” or “Group 1 metals” are used here to describe alkali metals and alloys

of alkali metals which may be used in the silica gel compositions of the invention. Those



[0022] Goup 1 Metals: Alkali Metals and Al kali Metal
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avoids the time-consuming vapor deposition or metal ammoma routes.

[0027] As discussed below, for at least Stage 0 material, it is generally preferred that the
Group 1 metal have a melting point within about 15°C of room temperature (25°C). For
example cesium and rubidium have melting points of 28.5°C and 38.5°C, respectively.
Typically alloys of the two or more alkali metals are, and preferably are, liquid at or near

room temperature. A preferred low-melting alloy is that between sodium and potassium
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conpositions of the iny ntlon re era have po
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flask, first with a hot air dryer and then with a torch. Such heating achieves temperatures of

approximately 300° C. It is also possible, and is actually preferred, to remove the gases more
easily and to passivate active sites by heating the silica gel to 600°C or hotter (900°C) in air
(calcination). It is believed that heating the silica gel to 600°C or higher causes at least some
of Si-OH sites in the pores or silica gel lattice to form siloxane, Si-O-Si, groups with the

concomitant loss of water. Heating the silica gel at a lower temperature would also produce a
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powdgrg pgwefr h@thg aIbPIﬁ‘fJ‘i’pr°§l fpap%s@ge M&H&Fﬁ'@lakwmrelﬁasgr@ some Group 1
a I Syl I r

e 8 R KERSORACS DY i ek R By of the i g

afterrabsorptienpitha Grow 1 heetdlo erfbmﬂs Grc_hipa]cinetaﬁm]iea geltdoatpositions of the

. retain ch of .t.he reducin ablllt of the pa
m"e‘ﬁté%naﬁ‘rg tHUSF coatafuing sQUHM, H%tgﬁl‘aae‘”b QoL W?Isg Wafggys with sodium
and %‘Zﬁﬁinll I})S{ak'sﬁiﬁrﬁraﬁoﬁbéqﬁé'ﬁﬁgﬂpr@eﬁ%@ 1 metal absorbed in

Ica gel pores. The 'Stage O materials are
[003©L/r op”&mdascrﬂbmltbdlm,sa awpbcxsmﬁﬁampﬁﬁsa]frthlasnaimnqjamduNtaK and cesium,
ot ViR AR By AR SoE Fl i DR oy CHortictry (DSC).

The Hé/a@ bBdoRthHd. upoh dting NBK &R i silica ge1 h&res 8t RariC RWAVERH to determine
that are |ndef|n|tely stable in dry air. Subsequent

~ the amwant ﬂ@em@psmbmecnnptabﬂut@gna@mb@ métalnintthe sﬂ;casgelmﬁ‘lmwas followed
h
by vijisg Rofgme Tefighibrl Se 86 570 1« HHbni R G B3Hine the same

samp$B, OhtP apreciable thermal peaks were observed. This shows that the heat treatment

causes encapsulated metal in the pores to react with silica gel to produce Stage II and then
Stage III material, although the boundaries are not sharp. This conversion to Stage II and III

material does not appreciably change the hydrogen producing abilities of the material.



metal. It is believed that Stage I, Il and Il
materials represent reductions of the silica gel after
wahsewrogidzon of the Goup 1 netal. Preferred G 8ap/u$2004/039304

netal/silica gel conpositions of the invention are

those containing sodium potassium or

odi f assi I ' ' . . fee ili
100340 % SRDETT; R 1Y el bpaRBURBER dovenon cgpprise silica ec
with AsofiRaWGiokpd hehhWhaamoudtest Goup drmbtesloadinglis dependent upon the

material wth NaK and cesium at various |oads an
pore stgsand parp dsnsitientéhe adpal dilis ool niedr ipica ly.4he, mwwzﬁj metal may be
oLl r (%) i
pesf s b R0t 7 BuBan 955 8 900 L0 By, e
amoudlebRmeiaheanpbeframBirto toH0S bypeaiflat dd theebtage I, fBtand III materials of

.remained as netal jn the silica gel. This s followed. . . -
the inygmigam, dencirast eV REEOHS A oyt s T g e @etgjgRaming in
theﬁﬁ%%‘ﬂg’g“gnd reheati ng the sane sanple, no appreciable

e I pe

peaks were observed. This shows that the heat '

[0035]r eaThe Grovp s pstadnitiap el avmdosioms of thet invegimersactorapidly with

react with siljc el. to produce Sta 1. d.the .
waterdp geRsuce EasrapE Y EPERIp CRBLRNERE S BiSi tymielybgulihive vield. The
Grou%h%&al/éli_ﬁbasgél QBMPHSORs $OhSiR@atibi, viEe btdpafibeahdlproperties are

oes not appreciably change the hydrogen producing.

descriipiltietave show rwbroisat essilalsh{rped apd Kl supees aftesh iydrogen and

silica gel conpositions, of.the.invention conpri
es pogepi ipjiine RFHS ScbrBsy of SFr<r e B, Tajle 1 below
sumn$drEPthb piEHafdtionGR6deREs afid deROTGEIYe 0UDAT) ahl €11 PRMt&iad. ze

and poré density of the actual silica gel used.

Typically, the Goup 1 netal nmay be present in the

conposi tions of the inventign pp to about 50 % by

wei ght. Preferably, the amount - of et al ranges from 30

%to 40 % by wei Bimmangy dfiSeagst gl and Il and 11

mat eri-al s of the ipvention—leoadi-ngs—above—about—409%

] DT AT OV jmavav v

Materigl wei SraferredMetals AllosisdIsed olcPreparafion Broged in the
Typesilica gel pores. [0035] The Group 1 netall/silica gel

Stagec®Mpo$ ILidquadi sllayfs (NaK, Naykent i onUndsadert atpiogipheravpit vacwameliquid
to prodiece gaseous hydrogen | aikalemetat|aldop istaddédse silica gel at or
yield| typically about 95% y|@aflroohfenfpeisirel On a large-scale,
netal fsilica gel conpositionsmfprbbifs WaMRIYE st doM®ydding
preparation and properties artﬁe‘ifi) fthQeCorRBb9 ¥ sifiBOYEI spread
prom se as easily shipped andy,handh et SAH & Qlssi Lt%?gyheat

hydrogen and as powerful reducin nt r.a varie
of reactions of organic conpoﬁhlggﬁ aelpzm{h?clgg'l ow

summanizes-the prep . .
Stagol , | ILiquighalloysi(NgKe Mol . THBAE IperteifsPRere pr geygasliquid
0, , lkfc)and 111 Material Predrerapecialkeli metl is addpdipssilica gel
Used IPreparation Procedures [Tandds agitated for several minutes to hours
Cesium, Rubidium, etc. at a temperature below 150°C.
Stage II Sodium Under inert atmosphere or vacuum, alkali
metal or alloy is added to silica gel and is
Potassium heated to between 215°C - 400°C to
; incorporate all metal and to reduce
Na-K alloys sensitivity to air.
Stage III Sodium Under inert atmosphere or vacuum, alkali
metal or alloy is added to silica gel and is
Potassium heated to 215°C to incorporate all metal,
and then gradually heated above 400°C over




Stage O Liquid alloys (NaK, Under inert atnosphere or
vacuum liquid etc.) alkali nmetal alloy is added to

weizbispaisggel at or near roomtenperature. On a PCT/US2004/039304
| arge-scal e, this process woul d be best done by addi ng
the liquid netal or alloy to silica gel spread in a

producggg.'ﬁgﬁ Eé’% | Liquid allp ?gqtgﬁ@kursggl %mg}ﬁe&&’,’&-mh silicide

i nert |at nosphere or vacuum ERESY or vapor
alkalil metal is added to silica gel and is agitated

for several mnutes to hours Cesi um Rubidium etc. at

10038} 1o R i erpieat Se rodf T aHRPIHE e ppositons of

the 1hﬂ=:n$1bh| i€ 3 pRfferfddttol RgMROARISSdssiNhtBaRs §illich %ef%i‘idﬁﬁ@ 'im?d]nrg € with the
40 Ctomcorporate all” nmetal and to reduce -

Groug | vyl sEypirally in grep@nmi the H@t@é@&s qfithe Byantion, tlmﬁelnca gel is initially

heatédn%e%)p?éxq%%fj }‘73 gﬁ "%{ % { alémc?%}q\g[%tgr di al l g%% %ca gel, and

minifnize defedt pgeat @tl@éﬂmétﬁbdﬂ kn(ﬁﬁﬂui ﬂl%rhrgfoadﬂyaldééga@ efid/6fpassivate the
above 400 C overNa-K al | oys several hours which nmakes

silicagetimayiadsp kagseflide in the silica gel. [0036] As
to prepare all of the Goup 1

[0032’9 %ﬁﬁ&% conpositions of the invention, it is

[0038) ef aiheaetagamdﬁggmlaofdhamuaﬁ eppalhenﬂy bdnﬁalnig %w-}hﬁdltﬁl’ig Group 1
git with the Goup 1 neta Typi ca

metaiﬁ @aa#xh Hgmpﬁée pates éll§a<ﬁeP%@°VWéﬁtqno?¥ m@%f@wmaamn into the

silic %!el laﬁlc'en' ‘fh@é llﬁ/ ce;}? 8L e@ev&&l Qspﬂﬁ lcﬂ@t ?ﬁa\ﬁ ﬁl@&[l r aﬁ‘kc?glhﬁfetal alloy
to renmdve water, de-gas the SI Ica ge

partwﬁemmnhz @pdlepem‘s asd b]smnel@abmrbmawithmsthk nidicn geh TheeStagd 0 material

to dry, nd/ o assivate the s
of thi g fdup dosenlale B Sotgpalion Fomprans frplodyech gmixing a

hqm@ CRLS rl'tlﬁletapg hhﬁuid‘@%ﬂﬁ P nAAPASNhch £ORAA, RFith silica gel under
l ow el ting ou
isothermal conditions sufﬁ01ent to absorb the liquid Group 1 metal or liquid Group 1 metal

alloy into the silica gel pores. Preferred Group 1 metals for Stage O materials include a low-
melting Group 1 metal such as cesium or a NaK alloy. The Stage 0 Group 1 metal/silica gel
composition reacts with dry O,, which differentiates it from Stage I, II, and III materials.
Since Stage 0 material is reactive with dry air, it should be handled in vacuo, in an oxygen-
free atmosphere, and preferably in an inert atmosphere, such as under nitrogen or an inert gas.
While the Stage 0 material will ignite spontaneously in air, it can be stored under such
conditions in a closed container, e.g. a screw-top vial.

[0039] To form Stage 0 materials, a Group 1 metal is mixed with silica gel in an inert
atmosphere under isothermal conditions, preferably at room temperature or slightly above,
for a time sufficient to permit the alkali metal or alloy to be absorbed into the silica. The
mixing must be done in an inert atmosphere such as within a glove box or glove bag. During
formation of a preferred Stage 0 material, a liquid Group 1 metal, such as Nay;K, may be
poured over a bed of silica gel at room temperature. The mixture is agitated, preferably
stirred or shaken, to achieve good mixing. The liquid Group 1 metal is preferably absorbed
into the porous silica gel without any significant heat of reaction or appreciable release of

heat.



metal s absorbed into the pores of silica gel w thout
reaction or netal redistribution into the silica gel
woabdsioses39 Thus, it can be viewed as nanoscal e BCKAIS2004/039304
metal or alkali netal alloy particles in the open
pores and channel s absorbed within the silica gel. The
tage O naterial, of i LD theS aks p iqui 1
[0040ﬁ?t g[%pﬂl lingaupﬁgl thgcgr%%n ilt ?‘gﬁpggnﬁ)ri siané)gitﬁgl %f}glg uléc%m%meup
metal fdnlﬂlQStla%é 0 ﬁialtéﬁa%mﬂﬁaﬂlyhrmtlab vwathia1 §°Copfirdo@rtemperature (25°C). In
met al alToy, such as wt iljca gel under isothernal :
the typiseldiroseshsoditilg hegt S evol v she Seprle PG PesBpticeably warm
nmet al ,or. |i qui ehdkingl 4 hétt i ich th
but oAy 47 8 SO EEHE i EAGh g, dphAIsHLAE pBig 1t which the
individBd] Gfartedles hael adhing suoface| ThagniGhoeps agitasedalforsa timeagufficient to

Na | . e .
o L e A SO T 80 B by s Tt
mixin%: g%%%rﬁ@ gg%‘hgsc’u dn fhe ‘?)l'ﬂlcﬁts?zg & natdrlal b_éiﬁﬁ prdpardiBdndrma/} Binge from

terral 1s reactive wwth'dry air, it .
seversihaifuttshe seaed] aduisn (Thds noixingriime heldpgist fasethe preparation of any
at nosphere, and prefer .in_an.inert atnosphere,
Groug {, setalSilica gt o qsgé’é’r&g#g’élﬁerft}?&)t gas. Wile the

t agRQ bnglstidd & nidal Sangheat &d yyithe Bdattior br put into
[004ljan g\@ rsl?gér@d %ndéégr such caonél?t i'ongét{ﬁ?ta clyoseo!al ° rp. 1
the reactidnaihoeld bescoptrobled or digsipaspd. vAHignifigos gmppéatp@ﬂmrgqsggi@nng the

e S oo B sEHGEEY D & ok TR Soft sl s o
near gHoﬁ{ REARIRL 25 TYMHERBE mAlcHT Ho0¢ tits tapificraturbgpnerallf deads to the

time sufficient to permt the alkali nmetal or all s
formationbd SdagsdribeterialntTher tHapeRiie maytﬁéOWQﬂ%@ng?adg‘%g {he silica ol

done.in an in at r . i t hi
cor G5B9, PP FRRIRCEI 41, ot gk,
reacti@iﬁtt%gélaturéi sﬁdlig&l,ijl(ibv]@’v@_t; lrbelmmta?iﬂlqd sueh Hthatstheg§robe 1 metal remains
~ poured over a bed of silica.gel at roomdt rat ur
liquidrive thatit may bosabsgrieest Bt Moy liFo el §F RIS B0 G e gt Stage 0
N h Ay e et o
matelil AG UG ER0E T Sl | Mferl BT Sfen keE L ook lomperature,
althoasty fiihgntéiivession teSihgoll matatali dnes oot eqepr adibabl lkeating as discussed
- rel ease of heat.[0040] Dependi ng upon the Goup 1
belofet al used, the absorption of the liquid Group 1 netal
[004%1? Igglg %%%9 RatBbeld Alshipkehlesabbydaceut Seaoist diothetmCally with

_ erature (25 C). In the typical process, so
watet.i At DEChafathe Stageviiatsdiat sowst the psesapiccofdbe ollabirmeiak s neutral

state?x?itéliggfe gl -lééya éﬁ[.ﬂ) ?g\haf?gﬁ%lec%}@% %éé_rv{ﬁ%ft?o%? ﬁ? t\}\%‘%/\?ha%g hée Sndfferial is not

currdnB§ ML HH 2he REIEAE 6B BRME SRagdll Mtedidl fsdower i thd mtlting point of
Is"agitated for a tine sufficient to allow_ the

0 kal |
the mmest abmononaGrayp 1 @llpys, shetbpp MgKe thussadicating, phet ngllﬂ garticles of the

sili,ca gel...The ti Xil general |y depends upon
Groq%algoé’ts gﬁe ‘gllﬂ?tg%&‘? p?r‘TFE? giftlhglfmﬁgg%lg prepared and nay P
[004BRNOFi£i:e M) SENSH@bs e bssption sefv &fagK  hlbay sinto( Fiics gel at room

m xing tinme holds true for _the preparation of .
temperature%o form a loose, shiny, black Stage O%OW%CI‘. As sﬂown 13 %Ygure 4, the flask

shown in (A) contains silica gel coated with Na;K alloy immediately after mixing. The flask
shown in (B) contains the final loose black material after shaking the sample in flask (A) for
a few minutes. It is an apparently homogeneous, easily poured black powder.

[0044]  The Sfage 0 materials are the most reactive members of the Group 1 metal/silica

gel compositions of the invention. Since the addition of a low-melting alkali metal or alloy to



Goup 1 netal/silica gel conposition of the

i nvention.) [0041] Wen preparing Stage 0 material,
wanyoshse3o gener at ed by the reaction or put int®CThs2004/039304

reaction should be controlled or dissipated. A

significant tenperature increase during the

silica g@fngﬁaﬁ@ys'aos}a%é‘@ Watbre V@Wl@hﬂﬁgnﬁbe{ht AeRI RORIIOAGhe Stage 0 material
odi nent t St age material is forned near room

retains spef ﬁue uc@C(I%Kb)lhty Heféhq ﬂbalhﬁ@ﬁﬁl aB@V@lStﬁ lof reiragpdivity fpward air
o S B N LTS 480 TR0 i s

amoun! dfi aﬁaarﬂi%oisﬁ@é ﬁ%é}ﬂ@ of ,th&¥s ré\stﬁ&io’iis the Btdge (& tiatetialithave utility
the silica gel, by cooling the reacti on vessel . The

in hlghhéarcducmg pbnmatcwrw @ﬂpél&%omh gﬁé\MOSIWeoﬁﬂ?ﬂfteﬁl%’@H@S of the
Group inﬂ}ggltésqg gpg)gﬁ %e SI :nég&gig#l 'ﬁ?\lnhg ?113:9%( é}ﬁftirghfnent that
cannot e e \ﬁlfhaﬂhe §bﬁgﬁm@tal§9cireﬂlb9ﬂs This, = cﬁsrduyseddjelcﬁv tpetrnits the Stage 0

a mat eri al over tipne vvhen kept at
material é‘h‘gé e foeprogneerBidgreen dFIh ARS8 S TSRUTRE agegy seacing with a

numbeﬂ@)f r%&ﬁﬁ%lg%i%% #ﬁltate Gfsiha eﬁlﬁ%mlﬂ oAl the (fﬁhﬁ%}ﬁ% ?%%E thetals.

tage material Is shi
[0045] powEape T Midterigdact s exothermically with water. A DSC of

oo 0 e TR S IS SRR P s
comanﬁ ltﬁe &)p@du%’r 9{3&1 mgﬁoﬁd#ﬂl Qﬁoﬁ’ﬁ 116t Slad s Bea"®d] fidar: e}to‘%herrmc

rent e nmelting point of the Stage
condmmas mrfﬁadenu t® dbsomb rthe hqmdtG’reu}Wé Imetadgnmhﬁ siligh gclrmrm sThe Stage I

crou SR e B R B, ) 5, g S

matem{lri? aREAShEA the RecaSi ﬂlbtﬁpolgﬁloy 14R2043h cbhesied t4 a form that loses the
[ ustrates the absorption of all %nto silica

propemcsonf tﬂmﬂgelkamta&a mhf asr melingoodbe awyork pvideir ‘sk%ﬁ@ ethe active

reducuggo r’?‘?ag?lha&l, g ?F%egs ge o o%tJ {eod b\%\n ]taié% fél@Skngr%gl 43 {T{Bu&@ﬁ Function

experi@bits on The<Sfage I]iﬁh@eﬂdl 2skib pesdoniinaii) s11!1mﬁnt aﬁjdrtS(ygélepeaks with no
final |oose black material after shakin m?

crystalfinify which) suggeststhebtherallaly wetal(p) have 1319}2«34% E) ?]9&1 1 catlons with

the elegﬁn}?sg?eggaggf ?ﬁﬁskl i¥a %%Hﬁ%ﬂ? bRGK tROVERN spaLt%OAfﬂ‘Je Epﬁn%ee, et al.,

are the nost reactive nmenbers o
Chem. @(@Mﬁuﬂ. zmeu,qb}—/ §idi76@ fored discmsyios bf Pain Bissfibutiva Function.

LT TN L RN AN TR T R

metal, g@%@%@a{bo% §0 Qi) %ﬂghtf Wﬁl@ E‘ﬂhcz]ﬂ BAtun@¥ Ot kA rbtmbsﬁ)ﬁer%tté @fow the

terial retalns st of the reducing ability of the
Groupd| tkiethi tortetabsorbBé pro e mwirest dfahe sitiemgeli iiheyGroumd mektalimay also be

R ol kb At A
addin: dﬁ Wekal ab rd vaphit eTHfmixies & thes ifdidhined &t ortdlightly above the
age materials have utility in hl%gl&/reducm

melting momtmfotjpﬁ a@twap abpiita ali.ie.o ripproRfraatlyr tp 650°packd crgitated for

A betwee%osevera? mmutes teo several hours. Generally speaking, higher reaction temperatures
convert the material in shorter times. The reaction to form/ Stage I materials is mildly
exothermic, and, on a large scale, the process would be preferably done by adding the liquid
metal or alloy to the silica gel in a metal pan that would remove heat as it is produced. The
reaction appears to form an alkali metal — silica gel lattice. The exothermic nature of the

reaction differentiates Stage I material from Stage 0 material. Heating above the exotherm

10



Goup 1 netal/silica gel conpositions of the invention
provi de a reduci ng environnent that cannot be net with
woheosparssmt netals or alloys. This, as di scussedThskomwp393o4

permts the Stage O naterial to be used to produce
hydrogen fromwater and as a reduci ng agent reacting

o m wat - - ials i
#Paverta Stageb & meferinie dol CSthiee 1D H38tabe T hdilidl, dnéhding upon the

ner simlar to that of the pur
temp?%ﬁﬂ%‘] Stage | Material [0046] The Stage | material of
[0048]he SN R ] p.1 tal/silica _gel
| gé% nposi ti on @Slr%%rg?(g‘u%ri% ult %lsta?j%a ﬁ‘éﬁ%%o palsinedyard butgassdd SG in a
closeghegyiporment tsa¢h wd drhEdédne@r gl : rm ¢

uificient to absorb the® |é€%lg§e(§°’5’lﬁﬁwfm because of

i.tions
, exoth%%{?%lre? 1088 iﬁgvegmth% alkglé maiadrand . tha kidicSigaler its & feetits. This can
t

resultmizt o Fbrhia6id ~ sit kon produced does not reac
prepagt't h d Iy I'n ?%’3} lér{igtggegl 6ftrr§%§?ﬁngl al?‘f ?apaéﬁr%fnpha& andhenost direct
18| o1 itagel I anatetisleyis ashdgeRacOMY t .f.orm )
atmosﬁﬁgﬁfe at RSES e pﬁg&gg(&i es of tﬁ%ﬁobulgirh@% aqql,e%%%}gh%r an inert
ti'ng. PFHEYES Qhblorte (iheniimennnd tentpveatanct 104§ work also, but care
should beltaken ¢ Hi€bv&hed ' r ars to be [argely
homogegwiler@ ]thDi sh &% but | %%edéﬁlﬁg%vﬁigﬁ Cglggeé‘a?‘ﬁﬁﬁ@maﬂlw Stagedb To insure a
Ripdesthpriovisiqorshcuiribe amdde Yorsd ditaGOR daih
[0049peakjlshev\isk{§en crystallinity V\h(i)crglgggg(eist s %é?ﬁmmcess'
, &L kal'l metal ? JJ4'HaVeS 8Ri BePheus ovhimalbkarki powtiéroRSit does not
immediately tehe witle @iF,Sbtft%a%%Sé{é he si.lica framework or
materit%]g t he void gf}rmces. See Bi ﬁe&r)lrél%ac?ﬁ%twl& Watgh e DG afithe Stage 1
o Skt ot o b Riel Rl ol The s
bet Stabb n i on. e Stage | mat@rial o
t ° W:t h ﬁnvgndtnl(ao% lﬁg@&b@ef%ﬁ%‘d C"]ch b h@pﬂ]@gtlhedﬂyi gjuiadd Gved Ryuickly
tansietredan atdinay laborptds} 2idRANEyi ' oint with
under%i,I S i 2 gader ?ﬁ]ali nertua%a?r%s }e‘l#eggrt cgegé?qth?ﬁ/\fa&’ﬁjéy' When kept
Hi9satisre P Gxvigan Asdeontsed dapt, Stided paens @f c&ﬁ%tsthto Stage 0
Wi

materifli Which &8kts up \l.nmetal may al so be m xed
the silica ge 1%Bsn g onE Bpchanged; apd, pradvags thetsanesamount of

hydroggn ses upsadeadsioneyitisliqlid agteaddid geiGrigup 1 metal as a

00501Vap he mxture is then maintained at or slightly
[0050] abo%g? ﬁ?aﬁ%?aif ﬁ‘ﬁbmﬁﬁi’ HECSan redeverhbemistty aetalactive Rducing agent,

and is abate@)féd{ﬁ:ﬁ@ Xgeﬁptﬂaﬁ e %g? ?ﬂ%ﬂ%galt %ﬁgp%oq%}g\géggi%inmgbably the

several mnutes to sever
reagentif gheipe fasdeth buik mpdplemnaiatigemheonugiiont he mterial in
[0051] Shadeh &I JES,; The reaction to form Stage | materials
S herm c, and, on a |large scale, the

[0052] pr cRtsges Ivmakadiab & fPhe oY HON%By, gddi ng the |iquid
or allo ; to thelﬁgl |0%:{alggé{]el(i}rloﬁp?\1 Hﬁf%smﬁé_nge@ H@tposition

. et al L .
compn%ﬁ@ redes ofipixingas liguidi Gropp odteed .wifih §lit£ ?Q]]t ffer exothermic
- silica geP lattice:

diti n..al kal i tal i
c,?l mciﬁ SFcient & AR AL iAW round mesalor Tignicitone rlemetbAlRS into the
silica gebparpe ahd iredtirg thb rdstRimeShi Lal .. Heating above
about 4@38 Exot her m:glan é_osnvg?rg_t% I%tgg%g) %ﬁ%&?@loﬁévﬁ%@go‘ﬂqzww to
r - St 8hexaunle melting spdiuniap emdixtige upeRiiiiand 8RS B8l dtldSheating

In a closed vessel at 400° C overnight causes complete inclusion of sodium in the silica gel

pores and forms a Stage II sodium/silica gel composition. Preliminary Pair Distribution

Function experiment on sodium Stage II material show the presence of nanocrystalline
sodium silicides (a compound of stoichiometry NaSi, eg. NasSis) in the silica gel

composition. There appears to be no sodium metal present.

11



[0048] When lownelting Goup 1 netals are added to
cal ci ned and outgassed SGin a closed environnent such
wa0@ns|3b enneyer fl ask, the system often becoRes/UsS204039304

because of exotherm c reactions between the al kal i

metal and the silica gel or its defect sites. This can
[oossr]esum tHeeduld® $oNneaRh/ %1 befweh abiitesl sof t&taBQ@tM(Q)"@nﬁh bxothermic

he sinplest and nost direct preparation of Stage

reactipatbeginalaad the St@gehH anat@ial gefoomednpiags I syastisl gan thgn @e eonverted to

ner.t, a at te rat ure
sate RS, PITGERE Gl FEFRIGFIGRRq 1S by SR G nd the ai
sensififity 8KeR ksl Sgahﬁte@mﬁfsh@aﬁdeag Highéraheltag dreas 1 tiethlbee. 2. sodium
formation of Stage Il. To insure a honbgeneaus

and putasiugy tymeadlyi do mt vetidhe 8ilipre sotend derrRAratyEss tveltirlp lpad G forgation of
StageaﬁBF E g%g ﬂgate%}agsy d1u O cf’t%luw E%ds{jtﬁgleh gh @etlt?ﬁé ékodpsl fiBtals then
formi SAERAI ata@drialy. eﬁﬁremtidﬁ appyaraio forfln aﬂl%cmstal — s111ca gel lattice, such

exothermically with water. A DSC of th
as soie iligidedh dh cxamals ey ftboaep The alvtyra@ﬁapzmtwgy of Stage II

matelfht Bbﬂlut:&fhg thle%tﬁ‘% ?ﬁ%e I-EQI% sesalgﬂ%‘etegﬁ W6efhe Tht8&s thrmed by

and frer ca Indry alr an
heatifty 8ighemelkiny atkab nﬁétels sech asrsodmth ogroassiabowith (srlyca ael

W t hout _catc eor degr adj apji dl kept
100554, orseiSatssiss pasee Tomalsrg sciepgn Wk ot Sitheh Shagrcl or Stage 1
mateﬁﬁI C flea'ﬁﬂ% ecﬁ%{ﬁllm(a{rpm‘éﬁrﬁtﬁq%ﬁéhe}@ sl§§v§’§9 ®r QtepBiRr 02400 °C. For the

reac dry i s unchanged "and produces t he
highaanﬁtim]ﬂmh neftalh P arand 40 thaseta om beheatédabonk tits thdlng point in the

t : f h | es. 50], S | i al . .
pressii F 63858, R0 R 83 05 M P Ak (B i casiona
shakﬁx%e Mh a tRfeal Rafndplob8durs, QR GlaRGiap AN Eeal diaPy b D Brich@eer flask was

I'T material described below. It is r obably the

heatqdefay &3t hayis egebiat 4 56,0200p 65@1 asl B0 Hpdfolowedrhy oyeraeht heating at 400
°C.. ﬁ%ﬂ%ﬁcﬁegﬁmé ﬁeng |]d]nt\}/l tﬁ'lgl a§ \S/’1Ig§}ogsl aslhalge%qgﬁhlr?\%lﬁ ?S%ulgl“clumping”.

The §Rbdue@NPASiddservl bivaem ghat hsoups @dsﬂyt wiien Mihi pl@pz&atlon remains
lquid Goup 1 nmetal with silica gel under exotherm
homegsngeusi dhthediepting isdae ranid Qbﬁ’@rfﬁdﬁ*i‘én?tﬁh@ln@t @lbqjipWﬁh the silica gel

v1g01[5%%1§ th8 rAdqu:a%ea Iﬁlﬁpl hﬁélﬁ kté’}ﬁahﬁﬁlft?y dehgedi i ca

and resutlng m xture to a
[OOSS}EWpdl’hat fo&réﬁtlabﬂcmﬁng dirberimeip (D8Calicusts 40@ui Neoplus SG are

exa meltin odi um am f
shovgy p; d&ur@ & TERCRALERFReS h8G Sttt RN o Uipe o The overal
(exo@x\éﬁ'ﬁl@} Ao o‘??éé%ﬁén COIRLet 901476/19AAA8 N%tf ROQitHAD thé‘ chd¥hermic heat

Ica gel pores and fornms a Stage Il sodiunisilica
of mgking ad MNrodil 8 iJeNaRrvdlichrapyears 1ﬁ’ath¢ indiigttrack (§ 1@rat 98 °C, is absent in

e 1618t b RSSO S0 RS BB B 0 Bl sica el
durifPRP F P pr a8l ool OR isiNAR, ,Na%-i.gThé Btalgh &l #hétidho86Hium with

silica gel releases about 90 kJ of heat per mole of sodium. The melting endotherm of Na

metal, present in the initial trace at 98 °C, is absent in the subsequent run, showing that the
metal has reacted with the silica gel The reaction products have not been posmvely
1dent1ﬁed but Na plus SG probably forms sodium silicide (of overall composmon NaSi) in
the 15 nm diameter pores of the silica gel used, with concomitant formation of sodium

silicate. X-ray powder patterns indicate that the product is still amorphous.
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conposition. There appears to be no sodi um net al
present.[0053] In the course of heating to between
wahososs3C t 0 about 400 C, an exot herm c reacPCOMWS2004/039304

begins and the Stage Il material is fornmed. Stage |
material can then be converted to Satge Il material.

[005(9! . qﬁletsl?zr%eq RARrih1 [BIPdmoPhoURC RlaROd Bla8K pbWH&. TR Stage 1T Group
ilica gel” and the air sensitivity of the resulting

1 metasidich akl esnpastisngrodidedoes nefl reaqtgvity dypO1omwithidsy air. Stage II

e.g. sodium and.potassium typi.cally do not wet .t.h
mateg s 3o Peed Sh PRt stk o TG UAppovders of
StagﬁIarﬁﬁelqaloa&e HsAYahdBBEE bh Bbén araPhikdhvileAn8sSANdNARASt change with

her high nelting Goup 1 netals then form Stage |1
time rwdteerkiept B1 th¥ peesercecef low bypidity ssuch af dn m desed|cratainer. In fact, the

al -.sil]cC | latti ch as_sodi.um sui ci de i.n
Stagq T mateEb o RO ors Rishibe T 3mERPHHER B Sosidbns of the
invertRAC LI WEer,ahisShaegall dillRARSE kaplidly PrigtweRe tdyietBaiiodOquantitative

Stage | sanples, is simlar to that of the materi al
amoynts ofepiirprydregen ga§- hi gher nelting al kali nmetal s such as

odi ym or .potassiumaith sili , .
o0s7 %% 586 L33 3h¢ Pl 1 ef i hAREED B g varer 0o
samph affea 0Stage I a@divum/pliter ded| Goniposiieat oNghd higventionan The Stage II -

i nert atnosphere sl ow XO or stepwise to 400

. : C. .For the )
compisifivar waseppraxgmaiekial 0-40%ermgtal iyaweight. |As splovR dn mege{A), prior to

o BRSPS B S AT o
ballobfl t#hdO0mfthwes bftﬂcﬁdiﬁﬁ@ﬂmf _\Szt’talki Mthe dedueedt sifice @kl phat watgr is still
bubng Sk k80 DB EF5F ORI RS PRGeAPOVHTD 98001 Bt p = 1 atm
and t@ég%s q%at @Allig"ﬁ’e&n@%ﬁ%??ﬂ’éﬂm sdig&d b eiedt h§}@%gi§1 upon demand,

r eac eat1 ng peri flask was vi gofrously

with sleadeén ghseops @odndts beidg bydrogemauidwgdter Wdper.pr oduct is a

oose,  hl ack.po r that .po Si | .t he "
10055 ap it iomgh 4TS e FiSt RBHBSHBR Croum ! PRET ALY ek pompopijgns of te
invefiti theOStabd®l MBtcHBNhARMBhy uSesNAlredBtX8 Eh¥hishy! Be a Pabdirreducing
gel "vigorously, the product can contain |unps that o
agentnesid foe hydragan Ipyodnctishe dStageo5Bhtenplecan ﬁer%ar&ﬂp‘aly by picking up

. Scanni ng, Cal ori met r tyaces of pure. . :
moisHig SR AS > FRb S sbDErth, 8 R, fin B4 Pl sy, ordinary
labofa@ry 8ird TheMadutink £ilityHfoes AbEappeartalbk ab eonhay thethdistiges, but it

of reaction is about - 90 10 kJ/nole Na. Note that the,
may b gstfikinmmanyedections thaf fo agt isAvirgthe fulb rapugingppweppf dlkali metals.
a | J
For SRRERL Sl oL PR Lol AR DNy BB pcland 0 esenco of
a prow@akdurcEhbst gleowguétival isNslowendiapdwith tStagd I ing:erips. Because of its
~ during the first run, I:;robabl y to formthe sui cifge, )
insengityity tphamigeniya, Ptagedk mabniabts agurisHedireagert fqrcthe gupduction of
] J of heat per nole of sodium The
hydrég%lltei&fl%agn %}é%%egf Na netal, present in the initial
[0059] aceStade I9BM@terink absent in the subsequent run,

ooahL" e DS S B eS8 S ) S8y compostion

comprising the product of mixing a liquid Group 1 metal with silica gel under exothermic

conditions sufficient to absorb the liquid Group 1 metal into the silica gel pores and heating
the resulting mixture to a temperature of above about 400°C, and preferably above about
500°C. The Stage III Group 1 metal/silica gel composition produced does not react with dry
O..
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identified, but Na plus SG probably fornms sodi um

sui cide (of overall conposition NaSi) in the nm
wdiersses3o pores of the silica gel used, with PCT/US2004/039304

concomtant formation of sodiumsilicate. X-ray powder

patterns indicate that the product is still

o) .al 1. .
[0061§gr19§;\8ﬁ12 the n]gé?zlrat-{%? ﬁl%%%h (i;‘ljga]ﬁﬁ rrh%fﬂésldlécqagel &PBRgsitions of the
inventinet, sd plsep:hre Sdagll matpiak ithd Groupr loshene & ©MoRa Wigt the %ﬁfc*a gel under

w th drI\{ or with dry air. Stage Il material is easily
an ingyh, AMPQSPNGTR ‘Env‘i‘cru&}ﬁhe Hpsa @é‘?f?ﬁ?fh imRghefh ythe mixtupeis | fixst deated to

rs t I i
kil 2150 g L L S S8 o
approxtiinatelyWied? Cke B0t otzét&‘sep'ee&émm OAs |thovidmiperatuteyis iBbielsed above

400°C 2 n a closed contajiner. |n fact, the Stage 11
0°C 7 o ftp SIS KsoiTae A TEARHPABDATS (th dores guplipli metal — silica gel

produd?®hatlcotalds siB&in ﬁ&i‘ﬁﬁ&ﬂ&' 9 S‘?é Ilﬁembf%}llgﬂs an ! imorphoys, matted

However, this material still ts rapl
black payder dad dedsmos teaguraith idtyasir.vE thamucticm isto beléz&nbd/dj’ @& 11 or 111

0057 ure63 the, i nfl atj on_of a_bal | oon
by gl th RGeS PEre. A M Tation PouK S tort . farge-scale

prepar&iici@ ewdild SREH \Jlél&@ 10 e SKOFRRFAT 1P event a runaway”

i nvention. The Stage Il conposition was approxi nat
thermap geagtion. n@qa@ﬂdu@p hmtnggtcan rdedss alkabwmetalrvapomig enifif is not efﬁcwnt

d n t he bagl |l gon contajns a
s, B BHAAR AoBree G Bhom B GR e enes e Bai gl Fequired
forlarge\malmpmdueﬁoﬁter addi tion of water. The reduced
silica gel Ius water is still bubbling at this stage.

10062) one The Sfacst lﬁ’@tﬁﬁ’@ Ve duess uses do tredcTie aliBmirtryans p doping
matenaﬂ ei'nd% %e%gpro dudtls ﬁemat erial is a convenient,

tab an hydrogen upon denmand, with

[0063]t heAangsc@a&bmbSv@r dsiuclagiobe siakely 6f Qﬁ@nGgﬁlg Vl’gtngé'tal/sﬂlca gel
i v

|1 05%4 Althouhlt is the | east

compoag? g{}ﬁpOfl RUANLion mays @E{epgl@ﬁﬁ@ﬁqqe@p@ fgfeagh @uccesswe stage. For
t I °

exampleN¥%&dthg @M1 :1thH&e %ﬁ& &flshafif §id @Btamglag@ﬁ%di r%hca £elyat 25 °C

reacti ve chem stry, as a passl
results fi the fadmatjem of raoﬁiw:ﬂowmg Bhdg poﬂvﬂernatﬁage-ﬂb rﬁ@t&iﬂegl!hat%% case,

e A e B o S e i et e
a less @ddlicih@r powERORBLEONY Ahtkriall D ?uﬁﬁé}uﬁéaﬂﬂg afpiod Lposte %?usrégtﬁlrther

appear to be’ as strong as the other stages, but
reaction éndspdices Stagentil megderiali o ﬂ)lﬂbrednaln&tannaunalenhi&&y (DSC)

s g 39 19, REUE o o AL 2L, EPL B R s gl

in at leghit hxydﬁ t rEg@ed, hDiffbRnBAIESRERLR
but thep?eductgl on’i's sl ower than %m@{allw(ﬁgﬂ&gﬁmé)%g%“aces of

a L1 Nglssica gl spapleued are) twhereinethe i top vtracy G bO)arsbfo&m fresh room
e B e REA Bl 20 24 £ S0 4, S50 B, e
inset (1S30de ah lenlavidngent &If the low temperature region of the first trace showing a
melting endotherm that corresponds to about 50% of the added metal. The total value of AH
for the exothermic processes corresponds to between -100 and -125 kilojoules per mole of
metal.

[0064] Figure 2 shows similar behavior for a Group 1 metal/silica gel composition
prepared with Na;K and an equal mass of silica gel. In Figure 2, a DSC diagram shows

traces of a 1:1 NasK/silica gel sample (5.7 mg), wherein the top trace (210) is for a fresh
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[0060] Stage Il material of the invention is a Goup

1 nmetal/silica gel conposition conprising the product
woR005108i83g a liquid Goup 1 netal with silica ger/usoben393o4

exotherm c conditions sufficient to absorb the liquid

Goup 1 netal into the silica gel pores and heating

theresultln ature of above
roomGEperaiia SHRBEALHS oty Babe D) Butrepest o AaFergeLn fhe sample,
The %%39\% gﬁahg%r{lacr%ﬂnf‘lﬁ og %le R)WAS '%?fw ] ﬁ}dt&@ rgér1gg g?glt%l %%?gfa&%howmg a
meltingendotherm thabcgprespomstsad bslyl aboat Y8k of thepdded ineted  The total value of

R dubieR R DRy toboireradpd b0 RiEuEe for mole of
metaflt BRBPI0SE %r&fucé’@@ﬂ&rﬁeaf footn RinSfeAthROv AR @%gnﬁdaﬁt heat production.
mxture iS first heated to approxi mately

Stag¢ Tloforms spadtangeusly uper keatiang Yo 3h3l - #H@ ﬁCsatWtygmHhISethe fipal product
t el 0 00 C over several hours. As the
v gPhR e egt o At e

aseéd above 400 C, a sharp exotherm

[0068)CCU rmeactTchﬁcn@ﬁ@ﬁ-v enthe[Roap $ Mealf/Siliva a8l @bipbditiomt al -
silica gel product that contains a silicon rich

[0066l)i ciAd. GYWE Ismghad/silice gt eampasitions 0f Boinypfies, react with water

exotkp%tnﬁcﬁaﬂy }%&d&g\@@ﬁf %Hg}é egﬁﬁﬁalgyphyén%%ﬁvegsl&?lb% dd §+ Ithe Group 1

carri

metaby ThegtddvgntagdoRslex tich@iipositioat of ﬂleolﬁlvéﬂtﬁmr Ragi t}Q:ﬂreacuVlty of the
woul d i ndicate that any | arge-scal e preparati ons wou

Groupebmnegalpéaged) matorial cavels harisl brieflyynggry air, bat ﬁrrw@nqlowly with
oxyg@n raﬁél‘ P%\f@%f W1fhr1ﬁ51§ﬁ1¥ ]%g%ﬂtﬁ@'% S r%?ij g Zlﬂd)ﬂl ?ﬂggﬁr@g}eﬁ ?fétal/sﬂwa

eas nmet a por iig 1's no
gel ciﬁmpssltlam age ubidplelpppeativatedady dtyhesgeski | [ ed in the

0068 o] Sptoibibs S sbaay! HhSrelin daneal sl bl afiopasjions of the

111veﬁfﬁ>¥1eaﬂg%}étlk*§l§slnh&lfoﬁ§%hﬂ Vot GBS FhctifsS tﬁe QQ'Hz\ge a strong base
material, and for hydrogen production. [0063]

presait sodi S5 altabivactak h}eirwadasatp@nsc@ges vath witer. GVrhap the metal content

i gl et 6 eBr R R ot L bt T B probaby
as the badiPhRtal 8ilidhtB I NRutkalizatioh Srithdlcidpredipasd dinkand
otassium (liquid) to silica gel at 25 Cresults in

[006 he fHachatage ot gl @rwpebmqt@imlm g5l semppytiole of the igvenjion may be
used & r]éalteg{lélg % a(%eﬂ:ﬁg%%%ﬁlea nﬁfﬂ%greﬁttjl%ﬂﬁmﬁ%?rk He h‘ﬂlte@lals in the same

ose overni g cause

mantie? &@bivarfot slkpli aehsle agd tR&Sallogslu Fongxaplelethe Gob@g e nhdtal/silica gel
material. Further heating above 400 C causes, further

compQsHians dﬁajé,b@ wieddioctedues apanatic] copgpipndg|to theig radical anions as is
COIIHROII ];:lﬁr it E@L‘all%gaﬂﬂ%ﬁ] qteﬁ%}:tlg%l% n@&rﬁ%oélgsgmg(ﬁ A S Oa‘f%h metal —

ure 1 1 ndicate e exothérmc reaction o
ammblﬁiﬁ mltlhor&;l liA $1g:&1| raitction’s is ra gmdrﬂaﬁtet}todooﬁtrahmhoﬂl rof aromatic

comgq%\aé %y rag]@iismgip el%elglc}ull lam%o%?am [llge t e01(r)ert1|c£1rle ;gnrdy prepara Ct)lve aspects of
the Birch reduction have been discussed in several reviews. See, G. W. Watt, Chem. Rev.,
46, 317 (1950); A. J. Birch, Quart .Rev. (London), 4, 69 (1950); A. J. Birch and H. F. Smith,
Quart. Rev. (London), 12, 17 (1958); and C. D. Gutsche and H. H. Peter, Org. Syntheses,
Coll. Vol. 4, 887 (1963). The Group 1 metal/silica gel compositions of the invention can be

readily substituted for the sodium in Birch reductions. Example 10 shows a Birch reduction

using a Group 1 metal/silica gel composition of the invention.
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a 1:1 NaK/silica gel sanple (8.9 ng), wherein the top

trace ( 10) is for a fresh roomtenperature sanple and
woheoslsigzom t race (120) is a repeat run after eooiuSz®4/039304

the sanple. The inset (130) is an enl argenent of the

| ow t enperature regi on of the first trace showi ng a

10063F e SUERY. viofal Tednaiond AP SOt G ofrton 95 PhGeseted organic
com Lﬁ’lﬁ@ %ﬁ@@ a§ qfd]??§ %@Hts bé @aRRHVER imidPCotPslled Iodaditions. The Wurtz

| oj oul es g nol e of netal. [0064] Figure 2 shows
reacts@IrnSI e dowhbing of two ror&an@ mﬂ@cais (R} by /teating dwgenoles of the organic

n.Brepare Wlth and an equal mass of silica
hahd%gﬁ?ﬁf tb%gﬁﬂ%ﬁ% B8R i agr am shows traces of a 1:1
gel sanple (5.7 TTQ)ZRJM*eZBJian—»tKLRJFngtXace (210) is
for a freshroomtenperature sanple and the bottom

See Ar %@ﬂ% 2bo) G@maPﬁﬁfpéél 44, u2175af1t8é5) ctivl i%g 36h &l &plel. Wardell,
m{) np!%ans eta(l Zéggm 'S SQQlﬁ?gaggr » 1{1dsgf1 zIb leV\B Wakefield, ibid. 7,

ure region “of race’s ovvl’n a

45; DelC iBilingesntdwipn OlgatSys.08 r $5p4281%1990).0Mhe Gk‘lﬁipt 1 ¥%al/silica gel
of the added net aI The total value of DH for the
composdiang ofthe igventionsan be saddy sehniiited fos dhegadipm sa Ytz reaction or

othef %&9 A‘ehh AthiEsh féﬁéudﬁo' Eofd oﬁﬁ& | of tBb 3en ﬁoh Batd %196‘ $Eh used to

room tenper at ur out Signifrcan
dehaﬂn’g@datetmonganﬁtlmjjlded | Bxampie $pcnhbwneot\r&lryz tdoctidieasing @ Group 1
to. 215 - 400 C, Stage 11l is the final product
metaé/@@ﬁ?ﬁ@c?"ﬂ}?%’élﬁfluoggwém% °RO0 - 600 C. [0065] Reaction

[007?18 em I?Elﬁs\fﬁlﬁ%’ 3d3&u1 Qéé?:ﬁgn% ag\/ﬁ%ﬁlfﬁ%e{qo‘ﬁ% of APt 1R Brried out

oup met al / ica gel corpositions” of
witht ﬁieoupwlemnetnir‘sﬂn@ag'el wompositioes ofxthehervential. | yAsoan example, the

roduce hydrogen in essentjally. quant
comfisBitr o Mo B, Re LR Mo o PRt 6 o gulfur from
pherﬁlp snAgé td ﬁ%%m&f b}oﬁ&g‘l N8B iinBrbvEREAl ébnﬁﬁﬂ%ei eﬁwﬂé%/ blthefollowing

fhe Group 1 neta tage O material can ed
reactioriief |y in dry air, but it reacts slowy W|th oxygen

and rapidly with noisture. By contrast, Stages |, II

and Il of the Goup 1 netal/silica gel conpositions

e et EF\ unreacti ve towards d GER. 67]
‘h Spage; § ML§G-and Lyl @/ al Mi$ 498G
rrp05| s of the invention reNat el y

|nnocuous and not violently reactive, they do have a
strong base present and forns al kali netal hydroxides
ki ent is
, Whe]%i hnscg gsgagé&% /oE %lr/é’i’g%ae 7 c}%ﬁgﬁr Eﬁ%@%ﬁ‘l‘vﬁﬁg uct with
[007\Mat erUsesoibtbmiE‘rﬁmpl lylmail/isﬁice gep moim@bduyomof the ipmeition allow alkali

t al. SI|I r atlon W th eci pitat
meta Feacial® §15h 46 THEB ORCEpat B o e cestisdpu uhis Gpiet phidifions due to
the SAfd h‘éﬁdﬂﬁ%sbit 1he '&oﬁﬁaoilﬁ@ns‘ Ee Mike &ﬁré;érgcy di’ﬁ% %8s ni’b?al%r alloy. Use of
reduci ng agent reacting with a nunber reduci b

the compasitionsralse gedrally giveshiasighernpaelds than the corresponding reactlon with just

the Group 1 metal.

[0072] Because Stage I material (such as a Stage I NayK/silica gel composition) is very
easy to prepare and retains much of the reducing ability of the parent Group 1 metal, it is
likely to find use as a powerful and convenient reducing agent. Small glass columns filled
with the Stage I powder are able to reduce a variety of organic compounds when they are
dissolved in tetrahydrofuran (THF) and passed through the column. Alternatively, batch

reactions can be carried out simply by stirring THF solutions of the organic compounds with
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manner known for alkali metals and their alloys. For
exanple, the Goup 1 netal/silica gel conpositions may

woeous®s3v o reduce aromati c conpounds to their pcaaiSemk/039304
anions as is comon in the so-called Birch reductions,
commonly carried out with alkali nmetal - ammonia

olutions. ABirch reduction i ner al, met haod .of
the i 1 SRiok T FF GRAPPE: Ty DaNa SRy RAHBeRgIeag if frduced to the
radidal @hfiofl ( Nbanzy] RBIGHAE gn)ehﬁ&eaéoea NEuRs @8RIcAbA 6 form bibenzyl (3),
aspects of th irch reduction have been discussed in
and dibgarathioplsaiee(ds . is Seduced; to \the \nadical ampesman®antimataly, ta3a mnixture of

prodg\gltgg%} ;areﬁ;teeﬁqf tg%: %@ﬁinﬁ%{ia& %téﬁr] It%%cqn)%g g‘?"{l‘l‘f‘%ﬁgg _%Vurtz reduction of

dichloksbeelgenk, tol Zornd 7thé 18583 ted mp&% Qir?l@tgs; ?h? 11812 g])Biﬂchr;Reduction of
. ) . e

Peter, O .@?}nt heses, Coll. Vo

anth@cm@ﬁoﬁlh-y%( hypganga gel conpositions of the invention
can be readily substituted for the sodiumin Birch
reductions. Exanple shows a Birch reduction using a
G oupfl netal /silica gel conposition of the

iaye 0p~] 0069] mlarly, Mlent reductions S :
ofHhal o@‘ o4 @ nj U J O
be carrhad/out 2under r oL éd

educy

condi tions. The Wirtz reaction is t3he coupling of two

organic radicals (Rf by treating two noles of the 4

organic halides (RX) with two noles of sodium 2 RX +

2 N RR+ 2 NaX See A. Wirtz, Ann. Chim Phys. [3]
[0073%, Ktipe(11868im/Alica g8bconpoditiohSabnoted dbovle, isédsiteld handle in air

Conmp.. Organonetal, Chem 1, 52 (1982); W E. Lindsell,. _
thanSgpeg I niajg?aIB_Its yroduglien pghxd’rogqyi by reqc’tlo;pgylt}[gwa’@_r is quantitative and it
: | Lij.ngt : 3, = )
s lfy) ubie! Ay o Bon{ o9 P blhantt selclidhe Uopdfigh)bobdTor e Stage 1
mateciah e exaagiel] it canlbstuce béredplicamont (B te doki radichlnardonMid iz can convert

r tion _or her such _dehal ogentati on reacti on. i
benzhiody ﬁ28.t&8_ﬁlﬁn%>ﬂ ééﬁ_- ﬁv}wﬁoaﬁ gt gasians o cree i I graterials are
possENA OPRDAL Bhé RALSESH &f the képqgs%nta{-:ﬁ@%}hﬁolgx:a@\&fscﬁ’ssw tﬁﬁcf)vre]: indicate

reduction using a Goup 1 netal/silica g composi ti
that dke tGroup nl enetaldsilicd @Y Gomipositisty ol thy wyedtitdn camatduwasaromatic

as _desul furization of trol eum m ght be carried ou
comfipfi€ & b i ForS o BabiGes el SeeR SHETG borfie 814 completely
dechidhf! drOmatiAShIBFdEX ANk Snatdrik® nSigAPBSIFdOHS ble toh\@stroy PCB’s by
i nvention may be used in an inproved nethod of

dechogingtiom and garfyi put desiifptieatipn reastiphy e The ppwerdulcrsducing properties of

' nyl. ., The i npr C ' carryi.ng out the.
o SR Fle ARy SRS Y b co
packs@tvath/thislrhatérig) €br therediRtibh 6N ophnich@diinoteatit @8mpounds that are now

reduced by Na-K or alkali metal-ammonia solutions.

[0074] A major use for all four stages of reduced silica gel compositions of the invention
is in the fuel storage potential and the formation of hydrogen gas needed for mobile fuel cells.
For example, large stocks of the reduced silica gel powder might be kept on conveyor trays
within a holding tank. Addition to water would liberate pure hydrogen gas plus water vapor.
Al] stages produce near quantitative amounts of the hydrogen that would have been produced
from the alkali metal used. The hydrogen could then be used to power mobile fuel cells. For
example, stocks of the Group 1 metal/silica gel compositions might be kept on conveyer trays

within a holding tank. Water is then introduced and the mixing with the water would liberate
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[0071] Use of the Goup 1 netal/silica ge
conpositions of the invention allow al kali netal
woeeaistoistig such as those descri bed above to bepcamszmd/ 039304
out under safer conditions due to the safer handling
of the conpositions over the correspondi ng al kal
netal .or alloy. Use of the conpositions alsa neral |
hydrggeheuhith it i be PR i CuBPFES Rt tPedh | 0 compressed
hydré$dnwdiid be LB& B AYRobil B celld. OPHdpeBesdmEe, tRidRtase is now just
material (such as a Stage | Na2K/silica gel
silicacgmpodissalvad) metgl sibieate gws gould bp reastivaiedwethmewaErezp rhuoetal or used
f ﬁ"fF the reducing ability of the parent Goup 1 netal,
Or OffET PUPP§Rely to find use as a powerful and conveni ent

[007?§edUQiﬂéﬂ1e§@ﬁi%din§!ﬁ@|o|f 1l Aventid te0aes ol the @e o bilich 361 to clean up
tage | powder are able to reduce a variety of organic

Groupohpesial dpillshend simdlar apmaigs Sswn spenti eperasiopshyldvib fmbgdiment takes
THF) -and, passed_t.hr o Ve .
aavalBEE he PRPARIEE wlf g e bRa G OV Iitapgion of he
compddftions lofitthe fi/efiord. A sod@gatibal Hosp@ples, whdh pbdomhiag &xperiments
__material. For exanple, as is shown bel ow, benzophenone
with cegivmsmetabincg glove pex, saurakgragni Arihe kesiym) washiilied onto the box
cnk-: . . r r iL-an . ..
foor HBRLY ity WBRGR A B o pRalE syl vl Bifouipep goud isnie
oncetrbmovatifroml thahehmmafiteduglbverboel % was themidetided tofry and absorb the
h f f. th ' i.al .
cesiu SHPE OS% 4 PORIBE (et HEPIECRIBHEB ke f From the box (0 a safs

placéajllt(])g 'Ei%sﬁBé%Pﬁ%ﬁen%ggf&nfiﬂ P g[;l‘l?salﬁfi‘cﬁ RE(E s £ QtMRlid\ge1 RS QAL BiS metal or

e Birc ucti on racene to
otherdipilisd imyzantidviaraeavéive GidElls gudhGB aBjaliBuetgle, where the metal was a liquid or

di u ilica gel. osi.tion, as noted.ab , .S
coudBemeledts thih attaid, TR oreliecy BonR iy fkFis, pianetals must be
heatdd 10Ul ORat® ForYAhaR Blokyr.r €action with water is

gquantitative and it is also able to carry out many of

[0076)he &rogapesitions dsivgi Ykali desielsi bed sadivme potassiuive egt.adeliver active
material . For example, it. can.reduce benzophenon .

subs s & KRR A A I R TRt OERE By Loscribed in US.

paterf hb%ﬂicﬁtﬁm( Ap/28, 785 peRFstbm( Eor. Dt 0u Autier SisambésoNSvhich is
of Stage | and Il materials are possible and Ijkel

incorppeateddfiin by relsrenep eDpe fo tisistakility sheodfapplidband 11T cgmpositions of
e SUARUIA0 SRS TIRT RS, Mk HBR0RRD L EHALLEL ] 58 wnotver

embadimpoi tgts idventidieals@délart tan arh @mpdsitiohe Bentathirgairoup 1 metal/
. ... carbon-sul fur bonds, and conpletely dechlorinate .
silica BRlneQIIROSKIANG raf s INYHItONa'er PEAMBIPgHE 908PHES GonRosition may

o BSSAPBINTER b AEGELPLERLISR A ERIAY 10% 5 i
percqut op e ftageacyfand bp ténlmay 73 weegldlpercsnt ofcanegéhlizer and/_or organic acid.
In ac}cglgqi OSIStﬁlle ?’rgsgra%lces,oa 8c3ec>rdr(§]ﬁgert nqu lejl sg c%gta?nh(r)t gragc(% real grleaients such as
disinfectants, surfactants, and colors or dyes. The reaction of the Group 1 metal/silica gel
composition with water distributes the fragrance or other active ingredient.

[06077]  Examples ) , o o ] ,
[0078] Example 1: An exemplary silica gel, Davisil 30 to 50 mesh, was obtained from
Grace-Davison as a free-flowing powder that is listed as 99+ percent SiO,. However, it
contains large amounts of gaseous material, probably water and air. In order to remove the

gaseous material the silica gel was heated under vacuum in an evacuable Erlenmeyer flask,
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packed with this material for the reduction of organic

and i norgani c conpounds that are now reduced by Na-K
wonro@losed3p met al - ammoni a sol utions. [0074] A nBRLOAUS2EE/039304

for all four stages of reduced silica gel conpositions

of the invention is in the fuel storage potential and

on of h Qg€ . needed for,. nobil.e
first c ﬁ? kgto Furegﬂﬁlb Iagé{ d[Fj i }g qugh of ent?“l‘%?fﬁ% etSmQFliahE% reached
appr&8mafPndere @l gk dﬁ@udS&Dbbcﬁi& GiPI0Y @¥I0Eant Beayist-pMséddl Mork easily (with
hol di ng tank. Addition to water would |iberate pur e

passiliglie tigeisitqs) big hoadine rthQ/@gt@rlal ta) G008 Ceydwttpr inchirc(ealgimgtion).

[007%]222t%(t|arg}1tg C% ﬁg@sﬁ%ﬁﬁ% FTtaElﬁF |3¥ﬂ{ Sgﬁ%ﬂﬂ ta]){@ ah%/eﬁl ?orggositions of
the if@sttidntib eieibebiiseth p@d@@l\pl!irefm’@kdg%nfgag|q{u@ﬁﬂlth§velf'@1pon addition to

exarrpl e, stocks of the Group 1 netal/silica gel
watep o kB8 Tedueing Pewght olide Kapep drfné'@HS}B% geltqoaiposifionh was determined
by 8 G Vs 5l LORESHISERRE s FGHAR Tocpper

pum}heTﬁe( tadacing hoaveslisadzfiped ssthed vosighitrpesut ozaikhli el or alloy used that
npr essed hydrogen I d be used to fill nobi]e el
Woulééarp@lcewfh%sa@b%mow drogeny Hihes wanyafied hyowliea@fg the hydrogen
[ I
pmdl?éeégcffc?{l, gt%e}o%h §§g%\é{%ﬁa@@ re§ét %‘rﬂ?%ﬁst%ts?eﬁﬁwégh leal?le hydrogen
was gallgotesldn.a (alib@bdd pipettdesing abnxmmﬁm}ﬂ“oeﬁpl&rh:&lmm@mrbmrﬁlled) The

ammogi S AePh DrOHEeL R et 9 a1 gapgine et Would have been
prod@&aﬁrtﬁl 1h@ riﬁetal@)'a?orﬁ”@ﬁh"ﬁ%ﬁfysésa\%&% lﬁlq\bﬁrétv@@esa%fplé Bfreduced silica,

absorptive nature of the silica gel discussed above in
regardhess pf pastagei dfithomatdrial.c Gaposinplons adi wiie simplerafiNgk. in Stage I

i 53 o SPGB B3 o of

NaKtdléneS @5 ﬂéEﬁlMﬂ? pSWEl WEEldWet 40% herhbaytafl hi@6tint IfaMMliPRetal hydroxide
tissues were first used to clean 5 the spill, but the

formgd rwgs \xhq;)eslemmd bhithe asiddionr e Y apd obﬁckﬁérawénl with sodium
hydrO)blldé edl" cﬁYfgreggg( betweeWe {cﬁaﬁ lgaq{: kn%ﬁaq F?epce}l{ é e 3l %btan%ed from the

he 'cesrum usrn

tltratﬁmaMcB tienfedgbing povwedk ds |ptre§immm_yt hanémuret of thesedeefttAoa of SiOH
for disposal befqgre ignition in air. This lead tqQ the
Eroupss én%foﬂsqnswrae@ ef hfyérogp@arﬁlﬁﬁh Factals Gn 18a%teita §h¢h groups during

samy] vﬁ é?@égfalr%ﬁ)ﬂl &1 l&ggtﬂyﬁﬁig;gﬁt alrfiisSHGE lsgg}égn'illarht]ggtftﬁ% Sorigin of the

e netal was-a or cou
deteo‘tahlemmohmtq of das féhead di&ﬂig theg mixinp ol ﬂghnete]l d:rialﬂgy &tithahe silica gel.

lﬂﬂséfeaﬁ‘a %ngﬁggg%gdt Burpitb b Beffirg Ao afqve box, 14 g of

outg%%@ldﬁd cHiced %ﬁ%uga WS Ri%Sd Whth §Y of %LK\PR{m ACHAsMRr pipette to

stances, e.g. to vaporize fragrances in deodorizer
create@mpgws@ tiataniz]. Ahe Nagl ovéstrelded dray, Gise mawemusatpgilons; af thersilica gel

056+ aPiegops G e e Gl b oo b Sappshed with a spatuta t
aid th@faﬁ[)? NQusibde The ﬁrb&hdft b@bhdtl f¥mi BBd Spp&iRed to hhverBdery shiny

osi tions of
surface 1ndlcat1ng free metal on the surface. It appeared that the Na;K was not completely

absorbed into the silica gel pores. The sample was then setup for Differential Scanning
Calorimetery (DSC) by putting 3.6 mg of the sample into a DSC pan. The DSC was run from
~ -55 to 60 °C, held for ten minutes, and then re-run. After, the sample was run to 450 °C
twice. The endotherm of melting corresponded to ~135 J/g metal, which is slightly higher

than expected based on metal added. The weighed mass could be off or we could have
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the invention and conpatible with such active
ingredients, e.g. fragrances. In yet another
wenhsdsment , the invention also relates to a SBCI/US2004/039304
conpositions containing Goup 1 netal/ silica gel
conposi tions of the invention. For exanpl e, the

mhorﬁgg%?&g{tlleégt; EC o %z?t 0\&3&1& étaa(ig#] aé@ g ?q f’% ten mmutes and then

repeatdd 8Vl HATLLO=3) W)ggllﬁﬁtap Sh&PinE @ arhchliBEMaE 8s aﬂ&ﬂiy%esent to
to about 75 wei ght percent of a neutralizer and/o

convert gasangplacs the dert sa:aigah t Tlen"redncingepdweat) oltheesample was determmed by
deodor zer ont ctlve in

s HSh o STORNEEt DA AL ePUE ARty s T b FEERS Tocbpler pump.

The R488ng Pofref $RALHRA é%fth& hgoehoBP G1=01[ﬁ5‘t1 ahéial {haf ¥olRl be required to
conpoSition wth water distributes the fragrance or

prodwsielibe same i angounh of dyiwgen. [A (7ol mpires %b@fg8§{>f the same sample

yleld%w o \f8 ucbr@grtn g%ﬁggp :cflgg,] %rllglcggarﬁs?lg o}% S&l‘g ng’ncl)mglo 48 wt% metal

concérft@€oh! oW ng powder that is |isted as 99+ percent
However, it contains |arge anounts of gaseous

[008Hat e ExamplepfobZhe y:ommr@pn aioStage 0 matesielide Steger bpaterial can be

v SRR S B M L0 RSt oS P LB EE: o macere
oven’ﬂgmt aAbodNyercan da&zhb&ﬁ ikMah Mineat atﬁfoglbheréf haile siikifgtcotlverted it to the
nperature reached approxi mtely 300 _C. As discussed

Stag@b&r@ that shoaws 1iele oF ap nprdting, endpiReImbDSE S48 FigITe -t Fecause of
the s{ﬁ%ﬁ g)aé?cié glrge,oét?gegé 'rﬁ’a?er?a!l tsﬁ?tl t? %}eﬁga?t Q??Ctr%kga%]%ﬁ ra’c fHe bulk onset

rrnarr i on
tempEpaturplo€ - 13 °@neTlsd gnilf valaebf NER(UF/g nadtal) fier SBageuibmbterial compared
netal/silica conposi tions o{; the i vent| [

with t K ¥2 2959]; ff)l)‘/ gfage lgrsgawg éhaﬁ st R H}edB%tﬁ Jéégoba%?y }:dc’nverted to alkali
metaggﬁmg%ﬁ.t g‘;ﬂ: tﬁﬁga\feﬂ{ %B&n@éj oF FbORKLR nY&d18h *theT}!ik%es 588k RBrface of the

Goup 1 netal/silica gel conpositions
silica/m paitities makemthwstwdmaﬂy\ﬁm ef oxidaten envdagant ed sanpl e

oosf12 53hRATBI 0950 4 Ll 2y AL e, FOSBR o PUTR o

heatiftg %@'Stagéeé %lndCStag%l I datdtmedid Bad @’Qﬁ' l%r Bélﬁﬁl YES higher SRMhg alkali
anmount of hydrogen. This was verif col I ecting

metalsheu¢ly ds csgémnp raodl umwsmm mQutgaseech amhsr@ cmedrmh@ar |gal 13.5 g, was

BB 410 N A0, RASE ISP RR R it

heatiR@ &Py b%ssﬁbl 13" 3(5)@06 ory. Thé ke@binalibe of Bitiva gelQ:fndeiWQg Bénted first
roduced was general ly equivalent to the anount th

to 1 °&1 for Halwe thsaesshalginovigereusiyy them deatad &0 299 *@fomks %cﬁhe material
was Q%%al%/ gegé !f épﬁ&lﬁlt'ateg)é %fy %ﬁ'ﬁ? nt egf a]%‘ﬂy &og R nirdrlaf @vas heated to

{5 i'4 r “exanp
300 ¢ oﬁerﬂ&hwt %he gropider ddokbldikoosa abtiage flowingi chegteknperature was then

produced the sane, anount of hydrogen as would be
Talseﬁﬁ(bﬂx(m: &oansl the ﬁ%?@er@iﬁ’ﬂﬁgeaé? Wr%h%é the reduci ng

00T % i, el s ol el o o
calcindd $ilita geldvdsamlkeedi in rmat Ertemmelytiflssidwitim3. 012 g of NaK. The NaK alloy
was made with 5.562 g of Na and 9.433 g of K. This mass of NaK has about 50 mmol each
of Na and K and 50 mmol of SiO,;. Therefore, a 2:1 mole ratio of metal to Si was used in the
sample. At room temperature, the silica gel began to turn black and went to a uniform,
pourable shiny black powder within several minutes without any noticeable exothermicity.

From the sample, 22.6 mg were removed for H; analysis. The H; evolution was performed at
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hydr oxi de. The di fference between the total alkal

nmet al percentage as obtained fromthe titration and
wOheosrosthigi ng power is presumably a neasure of PCIAIS2004/039304

concentration of Si OH groups and ot her sources of

hydrogen. Al kali netals can react mﬁth such groups

T= ?gggéc]?%aa %irartgl;g? &g or a%ﬁ 4 éetv§1|u¥1§{ll Ao glr7§§w]agp gorresponding
to 35@@1‘1’(?”0% tald ﬁﬁ%l% ?fgS'E?ﬁluﬁHﬁ 'cGIgestBﬁdsnﬂoMS'WW‘?‘% 6f*}ﬁetﬁﬁﬁ16lh% silica gel,

Ica gel. [0080] Examp
nomidalt &1erﬂ0eszs%shﬂe.l Igading. n"S]nedmnqﬂe aath Ehendm lidatddettirayigh\eecontrolled

procagh KeAEHHgVEIS o7 ek TRl PRSI BF T PORe LD (bF ipdng the flask
durm? e;grl rQud??Ea%hfn"i’tjlat Z%oﬂg]? ag&l%ﬁ’nfyl‘agcti@ns&mgﬁg\{ﬁé 'g%% to “bump”

ns o e S ica gel' coated pan
andc@laithyvmbl t he silica gel and could be ' squashed with

R TN F PRSI T R—
sﬂlcaS 51 RGE dr &3 &ﬂd &?H}]@glaa B8 TRERl cOftchhficdr §s® o kb wel%ht %. One

appear e e was not conpl etely absorbed into
sampde Was prepaed pothea afitheilisagyllleaded $o & #6166 exduping power. The reducing

Differential nni n l.prineter C
powe] WesgE P R S SRS (B BT, ot s fblipdibased on he
amotdt Q)'F‘metal5a'§ld5& Qe GembBRirth 1 0r6 Ve RpRdsBibE SeaclibAl of HieNalkali metal(s)
re-run. After, the sanple was run to 450 C twice. The

with einfmt sitasmTafe measnlremgené of :t}@sr@dn@@gi ppwer-afts prigusrireaiments such as
expoglga 38 ox%ﬁ%l Iagg hlelsred tolalzg' gfél@ qg%%%atl?&? Slglouq QIaéTEttagfhty of this

SS cou

matefiaV €iIA BTRES kd trd:(ﬁﬁ:lﬁgan\QﬂC geuréatd a6 .onth elﬂ%]eaatt@tdl ms of 1.6%,
60 C and held for ten ni nutes and then repeated g

indicgting almagy ng rggcioRetif) OXFEsRiITh dheaprPsaiteRl MALTEE I ossible to use
othe lfogrgqqu ﬁ&%ﬁ% a{18s 8?1(1 X & Ktﬁa& P?@ﬂﬂhﬁdta? Plt B ?&3& temperature. For

examiﬂé evdmhave @r@araﬁwl raﬁigcmbhha:a tsingNa g mﬂmabaﬂtsWreto&haﬂ described

coIIectlng hydrogen in a di f.ied Toeppl er,. pu
in Exagiple b nd hp SHBPIC; ‘@asd%f’li’%ﬁ%gﬁgééc{l g‘é Homgtor, a?fhce;ggﬁﬁg @H mg of NagK

in arl Eimdy E}?ﬂ%s‘ﬁgﬁ laqlehﬁmr Ry él@% Bk, PRPSBEer M?l?pl&a\m%h a 1:1 mass ratio

anount rogen. | evolution fromg of the sane
of Nslnpkiticy gell h}h&d a&%%ecle gmgpalm:g pestlyr, a sTmpk Wwas prapared with a 1:4 mass

t. th t % I tratij .
o G Pt S A e S CPRERDAR LBk povers
that 4@ sébﬁﬁﬁ d!qé ARt eohgkerfrdloge MEhé 8love @ok’)‘eslaﬁé@ i dl@edtzﬂﬂe change

sanpl e or by uniformheating. Sinply heating Stage O

1nprnm;rtws aI overni ght at about 140 Cin vacuo or in an

oo g PRS0 o L SAPHEB S P 85, o

dlsc@)ér B$@fﬂe§t% dRé @i prokessHOE Alksk nitalt. hSilfsaedel waspoudaipon the Cs
size, Stage O material starts to nelt at -25 C rather

8p1111ahd1Waatmmbarbwmd(W&h@é@m\@ﬁbeAHtQI ithe 8 metad was abspsbedygtq the silica
gel t\é%ll}ﬁg%ﬁhg glhca g(:?a 4a%k %fo?.l )Th{l.g': 11§taag%?mak5'éa§nefde§1| clean-up material for

low melting alkali metals and eutectic alloys, such as NaK.

[0086]  Example 9: The behavior of pure cesium was similar to that of NaK alloy, as
shown in Figure 3. In Figure 3, a DSC diagram shows traces of a 1:1 cesium/silica gel
sample (6.7 mg), wherein the top trace (310) is for a fresh room temperature sample and the
bottom trace (320) is a repeat run after cooling the sample. The total value of AH for the

exothermic processes corresponds to about -120 kJ/mol metal. Note the absence of a melting
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with 117 J/g nmetal for Stage O shows that nost of the

nmetal is probably converted to al kali netal cations.
woheosapray ent absence of free alkali netal in PoeUszwes39304

or on the surface of the silica gel particles nmakes

this stage totally free of oxidation in dry air.

[ 008 Ex le 5., Th t
o TR AP T P20 O T TP i o
meltl%féﬁ&’otherﬂﬁbﬁ Csahstal %aé%s&v@d i Yhd DISUetpReinttheh eFour samples of

[ kali metals, such as sodium and potassi um
cesmﬂ,ﬂpgm@elmbaagw haed lden epder@Nd teo g@re nep&ed by warorhagh eddition and

d
one t§he S0 G5enCoo h rhTP L 18 B 50y g romed
free- f@ovhﬁg é)ow-ﬁel% CPRD et vk é@d} Iﬂ'fasé hdldiGingekreardpd¥ad Wi soom temperature
heated first to 150 for 1 hr, then shaken

and 40 §0r mapdofivelyh ehlghéé@@bmgSooi‘zew@u o120, w8 by, vapog-phase addition

wendF 8] o2 AL SN 0 SRt 1Bt e novin

blackOp&kdir@htHeating Siopel@rmitenkletbrined Stagenll fndder Blagwiliigreduced Cs-
e tenperature was then raised to 400 C and the

contajning piligh gelaeithBgreaalutionef beato dios exqnaplgJigwehghoarsghe PSC result
[e 5
oS S S SR A B 1 e
seen Hidt eherdir@r hdating kesmltécﬂ] if. dﬁl@(@h@ﬁnd\lﬁﬁcud’m eha‘&lavb@sahdnoyresent in the
was made with 5.562 of Na %réd 9. 433

-
reheafgglssampre. NEhds HB%W%B&FPHWSWM aager IB"I‘te tg r%ag% Igllr&]‘dStBe absence
of qullig% glﬁ‘ﬂﬁﬁc-gﬁ\.elre%t et)f the §’ca%e @hedBii o of metal to Si was

e sarrp oomtenperature, the silica
[008'gel BExgapliet 1®: t AH f hihea@lkalarrd:tamdtcatgsl powder§,drom Stage 0 to Stage II,
our abl e shi bI ack er wi.thin seve

are e Foeocn P HETECROTE BLGThBERR Evt YT EFGReEHG Linpaction was

obser€d @yffHe PRAGLHES HPX& ﬁqtér%% RAbAISH Sf the REIuBYR laHd iVEAfivMAByY obtaining
performed atT = 296.6 K and P = 738.9 Torr. After

the opticdliabisamtion ispecirumasf irep®dnetdSeeFegire 83pdhgirag shovessan optical

Thi, s H evol orre .
spectiiy; el iR PR R opRe RO BRRR A afepe with the
Stagd Divatedilal bO@RE imd@ntid) Q\/Impfl“ﬁlsdélessélﬁtmwhﬁe beﬁﬂé edthekhowgpectrum

a controlled process to achieve Stage.l and 1|

of thisgneani. aThis Tadioghemipl invabie caenehfwstey in sojagomosmany hours. This
react}orr]leciatﬁle r%%%@ gmﬁ% es%rgtt 1169(9: ognasré%g)@ %dcﬁtag agba%ﬂ' &rdgﬁéh a layered

reacti on “causi
(alkaﬁQﬁétalt-diEcaV@&; $elered[DABA of Emamairceal?élhcﬁ gel)rdhmma:tbgraphlc column, and

di ff t t th t
*a min Gl o 1 UBHVEL TVRAT WUk RE A ca el Shmalograpti

n e | 5
confDSHILIR 90 GRiP At Ol fpossarhl ey mincoda

chromeidgriphy cplmwer couldbe me@thwuﬁlghp aﬂ@h miisl-glcregd|th yedue nthracene
or nore of th(ﬁ ITB.XI rru that cqul.d b

t al ed gas ed
and pratonate (g PR e ﬂérfﬁfafﬂ _r - g8, product is 9,10
dihyEORAERR M Kbatdd. th&%aétfb% RAyFEd 1'11u§'f@e{téﬂ £ssi)s shown below.
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with defect sites. The neasurenent of the reducing
power after various treatnents such as exposure to
woxyG@I13» heati ng was used to provide infor maPComs2004/039304
about the stability of this material. In 48 hrs, the
reducing pomer decreased to only 44% a total |oss of
. i ndi.c |ng XV.0eRn:.i .
[ooséb ‘hbgél e f9 §t%|r nﬂﬁR r%ge{)tlglsr@ fqge Vfg(r)(gcpuuscg og %hﬁujcﬂ ﬁé?ﬁctmn of

anthr@den@Yi$ TWH by sasfségertﬁf&ugh atrhixed ®kd lbblutrm of thé a;rouqx 2 n@etal / silica gel
liquid at or near roomtenperature. For exa

complesaifien f dheainyention: e Bk wigldsin ﬁhtSaca@% UG Witage Irléétﬁ}’l@]swas 92% of the
desnﬁ, %rﬁgﬁét &ltn thehtaiiﬂ gﬁlﬁéﬁigﬁ%«isﬁe@& iﬂg é"%glgl nu-{e!%e @gtﬂ‘glj &P\éﬁﬁlentatwn
resul8 ifFal190 %)y@eﬂdf Tﬁf‘slﬂlusnraﬁes hid Effividncy b€ dle@Bmc\lﬁreﬁ@otlon'IMDa reactant

that 1y 5796 B aRAAPhr SbE CLAMS 97Tt i Pulk g igh i ht had

4 S r of a B d 9 10

been | rOteO%%%ﬁ'pl i sho®fa § Bt g5 G | pftpacthe  an

dlhydisémimfaSeﬁeh alt showld Heakited that dolynmi chrometography rwigh Stagg dl material
t he gl ove box ted i.n no detectabl e change

instegg] %gﬁag? & gnatgresd sqlfeéxwﬁwred%ct WGLORLRE 1 FFHORS Ly with this
less %a‘éﬁ*{ er%d]ﬁeeeslll}lééggal OVi@eD@ta il MFigute8drod Sthé C}eéjdtﬁﬁox‘/bﬁh a Stage I

tiv up process for alkali netals.
Na,Kdiilice gel gedterivdl(~pOU0ed uNeit he Cs Spl II and was m xed

round with Ki p AUof ..t he Cs
oosdl o Bl 17 G4 B R Rl creeri TR aop Al Bl Wi organic
comﬂo‘&h@é is TRUISVured tdabBorl Bl WIBKE e MA10g8RAMonCHE A thitiRocarbon results in
material for lTownelting alkali nmetals and eutectic

coupbihg ryrmsunstw mquwrbqromaﬁl} \Ehemmeé voith arbdk laeativnespl asd the neat
chlorg rEfnb Eggg\s@rmﬁ% r%lcgﬁp 35%%0 &aha 018\11% N}%palﬁogv%o%s ?%%%\Dlg W@low this

coupﬁflg feabtidn WaS EaHTES bt with 9E10 ﬁ@@'b@nz(y@ clYloﬂ‘Gé disvdIesdeinn 0 ml of THF
he top trace (310) is for a fresh roon1 enper at ure

by r@aﬁmre“aﬂw]t he obbtesen! tYaKsilicgogyl materal a4 With Na:K). Partial
redu(%{]otéle ~3g‘?02 lo'cagTe nﬁ)oﬁ%@g?asszgg #1r8h 4L c%flurBlf' %%'ivever further

ermc proce responds to about
expeﬁﬂ'{eﬁﬁhoﬂ%aﬂtedl\bi @ tdigplafes 400% (yfeldi witent usigg xSthgee dnaaf Stage 0

t al But, since 50 wt % contains | ess than
Nazl%mlée aek mpaserials |(-3Gr40 n%t/ﬁéﬁ%zﬁﬁ FRAIERPHE PATSEES EIOREH éﬁe column.

Therg\ﬁ)‘?e #?]9% \ggggllg?lfu hss Dg'%g?lf%lg ®ill TBRE $he EQLAt 82MRLRSt @bnversion to

cesru Fca ve been prepared; two were
desirpd gpodiet Bulkapductiphasd emdirted aftenddhane ofwtirtieg aiithethe Stage I

B0 S TR St R 58 o O (TR v
b1beﬂz§'?ngge@ﬁ%§%sm th@ﬁSFi’g%[‘é%‘; m@@@@%ﬂo@t the @84Hlts of an analysis of the

erature and C, respectively. ht | oadi ngs of
prodllﬁsoftrﬁduoﬂoﬁeaf\he%yl isplovidp Gn adm@eprad@st iFégnre 4P Aeghows a single line

reduced si t hat was bl ue i
GC {eiie B DB rBoyP & i erule oD .G yPhgusk i e L0C shows a 'R
NMIU%@tthéﬂ frodudeThe VBS Sidvl i Pigiesl 10388 agfctes ea;adl}omesmgef bibenzyl.
reduced Cscont ai ni n%
Note the complete absence of the peak for the reactant benzyl chloride at 4.6 ppm.
[0090] Other dehalogenation include the dechlorination of 1,2 dichlorobenzene (partial
through the column, complete in bulk). These tests show that both aromatic and aliphatic
halocarbons can be readily de-halogenated by the Group 1 metal/silica gel composition of the

invention.
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silica gel with the evolution of heat. For exanple,

Figure 3 shows the DSC result of heating 1:1 Stage |
wa2e0misissa gel to 650 C and then reheating t hepcowmiSem4/039304

sanple. It can be seen that the first heating resulted

in an exotherm c reaction that vvas not present in the

reheated sanple. This shows conver Si of Stage |
it ﬁta@MJsiG—andﬂ s‘ €n @
Si gR ca reaction of the Stage | qméﬂ

Exanpl e 10: Al of the alkali netal -SI l'ica gel

powders, from Stage O to Stage |1, are able to reduce

nt hg 0 r aethat ' dehfbell su td t
00910 NEBGEAE 150 i ARl 1 IR BLGN, SANE il present many
probleinm ardsyaelnl a,lmymad@tf podductse I ovastrathar snprisieg,i therefbriythat the batch

s 3l Sy PRI AR g s

blpheﬁﬁ%gta wRf, a8 BhAH K186 Mhid Rl Galficanyaiebicaiizeshdiy NMR (See

ducti’on of anthracene with the Stage | materi al
Flguresflltmwhv &iguremn] 1A 8G, shioi thei resudtssafrani analysist dthegreduct of an

Kk t f,_thi
overnizht boih SN RESERE T EEs “Hbnaf SERE T mgriicine Brenigny Figue
11A sREWE % sirdlé §eﬂ@@€tﬂr®e ﬁgﬁkebﬁBJQ{cfv@fo'ﬁﬁssJ@eﬁﬁuﬁ%m@product and
reaction Sf s, such as a batch reaction, a |ayer

Figurg b1 G ahowsre {INMR|of éhe prefiuctayibe ¥MBrinFagiref 1@@%@111@1'134 the NMR
spectr?n'g]: 'l?g%qgﬁ"en%rl thto E:gg(é]QF qunilﬁg“lfe#fq% orfr‘laé:(lg dr%\t;m(gllflﬁ ?H)m the deuteron-
chlorcforieiked as well as: gorge Ipheg r sufideotpaatah. cThstumn cannot be qualified

typically 50:50 ratio of materjials. Either th
becauseay%N VR derlapia tie ein S ahemicahi gt apwd 31D bebie groduct s
Wi
rosaHREGLE SRS, SR T Brall R i R oo, o
process thht istpmrticed salyneidifiomdit mrhydi'dsuarlmmfthsulfumz&tl@n 1Q\gain GC-MS showed

the pr&{n?rﬁg)%c? ’tb@rbg el]i) na]; ae %ME@@ ;ltlelf\ﬁrgg*@cg gother products.
H 0088] Figure 9 shows a H NVR spectrum of the product
of a Birch Reduction of anthracene in THF by passage
t hr ougk a nixey bed colum of th
si | gel jonpositd ¥hSEG—then
this"Case using Stage | materi al
desired product and the total elution tine was | ess
than two m nutes. Further experinmentation resulted in

[0092h 10Bx#sple éBdAn Tinpertant initiel qeson for the ﬁsec¢fdh@ ywrop 1 meetal/silica

el QRS i o ROk ATt yag e G el U fsent in the
reducéd ﬁﬁé‘é:éorh}?t%ﬁldﬂa A DE/RNBY PhRRAE 615 ikl i idedodngh asd oS gel was

primaril 3; ant hracene and 9, 10 di hydr oant hr acene.
prepated. shimge dhﬁbeo @me@ndmm agglpmerste hestlyaifoyps prapatedt by evaporating

853180 S S o 8 RS i it ver

testedttyl differential scanning calorimetry (DSC). The heat absorbed upon melting sodium at

98° C. was used to determine the amount of sodium in the sample. This was followed by
broad exothermic peaks between 100° C. and 490° C. There was also a sharp endothermic
peak of unknown origiﬁ at 280° C. Upon cooling the sample and reheating, no thermal peaks
were observed. This shows that heat treatment completely removes free sodium, presumably
because of reaction of sodium with the silica. Moreover, solid state Na NMR showed no

metallic sodium present in the reduced silica gel composition. Additionally, it was possible
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| ess reactive reduced silica gel. The data in Figures
for the reaction with a Stage | Na K/silica gel
worb@srosed39 ( 30-40 wt % Na K). [0089] Exanpl e 1BCTMS2000/039304
the earliest reactions of alkali netals with organic
conmpounds is the Wirtz reaction in which
cou

o SRl A0 o OB an. 8 5 POURL e et o
I‘CaCtIBH (&R eRlid g df@ltleafed@&@ silite Wigetyateh h@é}ﬂﬁ@hﬁ@félﬁq\w\ﬂﬁm kJ/mol Na,

he reaction can be dangerously explosive. As is shown
whlclbtsl abapt W%safctbaimflpﬁge manm Bhusm pilenetglisiligy gl cogpositions
benz chl ar in 10.m THF by
of thepfeneeRaritaseapngy e JpRaPheiEl rafts Wkt o g
[009318t eTh@ltofal It \Mf%oNﬁmK)hydRﬁﬂ&d Fbrrfeddvias ithéh (deteaﬁﬁﬁed by the
occurred upon rapid passage through the snall colu

additidowE kG anﬂdpachétrat@mwh vatydrpxides uTheediffpienege betweer this result

o G gl YA TR Gk P S0 s, o

GroupaSha@e cdFeatiowith Beckc@oupiduriipethe fppsairatineo deledsedgiduogen. This
pass through wil | var%( t he extent of reactant

reactioBriy BFESHEROB GG @gigrrea Bredatest amat 1ot 1288 he<gupsing the melting of
sodlu%ﬁl%ég{jesg{te%rfsﬁ yrs of stirring with the Stage I Na
SiTr€a gc]

a[ The only product detected by
[0094‘.} ot hEﬁinME landPﬂdpMMibmaBa 50 b@%zsyﬂluﬁﬁpﬁaﬁmgm reemced silica gel.

res 10A- 10C show t he resu o
1009 ygﬁ% gt P o BT oS et o7 6 oo W&p C to out-gas the

silica ééh 0f (_ng of ﬁn?sﬂ%{ gél @is%ﬁﬁér ol 3kt v%%&'ﬁﬁ?@o ﬁbcﬁit @gbec under

trace ure shows” a nmass spectrum of
high paaoime (2x1@rfotoﬁ1) gnuaa aﬂa@e@ &mx@n@tkl-ErMmmﬁr flagk. pNexit dhe ﬂask was

el By A i B TR L0 5y o

was afd’d@d [SARIBRk 1RRRENhined Itl&i’ {il& &l td f&nPPBY: SDQ@%Q}atg $Bdilica gel to

dehal ogenati on i nclude the dechlorination of 1,
NaK diAg¢Hhisrroierthe MNaK( hegenitawet Hreotiien gH sufa¢atming éhﬁp‘nh@aegel black.

e i TR st B34 30 R DAL LSOl i Tom.

small d¥forfdt 08 Egliatid&ﬁtpa&nh&éd driodgly 8dtivaaoR Gsithe eittir@karhple to be converted to
i nventi on. CHCI 2MSG . V-CH CH + 2MC1- SG [ 009

a fre%ﬁ@ﬂ& biagk méeu (Staee H-ndfnn ther Bastae F]éf’é'ﬁrvbaénn(]’ detectable heat
releasS ul f g (f @;ﬂnﬁ]{ e@ﬁﬁﬁeﬁﬂﬁ PLEP GHB SRR gdn%‘ner oF %Ffe&ire'xeﬁlerrmcally

er surprising

such &l’ﬂﬁ tlE&lﬂé‘dk Heeaﬁé itanhaifto phiehy |Preuuliabtie thvs tbnGttad ¢he Stage I material
Na2K/sil i ca gle g 30-40 wt % yvyielded only biphenyl as

to angthgy K Stags aF BBl ow. This was verified by both

[ooggﬁéﬁgg@mﬁwﬁegégaofbgy@ﬁm'c% 9%91% rdduét hcd g1 C

results of an analysis o product of an

[009T)v er Fiigh2.25ag ofi silieagel was béatgsheniel Vscuiufm treoutgashthe Isdica gel. The
ﬂask%a% ﬁenI rerrElHC)tvgttl Ifr%lm t fe htearllteaftlep }/1c(>e rrgolrg gas evogved and the pressure reached 3 x
10™ Torr. Next, the flask was then placed in a glove box filled with helium via an evacuated
port. After being placed in the glove box, 1.135 g Na was added to the flask. Liquid
ammonia (NH;) was then freeze-pumped once and distilled over the Na-silica gel powder,
thereby causing the following catalyst decomposition reaction:

Na + NH; - NaNH, +% H,
[0098] The line was then incrementally pumped out because of the significant amount of

H, which evolved during the catalyst decomposition reaction. Any remaining NHz was then

25



H A shows a single peak GC trace, figure B shows a
mass spectrum of GC product, and Figure C shows a H
wolehbsobi1s3e product. The NVMR in Figure C is prPauiSkop4/039304
the NMR spectrum of biphenyl. It also shows the
presence of chloroformfromthe deuteronchl orof orm
I ' ts :

T B e Ot "SRR R0 wad Dt with a heat
gun urtder vegivan cofdititresni After béutibg, the Fasbuwad Ma&dpaek ihuvhe glove box.

th d .S . } i . Simlarl |
The SagiFH Boe i ngNasS 130 HrBerLts P UGS s (R from the
gloV%M BwREEb U 35 _téih]%%btﬁi%, t ThdsdWAN,QERE LR fourth vials (509mg,

esul furization. Again - M5 showed the primary
603n1®; add A5 3tg, bespbitpebnyere plachd igthHgMIVR boofigegen h&he fifth sample

f. oth ts. . M SG- .\ S S
(122 Pgu5 Blascatiprecaisd XAt Peibis i Syl info 3, [0 egi of water.
[0099]he wsemple f6NEpighdRon of Sd @ dohtaffing BddueIMBE ddl ONs
of the invention was whether netallic Goup 1 netals

[0010 e Pirets BrA736p of AL % sitige el BP150cned) Nss gididote. anTiylanmeyer flask.
hi s S of, finely, divided sodi il I
The bk Sy et obl EestuBigH BRI A G S EF 8 eun, then
with 83&/chY The ttotdB Fudd (PR &t djysta@lVRPgrak ivelJowmipaoitke fornfldéme. After
frozen solution of sodiumin ammonia. Three portions .
heating anthioyt gessingi the silisp el apprimgtely 144} erafi slicasgal spmpiged with a

cal or,i By b j -5
oG4 Y SR IR SIER AR ASHUORD BRLBESSC x 10° Tor.
Aﬂeﬁwﬂm%iﬁeaitdd, vB@mg affplaevasbilad ints cfltldessvumd addedtootael flask. The target

exot herm ¢ peaks between 100 C. and 490 C. There was

amowgit sof ANas e p! BEdor' e &ap apkted f 1y ey dipR-offiegPrPsgre gnsed to
approlg}:(eirgéjggpl & D"?l)rg.g gp{e/ ggs.ksgﬁgl)ﬁe%te%ﬂﬂtehﬁﬁéﬁﬁg R 90NRinkfe WiBdr vacuum as

wer e o S shows that heat treatnent
moreCantH dtobley. Mhwdlasls whs then sodlied e rqone temyridtyrebed aemed off at 2x10-5

reaction of di ith.th ilica. M l
oS00 T S L T 0GR OREr BOTHL e v
distﬂ%%d&ﬁg GheSirfa68 ofBle SRS FiRMy, ﬁ@@lésk%'théht }?lliaéed/\ﬁsa furnace at
e

ossibleto estimate the heat of reaction of .
210°Grocudght: r dtecenpki wag shenydistibwiedeinto Fhdalgeadllgbur vials (812mg,

77111{1%? %gélbgg%%%gtg}%&rlwﬁ% r%%@%r@%s:]gegg G i%el?d)] %Wigﬁea;?lz\é\éetggré E@t fidezer.
[0016H% @xaﬁqﬁbﬁnoi Fiigtcs Peiti®m Thus, the Goup 1

nmetal /silica gel conpositions of the inventjon rel ease
[00162]ns i Tver sampdesefaya (ilson gel mivtes o Eyample & aboyeppggpbtained from

- The.total _an . of ' ' f Q

LN A TR T—

3 tinis &@?%@é&blgmdg)@dl@fzirdﬁ-anmpﬁcdﬂ fid erf'fmﬁldaedagg\llem.t Thesfirst sample of
resul t and the reducing power is pr

Na /gflicnrss] sNeEn RS HeBRdde & BF G 04l e BV heXs it smple was

then Ce@?cda?e%c {q’itg' lidhi le?zh &)‘iiﬁg.ps'l“ MRS DS BlR pe@l]'b%ﬂ Q8 w8m to room
refease hydrogen. “This Feaction 1S presumably the

tempefat@i nndfthé beseh pragfiecativy tte whctgmsoff the MNad/ silica gaj antiehe Citrus Oil

mel ting of
were measure%. The sample was then held at room temperature for 110 minutes to observe

reaction. The sample was then cooled with liquid nitrogen and water was allowed to
condense onto the sample for 5 minutes. The sample was then allowed to wénﬁ t‘o permit
reaction of the sample with water. All gases were then collected and measured.

[00103] The second sample weighed 109.7mg. 161mg of Citrus Oil fragrance was freeze

pumped 3 times to a pressure of 2x10 Torr and placed in a He filled glove box. The second
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sodiumin the presence of silica gel. [0094] Exanple
14 - Preparation of a 50 wt % sodi um pot assi um r educed
weiizbismaisgel . [ 0095] First, about 40 g of silicacgeiSz:eas39304
heated in air overnight at 600 Cto out-gas the silica
gel. 3.0 of this silica gel was further out-gassed
sam € aberdt
L e e el g o ML B e dore box. The
Sampﬂmwa$ theslevemmtqd wite iqiid Ny doelinginThe lselmpie g\ia@\ﬂ@anlwbowedao warm to

n_evacuat e ort. lar ratio)
roonr PR ARG o afeases mbfeeil 1 e Faatisrial o] qii @ and the Citrus
Oil Wé&te frRédfuRIDOTRY shpR Wal HRnOfel@iak |
1 tth poi nt_the ﬁbK?began tg'ﬁ%§z%ﬁg&29§hggggﬁ$ p)nnnuwSto
obsenvg ﬁ:ﬁcﬁgnt ﬂ"l;e gamplg avag dhendomtsd. widlh ilqmdrmmigeal anfl hmmrtvb& allowed to

v X, S cum p te
cond8f 8 b sl WS B, YBF VGO A R RBDRBSHBBl W to e
reactOR@IHHE Aeiply ﬁ'ith%tefro Al ih%e@ﬂ%ﬂertﬁeﬁ@dmt:ﬁdtaﬁd BRasur
converted to a free-flowi ng bl ack powder (Stage f%

WOl%ﬂonEﬁW@PkdﬁctDQ%&W¥H©€@mMB$UWﬁidetectable heat

| d t , .
o0 55 ARAERDA, SR SR Y B RS 01055 & o
bicarbdrask ObEC anediungo chatining feaueld. s11|f’éae§éln§1§i ¥27th68 ance A second

converted the Stage | naterial to anot her form St age
deodgrjzeg rcog{pggx@om qgntan[ngggl;? gg;ggﬁg,w@dl 5.35 pr eqyhivmt bicarbofiate, 0.11 g

S O R W TR TR a—

contatlhmg Ql& g citrigedeid, Dk% £ Isadikmwbisatbogite, €MD \sesbdii® Mohffhing reduced
i g @fter no nore gas evolved and the pressure

Sllcargg @REH-5 {aganesi r . " Next, the flask was then placed in
a glove box filled wth hel i um via an evacuat ed port.
After being placed in the glove box, 1.135 g Na was
added to the flask. Liquid amonia (NH3) was then
freeze-punped once and distilled over the Na-silica
gel powder, thereby causing the foll ow ng catalyst
deconposition reaction: Na + NH NaNH + A H [0098] The
line was then increnmentally punped-out ‘because of the
significant anount of H which evol ved during the
cat al yst deconposition reaction. Any remai ni ng NH3 was
t henrenoved and the flask was evacuated to 3 x 5 Torr.
Next, the flask was heated with a heat gun under
vacuum conditions. After heating, the flask was pl aced
back in the gl ove box. The sanple was then distributed
into 5 vials. The first vial (449ng) was renoved from
the gl ove box and was stored at roomtenperature. The
second, third, and fourth vials (509ng, 603ngy, and
653ny, respectively) were placed in the glove box
freezer. The fifth sanple (122ng) was placed in a
seal ed vial before being dunped into a 1000nL beaker
of water.
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[ 0099] Exanple 16 - Preparation of Sodi um containing
reduced silica gel [00100] First, 2.2786g of 99 %
weoizbispaisggel (30-50 nesh) was added to an Erl| enReyRIS2004/039304
flask. The flask was then heated and out gassed under
vacuum condi tions, first wwth a heat gun, then with a
rch. The torch fuel was adjusted to give a yellow
Wha{]lgéﬁ?lgl & torch flame. After heating and out gassing
the silica gel, approximately 2.145 g of silica ge
remai ned with a volune of 2.5 cm. The flask was then
1. heAt@guphangsel/ailécd gebcamprsetinn gompaising the praduct off t er

bei n t ed, ~980 .l ed. j nt [ :
ST RSl 8 98 6 S R GE oterma
condltiond suffisichh® dA¥3omethé Beuid Grote 1 iletd Kntotthesiie£gd potes, wherein the
changed to approximately 3 Torr. The flask was heated
Grouprit tagtad/ sitiehgsl pomppsibon pioduessreagigiwithiy Gam as nore
gases evolved. The flask was then cooled to room
tenperature and sealed off at 2x10-5 Torr. Next, the
2. Tl oskGrap hesfadsilicagéllcompysition bectainn il mdeesin tdié sitieh kel has 50 to
of the flask was distilled onto the surface of the
1,00& A digmpetgeporessi nal |y, the flask was then placed in a
furnace at 210 C overnight. The sanple was then
distributed into 4 vials. Al four vials (812nyg,
3. 77IngGradImmetalisiticd 28 mympbsitiomnf/clrimmh iwletesis the pores of said silica
res ectiveh*) wer e, pl aced ip %%F freezer. [00101]
gel have i pveragemony ian it PPERY ALY 1‘%2] Two sanpl es of Na
/ silica gel mxture from Exanple 2 above were
obtained fromfreezer. The first sanple wei ghed 520ny.
4. 68EmpGufupd metaysitica gélcagpasition whelainn & avhsrein thscdrogp 1 metal is
ies to a pressure of .2x1 5 Torr d ac in a He
selectid TFgn 5 GoBb BEEpemyifiy Sedifh wffin g Rty Prfoffprou 1
metald Xture was then added to the Citrus G| in the glove
box. The sanple was then evacuated with liquid
cooling. The sanple was then allowed to warmto room
t epperat ur 1.h . . . ' .
- ¢ nORRGRb BRG0P o TSAPRBUEE BE Dol MR BASGRD L Ghetal .
sodivi@otesipmerlgs then hel d at room tenperature for 110
m nutes to observe reaction. The sanple was then
cooled with liquid nitrogen and water was allowed to
co n : :
6. ¢ nEAearfipl el Bfcs AR AL Bl of LB £ Sl JF IRATRUE 118tal i
presanit ihanaheunt up tg 88%byweeighttlbah col | ect ed and neasur ed.
[ 00103] The second sanpl e wei ghed 109. 7ng. 161ny of
Citrus QI fragrance was freeze punped 3 tinmes to a
7. pr?ﬁ@ﬂé&g 1QhetabHicy n%‘PE(Sm il @mGHisidp tBe PRodutd dred gl ove
box. The secondsanple of Na / silica gel m xture was
t heixing d diquiddGroup 1@h¢taluwitiCsilica geltundenygxothermisyconditions sufficient
sa e.wa hen.evacuat.ed with Liquid.cooling. .The
to a1 GrRER ! SRORB N Gt e GURY Tuh ik st pores,
wher@ttht BRoER b BfetdMsRHEH GeIdypokHidn pedfiick @ Bodinot RRcNRith dry O,.

silica gel and the trus

8. The Group 1 metal/silica gel composition of claim 7 wherein the pores of said porous

silica gel have an average pore size of approximately 50 to 1,000 A.

9. The Group 1 metal/silica gel composition of claim 7 wherein the pores of said porous

silica gel have an average pore size of approximately 150 A.
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Ol were nmeasured. The sanple was then held at room
tenperature for 110 m nutes to observe reaction. The
weanplosisaas t hen cooled with Iiquid nitrogen aRdTWwER@®A/039304
was allowed to condense onto the sanple for 5 m nutes.
The sanple was then allowed to warmto permt reaction
of the sanple with water. Al gases were then
col |l ected and neasured. [00104] Exanple - Deodori zer
10. Cormpogidup ANGethPQlODFel Aofpbsitiordeldsifi 7 8heriieGrou® M metal is
containing 0.8 g citric acid, 0,35 g sodi um
Selectﬂd(fmﬂb theareup oonBisting o6 DI BoFRSEIhiAAG 0% of Bwel oxpTecGroup 1
and 0.27 g fragrance. A second deodori zer
onp05|t|on containing 0.8 g citric acid, 0.35 ¢
sodlun1b|carbonate ‘0.1 g sodlun1conta|n|ng reduced

silica gel, and 35 g frag rancﬁe Athird deodarizer
: co}“.lﬁo@wpdrfn@f@Hﬁlhp%g%O@PQS%jOlb? Glpign 4@ wheregn ths Ggoup 1 metal is a
) onate, 0.1 g sodium containing reduced
“ﬁnéﬁﬂkM"gg%ﬂggnd 0.5 g fragrance. What |Is O ained Is:
A Goup 1 netal/silica gel conposition conprising the

product of mxjng a liquid Goup 1 netal with silica .
12. goThe Grogn | el sikeneel sBPESitRRIeTclpiab  MbFTRR ttf@é_?fawe 1 Gnal i
Pﬁméﬂwf*ﬁﬁﬁg%“hgtég@%&ﬁ’ tlqu|d Goup 1 netal into the

I ca pores, erefn the Goup 1 netal/silica gel
corrp05|ti on produced reacts with dry 2 The Goup 1

/silica osition of clai ere| said
13. %Eau%élm%%lgsel% RS RFCHIRESEIE %P%’ “C‘é’ The
Gl‘ﬂi’k@ngla BLidlddup i1 ‘%ﬁ’etﬂ%ﬂlﬁﬁﬁ@@@él tuh @& exbtietBicBoditions sufficient

erein the pores of said silica gel have an average
to abparb ehesluqued armgpb metal peto éhe)/sﬂl@(gsl pdres Thehting ,§helresult1ng mixture

o 3 L OPL BRI S i O Gl oot

gel cBMFbﬁh ro@8&ddiBes ackeddt vathl @y f two or nore Goup 1
The G oup 1 netal/silica gel conposition of
claim4 wherein the Goup 1 netal is a
u (g (N :
4 gorheSHBBIRBHIR kkonbosifREoLHEMP S WEEIA 5 ol said
porou§31m&e¢ Riivd 4h ARraRPoRd sizipoftapphBmbiylyil ©HL000Ad. 7. A
Goup 1 netal/silica gel conposition conprising the
product of mxing a liquid Goup 1 netal with silica
g o] 1§ wBlfeid 1%%'? id
15, lehéf‘@Po%rrp dﬁgg{gggm grel%thﬂb&h?ﬂ‘gE Sufd 19 bxgl cirt e B! sa
porousnshbcet g'eé hsvd arcaave@e poor 833 of approximately 150 A

meta

16.  The Group 1 metal/silica gel composition of claim 13 wherein the Group 1 metal is
selected from the group consisting of sodium, potassium, rubidium, cesium, and is an alloy of

two or more Group 1 metals.

17.  The Group 1 metal/silica gel composition of claim 16 wherein the Group 1 metal is

sodium, potassium or a sodium-potassium alloy.

18.  The Group 1 metal/silica gel composition of claim 13 wherein the Group 1 metal is

present in an amount up to about 50% by weight.
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wherein the Goup 1 netal/silica gel conposition
produced does not react with dry 8. The Goup 1
worb@lossi3hi ca gel conposition of claim7 wher ePaTise004/039304
pores of said porous silica gel have an average pore
size of approximately 50 to 1, 000A. 9. The Goup 1
19, mﬂfﬁ% Gt llpl fﬂlg%?/lsilﬁg gaoc%:rrfp'ogi'ﬁoﬂ fof Elatth 1R ZVh\@Pe% ﬁ{erloguﬁl?%of the
pores of “sard porouS silrca gel have an average pof
Growp Zmietal isgjreeaxinramt hguni 6030-40% biheeighitoup 1
nmetal/silica gel conmposition of claim7 wherein the
Goup 1 netal is selected fromthe group consisting of

r uli g ' - : 1
20. | PP 8 s £ BB sdrliticfe BRPRAELU 1 o

of mitiag mlighir @touptlhaettl witlp silicarg¢laindesexathermic conditions sufficient

sodi .pot.assium all qy. 12. The G oup netal/silica .
to ab@%q% the hiodion | Sretel o lifrogel AR ad bPs thS psppg mixture
o ARG VA (ROUT R DDl el hmposition
prodpeedidices noffremdtwvithgdry @2 qui d Group 1 nmetal with silica

gel under exotherm c conditions sufficient to absorb

the liquid Goup 1 netal into the silica gel pores and
21. heghé Godp EmeRPMilich ?él d¥mplobikiBn b cidirh QURGIeRliN R Jokes of said

bet ween about 215C to about 400 , wherein the oup 1
poronesititd gl havaamavteragemoos sizs ofappraduetely Hotesl, ot Ar eact

with dry 14. The Goup 1 netal/silica gel conposition

of claimwherein the pores of said porous silica ge
22. havBe GrowpvEmee®/sities ge1Sdo§%omipﬁ BPE1Rth 78 trdleYei® thetfdrds (F@8id

A. 15. The Goup 1 netal/silica gel conposition of
poroys gilieg S BIAEG AN LFREAGSAI0ER S1BY OE@PHOW@%{% ii ca gel have

an average pore size of approximtely 150A. 16. The

Goup 1 netal/silica gel conposition of claimwherein
23. t hThéGeop ILmerl/silich gels@hpobieidn bf clainh Re vdietsipthe Group 1 metal is

consi sting of sodium potassium  rubidjum cesium _ and
seleqted fpm4hg Fipup corspriingof st RMEPFats iU, FEpidiun, cpsiumypged an alloy of
two IﬂHfédroUEtl dgis! 1 ca gel conposition of claim 16

erein the oup 1 netal is sodium potassiumor a
sodi um potassium alloy. 18. The Goup 1 netal/silica

el.c osjtion of claimwherein the up.l netal is .
24, DTS RO sl oS BaB Ol lpeR Sy IR Ggup raetalis
sodiltﬁg,g[&t?asﬁiuﬁﬁto@la]{s&itlih'e t8Rlune AMERQsi tion of claimwherein

oading o oup 1 netal is present in an
amount of 30-40% by weight. 20. A Goup 1 netal/silica

- 25. geJThg 8‘1:%0u%sf }nle%ﬁ]/sﬁi%ggfrzll c%b%%si%igg 0 El%l%J % w(ilferein the Group 1 metal is

present in an amount up to 50% by weight.

26.  The Group 1 metal/silica gel composition of claim 25 wherein the Group 1 metal is

present in an amount of 30-40% by weight.
27. A method of preparing a Stage 0 Group 1 metal/silica gel composition comprising the

step of contacting a liquid Group 1 metal with silica gel under isothermal conditions an inert

atmosphere or under a vacuum to absorb the Group 1 metal into the pores of the silica gel.
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mxing a liquid Goup 1 netal with silica gel under
exotherm c conditions sufficient to absorb the liquid
warospsis3get al into the silica gel pores and heariusgno4/039304
the resulting mxture to a tenperature of above about
400 , wherein the Goup 1 netal/silica gel conposition
pr V. ..
28, T aHFE0 PegRplite ASARE T houb Cltsfhiicd 38 ISR ihn oppriing the
Steppﬁres of said porous silica gel have an average pore

e . of rox eI 000 A. 22. The Gou

ms ?ﬂtlingltﬁ%)g@g@ Bﬁ’\%&%ei%ll} . ’r?a&el CQuapasten afjelaigi{ tpﬂéO°C fora
timeR@Ad Qﬁdé}fcoﬁ&'t EnPRy Dnderd blab€8 @Blip N

Rl Bhde apprloﬁl ) o e;/ 1ag Syp %&algﬂhc% Fg?:gé‘&ﬁpc‘%ﬁfc‘i’coaStage
I Gronpt lametal/bilica gelomponitios t | on of claim 20 wherein the

Goup 1 netal is selected fromthe group consisting of

sodi um potassium rubidium cesium and an alloy of
29. t WA BEthEPbEpieh At aLSEBé Bl Groug4 méEQl?slﬁ Vﬁlm?osmon omprising the

nmetal /silica gel conposition of calm elrn ?1
SteP@oup 1 netal is sodium potassium or a

1oy, .. The -
g LG RR T R A AR —
of belt\seqmre&)b&mlﬂ"ﬂ t6BbARANOC i 4 8n& A Qﬂde\ﬂ’@b&ﬁﬁonszt@ col ¥t Stage 0
oup 1 netal/silica gel conposition of claim?25

Wem%ﬁaHSIllﬁ%g%woamﬁ%t% Stage Pr@xount! thefaldsilicangel nompésition.
30-40% by weight. 27. A method of preparing a Stage 0
Goup 1 netal/silica gel conposition conprising the
30. stApnahodofrapdringg Stagé NUGEOUR' IomBtal/silied gl hipBsifibh t&@prising
el _.under isothermal conditions an inert atnbsphere or
the &’ér a vacuumto absorb the Goup 1 netal into the :
p t f
S?lﬁae%gngfh& %’cﬁ S0 b&‘&@a??l ?iélgf‘ééﬁ‘bﬁ%gs@gn {B? ERAL LAY, 2 temperature
above @bﬁpl’t 5809y fd}l’rﬁetlme apd ofider hemhtld)lg; tb lcen‘&‘rﬁ@teg@o Growp1 Inetal/silica
1 msta( ig [ c% geh f?,orqjo]ii |a§)n of claim27 to 140 fora
gel CPMRESTINTHIo Arefape UbHETR binstal/slies ge/ciompesiligs- 0 Group 1
metal /silica gel conmposition to a Stage | Goup 1
metal /silica gel conposition. 29. A nmethod of
- prapathapforenaaigs al Stagelotup Imeetal/siked get aompbsition comprising the
Step%on'posml on conprising the step of: heating the Stage
Goup 1 netal/silica gel conposition of claim27 to
a rhﬁdiﬁgea[ Ryud &refp Dedetd erthadinek go? 1RGerleRoRbRNE cé@cﬂtlsﬁ su?ﬁment
i e and under conditions to convert Stage 0 G
to abWé‘P the/liquid Esoupel metahpokiquid Grourol mesd aljey into the@dp:agel pores.
nmetal /silica gel conposition.

32. A method of preparing a Stage II Group 1 metal/silica gel composition comprising the
steps of:

mixing a liquid Group 1 metal with silica gel under exothermic conditions sufficient
to absorb the liquid Group 1 metal into the silica gel pores and heating the resulting mixture

to a temperature of between about 215°C to about 400°C.,

33. A method of preparing a Stage III Group 1 metal/silica gel composition comprising

the steps of:
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30. A nethod of preparing a Stage Il Goup 1

nmetal /silica gel conposition conprising the step of:
waeeaisioae3the Stage 0 Group 1 netal/silica gel PCT/US2004/039304

conposition of claim27 to a tenperature above about

500 C for a tine and under conditions to convert Stage

0 faixitia liqukl Glol: Flllmcﬁal with sﬁ@zl'@éﬁinﬁbﬁ&oﬁiénﬁlc%ﬁ hé %ufﬁcwnt
metal /silica, gel conposition. 31. nmet hog

G ou
to abﬁqrg ﬁg“f' ﬂ%‘ﬁd Sraumbanetal dgtg thy stlicreged poessland heegmg the resulting mixture
to a t%%gglg Birk 595{,603%9{%0@@9 the step of mxing a liquid

nmetal w silica gel under exothernic
conditions sufficient to absorb the liquid Goup 1

met al ui d metal alloy into the silica

e‘%\ ﬁ%‘%lLOf %EO uﬂ“&i‘ffﬁ%e%ga%ﬁ@wﬂnyﬁjha sigp afj eontactidgau@roup 1
metaﬂ‘sﬂﬁﬁ%ﬁ&inﬁﬂ&fﬁ gﬁ%ﬂq }a{zvgﬂa{corm“ sing the steps

f I qui oup

m Xi ng a with silica gel
under exot hermi c cond|t| ons sufficient to absorb the

e\%o%ﬁ B |nto the silica gel pores and
EPFQ Eﬂng Pﬁ drogeik gakrompsising therpiep af consacting a Group 1
metapﬁﬂfé@ 881 Rkt dEciaftn 2RAH] W%tgp C. 33. A nethod of

preparlng a Stage Il Gou nmetal /silica gel

conp03|t| on conprl Si ng t he steps of:mxing a liquid
wi.th under exothermc

c on i hogr#gr E{?FP*FB% B?Sﬁ‘?‘mg?}l §8F’r§’“lsﬁlé the gfep af egassing a Group 1

metalBiliad géliboshpobifiof bf £16/n 98 WithQkAs, and heating the
resulting mxture to a tenperature above about 500 .

34. A nethod for producing hydrogen gas corrprl sing the

st [ a.Goup 1 netal/ silica.g
57, SYEReloa ARSI ) B el e 1 e tings Group 1
metalpmnwgamgnipmﬁo@eﬂclgi@ﬁzamrwa%rng the step of

contacting a Goup 1 netal/ silica gel conposition of
claim7 with water. 36. A nethod for producing

h f t act G
38 BB feciBRorf OB il (b fhe R 1R Aol the
impro3Fmen qmmmmgfaondmmgmlm I@:@ctfmdﬁ@lﬁlﬁﬁke%%e 69@@%@ DehelaBilica

|ng a Goup 1 netal/ silica ge
ge“’o@}ﬂ?g tOrCfGEme claim20 with water. 38. ABlrch

reduction of an aromatic conpound in the presence of
an al kali netal, the inprovenent conprising conducting
39. t AeBirelnrsdinetion of amateorpatesmmmund imtherpaespnce otRhalltabithéteiR the
0 OSI tion
1mpr09§me1% prising con(? tlng ?he reaction in the presence of a Group 1 metal/silica

- gel composition of claim 7.

40. A Birch reduction of an aromatic compound in the presence of an alkali metal, the
improvement comprising conducting the reaction in the presence of a Group 1 metal/silica

gel composition of claim 13.
41. A Birch reduction of an aromatic compound in the presence of an alkali metal, the

1mprovement comprising conducting the reaction in the presence of a Group 1 metal/silica

gel composition of claim 20.
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39. A Birch reduction of an aromatic conpound in the
presence of an alkali netal, the inprovenent
woan@rissizmg conducting the reaction in the prepenas2mit/039304
a Goup 1 netal/silica gel conposition of claim?7. 40.
A Birch reduction of an aromatic conpound in the
. pr i
RS n Ot ol b R enale Mook HiE RURARAN fn e presgpoe of
alkalam@abthe irnpnewethémlcbnmasgglcon@qung |the wactivh ia ke presedce df a Group
1 fLBer reductlog flﬂan aromati c conpound in the
mefalislicagel epmposttionedclaitfdt 2l the i nprovenent
conpri sing conducting the reaction in the presence of
a Goup 1 netal/silica gel conposition of claim20.42.
43. A Ae‘hhalog@mﬁbh osectiernef 4 miogﬁ‘natedlmgmj@cmmﬁmnd i eheiptesence of

co n the presence of netal, .the
alkaly W%Fawﬂmmx icgimRgsitg ﬁa%%wlﬁg e e Riond i prsonesyef a Group
lmeﬂil/@ﬁi%ﬁ%ﬁl&fm posfEoRW cthifigt al / silica gel conposition of

claim A dehal ogenation reaction of a

hal ogenat ed organi ¢ conpound in the presence of alkali

r QVenEnN ri conducting.the
4 LAk EaR b P n BGRB8 ecpsesge of
alkalC@BRDIhé {rBProdEmEdt @biMbrising dondicHBR #lca8RMRL P &er}ﬁ@s‘éhée%f a Group
of a hal ogenated organi c conpound in the presence of
1 meglfRidicp galeqommposition of AsiBVdment conpri sing conducting
the reaction in the presence of a Goup 1 netal/silica
gel conposition of claim13. 45. A dehal ogenati on

45. r eAdkhslogafatian rakigesd leflonarRb ioeg M ERAMPInE th the@resence of
pr esEnce of alkali netal, the inprovement conpriSing
alkal R dbG RePTOKRMSTE SPRPHFNE ﬁorxtqv@t%g theapasiopfin the@resgpeelof a Group

1me{5%ﬁ'°5§%1'dg agﬁllofl%@gjgﬁﬁbbl on of claim?20. 46. A Wirtz

reactl ogenated organi c conmpound in the
presence of aI kali nmetal, the inprovenent conprising

c ctln tion in the resen a Gou
46. nefg%“'sfﬂ 8%9 el e‘@i BRI PERANYS Om%uﬁﬁ?fl&lwrewpwaf@%ah metal,
the ithSRGEMER c%fnp%sﬁ@c@ﬂ&[@ihg %eoxregﬁIUnQn‘f siade bla B
resence of "al kali neta he | npr ovenent conpr|3|ng
meta %hdugﬂwﬂngMEome%@&mmh.|n the presence of a Goup 1
nmetal /silica gel conmposition of claim7. 48. A Wirtz
reacti on of a hal ogenated organi c conpound in the

47. preseneLreatticl &l haldRhated ofdaficl JPRIRVBIRhe %%Qﬁde%f rdfkah metal,
conducting the reaction in the presence of "a

the irpprogement| cogwprigialg cendystisg theoragsiongh ghepregnce ofa GI’OUP 1
metal/silica gel composition of claim 7.

48. A Waurtz reaction of a halogenated organic compound in the presence of alkali metal,
the improvement comprising conducting the reaction in the presence of a Group 1

metal/silica gel composition of claim 13.
49. A Wurtz reaction of a halogenated organic-compound in the presence of alkali metal,

the improvement comprising conducting the reaction in the presence of a Group 1

metal/silica gel composition of claim 20.
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49. A Wirtz reaction of a hal ogenated organi c conpound
in the presence of alkali netal, the inprovenent
woao@rissi3ng conducting the reaction in the preBenas2#/039304
a Goup 1 netal/silica gel conposition of claim20.50.
A desul furization reaction of an organi c conpound
co LA Lde di ] r nce of..alkali .
0. TR GaforElalh i or 2R (piEaRbRRRRICe g8 fikege in e
preseneaof alkali inetal,Ithe pn@eeanent cdbmariGhg epnductibg 8lo/18idtiosian Bl presence
0 sition.of claiml1. 51, A desulfurization reaction
Ofaégﬂg petglsilica gl epmaeRtienh d¥m hg a sul fide |inkage in
the presence of alkali netal, the inprovenent
conpri sing conducting the reaction in the presence of
51. a Aodesnifutizatidredesstidn afangegandocomysivnt @on@fning fkilfide lilidge in the
A dgéqkﬁuriéﬁt'on reaction of .an organi.c conpound
PreseRgh Pt Rt higel.4bg FRRFaVEmant SeaPTIFing eidiicag Hiedeastion ik Hiejpresence
of a GRUB!L mthRsiliEEP ¥ERBaitiGPORIAiR 19 conducting the
reaction in the presence of a Goup 1 netal/silica ge
conposition of claim13. 53. A desulfurization

52. lr ie %‘gslélz 'ogtéc?aq)gregcgtgwggc{,fgg %gg%gﬂuq%gm%on ggq?ti’aln r}gga ssulﬂi(fiel I?nekage in the
preseh &6 Alled Mk tal GRP kb ki &0 BEHFidiRg céﬁlﬁllcﬁﬁé‘ﬂ'feir%tibﬂ irt € presence

resence of a Goup 1 netal/silica gel conposition o
ofa @qogp thnpgial/silica gel composition of claim 13.

53. A desulfurization reaction of an organic compound containing a sulfide linkage in the

presence of alkali metal, the improvement comprising conducting the reaction in the presence

of a Group 1 metal/silica gel composition of claim 20.
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