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SUMMARY OF THE INVENTION

The present invention discloses a process for preparation of a substituted

formamide, said process comprising: (i) contacting oxygen in the vapor phase
with a compound of the formula CH;NR,, wherein R is selected from the group
30 consisting of Cy to Cg alkyl, phenyl, naphthyl and C; to C, alkyl substituted
phenyl or mixtures thereof; in the presence of a catalyst selected from the group
consisting of: (a) xerogels or aerogels of the formula AcAugM -(x+y). Wherein A
1s selected from the group consisting of Cu, Cr, Ru, Co and combinations thereof,
M is selected from the group consisting of Al, Mg, Nb, Si, Ti, Zr and
35  combinations thereof, x is from 0.001 to 0.5 and y is from 0 to 0.2;
(b) heteropolyacids selected from the group consisting of H4PMoy;VOyy,
H5PMo1(V,,049, HgPMogV ;044 and H7P,Mo17VOg;; (¢) metal-substituted
heteropolyacids selected from the group consisting of Hy(6-2)PM01oVEQy,,
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H5PMb10V2Q40, HEPMoOV3O4M0 and H7P2Mb17V062; (c) metal -substituted
het er opol yaci ds sel ected fromthe group consisting of H4+(6-2Z) PMb10VEXO,
1 WO 01/ 58260253227/ US01/ 02329 H5+( 6-2) PMbOV2EO40, H6+( 6- z)HFNBESA30238 and
H7+(6-z) P2Mb16VEO62, wherein E is an elenent selected fromthe group
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forrrula Rur ( HPA) s wherern r fromO I's from

0.00 1 to @nA5subspmIed %@P@éﬁeétftlﬁ?@WPﬁé{%@WZConS| stl ng of 25

het er opol yaci ds Aagwdigab%dqaalcm@bﬂu@@bfﬁla@adcd\/h i€ Ixefdg€M drr om the group
consi sting of A]: ?g%f I M D@S | .PTI The tertiary

am ne st ar £F1§° Qfm‘(‘BEbé‘ud ldw*zé’dw eé?fnbéélsa? Ceflftom PSR to t he
formul a CHSbRxstng&rfeﬁmGRRs, Gehrelcdomebifiat mins theeogﬁ,rMupsﬂecnsd fvmnge 30 of C |
to C8 Ky h i-tut ed phenyl or

mi xt urgé "g)ocg}%%n 0Xi dg}%{é I\%]%l %Uc{&d%%ﬁﬁbl@{ On?H or rt;’an%t] F&"coPr espondi ng
to the forﬁﬁ‘c’lmI 8- 0PIt NRad Wh@eella)X|l$jﬁ@mdht0&2 trimet hyI am ne to di net hyl
formam de is prefigiteedisclosure is a composition of matter, comprising: a xerogel or

‘aerogel composite of the formula Ru(HPA);M_+5), wherein r is from 0.001 to
0.1, s is from 0.001 to 0.05, HPA is selected from the group consisting of
25 heteropolyacids and heteropolyacid salts and M is selected from the group
consisting of Al, Mg, Nb, Si, Ti, Zr.
DETAILED DESCRIPTION

The tertiary amine starting material to be oxidized can be any that

conforms to the formula CH;NR, wherein R is selected from the group consisting
30  of C; to Cg alkyl, phenyl, naphthyl and C; to C4 alkyl substituted phenyl or
mixtures thereof. The oxidation product will be any formamide corresponding to
the formula HC(O)NR,. The oxidation of trimethylamine to dimethyl formamide
is preferred.
The oxygen used in the process can be pure, mixed with an inert gas, or
35  air. The use of air is preferred.
The reaction is typically conducted at temperatures of from about 125°C to
about 450°C, preferably from about 150°C to about 275°C. The reaction pressure
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nore by weight of D¢ kaogalpacregelsysyd in henipyeitiansemprise a matix magstabr i al
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al cohol s. A‘lehf??ﬁiﬁlnqgobf/o?%;d\ﬂ@)smﬁﬁﬂe used as starting material for preparing the gels.
The inorganic metal alkoxides used in this invention may include any alkoxide
which contains from 1 to 20 carbon atoms, and preferably 1 to 5 carbon atoms in
25  the alkoxide group, which preferably are soluble in the liquid reaction medium.
C,-C4 alkoxides such as aluminum isopropoxide, titanium isopropoxide and
zirconium isopropoxide are preferred.
Commercially available alkoxides can be used. However, inorganic
alkoxides can be prepared by other routes. Some examples include direct reaction
30  of zero valent metals with alcohols in the presence of a catalyst. Many alkoxides
can be formed by reaction of metal halides with alcohols. Alkoxy derivatives can
be synthesized by the reaction of the alkoxide with alcohol in a ligand interchange
reaction. Direct reactions of metal dialkylamides with alcohol also form alkoxide
derivatives. Additional examples are disclosed in “Metal Alkoxides™ by
35 D.C. Bradley et al., Academic Press, (1978).
The first step in the synthesis of the gels containing alcohol, or alcogels,
comprises first of preparing non-aqueous solutions of the alkoxides and other

reagents and separate solutions containing protic solvents, such as water. When

-
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condensat on, DRREDd, 08,01 UG ALK 8 SYRLCTL p SRS Rl g 80 pot
added concentrations, it is probable that a heavier gel will be formed that has no less
25  pore volume and surface area.

In the present invention, to the alcohol soluble alkoxide and other reagents.
water and any aqueous solutions are added in a dropwise fashion to induce
hydrolysis and condensation. Depending on the alkoxide system, a discernible gel
point can be reached in minutes or hours. The molar ratio of the total water added

30 tototal Al, Mg, Nb, Si, Ti and Zr added (including water present in aqueous
solutions) varies according to the specific inorganic alkoxide being reacted.

Generally, a molar ratio of water:alkoxide from about of 0.1:1 to 10:1 is
used. However, ratios close to 4:1 for zirconium(alkoxide), and titanium-
(alkoxide), can be used, 2:1 for Mg(alkoxide),, 3:1 for Al(alkoxide)s, 5:1 for

35  Nb(alkoxide)s, 4:1 for Si(alkoxide). The amount of water utilized in the reaction
is that calculated to hydrolyze the inorganic alkoxide in the reaction mixture. A
ratio lower than that needed to hydrolyze the alkoxide species will result in a

partially hydrolyzed material, which in most cases will reach a gel point at a much
4
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ammoni a 25 anc I OXIl Typically the extraction fluids are gases
at at nosphelimited goAliorachlpsocsabans Aypified by Erondgereshloromeiharesdasi-| | ary
forces at tpgoh®qui@ciat)i Preon® 12 (CCl,F,) or Freon® 114 (CCIF,CCIF,), ammonia

25  and carbon dioxide. Typically, the extraction fluids are gases at atmospheric
conditions so that pore collapse due to the capillary forces at the liquid/solid
interface are avoided during drying. In most cases, the resulting material
possesses a higher surface area than the non-supercritically dried materials.

The xerogels and aerogels thus produced can be described as precursor

30  salts dispersed in an oxide or oxyhydroxide matrix. A theoretical maximum of
hydroxyl content corresponds to the valence of central metal atom. The molar
H,0:alkoxide ratio can also impact the final xerogel stoichiometry so that there
will be residual -OR groups in the unaged gel. However, reaction with
atmospheric moisture will convert these to the corresponding -OH, and -O groups

35  upon continued polymerization and dehydration. Aging, even under inert
conditions, can also effect the condensation of the -OH, eliminating H,O, through
continuation of cross linking and polymerization, i.e., gel formation. In part, the

degree of crosslinking and conversion of -OH is indicated in the variable
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01/ 53252 P@b/lsl,Jsomcb@@Q@colhn@ecﬂsmHmdyl fibea sqlmtqmrmwwgh@bmdemmdﬁdl cated in

the formul asolsFQ d%ﬁﬂms%ereoﬁd @evéfa%f% &810i136R afe éosm\ﬁaxrcszmlgzl e and can
range from1.5 (entirely hydroxyl entire oxi de). In another

embodi ment drilape pherssr al?%%’ﬁf"il HWﬂB’i‘ilé %)Preﬂ%rr“ég ?W&“&aﬁﬁ descBbseeing|  col | oi ds
may be jgsed: I@@ h@r(tcbmﬂd mhbmwt@f’ V@rurrrerselpa.rarﬂgs ] hwllgsalaﬁd SEEﬁm@: col | oi ds

i ncl ude coI na sol s | oidal, zirco l.oi dal titania
Lol e ol 31@ Dt Pefau S e ongS i fediq R dofh 3t wfgolR ni yhar
or der oxidahquhsnpamdwﬂsXFMﬁﬂsmmhehﬁmbus&mnmmadmmkkshbcambbpnmakﬂsols are

commer ci al l%y d;?d‘ﬁg érﬁ%ﬁxa hf@gdﬁ?ea{oea A utfon it %t?zlaza@¥ Hf&ﬂﬁm&’ altp@ﬁf’o%védng

col | oi ds, ganlc nes 1, 2,
and 3, J. VY psptianidoraaerdispemsion) by doas alkabbl ireorivmmmaidecssl ranvet ves ei t her

nucl eatjison a0g.84 ewmys@srofss%mm/b@c%rfa@s ThSHepSFhEsh B ARESDESare FOT
exanpl e, hydrous tltanlu%¥m|OX| e sols can be prepared by adding anmoni a

hydr oxi de t $FSerReS! ifthesh TOFeaCeSet raval ent titani umsalt, fol lowed by
pepti zation (re-dompeidaldnavadiybldialiskeics) Jaah h:StetrZsi:th;Zl@fthwﬂimé giel sol can be

sol 5 are b bR SR BRI BEER! CORRTR IS B0 e ol koxi des,
such as tetfaﬁbﬁ@boathSMﬁl@d&elmngmnoa@anwcsumﬂmnamaw@tbﬁvaunsold by the
DuPont 2@3”1) ¥esY gqgﬁlgfeg?%ctlﬁ&dcﬁ%mact y(?fQEI(or Val négt?e‘fhl%thuaﬁ olgbtlrﬁﬂe

inorganic a kOXI repare vari qQus routes anpl es include
direct r eacPreéﬂﬁlC%PfQéW@biﬂaqaéﬂYSt aBd ge f@\ﬂ({“ﬁné?lf&?ff?é halides wiealcphtdsence of a

sui tabl e caAﬁJowdeﬁnﬂldebeal{@@ m&z@J byreieabadiidhiod@fe akdid@baRARbEel Al koxy
derivatives. c hesi ze y . t.he reactlo? of th | koxi de.wi th al coho

in a ligandh @P@H‘é‘%ﬁf a‘?@af&?‘itﬁﬁ Cerrepciions of MohY dBfoipides Wil kyl ani des

W th alcohol also form alkoxide derivatives. Additional examples are disclosed in
25  D.C. Bradley et al., Metal Alkoxides (Academic Press, 1978).

In a preferred embodiment of the process of this invention, pre-formed
colloidal sols in water, or aquasols, are used. The aquasols are comprised of
colloidal particles ranging in size from 2 to 50 nanometers. In general, the smaller
primary particle sizes (2 to 5 nm) are preferred. The pre-formed colloids contain

30  from 10 to 35 weight % of colloidal oxides or other materials, depending on the
method of stabilization. Generally, after addition of the active (for the partial
oxidation reactions, either as a catalyst or promoter) metal components, the final
de-stabilized colloids can possess from about 1 to 35 weight % solids, preferably
from about 1 to 20 weight %.

35 The colloidal oxides, or their mixtures, are destabilized during the addition
of soluble salts of the primary and promoter cation species by the addition of acids
or bases or by solvent removal, both of which alter pH. Once the particles come

in close enough contact when destabilized, polymerization and crosslinking
6



al cohol al so form al koxi de derivatives. Additional exanples are disclosed
in 25 D. C. Bradley et al., Mtal Al koxides (Academc Press, 1978 In a
pref er r ewoamisezizment of the process of this invention, pr@CFGﬁWH 329
colloidal sols in water, or aquasols, are used. The aquasols are conpri sed

General 1 nercuRRpFaen Sy Hionf SpdSs IS e R AR RS Dy e
pre- f or med Iﬁ oh¢ emtisdicent af mlﬂﬁvém@mtn@cqlblﬁ%hgm O%mﬁllﬁcﬁﬂblél dal oxi des
or other &%kﬁ?thsdcﬁgﬁpﬂbﬁkg( (f(balcfeg‘ﬁnd Hﬁ%p%cf& S AR, 2ad dRfbilzeaer al 1y,

after addltlon artial . oxidation reactions, either

as a catal ygprQﬂucpﬁQﬁm@%rg}flsnéfeétabé@ﬁﬁ%l%{l@cefiﬁé SPmR&RSeSRY. Bf api | i zed
col I oi ds C%dﬁf&%&ﬁ%autare@au@wtcmortdes%nmeghmmmmmhe pHehdniabl y  from

about 1 to 20 wei e coll oida id tur are
dest abi | i zéamﬂﬁFrFrgﬂjﬁPﬂ/@eéﬂgf"}t&%ws}’wlog&lbﬁgﬁe Ogd:ﬁkfn bigd or bQ§e§ & 3’ and

pr onot er cag‘owent Speskkspbyhdrges gaidialiyomecahpayi the add)horba%%éulm 52538 sol vent
remval, Db Blhlicl, Zp%géeﬁfedﬁbkr SREE LARBRI GRS, §BMRanddbidh@ge enough

cont act vvhe meri zation and crossiinking 6 WO 01/53252
PCT/ USQI / owzgt 0 teatout bfhcmbwﬁ@d te destahilazerthe eollidohawerrrolfsk [argtich as

surf acg oy x‘f’x)é eSin ﬁﬁ'&aﬁ’@&d&% flokfu1 & SapeliprifonOFof thisrehsneapHoN t he
col | oi ds, are original | stabl het rogeneous di spersions of oxides

and ot her srﬁé%q elsfrom a?%‘l“v?e‘t‘?t%lsl’é"r%” UMY zed to produce col | oi dal gels.
Dest abi | i zat | on T, ioduaestiided is0REpoaSSS: ybicalihegEoaddithowsh rah- sol bl ¢

salts, e.g chl ori de rate i onic
strength ofactuﬁ‘éusc‘iﬂnf)bcfs(f&? Qgﬂtsbﬁélﬁ% —l;'lhe qﬁ%‘amg{él élﬁg(ﬁ%%ggalg%s or bases, or
by sol vent(ieesmwadf. Cra prévaoiges ugeeirsdapalldllyt sabbbmpahe apmepriadelrqueons of sol ubl e

salts. . dn s preferred over solvent renoval. Generally, a pH
range olf5 fr%ﬁ}%nﬁg%e&%‘ﬁed] out 12 can be used to destabilize the col | oi ds,

however, very | aRgaoyd Oé)‘%@lfvélﬁé@m Hhepalscen beagemplished by sgven metepds
preci pi tati AYesEiPedtdbode fo%’t@ﬁ)‘ﬂe er'{lheﬁ)Hn aé@%@%r@(fercfglépm about 2 to 8 is

referred, gener ze h cal |
gqueous al '? hougﬁLﬁgﬁeroﬁa\Xéﬂaéﬁ?ébj F?)tiab'éts %ﬁ]ieraé t§|&bs)b§ gzg))?igl %/\81?“ ti o%al
netal or i npre&idrCare eggeilypreffaredeby, ars@jutsusgfross.oAnpuotseifeies) used shoul d

e 50l Uhl € oA RN L, BRI ScATHIET, BRUIRUR RS o Peroval o

e“hE&o as descri bed
above to prafpmsuta)rennt:tlabasubahtugﬁelr\@gedlumrprﬁ@ptﬁééletefqm)é‘/*i& areeItyredi i (HPA)

catal ysts (%e?lcu){cﬁxéaté@t)o’elé\% ed té}ﬂﬁlerﬁﬁjl}e)s célﬂ'eﬁlenﬂ t@lYl%@Itahf?leé}Eﬁui ypically

prepared by an aqueous process. Ampunts of 1pro ri %te reagents,
which are tfﬂé)oaﬂb@nil@ce&\re@eﬂnatléﬁ p@ﬁogrweflﬂéhtd&qweéfa tinie an

temperature are not critical as long as the time/temperature is sufficient for all of
25  the reagents to go into solution and give a clear, usually highly colored, solution.
In some cases the reaction is complete within two hours at reflux, in other cases
longer time is required.
Preferably, the reaction is performed in an air atmosphere. Inert
atmospheres may also be employed. The process is usually conducted at normal
30  atmospheric pressure, but elevated or reduced pressures may also be employed.
Agitation is not required, but is usually provided to facilitate heat transfer.
Commercially available reagents are used for the HPA preparation. The
purity of the reagents should be known so that the gross amount required may be
calculated. The amount of reagent employed should be within plus or minus 5%,
35  preferably within plus or minus 2%, of the amount indicated by stoichiometry.
The product is isolated by evaporating the reaction mixture to dryness.
This may be done by any known method, typically employing a vacuum to speed

the process. The isolated product may be used as is, or in the cases where certain
7



transition netal substituted vanadi um pronoted heteropol yacid, are conbi ned
in water and heated to el evated tenperatures. A convenient tenperature is
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shape partlcles ore. us rod r und
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use in Cert@dsfhbﬂmatxpxﬁfﬁflﬂle aQuadar loambd;udafthet e nab@%ﬂ? d)esmg b ithsd agdieipad, at i ve
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pr ocedu i n¢cl ude prepar at

Por T ovelt byd Braoap fERRhlsddn e ar IR LB R sk R IF PR Ve 15 to
gener at e t hehibshn ectvaes acdunterianfont the helewwpolpiaaid).on exchange. A xerogel or
aer ogel conposi tg.Qf. &Fn\?;ﬁ{)&%} %Sx'xge ﬁ&q B RBR 9:9512%%%11%3%‘51\,\}{(1)?19 glel

derived material can a e use Eeresent I nvénti o
descri bed isrcmh%thsmﬁﬁé?rybeéfmtﬂrﬁesurﬁ%mqfd Beéwwsa:@wéw@»@d e®) . These

conposi tes @@mulbethe%watyheﬁﬂez@doxbmeamimlﬂ\bﬁew(ﬁners:,@lvem whieglcar spol yaci d

to the koxi d oluk dur | drol ysi s he al koxi de or to the

hquasel Aber piTsRSibth iRt Lo P AR iRt P A PSP B Gduce f he

gel materi ahmomrdflsglverheséomdaﬂsdlummsor ﬁrihﬁcodibhierThemohgmnns:theeaqe@ltys can be

added (for S’&%"i‘g’cﬁén fr@é n?e%!&x?m @slﬁﬁﬁfé' édlumhéu%l‘ agﬂgmﬁ%\{%ﬂs i
on r

counterion acl eeze drying be used for
several cat Bleysiution mspnggzdtly fmgen the salts and other components will remain

intimately mixed and will not segregate to any significant degree. The frozen

25  solid is transferred to a freeze drying chamber. The solution is kept frozen while
water vapor is removed by evacuation.

Spray drying procedures involve the use of solutions, colloids or slurries
containing catalyst precursors or catalyst compounds described in the Summary of
the Invention section above as catalysts (a), (b), (¢), (d), (¢), and (f). The

30  technique consists of atomization of these liquids (usually, but not exclusively,
aqueous) into a spray, and contact between spray and drying medium (usually hot
air) resulting in moisture evaporation. The drying of the spray proceeds until the
desired moisture content in the dried particles is obtained, and the product is
recovered by suitable separation techniques (usually cyclone separation). A

35  detailed description of spray drying methods can be found in Spray Drying
Handbook, 4th edition by K Masters (Longman Scientific and Technical, John
Wiley and Sons, NY) c. 1985.



(such as those described in the Summary of the Invention as catalyst (f)),
and are wuseful if the catalyst precursors are soluble in water or other
sol vent whi@s3msan be 20 rapidly (less than 1 minute) froz@8T/USOEBIRSor
salts are dissolved in an appropriate anount of solvent to forma sol ution
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m xed and foake to any significant degree. The frozen 25 solid
IS transfeﬁ%&icgg&a ?ggeze drying chaggg E The solution is kept frozen
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excl usively aque nd contact between spray and drying
medi um (usdsf Py ﬁc;g?llrlﬁPl]’eE &geé@d?se%a%aﬁeﬁ noi sture evaporation. The drying of

the spray piocesdsoqeduielfo Tﬁ?otalvdﬂftsﬂﬂﬂ nmoi sture content in the dried
particlgs is Obtli‘a aﬁ?f}maﬁeﬂ alhg (rérzpﬁﬁﬁtstdlﬁesfs%e&va:rae@r s wauécabzhtﬁ asepar ation
techni ques (usually cyclone sgpar at i on%5 da%ilé{ @Hg n of
spray dryi (@ea» BE) pheataly§tAvap sikiya pap R d| tion by
ng/gst gr ;S/\D (\Lﬁm{gg%g g&gié?ﬁ%igg te;ﬁgmgtgif@gﬁnnea]75°(I§)hmderWtfc@ynaﬂ”df gams hNY) C. f
: ves the use o
sol uti ons OFCCHISIDT Lon g't]reéé%ééév efanﬁ)ﬁt\% é\;/f(e)g% rtng]eﬁ{y%gn an)ﬁpC/I nation (at
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EXAWPLES 3, F Oatlggg}ﬁn%fé ﬂ@&h?e daschd P& Fé e'éx&bxssa'rrfb‘f@ I&ts'aﬁ’x'ﬁle SFthywo section

\/rtls reeze unit was enp Refrigerated shelv s were used to
prevent thawmmed(f?e smsﬁ%a&]e%@lw @ecﬁi‘ﬁlcﬂ’@péﬁ}%\@haf‘f@ﬁs‘s af thegas cent ages

in the follquing v@sqmﬂ}@SAHé@lehypa\e@zirgh\%denBs@@g&tdhwmutsgrapmumat ed.
General Procedure for Cat algél@a Test.in a 1/4" (6 4 mm

stai nl ess sEBEINPEINP GFEG] JEdoridit a§d ﬂf’eir %Bg(slgflgt%%ﬁd” B8
catal yst (vadalyzsithd @fﬂum@asus élﬂletcoluhﬁisdlsed inchudpd:ade e Canﬂbmarwas Oﬁedﬂed to the

initial rea@tdson teipgae(gazt ure %)STQQ@Q Olqlleg 1§_%g®%lectxﬁ?d systemis

confi gu71' | ver ‘3 m X r| rre am ne en/ 78. 5%
ni trogen t oSiehe 3 ¥aockom @sedtoceparatat, G, Il\fz\mﬂdt@b?fndm'@() et mpixnl/ nd 15 one

at mospher e pregsureinetd Qe 8/108icI8 (#18/635100) BRIRLR® & &R RePbr t he
divinylbenzene and N-vinyl-2-pyrollidone) column (used to separate H,O, CO,

and butane), and (2) a 20 m x 0.53 mm DB1 (dimethylpolysiloxane) capillary
25 column used to separate the organics. Helium was used as a carrier gas for all

columns. Analyses on both column systems were carried out simultaneously

using separate samples taken from two 500 microliter sample loops. A valve

switching scheme was used to insure that each sample was properly analyzed.

The GC was programmed to control the column temperatures in a manner such
30 that a total analysis could be completed in 15.45 minutes.

The response factors for certain compounds were determined using two
methods: (1) syringe injection of gases or liquids or (2) sample loop injections of
gases.

Following the analysis of feed gases, samples of reacted gases were taken

35  ateach of three or four temperatures (175°, 225°, 275° and again at 175°C) and
analyzed the same as above. The test was completed by taking a final feed gas

sample for analysis. The data was then compiled and calculations carried out to



unreacted feed gas is taken to establish the gas conposition. Analysis of
the gas mxture was by GC. A Hew ett-Packard Mbdel 5890 gas chronmat ography
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CO and a %lﬁﬁtl@lfomxaﬁﬁldé/ﬁa mcﬂ&n&’et}ﬁpﬁorﬁlﬁﬁﬁdﬂ ess steel 80/100 mesh

(0.18/0.15 mm a di.vi nyl benzene and
N vi nyl - 2- pyr ol r&%‘aﬁgst%‘d%%\(%ﬁ a(%ﬁ@a“{geffkgeér‘é & H20, 02 and butane), and
(2) a 20 inLegeAd53 mm DB 1 (di methyl pol ysiloxane) capillary 25 colum used

to separsatertgmg rRﬁ&%EOt A Hel i um was usedce}slsgo&g&rdngg gas for all

col ums.” Anal ysesb on columm systens were carried out sinultaneously
usi ng separ BMe isdfbleaN t aken from two 500 OME ioiGHB2NGHI e | oops. A val ve

SW tchi ng SRS OF ?\J ugefHto insure that each sanple was properly anal yzed.
The GC was progranmed to control t tenperatures in a manner such
30 that a total analysis could be in 15.45 m nutes. The response
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syringe Jnje o} ui ds, or .(;2 I tlons of
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taken 35 asoletimmhofoAu€lh(2b706 nﬂ@uinaeavpedattegrzﬁsaq(uwlis chmmun275 and agai n at
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final feed ?}%%gggﬁﬁgf paals g?ﬁg@ﬁﬁ%gﬁé@?a% §t87 32%8951 m}t

cal cul at i onaddedr ¢ &) poiit “taé r@ﬁ liggyl. @nd Hwxy QGW@QQOMQ@%’G Hdeast ni ne the %
conversi on 9of hbirk Ifaﬂbhw 1381 meaa@lﬁm 126P€@ Ghildt viab@sin 6 5 Kiurgtiy | f or mami de

and nononet hyl fo t te resul are. shown .in Tables 1 to 5.
o gend BT tora HRT LAl ne RN b ki B B The FtCinRd P DN 1
(CH3) 2NCHO péiMtizéd atHa3NIAGHR EXAMR A ald AraduBda dv -sid), 60 areslot-Or@gnesi um

nmet hoxi de n h : ri dish with
gent | )él SW IrI 9?\5 ,n?rg %crrléen\%‘p ? ﬁ {BL%? mgﬁﬁﬁ]%r?‘hano%gal %8@@5&%%35 %&[ﬁbﬁﬁgl ?21\.M776

m). In a sw&ﬁdo_sisé?pooghflgamgeous chrom um hydroxi de acetate sol ution
(Cr3(0H)2(CH3C2) 7, 0.871 nL (0.5 MAVMPEES ovay added. A gel point was

realized, and the material was all owed TQ. age | eas
20 The same procedure as described in Example 1 was followed except that

the following amounts of reagents were used: 0.05 M solution of aluminum
isopropoxide in ethanol (68.19 mL), a 0.02 M ethanolic solution of AuCl;
(1.740 mL) and an aqueous chromium hydroxide acetate solution
(Cr3(OH),(CH3CO4)7, 0.07 mL (0.5 M)). The nominal metal composition of the
25  catalyst was Aug ¢1Crg.01Alg 98-
EXAMPLE 3
The same procedure as described in Example 1 was followed, except that
the following amounts of reagents were used: 0.6 vol. % solution of tetraethyl
orthosilicate in ethanol (0.317 mL), a 0.02 M ethanolic solution of AuCl;
30 (22.436 mL), a 0.349 M solution of magnesium methoxide in ethanol (46.349 mL)
and an aqueous chromium hydroxide acetate solution (Cr3(OH),(CH;CO,),
0.897 mL (0.5 M)). The nominal metal composition of the catalyst was
AU 025Mg0.9025C10.015510.0475-
EXAMPLE 4
35 The same procedure as described in Example 1 was followed, except that
the following amounts of reagents were used: a 0.5 M solution of aluminum

isopropoxide in ethanol (69.821 mL) and an aqueous chromium hydroxide acetate

10



24 hours prior to use. After drying at 120C under vacuum for 5 hours, the
15 material was calcined at 250C in air for 1 hour. The cal ci ned powder was
pel | et i z&o 0a15320, 000 psig (138 nPa) and granul ated on - 40PCTESOHESEY (- 0. 42,
+0.25 mm) screens prior to use. The nom nal netal conposition of the
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the cat al yshramigim aydyogde pestate (263 dr 9. in { brd) wetepfprpweskRydilpting 88 The sane

procedype ag|fiRsclitP&dard! (FXR0P! Thd nd¥amal RklaP¥@dpoexsiesitthé Bahlyst he
fol |l owi ng amounts of k)Ej;le(a:?ents were used: a 0.5 l\/{)sol ution of alum num
S

i sopr opoxi d¥Si Merha ®25821 m -) and an aqueous chromni um hydroxi de
acetate 10 WO 01/53252 PCT/ USO1/ 0ZBRAMBEdE 6ti on (Cr3(0OH) 2(CH3C(s2)7, 0.179

m. (0.5 M). Th i nal | it f
Cro.(OZSA%? 975 nomE’Eapéo‘!Fﬁé%saéﬁ‘%g)cg}e%%gI#%F%Ir‘@gelfj‘g%efggé‘% éié%%%ih&ti n Exanpl e

1 was fol | chethlicsviegampunts hateagins wemgsed:sU. A d selotieh pbatemimsn wer e
adj ust gg. %@%&ﬂa@@ Ahb] qaﬁsgzxz%éfglo@% dhBbhasoLéP0r Aky,and added to
SOpro e (24.51 g) | (2

i
al um num i oxl d | dissolved 1 n i.sopropano 15300 m.). The
di ssol ut i orf4idmbibrd-149 Misolutiepof magpesiyR rdhaxidrigethangl B) chromi um

sol uti on prgpaneduidtsEhesgiug drfide £dtaesdltdy@ro0tis(Egat@s)s, (0. 6351 g)
(L) el e Sploued o Lioa. e 10 sR plon WAt e ool (10 )
Aug 075C10.025A10.9025ME0.0475-
20 EXAMPLE 7
The same procedure as described in Example 1 was followed, except that
the following amounts of reagents were used: 0.05 M solution of aluminum
isopropoxide in ethanol (64.842 mL), a 0.02 M ethanolic solution of AuCl4
(4.518 mL), a 0.6 vol. % solution of tetraecthylorthosilicate in ethanol (0.064 mL)
25  and an aqueous chromium hydroxide acetate solution (Cr3(OH),(CH;CO5)7,
0.181 mL (0.5 M)). The nominal metal composition of the catalyst was
Aug 025Cr,025A10.9025510.0475-
EXAMPLE 8
The same procedure as described in Example 1 was followed, except that
30 the following amounts of reagents were used: 0.05 M solution of aluminum
isopropoxide in ethanol (51.21 mL), a 0.02 M ethanolic solution of AuCl;
(10.107 mL), a 0.6 vol. % solution of tetraethylorthosilicate in ethanol
(0.952 mL), a 0.349 M solution of magnesium methoxide in ethanol (7.326 mL)
and an aqueous chromium hydroxide acetate solution (Cr3(OH),(CH3CO,)-,
35  0.404 mL (0.5 M)). The nominal metal composition of the catalyst was

Aug 025Crg 025Mgg 32410 3251 32
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EXAMPLE 6 The sane procedure as described in Exanple I was foll owed, except
that the followi ng amobunts of reagents were used: 0.05 M solution of

al um nurwd@bi/s®epr opoxi de in ethanol (64.842 nL), a 0.02 METNaHNN2BY
solution of AuCl3 (4.49 nlL), a 0.349 Msolution of nmagnesi um nmet hoxide in
et hanol (0.488 nlL) and an aqueou P LM hydroxi de acetate sol ution
(Cr3(OH)2(CH3COR2) 7, 0.180 nL (O. nom nal netal conposition of
the catal yst wahe s 996d0re @ dxacribed|io Exopslevhpaniptiowed. exawphet 7 The sane

pr ocedur e t%g fS!Fo%Eg ?ﬁl%uht@ OEXSHTRLE whrdBd! @ld @Z’Wpethzﬁ?é%@ RbLkiBAbLS the

foll ow ng ents were used: ‘%D’Egﬁi‘ gtl on of al.um num
|sopropOX|é{eCl sr{488Rard). ?Qé w2 utloéoét%r?e QHYFHE 18 61ESlon of AuCL3
Eg g é8 sﬂtg 61 2”)@5%@) way. 3493MS§blhmanﬁ n@afgnEﬁmmaﬁéth%mé trh@kadol ¢85l inl)et hanol

4 L 5 and uepus. c um Xl
( Cr 3( OH) 2( @eprpous %‘g‘i’gfﬁmﬁhy r@’“‘gin I@ﬁtal¥ tlﬂ%ﬁ?%gﬁhﬁﬁyge?g;ﬁpom tion of
the catal ystamlaﬂ (0@@1&1)@251@ﬂorﬁﬂﬁmnetaga@ﬁmlmafahmmm The same
pr ocedur e § efrcrolé ed | Exanple 1 was foll owed, except that 30 the

fol | owi ng 9%%9%9&7@ were used: 0.05 M sol ution of alum num
i sopropoxide in ethanol (51.21 mEXAMRLIIOM et hanolic solution of Aud 3

(10. 10/ L), a Qveﬁ (@boo n/PL%%U Qmm o ﬁ{d@@ih@mhpﬁdnmaé i4c@bewer et hanol
(0.952 ni), 349 gl on nesi.um e i.de.in ethanol. (7.326 nlL)
and an aqué@i‘?ﬁ“@ﬁrﬂo‘ﬁ%"rﬁuﬁg P Sléﬁ ipped %‘3?%1‘%?%“?‘6‘@(‘@-5’5 )7, 35
0.404 L ( GirPerMhli-a rdhex earitichAgd:. TR slurrg onpdsotghot eflut. hdqoedal yst was

#ﬁg ggﬁg Bpgésgy Sggé@%gleg é?\)\%%g icp SP‘O%(]V\QdﬁQCJdIOQ/%?ﬁl% ng '0@% /nggé?%sg Emg/rLEt ﬁe
fol | owi ng anvluht sles)fedrsaagenrnlstry\meadse\d:d a’sf@r©lzow3étorwaﬂ1©n IOCanSQ‘IrQﬁI on of

Aud 3 ﬁél 9. ?@gtl%}o nLB%dOTQB%gl}L\é f\ﬁ &@hQMa@Qo&ﬁlldegtf&aﬁ; W\IrQ((;vlaHﬁél{t} cate in

et hano A sol ut1 on_ of gnem um net hoxide i n et hanol
(5.371 nl) Thamamples agtredries A HROTH (MhaRpEKBRAtey [ddOuEt B n&gsh e

(OB(OH)2(%%@&”1005%0%7‘%%%@4%“@)62 The nom nal netal conposition of

t he catal yst was Au 025Cr. 025Si". 9 }457'51» EXAMPLE 10 10 Water (1000 ni),
M3 (122.4 g) and vanadi um pento wer e
The same procedure as described in Example 10 was used. Water

20 (1000 mL), MoO;3 (100.2 g), vanadium pentoxide (6.33 g) and CuO (5.5 g) were
added to a 3 liter round bottom flask equipped with an addition funnel, mechanical
stirrer and a reflux condenser. The slurry was brought to reflux. Aqueous
phosphoric acid (8.1 g) was then slowly added over the course of 20 minutes, until
the desired stoichiometry was achieved. After about 3 hours, an orange-red

25  solution formed. Typically, the reflux was continued for 16 hours (overnight).
The samples were dried at 120°C for approximately 12 hours in nitrogen. The
catalyst composition was H,PMojgCuVOgq. whereisp 8 and 9.

EXAMPLE 12
The same procedure described in Example 11 was used with the following

30  reagents: water (1000 mL), MoO;5 (100.2 g), vanadium pentoxide (6.3 g), CuO
(1.1 g), Cr(NO3)5* 9H,0 (27.8 g) and aqueous phosphoric acid (8.0 g). The
catalyst composition was Cug ,H,PMogVCrO4 wheren 3.6 3.8.

EXAMPLE 13
The same procedure described in Example 11 was used with the following

35  reagents: water (1000 mL), MoO5 (100.2 g), vanadium pentoxide (6.3 g), ZnCl,
(9.5 g) and aqueous phosphoric acid (8.01 g). The catalyst composition was
HgPMo|(VZnOyy.
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added to a 3 liter round bottomflask equi pped with an addition funnel,
mechani cal stirrer and a reflux condenser. The slurry was brought to

refl ux. Agoperssds2 phosphoric acid (11.5 g) was then sl ow y ecdoesbiaes t he
course of 20 mnutes, until the desired stoichionetry was achi eved. After
about 3 hours, an orange-red 15 scg)% med. Typically, the reflux was
continued for 16 hours (overnight)= |l es were dried at 120C for
appr oxi mat el y 12THoprosedure distloseglan pattheU. S #aehyBSb. £099081 tvaonsedas

H7P2Mb17V062. EXA The r SGhhb i le 10 was
used. Wat erP Y T%ﬁngb)‘%o%cﬁggggﬁﬁ%g? ?éfggonag%i(ﬁhﬁ%lggﬁ «g%i%% 6.33 g) and
CuO (5.5 g)wasedissolvweddadefiuxing Bo0i(1 @4 mLouAdepond sivtidngeortaigjog gpddmwi t h an

addi ti ony f%@ébanaa%fmav%! 22.$% 'gjfnqqz@@pboaxnwtvhygsrgz%d%wrd sdhigion! Urry was

over the caisnssna sobum mobele (uveOrnitinof) 3 R ibfleiciledy Wil =

achi eved. Afrbpire@bDhd thdedwliitions arrothangembedd 25thsalfutit acidf He®®@g. Typical ly,
t he refl ux &g cogfi ued f.or 61 o%r&,as(tgvnercpdeg%l},z O'Fne Sar Ires were dried
at 120C for gf)lrrB - TP Bed IO, HasheT SEER 1© 4320 Mla?BRIAe™Y c omposi t i on
was HpPMb 1fu@@i V4 heteoheodyadcs] waSsepamdted byrdAival dicthl erher te arade plieocedur e
descri i f : 1 I . water
(1000 ry. EEEARLBdtpBaag WAy Behanp B ERAERARY U 9.

Cr ( NCB) 3. 9H7® 12%.. Bhgyhetariogolyacid ovas dptselypthr WatehcPidver 8atpogate wpgaddedat al yst
conposi t i oNWRSd e RhZhétdBNOI QML O wpBF PridtedtdicBoMetrEXANPhTatcka] Wae sane
procedure described in Exan;pl e 11 Vﬁ u%ﬁ? with the Tollowng 35 reagents:
wat er ( 1000°RP9rAI0HesTYRESHPIAOT]P USS, o ARSI I EATBRTIHEY 653 g), znd -, (9.5
g) and aqueHysgfisphidj,c acid (8.01 g). The catal yst conposition was
H3PMb10MZNO40. 12 WO 01/ 53252 PCTII%? EXAMPLE 14 The procedure

disclosed in patent U S. Patent T4, 1927951 was used to prepare a HAPM
11 VO40. Sodi um phosgriraprecediirhassdescii a2 mPRample7i0 wagusz8. d) a finediteli, ssol ved

in refl uxing ¢2Qc( I0hdBotonfIARGARL S5th Ui LOBAR Ol AGEAH)UM S
net avanadat e (NavQ3, 22.17 In H2O (150 nlL)” was prepared.” A third
ol L on * CORLARRTY OSBRI MR o LA ¢ TRRINGLRSAMD. Fad EDEGWART (20 (500
M) was pregpaoed.) wie aﬂtﬁ'ﬁ’d@%ﬁ&'b‘ﬁ&lbﬁ%&ow . Bhan o6 pRdYpRes. Mdigh sul furic
aci d, SO4(32(02 §>5w§s ara%%:d. :/Ut]tgr gb%rlrlPll gu Eourg(()) yej[ u?Jl At btrgv%rrl] SO (lj,lggl(lj fcgrgﬁeg. 250 nt
separ at Yy
The material was evaporated to dryness to produce the free acid. The
heteropolyacid was dissolved in water. Silver carbonate was added to produce the
heteropolyacid of the appropriate stoichiometry. The material was evaporated to
dryness prior to use. The catalyst composition was H3AgPMo | VOyj.
25 EXAMPLE 16
The same procedure described in Example 10 was used with the following
reagents: water (1000 mL), MoOs5 (9.0 g), vanadium pentoxide (1.27 g), CuO
(0.55 g) and aqueous phosphoric acid (1.6 g). The catalyst composition was
H,PMogV,CuOyp, wherem 9 10.
30 EXAMPLE 17
The same procedure described in Example 10 was used with the following
reagents: water (1000 mL), MoO5 (100.2 g), vanadium pentoxide (6.33 g), cobalt
2, 4-pentanedionate (17.9 g) and aqueous phosphoric acid (8.01 g). The catalyst
composition was HgPMo oV CoOy.
35 EXAMPLE 18
A heteropolyacid, “HyPMo|VOyy” was prepared in the following
manner; to a five liter, three neck round bottom flask (fitted with a heating mantle

for refluxing). molybdenum oxide (MoOj3, 440.9 g). vanadium oxide (V,0Os,
13



funnel. The heteropol yacid was separated by addi ng diethyl ether to nmake
the 10 appropriate heteropoly etherate, which was then renoved and dried to
make thewomeéa2saci d. The heteropol yacid was di ssol ved i n R&T&fS01/83329er
carbonate was added to produce the heteropolyacid of the appropriate

catal yst oo ol R alT B OB e SRR IRTR DR R 0 D0 e
as descri betosphoExamgl (82 Q(B)W% addasid. Affey akont Mehqurs efreflux i igd - heeskn r ound

bott om fl géblu%htf&&%dwm r@ata%twa@gvﬁmﬂatk@tcf nésﬁ_‘sftgi:dﬂ& the frRlagkdenum

oxi de ( vanadi um o |de V205 4000 nL
wer e addedAN’ltUé’Flolg lﬁ@affgjl f(é I W %80 Yed 9 B p dg)é%)((32 0 gg

was added. fhrh ete M%lcll@orhﬁw.sﬂ&fmﬁtelﬁhlu/Xas driede @ he chmbwncanpasiticon f or ned.
The materi al \é@ S/}/ ated to dryness to produce the free acid. The
het er opol yat5d-$#8&1%i £941 ved in water. Silver carbonate was added to
produce the heteropolyacid of th&aMPblriate stoi chionetry. The nateri al

was evaporated t C@ tV iti on was
FBAGPAD 11 V040 ‘3% %%x%‘f@%%ﬁm?%*@%“‘i%%% P L OB Earpre 10

was used winreparee Figniwninrkptoridags pdg¢ eﬁd@@ Ind Jiter m@kq@e 01 9),

vanadi ym pentiaxk d@ndspheré d@box@ql&ag »Q&h &5&@91 (Mﬁﬂl@ousseﬂ@ﬁﬁmidnc acid (1.6
g). The catal yst copposition IPI\/b9\l/]é§<e 4lne 6[?539 10. 30
EXAVPLE 17 WHEPTE Sonae Rl PR é’HBPé“ WSO i th t he

fol | owi ng Wzﬁa;g(aﬁt% mivRipercial 20010 anld)(4.6¥8 @ELY, 2DBC 2cid)3.6Vandd] etharpént oxi de
(6.33 9), 4-p e rd ¢ acid
(501 o), TRLCesmn A REERea ORdsS el e 200 BRI BYRBIES 6 A

het er opol yawérd, dISSbWE’di/MWWﬂ@'fd thas adredpa itheclkoxidheolftiin. duitlig caseathser: to a

five lijser, ¢ o‘f*%ft%‘ﬁofa@%@ 1Dk sameasx|ifet ketshﬂgetM‘é {\As é‘ncfé’?%tlﬁt?&geﬂant le
for refluxing denum oxi de (MoQ3, 440 8’ nad |%OX| de (V705, 13

WO 01/ 5325mwﬂl@mﬁl@?@églon2@d3th§folaﬂan Was é?m derivd. After
bringing t Ofohﬁédl %wl@@a%ge%foﬂ%ﬁ@h@ﬁﬂ 1©oACEShpErddir€) p&)let\ﬂﬁa aaddEd After

DU 18 o o L SR a0 R SR R i e ) ves
mat eri al (4. sfbﬁe’iang))rmm we.s§bt vedinahcardly grcomPedC@Bwas. 63 g) to 5 formthe
final %0| cli{n ItIrIyMo] %mo os(T@z) was dried. The catal yst conposition
EXAMPLE 20
An identical procedure as described in Example 19 was followed, except
that the reagents and stoichiometries used were adjusted as indicated below. No
heteropolyacid was added in this preparation. In an inert atmosphere drybox
25 (under nitrogen) ethanol (412.5 mL) was used to dissolve zirconium isopropoxide
(176.882 g). This was added to a 1.5 liter resin kettle. In a second dropping
funnel, a solution containing ethanol (412.5 mL) was used in combination with
the other aqueous solutions (prepared by dissolving RuCl; (6.223 g) and
H4PMo VO, (53.438 g) in H,0 (38.913 mL) containing HNO; (3.619 mL) and
30  acetic acid (4.635 mL)) were added, in a dropwise fashion, to the zirconium
isopropoxide solution. The H,O:alkoxide ratio was 4:1. During the addition, the
resin kettle was blanketed with nitrogen and the solution was stirred during the
addition. The nominal catalyst composition was
Rug os(H4PMo;1VO40)0.05(2102)g 9-
35 EXAMPLE 21
An identical procedure as described in Example 20 was followed, except
that the reagents and stoichiometries used were adjusted, as indicated below.

Ethanol (344 mL) was used to dissolve niobium ethoxide (143.195 ¢). Aqueous
14



was Cs4PMo 11 V 04. EXAMPLE 19 An aerogel conposite of the heteropolyacid,
HiPMo 1 1 V 040, was prepared. Titani um n-butoxide (183.794 g) was added
to a 1. 5ybioiss2szesin kettle in 10 an inert atnosphere dr PEBUSEVEAY with
et hanol (206.45 ). A second soI ution was prepared in a dr oppi ng funnel,

cont ai ni th t I I

ccet ¢ act evacetreyeraity R § etk i’ tho PAERERRPORY) 4s%ht)  and,
HAPMD 11V04044( 52 37 Hp (40rBpankercansaiviogdM Qe 7 hmblaeptieadid  were di ssol ved
I n wat er ﬁg{j Eb%ﬂl)%g&jgﬁixaﬁ& (EJM??ZJ k%‘xb %te?%m&i&r}atlé Q/aE biis @Rse, the 15

al cohol : ratio liter tbd)ﬂn kettl e was under
a nit rogennomuraé]eatélﬁﬁ Q@nﬁ%ltﬁ’naﬁfélﬂqm(}{ﬁﬁ‘éo1th(94le01§ as gently
stirreds A gel mgtexhdple¥as to HOrMES0, Wk Ohindas. aged for 24 hours at room

terrperature pelletized at 20, ooogguﬁgf %ég nmPa) and granul ated on -40, +60
mesh (-0.42, +0.25 mm) screens p The nom nal cat al yst

conposi tion was A3DidBuicalBlddddivb ad desviua) . HSOTHICR) 0a9empEXARKESRO An
I denti cal ?1%? %grléglg?en ehn% %&1 hiB& |l ugé@wnplle%djg}gte% drtd?&alt&y\@éjowexcept t hat

t he reagen [ orre rés use usted as 1 ndicated bel ow. No
het er opol ydtindbwaxsida (e 13re) twassliyppd imetharpl (ﬂ‘l Hnmlge AR agEFSpher e dr ybox

25 (undgr ghfcfn?gﬁmW@ilti@Q@taté 4d14ti8n Was })re\ﬁ@@d %?Qﬁissbﬁ’/lr(@ &$&hien zi rconi um

i SOpr opoxi S |n kettle. In a
second dr opyHryiderasaise &4é3§% htri\,\@ho Zgﬁggﬁ Wﬁﬁ@n‘iglﬁﬁlﬁt CeE‘ﬁi?‘ 5 mL) was used
i n conbi nat(g 00 ¥} MThet Hs0 -@lkagIde agrite w4 S o Thk inomsna patelyar @thppgitdnssol vi ng

Rud 3 (6.22 1V040 (53.438 g) in H20 (38.913 nl) contai ning
HNO3 ( 3. 619”4?8:))%3@30%8%2% 0% acid (4.635 nL)) were added, in a dropw se

fashion, to the zirconium isopropXAMELENA3 LI on. The H7O al koxide ratio

was 4: Dur i neAly(;q% ﬁgaq:ﬁ)}dcgauretagﬂesc dl%é(!l [h é()@dtn‘iﬂl@ 7@‘%5 Qhﬁﬂ%@g edcipit h

nltrogén and th was stirred during t tion. he nom nal
catal yst cohadke tdapentard m@hl@a(eﬂmswecwev@w@%cﬁlwy‘bb@ow EXAMPLE 21

An i denti cape RE@GRAMLS iBSe @%@73@%%215"@114525@6@'1@6@@1&@@ If ol mowedn except
that the reagentsS and st0| chionmetries, used justed .as indicated

bel ow. Et H4HEPUS(ChIomivm hyia¥idg ageiate 5Ol ISR 323 BroRrst o8 T SO de (143. 195 g).
Aqueous 14 MRRLLDBREExIBEREURO 120 2R2Y) i 6,0t (34589 welr)e Thedbr:elttokide

dissol Y g A %51 3R ?r)mnal d ttl“?t'\é%né}osh/%ﬁ%sﬁ 5&f0. 3ol 20 (40. 534 nL)
cont a| 77 Hi st 2
EXAMPLE 24
An identical procedure as described in Example 20 was employed, except
that the reagents and stoichiometries used were adjusted as indicated below.
Tetraethylorthosilicate (74.9988 g) was dissolved in ethanol (278.4 mL). An
25  aqueous solution consisting of chromium hydroxide acetate (24.1332 g), CoCl,
(15.5807 g), H,0 (51.884 mL) and ethanol (278.41 mL) was used. The
H,O:alkoxide ratio was greater than 4:1. The nominal catalyst composition was
Crg.2Cog 2(Si0,.1(OH)2))o 6-
EXAMPLE 25
30 An identical procedure as described in Example 20 was employed, except
that the reagents and stoichiometries used were adjusted as indicated below.
Tetraethylorthosilicate (118.75 g) was dissolved in ethanol (435.84 mL). An
aqueous solution consisting of ruthenium chloride (6.2223), H,O (41.07 mL) and
ethanol (3435.84 mL) was used as well as HNO5 (3.82 mL) and glacial acetic
35  (4.89 mL). The H,O:alkoxide ratio was 4:1. The nominal catalyst composition
was Rug 05(S102_1(OH)21)g 95-
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(4.828 nL) and ethanol (344 ni). The water:al koxide ratio was 5:1. The
nom nal catal yst conposition was RuO. 05( H4PMb11V040) 0. 05( Nb02. 5) 0. 9 5 For
Exanpl es WQOVE258: and 30, 1 is ? 0 and 1. EXAMPLE 22 An iRHfertp@4r3zo
procedure as described in Exanple 20 was enpl oyed, except that the
reagents and stoichionetries used E’)?Aféqﬁ@ psted as indicated bel ow

Ti - n- but oxi de (163. 373 was di s thanol (371.21 nL). An aqueous
10 chrom um hyr o&ﬂd@n@égt@@@dg@l astdessiibgpdén Frapaleed W cadewsidyExgPthr oni um

hydr oxi de %@ﬁtﬁéeea@%séé%@&ogahldrﬂibtf@s@lséakxe{l@&umxéd anddgheeibalowacetic acid

a0 2( TGRIEE GPPERGI B ELAMEE 5148 TR B ToPeal e LehmEnag

descri bed i AnEyesguk eoldfomasnsistipk 0y edheréwneptorideliai 8§hg) mddgent s and

st oi chi onet t

Tet r aet hyl oq: ?hos I can\tﬁeerﬂ?afgg 3%3%%%19&@5?%@%%'@\%%@' n et a(%gl ml“%?lid 21 nl).

An aqueousgleﬂﬁbaﬁetjwml@diaﬁd&hc&f‘aﬂeo@qumqedﬁtl%a@s prlepdreawnbpaldi ssol vi ng

50 rat10 w4 TG hom nal BB ALySy COUBISHL on was Qo o oM
[ S

2(Si02_1(0H) 21)0.8 EXAMPLE 24 An pr ocedure as described in

Exanpl e1(20 was enplideidal ;Qéi@dﬁlﬂfe astdeadritel én ERagple29 Vmcbnﬁil@yddhbiﬁé@t ries used

wer e adj ust gd i ndi cat Tet raeth ort osi l.ic 74.9988 g) was
G ssotved | LR aHBENE IhE i Sl 3RO BN ORISR Belold; g of
chrom um hytitoxide-butexide €1 {42, 38% dgysplved Gh 2thafd 54 5B mg))),, AHZO (51.884 )

PRETRE TR L SA‘)*““@‘:SO}"@%%%%%%?‘%I}E@%““ N {8 it Qé”’??&?&@ﬁ R
EXAMPLE 25 3@ mhamdiédrﬁ SanLprae siedras wedl e E8Ps b2 nY.) Erdapicel 2¢etivas

enpl oyegs ex&&m@tsy ﬁqb?ﬁl‘ié“&@%ﬂ&&[ﬁe&aﬁ@d/aﬂql qmeQﬁﬁilﬁdl%ﬁtaH%?d wer e adj ust ed
as i ndi cated bel ow. %ﬁ&raetﬂﬁ réﬁ ilicate (118 75 g) was dissolved in

et hanol (43%°M8ROSHHI W O 121 950n consi sting of ruthenium chloride
(6.2223), H20 (41. 07 m.) and et hamoAMB4338 84 nl) was used as wel | as HNO3
(3.2 1) nd 9136t o S5hi 38, 64 800 IGO0 iR Ig g s 4 1
01/ 53252 POHEUSe 1¢m3@ and EXARIEEtA6S used were adjusted as indicated below.

20  Zirconium n-propoxide (70 wt % in propanol (186.709 g) was dissolved in ethanol

(435.84 mL). An aqueous solution consisting of ruthenium chloride (6.2229 g) in
H»O (41.075 mL) and ethanol (435.84 mL) was used as well as HNO; (3.82 mL)
and glacial acetic acid (4.89 mL). The H,O:alkoxide ratio was 4:1. The nominal
catalyst composition was Rug (5(Zr0,_j(OH)p)g 95-
25 EXAMPLE 29
Commercially available Acrylonitrile Catalyst (catalyst 41/49) from
Standard Oil Company of Ohio was used.
EXAMPLE 30
A 1.75 M aqueous ammonium molybdate solution
30 ((NH)4)gM07074°4H,0, 1.714 mL) was combined with 0.5 M bismuth nitrate
solution ( prepared by dissolving Bi(NO3)5*9H»0 in 1 M nitric acid, 32.0 mL),
1.0 M aqueous nickel chloride solution (NiCl,* 6H,0, 0.5 mL) and 1.0 M aqueous
cobalt nitrate solution (Co(NO3),* yH»0, 0.5 mL) in a 150 mL petri dish with
gentle swirling. The entire mixture was rapidly frozen with liquid nitrogen and
35  evacuated to dryness under vacuum in a two section Virtis freeze drying unit
(Virtis Freezemobile and Unitop drying unit) for at least 24 hours; the drier
shelves were kept refrigerated to approximately —10°C during this evacuation.

The final dried material was calcined in air to 400°C for 5 hours. The calcined
16



An identical procedure as described in Exanple 20 was enpl oyed, except
that the reagents and stoichionetries used were adjusted as indicated

bel ow. Wbebkirar et hoxi de (151.11 g) was di ssolved in et haPReT/USBAB3ZO nl) ni
of ethanol. 5 An aqueous solution consisting of rutheniumchloride (5.1858

g) in H2O (42,786 nL) and efh | . 20 L), wa a I HNG3
(3.979 rrL)POa’YFt?rV‘fj‘PQE?I%HZCQE‘E%@@&&%I%?]g’%dgga)r?fgi.graﬂil(laaq%lg%f éf%\g?bé%é%?lati 0 was
5:1. The nooipat0.2§ aing) ysdene pripasiuse.dhe nemirRUCHOSEINOOPOSHPL @ 21) 0. 95
EXAMPLE 27, 10 A%ii dﬁptig‘ﬁé ({ér@cedure as described in Exanple 20 was

enpl oyed, %?ééﬁt 06Nt hd Ydatjent s and st oi chionetries used were adj usted
as indicated below Titani um n-butoxide (194.01 g) was dissolved in
ethanol (435.84 nl). An aqueous I&&LELj on consisting of ruthenium chloride
(6.2223 g) in H20O (41.08 nl) aneroglihanan (45.843 nlL) was used as well as

HNO3 (3.82 nlL) and gl acial acetic aci d(4. m,)..., The 1 3 ide ratio
was 4: 1. cztit al yst corrpi tiqnh wageru °Ti/@-zio( E) 0. 95

. pl oyed,

except |t hatuffechgagents and stoi chienmetiid eslibed Were at ust € as
i ndi cated bel ow. 20 Zirconi um n-propoxi dg,{ 70, w4 %44y propanol {¢86.709 Q)
was dissolved in ethanol (435.84 nl). An aqueous solution consisting of
rut heni um chl oride (6.2229 g) in HO (4270750ML) dAd et R&fol (U%5.84 ni-)
was used as | |- asd- NGB (3.82 m -)30andrgl aghal agatic3aoid (¢do 89 nl).
The Hzogal kéx\e groroa\fxiloc?gwas 4:1. The nomnal catalyst co sitipon was

Ru0. 05(Zr 02_1 (OH) 21) 0. 95 25 EXAMPLE 29 Cdfirer &Pal | y*dvai ﬁg& e Actylonitrile
Cat al yst (catalyst 41/49) from Standard2@ | Gesrpar.9of GChfo wass used.
EXAMPLE 30 A 1.75 M aqueous. anmoni u | ybdat ol utjon 30.((NH)4) 6Mb7CR24
4H20, 13714°M4.025M3R80268TABI P4 t h g?.sgDM'zéjsrrﬁ'tng ni %'!r)ate p’%ol u{_?‘(gn (
prepared by dissolving Bi (NG3)3.9H70 in 22M npf¢ic &Bid, 282.0 mMy, 1.0 M
aqueous ni ckel chloride solution (NiCl7 6k0, ;@95 mhy) angy 1. 0sllkaqueous
cobalt nitrate solution (Co(NG3)2' yH/O 0.5 nlL) in a 150 m - petri dish
with gentl €apsAlbbrg. The entire ni%%8ur 7was %8api dfy fro%en with 1iquid
nitrogen and 35 evacuated to dryness undepsvaouum imoa two.ssectoon Virtis
freeze drying unit (Virtis Freezenobile 2 d blz'#tog qryi n94uni t?ﬂfor at

| east 24 hours; the drier shelves were Iggt ' r'gérated to approxi mately

- 10C dursi ngAL@%];%A%\_@@CMQ)Eg on. The fiomal dréed imat erioadl wad.ocal céhed in air
to 400C for 5 hours. The cal ci ned

225 1.03 92.7 30.2 21.0
274 0.94 98.3 0.7 5.5
6 Auo,()75Cr0.025A10,9025Mg0,0475 0.29 175 0.87 2.5 63.7 0.0
225 0.78 17.7 40.7 6.0
274 0.71 72.7 15.2 4.9
7 AUO_025Cr0_025A10_9025Si0'0475 0.33 176 0.85 19.2 49.5 52
226 0.76 75.5 25.6 8.8
275 0.69 82.7 0.5 1.0
8 AuO'025Cr0_025Mg0'32A10.325i0.32 0.55 175 1.11 3.3 0.0 0.0
225 1.00 3.2 23.5 0.0
275 0.90 7.3 20.3 0.0
9 Au 25Cr 92551 9025M8 0475 0.53 176 1.20 2.0 0.0 0.0
226 1.08 9.6 11.5 0.0
276 0.99 355 12.3 9.3

17



16 WO 01/53252 PCT/ USOL/ 02329 powder was pelletized at 20,000 psig (138
nmPa) and granul ated on -40, +60 nmesh (-0.42, +0.25 mm) screens prior to
use. The nwawwsts2cat al yst conposition was M0. 375Bt 0. 5Nt 0.PEFEEHVIBEI0 1
TABLE | Xerogels (Au, C) W. T CT %9 MA YOVF %M EX. Cat. g C S Conv.
Sel. Sel. 1 Au0.025Cr0.025M00. 95 0.T 1 6 1.14 0.9 0.0 0.0 226 1.02 2.7
26.2 0.0 276 0.93 15.5 20.6 0.0 2 1 C0 01 A10.98 0.30 176 1.21 18.5
35.0 0.0 226 1.09 54.7 24.3 3.9 205orfetligeD?2.9 6.5 4.5 3

Au0. 025Mg0. 9025Cr 0. 015Si 0. 0475 0. 1767 0. 8412. 00,0MmQ 0.pMR6 OupMfarl. 8 26. 3
0.0 276 0. 22.8 6. 9%4 8 4 C 025,%%0 97? 0.28,175 G B7 4.9.0.0 0.0 225
0.79 16. 016566 07173424 AUO 025AT0.95Cr 0. 025 0. 40 176
1.14 50.3 4406 8171&21\2«25\/@6203 92.7 892 2715 113274 094 98.%%20.7 55 6

Au0. 075Cr 0. 02010. 9025MB0. 0475 0.29 175284 871825 68.47 0. 08225 0.188 17.7 40.7
6.0 274 0.71 72.7 15.2 4.9 7 Au0.025 0.0ggél 5%25SI 475 024?1»3 176 0. 85
19.2 49.5 5.2 226 0.76 75.5 25.6 8.8

Au0. 025Cr 0. @25 PﬁBﬁlCOVGgO& 0.32 @965 17 1111 3.8.70.0 011(9 225 1000 3.2

9Q

5 30 ore e 108 5.0 .3 SoTERSLSHPED ERESIOATS B
275 091 331 78 219
12 CugoH,PMojgVCrO4g 081 176 110 316 15.9 0.0
226 099 100 0.0 0.0
275 090 100 0.0 0.0
13 HgPMojgVZnOyq 087 176 110 69.9 9.6 0.9
26 099 892 233 16.7
275 090  T73.0 7.5 14.9
14 HyAgyPMoj|VOyq 104 175 087 530 10.3 12
224 080 995 15.1 18.5
274 071 536 8.6 33.0
15 H3AgPMo; VOyg .03 175 127 60. 10.6 1.3
24 114 993 14.8 0.0
274 103 100 3.8 0.0
16  HyPMoV,CuOyg 0.76 175 112 100 19.9 2.6
225 101 995 18.8 222
275 091 985 10.1 23.0
17 HgPMoj(VCoOyq 070 176 110 682 19.6 2.1
226 099 100 26.3 25.3
276 090 954 7.9 27.5
18  Cs4PMo;{VOy 102 175 087 188 27.9 13.7
224 078 558 16.5 15.3
273 071 100 20.6 19.9

18



WD 01/ 53252 PCTI US01/ 02329 TABLE 2 Oxonetallates W. T CT % MA YOMF %WF
EX. Cat. g Cs Conv. Sel. Sel. 10 H7P2Mpb17V062 0.91 175 1.12 95.5 9.2 1.5
224 1.02VO004532%2 7 15.6 275 0.91 95.2 5.4 24.1 11 HPPM BCHHESANBAE20. 94
176 1.11 84.7 11.9 1.0 225 1.00 86.1 15.8 10.6 275 0.91 33.1 7.8 21.9 12
Cup 2HNPMbl OVCr O40 0.81 176 1.10 31.6,45 9 0.0 226 0.99 100 0.0 0.0 275
0.90 100 0.0 0.0 13 H8PMb10VZNnO40 o—%%‘—n 6 1.10 69.9 9.6 0.9 226 0.99 89.2
23.3 16.7 275 0.90 73.0 7.5 Xeogel OxometplaiggSemsites \/040 1. 04 175 0.87 53.0

10.3 1.2 224 0.80 99.5 15.1 18.5 274 0.7l 5B 8sv3S. Ovphr H3AGRNOL |
V040 1.03 £%5 1.27 60. £,10.6 1.3 224 1. 14 99.3 14.8,0.0 244 1.03,100 3.8
2

0.0 16 : TT ) : . .
275 0.91 98795 1‘6‘995(5’§529-05(1T*P%?3Nb18v 60.7d%76 f 10 68> 19.892.1 226

0.99 100 26.3 25.3 276 0.90 95.4 7.9 2226 189Cs4PM0 | 123v04 1.62 175 0. 87
18.8 27.9 13.7 224 0.78 55.8 16.5 15.3 ;373 Qofl 10§ 20. 6,19.9 3§ VO
. TCT
0.0

01/ 53252 PCT/ US01/ 02329 TABLE 3 erogel onetal | ates Conposites

OTMVA YDVF 9BV Rug g5(HPA) 05(ZrO2)g 9 0.61 176 1.10 100 37.5
226 0.99 99.8 239 0.0
276 0.90 98.1 12.8 0.0
21 Rug g5(HPA)g 0s(NbO2 5)99  0.28 175 1.11 3.9 14.4 0.0
225 1.00 19.3 17.1 0.0
274 0.91 100 59 0.0
TABLE 4
Xerogels (Ti, Si, Ni,Zr)
Wt. T CT %TMA  %DMF  %MMF
EX. Cat. g °C s Conv, Sel. Sel.
22 Crg(TiOy_[(OH)91)0. 8 0.48 176 1.11 7.2 0.0 0.0
226 1.00 18.2 9.1 5.4
276 0.91 532 8.3 226
23 Crg 2(SiOy_1(OH)2))0.8 0.43 175 1.10 1.1 0.0 0.0
225 0.99 22 225 0.0
273 0.90 54.2 17.5 224
24 Crg2Coqg 2(SiOy_|(OH) o 6 0.43 176 0.83 53 3.4 0.0
226 0.74 12.5 3.5 0.0
276 0.68 15.2 10.4 2.8
25 Rug 5(Si05.1(OH)21)g 95 0.51 176 1.10 1.9 0.0 44.5
226 0.99 5.7 9.2 6.8
275 0.90 9.4 10.5 15.0
26 Rug 95(NbO2 5.1(OH)>pg95  0.64 176 0.82 1.7 0.0 0.0
226 0.74 32 11.1 10.8
276 0.68 10.0 43.9 6.9
27 Rug g5(TiO7_j(OH)7Dg 95 0.55 175 0.86 32 34.2 0.0
224 0.78 3.1 8.1 0.0
274 0.71 7.6 233 0.0
28 Rug 05(ZrO5.1(OH)» o 95 0.60 175 1.10 8.8 13.5 10.4
225 0.99 24.5 12.3 2.7
274 0.90 57.5 39 1.9




EX. Cat. g Cs Conv. Sel. Set. 19 Ru0.05(HPA)0.05(Ti 02)0.9 o 35 176 1.10
7.4 37.5 0.0 226 0.99 29.1 23.9 6.3 276 0.90 100 12.8 0.0

Ru0. 05( me)m/sosezmz)o 9 0.61 176 1.10 100 37.5 0.0 226 0P§§fl§91/923%% 9 0.0
276 0.90 98.1 12.8 0.0 21 Ru0.05(HPA) 0. 05(Nb02.5)0.9 0.28 175 1.11 3.9
14.4 0.0 225 1.00 19.3 17.1 0.0 274 0.91 100 5.9 0.0 TABLE 4 Xeroael s
(Ti, Si, Ni,zZr) W. T CT %9MA %DVR, ME EX. Cat. g Cs Conv. Sel. Sel. 22
Cro 2(T|02 1(0OH)21)0.8 0.48 176 L. II 7.2 0.0 0.0 226 1.00 18.2 9.1 5.4
276 0.91 53.2 8.3 22.6 2 Muiqumpangyt plplvhdary Gagisty 8 0. 43 175 1.10 1.1 0.0

6 0.43 176 0.83 5.3 3¢4 0.0 226 0.74 12.% 3.550.0 cv6 0.68 15.2110.4 2.
25 RuU0-05(SI0Z T(OR Z1)0. 95 U 5T T T, 0 44. 5 226, 0.99 7 9.2
275 0. 902 é 4AEBN %’T)ﬁ%b 26 RUO 05(§§62 égi %521)0%3% 0. 6%9176 é 1.7
0.0 226 0.74 3.2 11.1 10.8 276 0. 68 102@5430916 9927 197 00

Ru0. 05( Ti 02. 1( OH) 21) 0. 95 0.55 175 0. 86 %3503%4; 0. glgz4 0478 3.4,8.1 0.0
274 0.71 7.6 23.3 0.0 28 Ru0.05(Zr02. 1(OH) 21)0.95 0. 60 175 1.10 8.8 13.5

10. 4 22530. 9VM0g47BifNiBoaCT0.06274 0190 57476 31941, 93219 W01/ 53262
PCTI USO / 02329 226 1.03 8.2 11.8 0.0

276 0.94 47.0 16.2 7.1

20



TABLE 5 Mul ti conponent Mol ybdate Catal ysts W. T CT % MA YODVF %UWF  EX.

Cat. 9 Cs Conv. Sel. Sel. 29 ACRN CAT. 41/49 0.34 175 0.57 3.0 9.9 0.0
225 0.51wo @1/588527 0.0 275 0.47 31.2 28.3 6.7 30 PCT/US01/02329

Mb0. 375B10. 5Ni 0. 063C00. 06301 1.10 176 1.14 3.2 0.0 0.0 226 1.03 8.2 11.8
0.0 276 0.94 47.0 16.2 7.1 20 WO Ql1/ 2 PCT/US01/ 02329 CLAIMS 1. A
process for the preparation of a su ed formam de, said processing
conprising: (i) Lonactcessfooshegaeparationtd asapgituiol derenaniitity saidconpound of the

5 fornul a R is selected fromthe group consisting of Cl to
C8 al kyl, Op?ﬁé;éﬁpg ﬁ?ﬁ%ﬁ% and C 1l to 4 al kyl substituted phenyl or
[

m xt ures thereof, t FrOnReBBR ARLCEHfn thecapal R)Saﬁe Wété}.acpogmoap9§€tfl§e| ect ed
fromtheg grﬁﬁﬂuﬁm N9td, ReheRfin R(@)selé@é@ﬂ@hsthergra@rd@gglstsnguéf@{1@ ¢p rrml a

AXAUyM - ( x+ el sel ec fro consi st

10 Ru, Go. & %D’lc &P&Hﬁ@ éflethé %ME“E@F‘&S@@E P SRR resé‘?"gﬁ

8083 lls'[l ng 1gfthé5%resé‘@e o]fxlbpatSlyst Faid SZﬂalyanst)lmdtﬁmthmgmup hmmrlrng of: 11 sf from )
to and y is fr sel ected fromthe

group consisting of ﬁ\%oge Or\?éf@(?g E%oﬁ’i‘ﬁ@%ﬁgﬂﬁﬁ%@vsmo and

H7P2Mb 17V062; (c) rret aI sumbtreinuA edselvstedrfopo teagpascansistiog e8CHr 6 t he

group (gonsisting of HA+(6-g) RND V&Wnaﬂo‘ﬁ'@ﬂ{e@é& Ia'\fggé'f&ﬁgﬂﬁomthe
H6+( 6- z]) PMDBV3EO40 and 20 H7+(6 z) P2Mo ei_n is an el enent

selected fromthe group coHSHBEPHFUHE Oéﬁ‘l I@‘g N? 1a blzéén‘?and zis the
val ence of E; (d) heteropol ymshigatioak tiferést] € it fash DIoomes be Gidguip femnsi sti ng

of QHAPMD11 V040, @JHSPIVDO %)0&/3;040, 25 QH6PMOOV3IO40, QH7P2Mo17V062,
(b) heteropolyacids selected from the group consisting of
15 H4PMo | VOyp. HsPMo(V,049, HgPMogV304¢ and
H7P,Mo 7V 0¢;
(c) metal-substituted heteropolyacids selected from the group
consisting of Hy.+(6.)PMogVEO4,
Hs . (6-2PMogV2EO40, He(6.2)PMogV3EOy and
20 H7.4(6-2P2Mo16VEOg), wherein E is an element selected
from the group consisting of Cu, Cr, Zn and Co and z is
the valence of E;
(d) heteropolyacid salts selected from the group consisting of
QqH4PMoyVOyp, QqHsPMogV704p,
25 QqHsPMogV3040, QqH7P2Mo 17V O,
QqHa+(6-2PM0 1o VEO40, QqHs+(6-PMogV2EOy,
QqHe+(6-2)PM0gV3EQ 40 and QqH7.(6.2P2Mo 6 VEOg;
wherein Q is selected from the group consisting of Ag and
Cs and q is from 0 to the number of hydrogen atoms
30 multiplied by 0.5 when Q is Ag, and q is from O to the
number of hydrogen atoms multiplied by 1 when Q is Cs;
(e) axerogel or aerogel composite of the formula
Ru(HPA)M|_(r+5), Wherein r is from 0.001 to 0.1, s is
from 0.001 to 0.05, HPA is selected from the group
35 consisting of heteropolyacids and heteropolyacid salts of
(b) and (c) and M is selected from the group consisting of
Al, Mg, Nb, Si, Ti, and Zr; and

21



QH4+(6-2z) PMO 10V E040, QH5+(6-2z) PMOOV2ZED4AO0, QH6+(6-2z) PMb8VIE40 and
QH7+(6-2z) P2Mb16VEO62 wherein Qis selected fromthe gr consi sting of
Ag and ®O8M#®B252 is fromO to the nunber of hydrogen atonﬂp@dU%WﬁzBI i ed by
0.5 when Qis Ag, and g is fromO to the nunber of hydrogen atons

Itiplied by 1 wh te of th
Formul a. Rur (LPA) SM (e, Thaith Ges Do B S PR 2 o 0 001

to 0.05 HPA is selected fromreing wepdy eadh asmdesendegtipirone? & bped yaci ds

and heteropol yacid salts 0ft+u-(\b;: 120ds fom @0dtd.7s as€h ected 1f 13t he group
consisting of A, M), Nb, Sé and Zr; and 21 WO 01/53252
0

PCTI USO1/ 02329 (f) netal 7d5e§n%f the formula (BitCouNiv)Wb 1 \0a,
whereinst, u, and v (#acheeseringddpenshanittd/formamidk.to 1 and t+u+v = 1, wis

from0.01 to 0.7 eprﬁcess%ﬂfemr% 11\%}§er£?1 sa% s%géﬁfut\%ﬁ%rﬁlla%lhé i fcovering said

substituted for rocess 0 n sal substi t ut ed
f or mam de M- sabstxtmeélﬁfbmtantldn bzd/nﬁg)ﬁmfmndéa H&AOMIRehe formula HC(O NR2. 3.

The process of Q aifjdpy %@5 8 D1ie VXN EEhd éxysg%h%e@*&tédrmtuk@ BLeUP

consi st ng of su stantl pure oxygen, alr and en m xed Wlt i nert
gas. 10 4. cpﬁélsw&)efe%@s@ml@yam waaﬁérfér ﬁn%%yae%aw Vithénerisgagone at a

tenper gipure of fg Onrwﬁu&esaaﬁ@aﬁ@ l1abpattindaldoandiad istlogsatis € condi tions
from about | atmto bou erein said

t enper at ur eteinQe‘iaPB?nog B2 fBbkaEE(SO3%%9%9%@deitéjr%gsur‘ﬂ‘@nﬁlt%ﬂ%g of any one

of O ainms laboat #audneraiont ihetnsubstituted formamide is recovered by

fractional disti g ! af‘ O%P(ée%s nggaérggg&ﬁ §mc§fcud%x?1bgpal]urmqfoq+ Jlg Spe(f ogel or

aerogel of (a) or oxl des ‘se romt he
group conS|t9ta|bngt25’f5 | umi num i sopropoxide, titaniumisopr opoxi de and

zi rconiym i sopr OPOXTIQEprogé%s 8f a%eﬂff@@i%?s 100 ChvRirBInknB&sahiled he xerogel or
aerogel of (a) or ‘Ew?&%ﬂﬂa[]rom i norgani c netal colloids selected

fromthe gr El‘Ba‘BHWsl? Ef’cCP?‘Fde disdlation. co| | oi dal zirconia sol s,
col | oi dal tl tanl A SD}heSproéﬂsXeﬂCMmdewE@bthhdxersg)éli)r agobtlafdal orge) drea sol s,

ternary or re areé fr%&drgétapom €S se%ct'se’d s threT:1 g)%llijpr cons%hng of aluminum

isopropoxide, titanium isopropoxide and zirconium isopropoxide.

20 8. The process of Claim 1 wherein the xerogel or aerogel of (a) or (e) is
prepared from inorganic metal colloids selected from the group consisting of
alumina sols, colloidal zirconia sols, colloidal titania sols, mixed oxide colloid
sols, colloidal silica sols, ternary or higher order oxide sols, and mixtures of
thereof.

25 9. The process of Claim 8 wherein the xerogel or aerogel of Claim 1 is
prepared from preformed aquasols.

10. A composition of matter, comprising: xerogels or aerogels of the
formula AyAuyM;_(x+y), Wherein A is selected from the group consisting of Cu,
Cr, Ru, Co and combinations thereof, M is selected from the group consisting of

30 Al Mg, Nb, Si, Ti, Zr and combinations thereof, wherein x is from 0.001 to 0.5
and wherein y is from 0 to 0.2.

11. A composition of matter, comprising: a xerogel or acrogel composite
of the formula Ru(HPA);M_(r+5), wherein r is from 0.001 to 0.1, s is from 0.001
to 0.05, HPA is selected from the group consisting of heteropolyacids and

35  heteropolyacid salts and M is selected from the group consisting of Al, Mg, Nb,
Si, Ti, Zr.

12. A composition of Claim 11 wherein said of heteropolyacids and

heteropolyacid salts are selected from the group consisting of H4PMo [V Oy,
22



thereof. 25 9. The process of Caim8 wherein the xerogel or aerogel of
Claimlis prepared fromprefornmed aquasols. 10. A conposition of matter,
conpri si N OM®e¥gel s or aerogels of the formula AXAuyM | PEDUSO/023erein A
is selected fromthe group consisting of Cu, Cr, Ru, Co and conbi nations

t hereof, My I d r t\h r hst i 0 s Nb, Si, Ti,
Zr and conb}%lﬁ?é\? ?Wﬁ@@ﬂ’e@%@?%\v&%‘%gﬂ%yﬁﬁ? P?Hﬁﬁrhglqggf?éfzéﬁ%{oé(w}g%ﬂo’Mer einy
is fromoO thsgs-2PMopV2ROsottmsi-1HPMes¥tERe a1k H7-combeMsi §EOssxer ogel  or
aerogel conprséihe isQh e‘léﬂﬁ‘erﬁ@élUétE@frBHf%Hgﬁ)uiwohsisﬁrfg*‘&)Cu,\@},eZﬁ'aﬂd Col s from
0.001 to 0.1,, s is from0,.001 to 0.05 HPAis selected fromthe group
consi sting %ﬁ%f*&ﬂ@ﬂﬂ%é ds and 35 heteropolyacid salts and Mis sel ected
fromthg group consisting of Al, My, Nb, Si, Ti, Zr. 12. A conposition of
Claim 11 wherein said of heteropolyacids and heteropolyacid salts are
selected fromthe group consisting of H4PMb 1 1 VO40, 22 WD 01/53252

PCT/ US01/ 02329 H5PMb 1 0V2040, H6PMb9\' 30 40 H7P2Mo 17V062m and

HA+(6-z) PMb 10VEO40, H5+(6-2z) PMOOV2E40. H6+ 6-z) PMb8V3IEO40 and

H7+(6-z) P2Mb16VEOGG2, wherein E is an elenent selected fromthe group
consisting of Cu, C, Zn and Co and z is the valence of E. 5 23
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