; e3e’ PP] B@19%4a®e8 06 OTPP] | WO 99/ PSEP S99/ 03402 2@A2US99686066*
DEEPLY REDUCED OXI DATI ON CATALY%WWM’,M&EE FOR CATAL}gthg? LI QUI D PHASE
OXI DATI ON REACTI ONS BACKGROUND |ON This in an neral ly
relates to an inproved 5 oxidation ¢8t%fyst and its use for catal yzing

| i qui d phase OEE®&Yi BEDUCEDRt OXERATEGONeCATALYSTnANR TTS WSE dEOR Ve

envi ronment s andcRTALREINGEEPQUED OPHASRCORTDATIONt RERETIGN®S, products, or
sol vents which solubilize noble netals. In a preferred enbodi nent, the

present 104 9o F ol efrf@by MProved oxidation catalyst and a J
process ir#%ﬁ'%md tc convert

N- (phosphononet hyl )i m nodi acetjic acid or. a salt thereof into

N- ( phosphononet hyl ) By HE G 1% S90S 8615 S I {Hh FH Sh aIRNSY! yei ne
(knowng i 150 3g8t euldwiralg chamcal idustoy @ Aohvphasate’) s

descri ed&lc%g%%(?iz, LTBLS. Pat(}a}%{n No. 3C§'£C]|799,ay'L7'§ﬂlﬁ.m‘:9 Qﬂﬂ%ﬁ

Nf ~hosnhopioa®é hyk) @ tytom ereset idrss s ad dse airal Ioonivecaintily oxipldtadreas a
post - enmergent herbicide in an aqueous fornulation. It is a highly effective
and comEPRY HFPFTSREF et tihtt st RHRIQNA]  AUMIRALIF e usef~, 1| in killing
or controll{ng LAE, gL oWl of, 4 i de. V&Jl'vetr}/tso"wrf%dc%{“s%ld%cﬂi‘é% ng
germ nating seed%, ener gi ng seedl ings, mat uri ng ‘and "est abl'i'shed woody and

her baceousoyegeta@taDy, ant aqgRifcramoRmady, ale mideds for making
N( phosphononet h&%glyci ne are known in the art. Franz (U. S. Patent No.

3, 9S01 @024 nyew ¥Rt ey piosshdmmrstvad gt yda e mep I5d Vislteparde@ by t he
liquid phase oxidative. ¢l eavage . of. 30 N-(phos onaonet hyl )i m nodi acetic acid
(sonet ~neRTPEYeT red ‘f%lcghéet%h\/l%ﬂ&a)ly\lﬁ%t hlsoﬂf‘gee t}‘l“n HY Fesence of a

catal yst y- lphdsphonttiet hy MRrBHABRAIQ RET/S0/13402 22 5 R 2302

conprising a noble netal deposited on the surface of an activated carbon
support: Nobd N MpdspirorCadidry I0atlataiste (d30)az PEQCHANTERLCOzH) 2 + 112 02

(HO) ZP( O) CHZNHCNZCOZ2N, + + H her by-products .al may form such as
formc acid, 5 which i%h‘%cs%ﬂ?é’d"‘%%ygé S AP HE Fofal dehyde
bypr ofiict 3 g ANEL e RO HBA RNOS BRI 3L 1L (FANPADsacehiich s s formed by the.

oxi dati on of N-(phosphononet hyl)glycine. Even though the Franz nethod
produces @eseactepd abt &narad d tarsd Ratisnr ofo N-3(p1¥6s fiénonmet-hyl ) gl yci ne, ni a~

=osses cf , 10 the cost| ohle .netal jnto the reaction _sol uti (i.e.,

T eachi ng R ESRTTRHSE WGr e ORSAIGT SardCeroretoraake feacti on,
some of the, bk €, el §lod S et HIMA A JDTie, $@l Whleolier m and both PM DA
and N ~pnospnononelLiiyi ~giyclné acc as |iganas wnlcn 'sol ubilize 15 the

nobl e net&brmiletid:. Paitenits Mo highd69 X3 c tHares ime@n choeaehed afligt acti vat ed
carbon al one, without the presence of a noble neta be used to effect

., ma
the o9 datTREF FEARIFEGISHSIABAT Serdinidy Mﬁﬁoﬁﬁn&mﬁ}ﬁf@ $&ine. 1z U.S.
20 Patentg oﬁﬁy,a%ggrgwhfolfﬁah% e%fl%tyﬁ% %,h‘an%%t,lv'ty of the
aught by Hers se

carbon catal yst t man nmay be incre y renoving the oxides
from t he suerhatengfogdine rearingn seaidal,y @imerefiore seeididnok , i matheiagi dati on
reaction. See also, U S Patent No. a, 696,772, which 25 provides a separate
di scussi AAPHYETIRRE TR NG FEFe 8STRG CER SaVEOEERY 16F / t BB9car bon cat al yst

by rermvié‘u&é)echegla[ﬁtcgpthe surface of the carbon catalyst. 2

25 Various methods for making N-
(phosphonomethyl)glycine are known in the art. Franz
(U.S. Patent No. 3,950,402) teaches that N-
(phosphonomethyl)glycine may be prepared by the liquid
phase oxidative cleavage of

30 N-(phosphonomethyl)}imincdiacetic acid (sometimes referred

to as "PMIDA") with oxygen in the presence of a catalyst

R
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WD 991 43430 PCT/ US99/ 03402 2 5 SEP 2002 Although these processes obviously
do not sSyhbeksshs om nobl e netal |eaching, they do tend to ?HM oS at er
concentrations of formal dehyde by-product when used to ef ?% éﬁ? Xi dative
cl eavage of 5 N phosphononet hyli m nodi acetic acid. This fo ? ehyde

by- product is undesirable because it reacts with N (phosphononet hyl)gl yci ne
to produsSmprieihgdabyoplodust sl (d@pdsyted on the surface of an

N- net hyl - N-( phosphononet hyl ) gl yci ne, sonetinmes referred to as "NM3') which
reduce taetiNdoedprasbaBndHBPAYF) gl ycine yield. In addition, the

f or mal dehyde by-product itselr is undesirable because of its potenti al
toxicity. See Smth, U S. Patent No. 5,6606,107. .. Optimally, therefore, i~
has been suggested 15 that the formal dehyde p;ef;sgl _hjEI‘ga'n*Efbusl y oxidized to
carbon di oxi de amne)yatsicHas dyec PV,DA i & oXi 1=

N( phosphononet hyl ) gl ycine in a single reactor, thus giving the =oll ow ng
reaccl on: (HO ~P( O CHZN( CHZCOZH) Z Cat al yst + QZ (HO) ZP( O) CHZNHCHZCO2H +
2CQZ r H20 20 As the aboyv [ t,, such rocess requires the
presence of both carbon (‘\%ﬁ?gﬁ%grcﬁgg}%ggg?feétgé tﬁgngi dation of PM DA to

f N- (ph thyl)gl yei d_f | dehyde) _ and b tal (which
ori mar | 1908 b O P ERGUGRF Ao T el HERy 05 {5 Tblon Rarbon G oxi d6. and

25 Wi eryp; & eyl OpSrabl eBPt 8nd CoLBYSt Opn 2o St ahl e Satal yst, dOrppuch an
oxi dation process, however, have not been entirely satisfactory. 3 WO
99/ 4343 RETU LIS 94 034821 Zobe SEPL PigPrhdkic Rramg, ('R et whic U. S. Pat ent

No. 5,179, 228) teach using a.noble tal deposited on the surface of a
car bon sh%p%‘?’f‘?‘e#ob}’eﬂﬁﬁeg’fh%aﬁ%l %T(%&WTW%) Rarorret al .

report t S Sobl , - Jhowever, Ranon
et al. t%\é%rﬁ ??%s ?ﬁ%h?h’rég%@%??. on fﬁiﬁjﬂc%\ff‘% ﬁ%ﬁ%‘%ﬁ%\%ﬁd%ré%%essure
after thendxbattpnof edelplonsblsorcongt et Bl Toc atiser e deposid ioh of the
nobl e nmetal onto the surface of the carbon support. According to Ranon et
al .,190 #re rogehl Y| BRI AP ERICERE R He %o 3 ethl ST Bt ¢ {des®- than 1%
Still, t| ol i ed wth thi thaod is
unaccept gg?%&ﬁéagd}:%lg’g%? k?%é epsoésﬁ'tﬁ?dn%lnt eé n%b%aér}ecgrglé%ﬁlﬁe% to loss ¢’
nobl e mejgltiseir fager sorp abimehof ithd Uidhlsleadtedsess tdhei dotiddifntd5 cf the
catalyst. Using a different approach, Felthouse (U S. Patent No.

4, 582, 650)mexR chebuble nfo¥horrdt keSS tRMIQA Janth Nict i vat ed carbon to effect

t he oxidation .of PM DA into ho ono | ycine d(ij) a

co- cat al V%?O%%n%o%%%%{l??%H%r(egf?%g% ere?%%YA agq%lnc%fs?lgf%nla]]loie%yde into
car bph dipxigleopadnseielr. The co-catal yst consists of an alum nosilicate
support having a noble netal |ocated within its pores. The pores are sized
to excl ude N(phosphendnet h§ayepydite arkf % histebHarsveant tgachisbl e 25 net al

of the cq-catal ¥st fr ng:behiéonrg 0l seoned. A |\¥p5 osphononet hyli) %I yci ne.
Accor di nrg"‘i“o Fet 1 HOUER, e D1 1HEwe T Tht &l Vst TVgEthet” &l l ows for the
si mul t angouse oxd 021 | ORa PfrEM A 1y Nef thas phan Bt el YCi g -apd of
for mal dehyde to car bon dioxide and water. This approach, 30 however,
suf f er s dff opMERY et @l faiFs adv tphegmwnquigthivl igl wiifrfd .cul i tb S.ecover the
COStZ'(}/ nﬁ)gaéeengeﬁgé.féf)g}&,h%% Cl:folu %@gﬂheerdtBeoaches that the
activity of the carbon catalyst taught by Hershman may be
increased by removing the oxides from the surface of the
carbon catalyst before using it in the oxidation
reaction. See also, U.S. Patent No. 4,696,772, which
25 provides a separate discussion by Chou regarding
increasing the activity of the carbon catalyst by

removing oxides from the surface of the carbon catalyst.



PCT/ Li S 7l 2 5 SEP 200Z alum nosilicate support for - . (2) it is
difficuI%':t%?"(’;;“3 esign the two catalysts so .that the rateslgéﬁﬁggﬁmw em are
mat ched; and (3) the carbon support, c~~hich has no nobl e #Bt$fiP d¥Bosit ed
on its surface, tends to S deactivate at a rate which can exceed 10% per

cycl e. Hlushowg etk axiRice dee apbviipueled domibti stgdetd dromat al yst and
reaction p=ocess ~.;hich oxidizes P~tIDA to N (phosphononethyl ) gl yc

ne ~~i:indls metil heardvng | YpreyxKichitendg tre Prodarce gEeansbl e net al

| eachi ng_and 10 increas ' Cl Lon, of formal dehyde ir. ~ ar bon di oxi de
and et oera g L S8 IR b s B PR Wi e B0 1L R
| DTIENTIN Y S He \Gaitd 003 v @weg:va?@. o imr",Je~ catalyst for use in
catalyzinc liauid phase oxidation 15 reactions, especially in an acidic

oxi dat i \We-pdrod promasrat aid nimodigcgtdsencadof Folieedibgmaldabydat s,

i nternedi ates, . or_ products .which sol ubiiize node neCGglS; a process for the
pr epar at %ﬂ???d%qﬁaﬁﬁnHQ§ﬁﬁiﬁﬁﬁiﬂ §F?u§eIFSrEF8F5ﬁa¥éF xNdat i on process
using SUGHJlie 2 1WRALRIAC e E2baliks! uaxBhbEks gk,r-;p%evleésr esi stance

to nobl e netal |eaching, ‘particularly in acidic oxidative environnents and
i n the pmesierice MdfmesdipieM-sphosptbantnethiyd) gi yednat, espmeripesduct s whi ch
sol ubilize noble netals; and a_liaruid phase oxidation process in which
P~1 1 DA defezredf1d ashe MG )i ¥hdcdi grdeget heoMm N (phosphononet hyl ) gl yci ne

or al i .a cat: st eL8lt ~:Lhe oicidatien o. t?-:e
for?h de%?%%§%§9%¥%ﬁﬁggjgﬁﬁgl%érg%%h Fox?@eggﬁétﬁg?érgpg increased. 30 5
25 SEP ZizZndlniednyeleendyoghizaelnictt hesedfedti andpeavebdes bacaykdadfon cat al yst
conprising a non-graphitic carbon support having a noble nmetal and a

pr onot ert tt RPN dde tXICHE YnonS§LapRithe FaPboR286BPONE, wherein: the
catalys%ié%éﬂﬁgpcterized as yielding less than 0.5 mml e of carbon
nonoxi de ‘per ‘gram of catal yst when a dry sanple of the catalyst, after
being .. Optimally, therefore, it has been suggested

15 that the formaldehyde be simultaneocusly oxidized to
carbon dioxide and water as the PMIDA is oxidized to N-
(phosphonomethyl)glycine in a single reactor, thus giving
the rfolLlowing reaccion:

Catalyst + O
(HO),P(O)CH,N(CH,CO,H), 2,

(HO),P(O)CH,NHCH,CO,H + 2C0, + H,0

20 As the above teachings suggest, such a process requires
the presence of both carbon (which primarily effects the
oxidation of PMIDA to form N- (phosphonomethyl)glycine and
formaldehyde) and a nokle metal (which primarily effects
the oxidation of formaldehyde to form carbon dioxide and

25 water). Previous attempts to develop a stable catalyst
for such an oxidation process, however, have not been

entirely satisfactory.



heated at a tenperature of about 500C for about 1 hour in a hydrogen

at nrosphe™MO &H#4p%f ore bei ng exposed to an oxidant fol | owi nBCTREINE482 ng i n
t he hydrogen at nosphere, is heated in a helium at nosphere éro§@@q§ﬂt 20 to
about 900C at a rate of about 10C per mnute, and then at out 900C for

about 30 io mnutes; .sai raonoter constitut t Least 0,05% by wei ght of
38 &-Rromt juien.gt el

the catalyst; and tha non-gngh|$Pgnc§ bo rt PA5E™E §Becific surface

area of f%OEW@QQQ%)1@e%@haﬁgﬁhg3gogoﬁﬁégme€§l”géﬁHE?geQYOthhe

4

Brunauer- Emmett-Tell er nethod. I n anot her enbodi ent the invention provides
an oxi dat isarfiagec affaky serbompsiupprgta nBn- gedphiet thecprbbhesupport having a
nobl e netal, a_pronn%gr car bon, ang oxygen at a surface of the_

non- gr aphL€RELd 8L dWPEGBp BAMOMWREr Biln: TERETEaF Sl het 2P sIERAEaRFeRPed as

naving ;a LALNe Rbcadr BoReaLATs L A18YY0RE,8LOMS lngh LEagt apouL,30:1 at

the surface as neasured by x-ray photoelectron 20 spectroscopy after the
cat al yst ifgubddhed take achempenatnikeust aboht ndOOEgéAruabewt 1 hour in a

hydr ogen at nosphere and before the catal yst is exposed_to an oxi dant
f ol | owi ngPERESHESt PAGern thge O} dREdER BEABEHABr &5 comBleEpd2be? said

DT omei T Ealisg! LULasoak L aan! of AL HXpYEl DL 0T ohDE £RLALYBEIGANT | Be pon

graphi tic "carbon "support specifirc surface area of from about 10 to

about 300@fnRhe, cagrBRasubpdrby t hecBranayeroEnambh-del her, method. In
anot her enbodi nent the invention provides an oxidation catal yst s prepared

by a pPocadsreerpr Lduaginepssiurag ahaobreleeratakbtlassutvatessf a
rface at _a tenperature

O at TeabtoRooar 4056 MnErEi ANCKBFoPb TRSL MABFEahet 87 SdbBOSFETOn. the
non-graphiiie €81B0ResUBROLE DAsceapbap1and oxygenieiohhersurface of the
non-graphitic carbon support in io amounts such that the ratio of carbon
atonms to drpgentangnthat nphéesuefaéecsns lead to loss of noble
metal surface area which, in turn, decreases the activity
15 c¢f the catalyst.
Using a different approach, Felthouse (U.S.
Patent No. 4,582,650) teaches using two catalysts: (i)
an activated carbon to effect the oxidation of PMIDA into
N- (phosphonomethyl)glycine, and (ii) a co-catalyst to
20 concurrently effect the oxidation of formaldehyde into
carbon dioxide and water. The co-catalyst consists of an
aluminosilicate support having a noble metal located
within its pores. The pores are sized to exclude N-
(phosphonomethyl)glycine and thereby prevent the noble
25 metal of the co-catalyst from being poisoned by N-
(phosphonomethyl)glycine. According to Felthouse, use of
these two catalysts together allows for the simultaneous
oxidation of PMIDA to N-(phosphonomethyl)glycine and of
formaldehyde to carbon dioxide and water. This approach,

30 however, suffers from several disadvantages: (1) it is

difficult to recover the costly noble metal from the



at | east about 20:1 as neasured by x-ray photoel ectron spectroscopy; the
cat al yst cORPFPHEE¥8 a prompter, said prompter constituting atpdeasts8:0Q5% by
wei ght of the catalyst; and the non-graphitic carbon support has a specific
surface area of fromis about 10 to about 3000 n2/g, as neas<éredEBy20he
Brunauer - Enmett - Tel | er nmethod. 1 n another enbodinent the invention provides
an oxi dat i BAYEARSS} 2t S-S SHEP Y g°§%6€é§§¢doﬁﬁﬂiéFn@Sdéﬁé§FFPﬁ§ a nobl e
netal at a_.supface_of,a SHPRAQLE . and then _expasing the surface to a
reduci ng eﬁéi?B%g Ht%hﬁb%&%ggg?ﬁfeﬁg ore E%€“n6%Fe§ﬁ§?§Igd position, the
carbon supprek hae fatkor@NANIXYGENtale he bW kageoet ,t haiear Ay support
in anobunts such that the ratio of carbon atons to oxygen atons at the
surface i snat npbist mgbedt d2@osifsedneasuirted sy frceay tphdsoebect ron
spectroscogz; and 25 SEP 2202 the catal yst caonprises a pronoter, said
promot e? cORSFFLYRFRg2At 3 EASE U859 65 WEFGRE of OFhBeEaf¥Fy&t. In anot her
enbodi ment the invenki,0a PLOWLAES2iREQCESS LAr shBe pLapParailon of an

oxi dation catalyst froma non-graphitic carbon support having s carbon and
oxygen at gesttienecatalletnaendgrapbiibe eapbesssuppeht oxihezpeocess
conprising depositing a noble netal at the surface, and then heating the
surf ace atPﬁlgén%@rHt&PéoépnaﬂoméégyléEéMFlEQOEFl&ﬁeﬁemnltﬁheomalY0 of

carbon atons, 1,0.0xygen_atQ L Lhe face of the non graphitic carbon
suppor t be?ﬁ%l%%tfégsfegégg?ngﬂ:&gaggéégsﬂréaﬁby‘xf?é9gi%n hot oel ectron
spectrpscopychesiose bhespebba et 8brelepeshi-ben;nthecsabahYsioLpaPprises a
pronoter, said pronoter constituting at |east 0.05% by wei ght of the

cat al yst; amd waeenohigeaphinrresaedohosuppdehvhasaatspicyfic surface area
of from

SUMMARY OF THE INVENTION

= improved

all

L
‘-l.

This invention providss fo
catalyst for use in catalyzing ligquid phzse oxidzation
15 reactions, especially in an acidic oxidative environment
and in the presence of solvents, reactants,
intermediates, or products which solubilize nooLe mecalLs;
a process for the preparation of the improved catalyst; a

liquid phase oxidation process using such a catalyst

o]

20 wherein the catalyst exhibits improved resistance t
noble metal leaching, particularly in acidic oxidative
environments and in the presence of solvents, reactants,
intermediates, or products which solubilize noble metals;
and a ligquid phase oxidation process in which PMIDA or a

25 salt thereof is oxidized to form N-
(phosphonomethyl)glycine or a salt thereof using such a
catalyst wherein the oxidaticn oZf the formzldehyde by-

product into carbon dioxide and water is increased.

30



about 10 to about 3000 nR2/g, as neasured by the Brunauer-Emmett-Teller ~ s
nmet hod. I n anot her enbodi nent the invention provides a process for the
preparation of an oxidation catalyst froma carbon support having carbon
and oxygen at a surface of the carbon support, the process conprising
depositing a noble nmetal at the surface, and then exposing thessififs§p to a
reduci ng 20 environnent, wherein: the ratio of carbon atons to oxygen atons

at the surface is at |e 0 ' , X-ra hot oel ectron
spectroscopy before t !{bgﬁ%ﬁﬁﬁ?‘?%’i‘gﬁt @Sgﬁ%%ﬁﬁr%gﬁ%sa” O)ﬂéa%fbc%syf?t he
catal yst conprises a pronoter, said pronoter constituting at |east 0,05% by
wei ght of ¢ REmpiRoy RO GRARIIS Ratbos BRRORIAV It NOWRELa) At & prerastex
process for the preparation of an oxidation catalyst froma carbon support
havi ng car baha gHtfaes pf e aen-graphiticearben auppodawbereisupport, the process
conprising depositing a noble netal at the surface, and then exposing the
surface to a redths cafabystisrcharacterized aedistding hesssihahak§ nsmotehaficdrbenr ati o
of carbon atons to oxygen atons at the surface is at |east about 30:1 as

neasur eds by menoRiedbert rahe 6t catalysPRAEER @SErRampb of dcatalyshaferbalingt
conprises a pronoter, said pronoter constituting at |east 0.05% by wei ght

of e cat ahysled dits @RSAISHETRABbIPAS0‘C or GBUSFY 1A Y S YRR PToCESS Tor

t he preparatrion Ion ca t he process co ng depositing
a noble netagl at ,a surface of a carhon ort. and then exposing it
aurface to AmEniaiansdnt pdndporer HERS blicaRl bl FLESIH e
than 0.5 | e of carbon nonoxj de per ghra_m of catalyst desorb fromthe

cat al yst mﬁrgggp@tmosphere, Is heated in a'helium atmosphere from about 20 to about

900°C at a rate of about 10°C per minute, and then at about 900°C for about 30
10 minutes;
said promoter constitutes at least 0.05% by weight of the catalyst; and
the non-graphitic carbon support has a specific surface area of from about 10 to
about 3000 m?/g, as measured by the Brunauer-Emmett-Teller method.
In another embodiment the invention provides an oxidation
15 catalyst comprising a non-graphitic carbon support having a noble metal, a
promoter, carbon, and oxygen at a surface of the non-graphitic carbon support,
wherein:
the catalyst is characterized as having a ratio of carbon atoms to oxygen
atoms of at least about 30:1 at the surface as measured by x-ray photoelectron
20  spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

an oxidant following the heating in the hydrogen atmosphere;



sanple of the catalyst in a helium atnosphere is heated from about 20 to
about 900C at a rate of about 10C per m nute, and then at about 900C for
about 30 m nutes, wherein: zo the catalyst conprises a pronoter, said
pronoter constituting at |east 0.05% by wei ght of the catalyst. In another
enbodi ment the invention provides a process for oxidizing a re §Qﬁﬂ;%%ﬁ a
m xture, the mxture being able to solubilize a noble netal, f SEP

2002 process ture t.h an oxi cat al yst
in the pr es%%@@”g g%f%’é’ﬁgﬂb\% {eliegsiﬁ§5?%16)él“ﬂfé$ q}cé%f:?%@ésq 'l‘gﬂk?o'?l C%uppor t
having a noble nmetal at a surface of the carbon support; and s is

char act er i z@@ph#icGashan syppert hasa sml@mcela@amfémén aboghi®tmahewoxi de
per gram of cat al yst when a dry sanple of the catal yst, after being heated
at a tenper30Q0 ey, astroaasded®yf the BrinoauertEhonett-Teller impthadyen at nospher e
and before being exposed to an oxidant following the heating in the

hydr ogen at nosphiergnothér &@@baitnerit the iiRldntioh Provged anh oxidaRidnad2alls20 to
about 10 900C at a rate of about 10C per mnute, and then at about 900C for

about 30 m fydis@fed b 2ABEESS ¢ ﬁE'|h§‘%fV§% E 'aPH&SIb' é’ﬁaPéPé"SQPfégﬁoPéocess

for oxi |Z|ngareagent In a mxtur an sol u 1ze a noble netal

the br esenclSTBREYTC AR Gbbld ahd Tl Hbditutte Syt LR B B o por
havi ng a nobl e net al rgon and oxygen at a surface of the carbon
support; andt |?§SE4’QGLQ&O® 7 WHeINhavi ng a ratio of carbon atons to oxygen

atons at the surface which is at |east about 20:1 as neasured by x-ray
phot oel ectron 2obefeee theoselklpyneial depesitors dbainpstgraphitie sageprasupparthper at ur e
of about 500C for

carbon and oxygen at the surface of the non-graphitic carbon support in

10 amounts such that the ratio of carbon atoms to oxygen atoms at the surface is
at least about 20:1 as measured by x-ray photoelectron spectroscopy;
the catalyst comprises a promoter, said promoter constituting at least
0.05% by weight of the catalyst; and
the non-graphitic carbon support has a specific surface area of from
15 about 10 to about 3000 m%g, as measured by the Brunauer-Emmett-Teller
method.
In another embodiment the invention provides an oxidation catalyst
prepared by a process comprising depositing a noble metal at a surface of a
carbon support, and then exposing the surface to a reducing environment,
20  wherein:
before the noble metal deposition, the carbon support has carbon and
oxygen at the surface of the carbon support in amounts such that the ratio of
carbon atoms to oxygen atoms at the surface is at least about 20:1 as

measured by x-ray photoelectron spectroscopy; and

7



about 1 hour in a hydrogen atnosphere and before the catalyst is exposed to
an oxi dant follow ng the heating in the hydrogen atnosphere. |In another
enbodi ment the invention provides a process for oxidizing a reagent in a

m xture which can solubilize a noble netal, the process conprising io 25
SEP 2002 contacting the mxture with an oxidation catalyst injfhgpsesence
of oxygen, wherein the catalyst: conprises a carbon support having: (a) a

noble nmetal at a,surfage. of the carbon support: and (b urface | ayer
having a t hi cknell® %qtagf%ﬁ?mgﬂsg\s Qéjrgmr‘?geisg?'gdjrpmﬁg‘?roq‘im&@w&%ge%ﬂrface
and conprising carbon and oxygen; and is characterized as having a ratio of
car bon at onB-053° BypWRIghtRTdhe cafalyfe surface | ayer of at |east about 20:1 as
measured by x-ray photoel ectron spectroscopy after the catalyst is heated

at a tenper at ur elroéinctheuembodtnénirthalianentionipsavides agprbpesofpethat nospher e
and before the catalyst is exposed to to an oxidant follow ng the heating

in the hydrpmr@ﬁmép@lﬁ?bﬁidatiﬁn@Btﬂlmff[dmb%rﬁgmphﬁhecdrbaﬁ@bb ort PaQiigdes a
process for oxidizing a reagent in a mxture ich can solubilize a noble

St reager . _whi o
metal, the eé%ﬁsa%ocefgrgén%tlrwsuérgée{fbnae%rpg@@grcg%rg@@ gp%aértmﬁea process

conprising depositing @ noble netal at a su on support, and

cont act i ng Peeg SETIERR e i FAREIE N A bttt b iedling =
oxt di 21 ng. o RCBHERE Frp ETRREUHE QU 5rat aRoUEAREC WheaPhobl o metal, the
process conprising: 2o form ng an oxidation catal yst by a process
conprising: (a) thep@diotafegreomatores teeexigeatatamsiatithe sudace of theboPnsupport ,
and (b) exposing the surface to a reducing environnent; and
graphitic carbon support being at least about 20:1 as measured by x-ray
10 photoelectron spectroscopy before the noble metal deposition;
the catalyst comprises a promoter, said promoter constituting at least
0.05% by weight of the catalyst; and
the non-graphitic carbon support has a specific surface area of from
about 10 to about 3000 m%g, as measured by the Brunauer-Emmett-Teller
15 method.
In another embodiment the invention provides a process for the
preparation of an oxidation catalyst from a carbon support having carbon and
oxygen at a surface of the carbon support, the process comprising depositing a
noble metal at the surface, and then exposing the surface to a reducing
20  environment, wherein:
the ratio of carbon atoms to oxygen atoms at the surface is at least about

20:1 as measured by x-ray photoelectron spectroscopy before the noble metal

deposition; and



contacting the mxture with the oxidation catalyst in the presence of
oxygen, n 25 SEP 2002 wherein, before the noble netal deposition, the
carbon support has carbon and oxygen at the surface of the carbon support
in amounts such that the ratio of carbon atons to oxygen atons at the
surface is at |east 20:1 as neasured by x-ray photoel ectron SPRAEPS y. S
I n anot her enbodi nent the invention provides a process for the preparation
of N-(phosphonongt hyl,) gl ycine .or a salt thereof, the process canpri,sing
cont acti ng N(pgﬁ?p%?}%%ﬁéf:ﬂ?‘ﬂ'?ﬁ? ARIPIRLE"; ga@oqrgmatera %?'f“ QA8 t h an
oxi dation cat alo/gst in the Rr esence of oxygen, wherein the catal yst:

conpri ses a0@"boN weighbehtheLatalysta nobl e metal at a surface of the to
carbon support; and is characterized as yielding no nore than about 1.2
mol e of carbon lmancthdeepwodinent thé imerdiongirowdes agprdcgss forghe of t he
catal yst, after being heated at a tenperature of about 500C for about 1

hour in a hﬁﬂ:rpwetﬁprﬁbﬁ@ﬁbhiﬂ@ﬁpﬂ@dtd?ﬁtqfcﬁn beiatBo® ¥0pped hbvingreapsoian
following the heating in the is hydrogen atnosphere, heated in a helium

i's
at mosphey e byiBrRROA5uAScS Bf HPEHrb8R Qppbrt &hedrBcéds ﬁ&é’?lﬂﬂﬂﬁgg %%ittiﬁ.tk_;%t e,

and then at about 900C for about 30 mnutes. I'n anot

i nvention p i C ofr, r Aaf i .
N—(phosphonéﬁ%@ﬂﬁ??ﬁﬁﬁﬁﬁ%@ﬁﬁykaaggﬁﬁeﬁﬁgﬁedSé&@%88%?%%5§§r?ﬂy%g%prising
contacting N (phosphononet hyl)i m nodi acetic acid or a salt thereof with an
o dat 1 on_cBRUTGETBMIoTREUGS M Rutacst S6 i fhe Fatfsrebon@laras 1 Goyoeh
conpri ses a carbon support having a noble netal, carbon, and oxy?en at a
surface of 8lengathenswiansosat least abeut 30y #s mepsdredHyt xtavphoiegleptrafavi ng

a ratio of carbon atons to oxygen atons of at |east about 20:1 at the
surface as spectroscopy, wherein

10 the catalyst comprises a promoter, said promoter constituting at least
0.05% by weight of the catalyst.

In another embodiment the invention provides a process for the
preparation of an oxidation catalyst, the process comprising depositing a noble
metal at a surface of a carbon support, and then exposing the surface to a

15 reducing environment to reduce the surface so that less than 0.5 mmole of
carbon monoxide per gram of catalyst desorb from the catalyst when a dry
sample of the catalyst in a helium atmosphere is heated from about 20 to about
900°C at a rate of about 10°C per minute, and then at about 900°C for about 30
minutes, wherein:

20 the catalyst comprises a promoter, said promoter constituting at least
0.05% by weight of the catalyst.

In another embodiment the invention provides a process for oxidizing a

reagent in a mixture, the mixture being able to solubilize a noble metal, the



12 25 SEP 2002 neasu red by x-ray photoel ectron spectroscopy after the
catalyst is heated at a tenperature of about 500C for about 1 hour in a
hydr ogen at nosphere and before the catalyst is exposed to an oxi dant
followi ng the heating in the hydrogen atnosphere. In another enbodi nent the
I nvention provides a process for the preparation of 25 SEP 2002

N- (phosphononet hyl ) gl ycine or a salt thereof, the process conprising

oxi dat | on_ cRIokPR EOMHEIE et ARGy s of sRlaeofFatarkelh e ™" "

conprises a carbon ?ugport con‘gri@]i ng. (a) a noble netal at a surface of
the to car bRNeSENEPEF PXYGRMNY Wherel thg ¥St ayer having a thickness of about
50 A as neasured inwardly fromthe surface and conprising carbon and
oxygen, the ratieompriges Bearkarnauppart bayigeg @ nokiewnetal ate sydaceaottheayer
bei ng at | east about 20:1 as neasured by x-ray photoel ectron spectroscopy
after the cedrbbysuppserthaatied at a tenperature of about 500C for about 1
hour in a hydrogen is atnosphere and before the catal yst is exposed to an

oxi dant § ol | owi ng dRatBZEdD ab HRIdiNE TRUMBrEtHERSARRNS.2 indRSf@b&ibodi ment

the invention provides a process for the preparation of
20

N-( phosphonﬁ,gﬁgppa!e)é%rﬁ%gmﬁa@ﬁﬂ%eﬁ Qe({rg(%fgm%é"f)f H{e"&agé%g{é offier %

form ng an oxi dati a proces rising g a noble

el 21 2 AR e SRR AT R o e

N- (phosphononet hyl )i m nodi acetic acid or a salt thereof with the oxidation
catal yst i ndimes 8 @nd defipredyging #xpased to an oxidant following the heating in the

hydrogen atmosphere, is heated in a helium atmosphere from about 20 to about
10 900°C at a rate of about 10°C per minute, and then at about 900°C for about 30
minutes.

In another embodiment the invention provides a process for oxidizing a
reagent in a mixture which can solubilize a noble metal, the process comprising
contacting the mixture with an oxidation catalyst in the presence of oxygen,

15 wherein the catalyst:

comprises a carbon support having a noble metal, carbon, and oxygen at
a surface of the carbon support; and

is characterized as having a ratio of carbon atoms to oxygen atoms at
the surface which is at least about 20:1 as measured by x-ray photoelectron

20 spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to
an oxidant following the heating in the hydrogen atmosphere.

In another embodiment the invention provides a process for oxidizing a

reagent in a mixture which can solubilize a noble metal, the process comprising

10



25 SEP 2002 In anot her enbodi nent the invention provides a process for the
preparation of N-(phosphononethyl)glycine or a salt thereof, the process
conprising: form ng an oxidation catalyst by a process conprising: (a)
depositing a s noble netal at a surface of a carbon support, and (b)
exposing the surface to a reducing environnment; and contactin@ﬁsEP202

N- (phosphononet hyl )i m nodi acetic acid or a salt thereof wth the OX|é£tion

catalyst in esence .of o en, .ywher ei bef qre the noble netal

deposi ti on, C%}%ct@iq ﬁ}%mé’ﬁbf&o‘wﬁ”%&W#@&?@%‘Yaﬁa%%ﬁ%@ qfet%(ygﬁpf ace of

t he carbon sHpﬁgrt in amounts such that the ratio of carbon atons to oxygen
atonms at thWhelgindhecatahst | east 20:1 as neasured by x-ray photoel ectron
spectroscopy. |In another enbodi ment the invention provides a process for

t he preparation edMRFigeHhsaervaeRPAt NGVingi (@ aonokle srdtal atresudace ofithe
process is conprising contacting, in the presence of oxygen, N

( phosphononearph)suppoctdand €b) & sarface Riyed haaing 4 thickereks uif aboat S@aay st
conprising a carbon support having a noble netal, a pronoter, carbon, and

oxygen af amgaklRirinMardI)erdra th® BuSaePand coh&bri@ﬂ@%ﬁboﬁ%@%%@h; 5he

I nvention provides a procCess for the 20 preparation of _

contacti ng N ( pro<kaeReed s Revbia L] arpoR SthEREaRGATRIL: Fner, o

contacting N (phosphonone acid or a

o1 Gat 1 00 gl Bl bl A BRI 2Pl oo HESD ARSI, o
oi"13%¢ %, epeptmozagy anorthe catalyas is hoated 3t & tamperatire of bout B00°C for o
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to
10  an oxidant following the heating in the hydrogen atmosphere.
In another embodiment the invention provides a process for oxidizing a
reagent in a mixture which can solubilize a noble metal, the process comprising:
forming an oxidation catalyst by a process comprising depositing a noble
metal at a surface of a carbon support, and then heating the surface at a
15 temperature of at least about 400°C; and
contacting the mixture with the oxidation catalyst in the presence of
oxygen.
In another embodiment the invention provides a process for oxidizing a
reagent in a mixture which can solubilize a noble metal, the process comprising:
20 forming an oxidation catalyst by a process comprising: (a) depositing a
noble metal at a surface of a carbon support, and (b) exposing the surface to a
reducing environment; and

contacting the mixture with the oxidation catalyst in the presence of

oxygen,

11



about 50 A as neasured inwardly fromthe surface and conprising carbon and
oxygen, the catalyst being characterized as having a ratio of carbon atons
to oxygen atons in the surface layer which is at | east about 20:1 as
measured by x-ray photoel ectron spectroscopy after the catalyst is heated
at a tenperature of s about 500C for about 1 hour in a hydrogeg gipmsphere
and before the catalyst is exposed to an oxidant follow ng the heatrng in
t he hydrogen at npsphere,. her features, of this invention will be in part
apparent and | n BAPEEBCrslPi iAo MestAL fersstion, e Fa PR i O Tue
DRAW NGS Fi 8;]’6 1 is a TEMimage ef an cx dation catalyst conprising a

car bon supp&RPORANdRXYseR: atiheSHITreg 8itha €arbpp syPReMtimamaunts sechk thathe
carbon support. Fi %ure 2 is a high energy resolution X-ray 15 spectra from
an i ndi vi dutile nagio it cpgvan atomito exygexiatams@t tbasuifaee icatipasis?tig as car bon
support having platinumalloyed with iron at the surface cf the carnon

suppor ~. DEmhadslfdd DESCRY PhbfdélédtronigpddRidsEdyz-D EMBODI MENTS A. The
oxi dation catal yst 20 The catal yst of the present invention nay be used to

catal yzes |i qui d phassthéf efpodinle@th8@ RSN TROHEESR (Rbcéds RIr e ¢ sol vent)
oxi dation reactions, especially in acidic oxidative environnments and in the

f | j Lates, i ch
O oo e 2o RGPt KRG b PHRF B LA bR ot
he. cat al ystrBRRPBSRErg M B oS HERCR R Y TR incetta 90 or Sea ihartet !V
destruction) of the formal dehyde and formc acid 15 WD 99/ 43430
PCT/ US99/ 03With am axidgtiprpeatalyst in the presence of oxygen, wherein the catalyst:

comprises a carbon support having a noble metal at a surface of the
10  carbon support; and
is characterized as yielding no more than about 1.2 mmole of carbon
monoxide per gram of catalyst when a dry sample of the catalyst, after being
heated at a temperature of about 500°C for about 1 hour in a hydrogen
atmosphere and before being exposed to an oxidant following the heating in the
15 hydrogen atmosphere, is heated in a helium atmosphere from about 20 to about
900°C at a rate of about 10°C per minute, and then at about 900°C for about 30
minutes.
In another embodiment the invention provides a process for the
preparation of N-(phosphonomethyl)glycine or a salt thereof, the process
20 comprising contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof
with an oxidation catalyst in the presence of oxygen, wherein the catalyst
comprises a carbon support having a noble metal, carbon, and oxygen at a
surface of the carbon support, said catalyst being characterized as having a

ratio of carbon atoms to oxygen atoms of at least about 20:1 at the surface as

12



by- products during the oxidation of PM DA to N(phosphononethyl)glycine. The
nobl e netal conponent of the catal yst serves various functions. For

exanpl e, depositing a 5 noble netal onto the surface of a catal yst

consi stincr of a carbon support alone tends to reduce the rate of
deactivation of the catalyst. To illustrate, when N(phosphonongtdig jsoyci ne
is prepared by the liauid phase oxidative cl eavage of PM DA with oxygen in
t he presence 10 of catalys onsisting of an actjvated carhon.s ort

w thout o noesur By SR phalod et tatitihopy aREt I S oNERE L B8 uich
as 10% per cycle or rr.ore, r7ithout being bound by any particul ar theory,
= is beii clATPYTREre(f@baBh 0N\ fordbosk Tiuirde fiVATegeTLaiMRTPNEre 888 because
15 the surface of the carbon support oxidizes under the reaction

condi ti ons. b&kese i aatalystis exnased thi@n axidaat fobawingdbe dleating anthe U. S.

Pat ent No. 4,696,772, which provides a separate discussion related to

deact i vat i ohy@ogaentdtmaispbear bon by oxidation of the 2C surface of the
carbon. In the presence of the noble nmetal, however, the rate of

deactivajion of jhg,ahkl ¥ARUIREADAR ihverflio goviaed a prockss Rititheved that the
noble netal can react with the oxidant at a faster rate than the activated

b ¢ . _ . L uti
ot or e oxt chirraagsy dh-@hBaF R a Holsok R i oo kAo bR Ll 1 ke
Femper at ur coomEHE e g RN Bhadaion: sy Eliaad atela Aan o sl Pltad” " O
surface of a 30 nobhle netal yg¥pi calli/ are easily reduced by the reducing

agents pres¥ith anoxdationeatalyst imtherrrgeencmohoxidene whereinthe eatalyshp 991 43430
PCT/ US99/ 03402 Z 5 SEP 2ull2 the am ne fragnment cleaved, formal dehyde,

form c aci deomprises @.0arbomasppert comprigingh éa)reobbklermetal abastdface vhthe r educed
state. In this manner, the catalyst of this invention advantageously

exhi bi t $o si gafboncsupport; badqbY a Butfate Iaer hanmhgas tHitknessldf aboat 80 A asnot | ost
by | eaching, or sintered (i.e., in the formof undesirably thick |ayers or

| b : _ rat o |
clunps) by ﬁ%ﬁfi‘ﬁ?‘@%@ fﬁ?m%é%ﬁhﬁéé gﬁd%B%p{rerrfbeMbh!a% &(gg@ﬁ,{ﬁﬁ et a

aggl onerati nding on the particul ar "oxidation 10 reaction, a

nobl e et &l S0t BB &IGh S biygort BAMER B8 sur ko8I Hellfat BBsPAbR | on.

For exanple,” I'n the coifex € Oxi dativeé Cl eavage 0= orm N

hosphono | )gl yci ne,, al t hough, the carbon conponept of the catalyst
|(olroi malroi ly g‘éb g@%ﬂ} ugsd RXiay Phptasigghon spectrosggpy aﬂer fhe ca alysfals y

heated at a temperature of about 500°C for about 1 hour in a hydrogen

15 atmosphere and before the catalyst is exposed to an oxidant following heating
in the hydrogen atmosphere.

In another embodiment the invention provides a process for the
preparation of N-(phosphonomethyl)glycine or a salt thereof, the process
comprising:

20 forming an oxidation catalyst by a process comprising depositing a noble
metal at a surface of a carbon support, and then heating the surface at a
temperature of at least about 400°C; and

contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with

the oxidation catalyst in the presence of oxygen.

13



15 to N-(phosphononethyl)glycine, it is the noble nmetal conponent that
primarily effects the oxidation of the undesirable fornmal dehyde and formc
acid by-products into the nore preferred by-produces, carDOn ai oxi ae ana
wager. It has been di scovered in accordance with this 20 invention that
oxygen-cont ai ning functional groups (e. a., carboxylic acids, 26tqi§ &2

al cohol s, al dehydes, |actones, ketones, esters, am ne oxides, and am des)

at the surface of n ] . e i ng and
potentially i ncrl@aésribqn%g%@8%?&%35%&%&%%3&%%& %i%ﬁ%ﬁg@rgﬁgse oxi dati on
reactions and thus reﬂﬁce the abili Eﬁl of the catal yst to oxidize oxidizable
subst r at es) PISRAFFHAN o NyiPhespRANPEMSIAY AYFINE @ @R [T SeRICEBSS 1 eact i on.
As used herein, an oxygen-containing functional group is "at the surface of
t he carbon GUMBUPPBIt" if it is bound to an atom of the carbon support and
is able to chemcally or physically interact wth 17 W) 99/ 43430

PCTNS99/ 03402 2 foriBiiR) a00idatiopastalystrs avprduesstdoenprisig:i (&) deposiling aor wi t h
the netal atons deposited on the carbon support. Many of the

oxygen- cont golileteetal BES isOFfate oF 8WashdMStpp il el ('b?@k?oéiﬁgdllhe E@Fhes enge to
| eaching and 5 sintering and reduce the activity of the catal yst desorb

fromthe Cﬂf&%i@&ﬁ\ﬂ{&n@%gﬁ&m nonoxi de when the catalyst is heated at a

hi gh tenperature <e.cL, In an inert atnosphere (e. a., heliumor

argon). Thus, neasurin he . a nt of desqrption froma_fresh 10.
catalyst (1 e aonaplit N RREB e H P BOREREI Ap ™ Sal MR Bar Wit i «
phase oxidation . reaction) under high tenperatures is one nethod that nay be
used to anal idafionseatalystindneesentePyY9es: predi ct ~obl netal retention
and mai ntenance of catalyst activity. One way 15 to neasure CO desorption

i s by using therwbgreini before thearehly smefalgeposition, the camos supportasopy
("TGA-M5"). Preferably, no nore than about 1.2 mol e of carbon nonoxi de per
gr am ozicat earpsh ahesoxygehratithé Barfaeé af thet cavben sapgost in Bredints augh thatf t he
catalyst in a helium 20 atnosphere is subjected to a tenperature which is

i ncreased fihMaBBR cartibrl StoRPid 038k AbndlAdke 30Fab®Ts & 1BH51€20:4@ then
hel d constant at about 900C for about 30 m nutes. More preferably, r_o nore

t han about %e%ﬁgégey @%8{5,6‘%53%'59%?(*' tRSEogy am of fresh catal yst 25

desor b under ions, even re preferably no nore than about 0.5

mmol e of carbon m> erl]r%&hgre eMmbodhént tRfe invention provides a process for the

preparation of N-(phosphonomethyl)glycine or a salt thereof, the process

15 comprising contacting, in the presence of oxygen, N-
(phosphonomethyl)iminodiacetic acid or a salt thereof with a catalyst comprising
a carbon support having a noble metal, a promoter, carbon, and oxygen at a
surface of the carbon support.

In another embodiment the invention provides a process for the

20  preparation of N-(phosphonomethyl)glycine or a salt thereof, the process
comprising contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof
with an oxidation catalyst in the presence of oxygen, wherein the catalyst
comprises a carbon support having: (a) a noble metal and a promoter at a

surface of the carbon support; and (b) a surface layer having a thickness of

14



fresh catal yst desorb, and nost preferably no nore than about 0.3 mmol e of
carbon nonoxi de per gram of fresh catal yst desorb. A catalyst is considered
"dry" when the 30 catal yst has a noisture content of |ess th@h 8§bPwyg2l% by
wei ght. Typically, a catalyst may be dried by placing it 18 WO 99/ 43430
PCT/ US99/ 03402 2 5 SEP 2002 into a NZ purged vacuum of about 25 inches of
Hg and a tenperature of about 120C for about 16 hours. Measuring the nunber

of oxygen abous5atA a8 enensured mwardly fiaradhe eakaty shd Tepilisind SaBAtdHY
met hod 5 which nmay be used to anal yze the catalyst to predict noble netal

retention LS4 i | I WA b e , X-ray
phot oel ect ?)gggg@et@%r oscg%yglgggh%%g%@eg%% I){é(l) IM? ﬁé‘%‘gﬁ%&g?fﬁo& g@ﬁ:‘cgnt%i s about
50 P, in thic is.apal vzed. Presently ayail able equi pnent ed far
wray phot os7aet PSSR §EBEs Bl ST BT 3 BastabPured T ReRrredo%
Typically, a ratio of carbon atons to oxygen atops at the surface (as
measur ed by-TgY @@'9%%?%@@0@@@1%@5&{6\.C@ta+y§it ischeatgg at adepwmesaiuref
spectroscopy) of at |east about 20:1 15 (carbon atons: oxygen atons) is
sui t abl &. £pB8B1 G forrahaey drhourlie arhydiregersatmodphese aad heforetthe cataly st
preferably at |east about 40:1, even nore preferably at |east about 50:1,
and nost pisérpaeddd/toadn bridant ftlowingthiehedtingdadthé hpdrogehatmakpbes, oxygen
atons to nmetal 20 atons at the surface (again, as neasured by presently
avai | abl e equi pnent forhe rfdathisoelfecien isgestioscony)l peefigrably is
| ess than about 8:1 (oxygen atonms: netal atons). Mre preferably, the ratio
i s | ess tharrt BoparENhRRE pifefRATEDIBPINESs ohan hepednadter .and nost 25
preferably | ess than about 5:1. In general, the carbon supports used in the
present invention are well known in the art. Activated, non-graphitized
carbon sppH s assaEieoebr Thes orawppest S are characterized by high
adsorptive capacity 30 for gases, vapors, and colloidal solids and
relatively high specifiignraury dce aalldds 1Trge Sdppor oxddiatdalbny may be 19 WO
991 43430 PCT/ US99/ 03402 2 5 SEP 2002 a carbon, char, or _charcoal produced
by means kiR IYEY RETHALS S o tATHCR, By Paest FAvtFePdrserifati on of
wood, peat ;i gaid &idPalro W $hel Istirtheress vedetabben @upgbher. natural
or synthetic carbonaceous matter, but

Figure 2 is a high energy resolution X-ray

15 spectra from an individual metal particle of an oxidation
catalyst comprising a carbon support having platinum

alloyed with iron at the surface cf the carpon supporc.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A, The oxidation catalyst
20 The catalyst of the present invention may be
used to catalyze liquid phase (i.e., in an agueous

solution or an organic solvent) oxidation reactions,
especially in acidic oxidative environments and in the
presence of solvents, reactants, intermediates, or

25 products which solubilize noble metals. The catalyst
exhibits significantly improved resistance to noble metal
leaching under these conditions. Advantageously, the
catalyst additionally exhibits an improved oxidation

(i.e., destruction) of the formaldehyde and formic acid

15



5 preferably is "activated" to devel op adsorptive power. Activation usually
i s achi svedymiasheati ng to high tenperatures (800 - 900C) wictrhussy/esmp2 or W th
carbon di oxi de which brings about a porous particle structure and i ncreased
specific surface area. In sone cases, 10 hygroscopi ¢ subst&bhc¥P ach as
zinc chloride and/ or phosphoric acid or sodiumsulfate, are added before

t he dest bycpiroduditst durdfngo her cxddiagabnonf PMIDActea¥e adsorptive
capacity, Preferably, .t a=hor conte~a cf the carbon support ranges from
about 1O%PPGFPHSHQm%§h@ﬁiﬁ@é&P“@o about 98% for sonme wood chars and nearly
100% for acti vat ed gar haps dgickued cbrpaLaRgapic . pal WORLS ,oThe

non- car bonaceous matter 1n comrercially avail abl e activated carbon

mat er i al sefveFaiayivlsl fuacy idependFog erasplb,f depesitasgpeecur sor ori gin,
processing, and 20 _activation nethod. Many conmercial |y avail abl e carbon
suppoPt s NeSREaME teFa PR tamb st SusEarst 8fsa” cacpdrssuppoFisthadi A t he fewest

oxygen-cont ai_ni ng _f ional _qgr at thei.r surfaces, are_nost preferred.
The fornFoFaF% Y ta %%E§UEESP% ?égﬁgtkngFégg _E%g FﬁtSngfenbodinent of

this invgekiceRvathensegpehe catalyenol i thi ¢13UBpekte, Swhkable nonolithic
supports may have a wi de variety of shapes. Such a support may be, for
exanpl e, (phospbohometdlylagdycéar o burepcedbbySubh diguppgophasay al so, for
exanple, be .in.the form of a,3% L ctor ingeller" 20, WD 99/ 43430

PCT/ US99P#3885 175 “8EBVIFE2°fn Y § r FEBI 8FY§Pr ReFPEIPERBEAFReNt, the
suppQpt %Eea'QaEBQy%QrEbﬂ%iB@&h?CBEahﬁsac§§9§E§8 EQEBbﬁUEéon§Upp°rt5 are
especially preferréd, nost of the follow ng discussion focuses on

enbodi nemtishwhicch usbl& amepailti tbeatetsuppedt cakboshoul dohedr ecogni zed,
however, that this invention is not limted to the use of particulate

suppor t s 3e8GELYBEE F&r PR 4B 18GpP6Ft SYRA§ REVECRSw d81GEPHEty of shapes.
For exa SUERLRUBROL L ¥cheuhn-10,LBe,f of m Lat S h nore
preferab %?n?hg s&ppo?t ig ?% theuforngg% a’bomde?; %ﬁeggbgartﬁ%glate
support sthmydeecusedtion afr saet actiysted asrboeeapasts bkesuse,

alternatively, may be _bound to a structure ir. the reactor system such as
a sch8entBf EHIEABEI PE=the5CRYBPRaFPHPOAL saphEE ESRhFRASESERA particul ate
formco i I di i j,on,;0f p Lcle For powders,
preferab %Egﬁi gag%82883?585@6§ Etﬁgggéryf%feggg%gkfﬁghlabout 2 to about
300 ~Cm ur,s2thesr .| aggestldbnearban, UL epateherabl yaasskeast, about 98% of
20 the particles are fromabout 2 to about 200 ~.min their |argest

di mensi oWPigRdPEAYEABFefeFEBRY2EBORE SOUSF Pt HElPBREi EPes are from about 2
t o about T.min_thei ' [ Lt R t_95% of the particles
bei ng fr8%?%663?E§BPoggb%ﬁkﬁgggag.g%?ﬁgﬁhg?r$%%$622§Hd?%eﬁ%?on. 25

Part pcl egub€afng greaher chbbBnabouh 206 prabeAckhefrchargestedi mensi on tend
to fracture into super-fine particles (i.e., less than 2 ~.min their

| ar gest @efahsi BAYEV@RI chhar sabpf pfcdpactbvaetonerf The apetvatedsurface

f th bon .30, t, d. by the BET (B - Emmet t - Tel
et hod USPAGONZ. S| SFBFGRARIy £ oRb aBOE o100 b Bbote 2100100 00/ 43430

PCT/ US994884902-28n5rSEPt 2Q092h the oxidant at a faster rate than

the activated carbon surface and thus preferentially

25 removes the oxidant from solution before extensive
oxidation of the carbon surface can cccur. Further,
unlike many oxide species which form at activated carbon
surfaces and require high temperature treatments to be
reduced, oxide species which form at the surface of a

30 noble metal typically are easily reduced by the reducing

agents present in or added to the reaction mixture (e.g.,

le



3,000 m2MP 9%4ss3tace area of carbon support per gram of cargERnUsSYPPMLRt),
nore preferably fromabout 500 to about 2,100 ne/g, and still nore
preferably fromabout 750 to about 2,100 nR2/g. In sone enbodid®rits, Whe
nost preferred 5 specific area is fromabout 750 to abou~ 1,750 m-/g. The

pore vol ukkeornine EupgeeRt maleaved, viddaddasidry thrrweastftichvedt: - met hod
described_jn ample 1 . por.g Vv ferably.is fromabout 0.1 to
eh§lg¥(€§?% re é£§3%§:éhecﬁégz%ig{%%%, %%

about 2.5 Vol une rgramo ata sstlﬁ arﬁ)eretopr‘_’leferably 10 from

about 0.2,£@,80QULt2:0. M 19, tind dlsdeP) ety abioafyamabati H. 4 to about
1.7 mM/g. Catalysts conprising supports with pore vol unmes great= than about

2.5 nl/g itbvenvion &Gvcantagecusly eaxhilvitfs smignd fiicagdslitylor@ert o h h nd,
ca al ya=s_conprisjing supports Vi n re. volunmes less than 0.1 15 nl/g
tend t© h%ges?r%tl _Ogﬁr?gc Ard _ear{ge‘{)a_(r)perle? O | tai‘_t}f Vif3FR B bon
supports forsiseeidgt P2 Or esente AdVEdtd Qfk alRiLOPRIG dldiavai lable froma

nunber of sources. The Tollowmng is a listing of sone of the 20 activated
car bons whagéreayr bel wsps) it lptduessaw entdloras Barsse 1GHGbrSperl and Darco X
(1A -Anmerica, WI mngton, DEg; Norit. SG Extra, Norit EN4, Norit EXW Norit
A Norit TRTEEPLSINGrR(OAGEPLHd" NG (BT EF dF ( Amer . Norit Co., Inc.,
Jacksonville, FL); - 96 : - .7 NW and JV
(Bar nebey- Cheney, &%ﬁep%ﬁ&dﬁﬁnb&%é%@uﬂ? %ag%%nc 450, and PCB
Fi nes1§Pi tésbtigh, Acthoblethdaabamny De/ .mafe Gt iGey pataat icikbdni tt sbur gh,

PA); P-100 (No. Amer. Carbon, Inc., Colunbus, OH); Nuchar CN, Nuchar C-1000
N, Nucharat-abfetingche FOLERULOR A Efid Sadre SABC-Ranasnksed Cor p.

551 49430 LETTUROSHITS S SR Y RIS BRI of Allied Amer
Norit Co. (phd€phordatksoyMidle;ifd,) ;al@made23be GadwmBTbndomee 517, and

G ade 256@%(X\i’tco Chem cal Corp., Activated Carbon Div., New York, NY)~ and
Col unbi a eheg Upd loml ol R ienaNeid Wi e S N he oxpilgie tdemalofs PMEPA hi s

i nvenfion_preferably ha r r.e_nohl e .netals) at its surface.

Pr ef efr"&ébl %/g li?'hgplﬁ% l'éonrr% egﬁr}gﬁﬂi%l%e Teet ed flrsortr:?’t‘:“hélc’(%’rlc‘)au|5nectoa sisting of

pl ati num ¢ Rtgondrad | @k 1Ay i IWidFerdds (R oxilmediien HF ERe), iridium
(Ir), silver (Ag), osmum (GCs), and gold (Au). In general, platinum and
pal | adi umades vkl orideralarhydal andtfanmid s0id Sy prefdarated inte=a~, ~se
platinumis ~reser.t'_y the nost preferred noble netal, the follow ng

di scussi on* rp?r%epﬁ;%g[eecg ey USFFr0 3 S8 SdiReSs &0S) G “5Fati num It
shoul d be under st oodjr hoye\en tdhialcdie a® ASSHIINRR ha tgerenal |y
applicable to the other noble netals and conbi nations thereof. It also

shoul 20 beimwneret o otha thayxyden taampainolie fvsicglibrad gsedpser(@.g.neans t he
noble netal inits el e.rrcfntal statea%.(g: as wel | e nohle netal in any of

its varid%%r%ﬁﬁ¥&&?(ﬁF% %ﬂeﬁghers, ohols, af%eﬂ? es, lactones,

ketones, esters, amine oxides, and amides) at the surface
of the carbon support increase noble metal leaching and
potentially increase noble metal sintering during liquid

25 phase oxidation reactions and thus reduce the ability of
the catalyst to oxidize oxidizable substrates,
particularly formaldehyde during the PMIDA oxidation
reaction. As used herein, an oxygen-containing
functional group is "at the surface of the carbon

30 support" if it is bound to an atom of the carbon support

and is able to chemically or physically interact with

17



The concentration of the noble netal deposited at the surface of the carbon
support W99/4843¢ within wide linmts. Preferably, it is inpthaspasge of from
about 0.5 25 to about 20 wt.% ([ nass of noble netal - totaé r‘gﬁ,sz@}Q

catal yst] x 1009, nore preferably fromabout 2.5 to about ?o Wt and

nost preferably fromabout 3 to about 7.5 wt.% |f concentrations |ess than
0.5 wt . % aFROE3EdOREr WAGhiRe LBV PR26X10RI PORERERCPFOWIERhER® tends to be 30

| ess for h X anount of NMG produced,
thor eby. ettt AGorRe ke el Bor T5a30: ik (kE8rBha02 2 5 Sep 2002
(phosphononet hyl ) gM;{ﬁ'ynefy'tﬁédox@ehheOatﬂemhgndunatw@ame?fé@;bé ons
greater than about 20 w. % ers and clunps of noble netal tend to form
Thus, thehetaredpegenoblef aééaiobﬁélﬁ’é@m:eat‘—@rr%eaéhltl@taﬂldam)unt of noble 5
met al _used. _Thi ge t he.activi of the

t | d
unecoﬁon‘?&QFeﬁéﬁganghEeg}ﬁgFI RoBF & ¥et¥ © Tﬁléedﬁb%fg?gn %?O%e Inzbﬁg

metal atelfg gHef esebea Ehsg@:ﬁﬁb% SHPBOR! mBhEL £EADLN ek Seigaich that the 10
concentration of surface noble netal atons is fromabout 10 to about 400

~nol e/ g ¢avhdyst sar haaeedobtearrmgh aermper@taurgrémg_ Goatgistin nore
pre= eraDI%; from aoout Flfg 0 ,abcut %ﬁg ~rm¥ g and rms greferably from
about 153PolBBBht 2¥BBSBRGEE/ é#hrs JUBeCHetEF MR hed, TRYF 15 exanpl e, by
measur i nHeSQSﬂﬁﬁbEBEOQmBEn%Prc@%é‘éb?ﬁté‘oﬁ" Eroesi £l ey ASAP 2010C
(Mcroneritics rcross, GA) or an Altamra AM 100 (Zeton Altamra,

Pi ttsburghtaPpst Pieger abl yatahpsnobhet nedal nos mtetheusly flaeen of the

carbon support in the formof netal particles. At 20 | east about 900

(number WERS| th) actighédnBhrEe nprafa BPR| EPRSC RPN} HendeF fAEEN of the car bon

suppor t f I o] O, _Am i n | ar gest

di nensi ogéﬁﬁg;:g 8%% e?gbwg}@gm}f&a ouli§ % glg%u"?g (8 s iﬁgfv% heir | argest

di mensi Oﬁlheaﬁdrﬂ”ﬁ&é peetreabbyaiyom ﬁzbOpli*e25c?i BobDe &b@wl 10 nmin their

| argest dinension. In a particul arl%/ preferred enbodi nent, at | east about

BOs of tHeteBbiennargl mﬁéﬂ?f—’@?’é@ea‘? tﬁét%hﬁace»‘é#v%%é ca@%ﬁ”%ﬂpport are

fro bo 0 o] helr ge rmre referably
ma E'% Teés%%g ggugéigg;ﬁw%% fé. e| rlﬁg gL DERS] Sl = &

fromabot r gest and nost

pref er abhyaiyemsapodh ln5l£ﬁeat|ﬂ@§§ Epéﬁttcﬂs&&_@yr +fcszgeo$§"ﬂl mension. |f 24
WO 99/ 43430 PCT/ US99/ 03402 2 5 SEP 20(12 the nobl e netal particles are too

smal |, theegerahdy,t pobwonn th@ﬁe@@@@tahn&mm@el@ﬁmr@ommen the catal yst
is usedln an environnent that tends to so |i ze nobl e tals, as is the

case whel°BRIUFZi RGEPRFER £b FAT# XS ﬁ)ﬁ%gtbh FOfethy 153 Fe. On the

ot her hapgdenag &b, ParLLs! Eaxﬁblé bf‘CER@S@&aI)P@E e 4 endse 1 pype fewer noble
netal surface at ons per total amount of noble nmetal used. As discussed

abova) thtsosehdset bsredogectdd et vieyefatimee catidlysisand is al so an
unecononi cal use_o= the 10 costly nobl e In addition to the noble
Total At FEaERe B PoABORE Ty BeSRPE N Guf ST HO a0 Suppor t .
Al 't hOUghmRH@th OgRECENENPLERS ! ¥oh§t9§t1.:c§t£ tedbef _go®d heswiape of the
carbon support, other sources ci pronoter 15 may be used (e.a., the carbon

support B0seifutay.nallaral pyetemtbly, anproont erhan Alpron €7 tends to

i ncrease catal yst selectivit activit [or stabilit A pronoter
addi ti on@"P en%? FRHHeE 'H‘BIB?% 1dtRFT 12 %‘H.%g gz%SITH%a Bt er may, for

exa”’é’k&dgéof‘ﬁ &HH%%' £Rgke NObLE: dﬁép ?@édrlx rhkﬁlﬂé&S eené)él ¢ g carnon

support. For exanple, ruthenium an ound to act as
pr onot ersopa Bhaat abyst cosrpnmslelgobleummmm;msideecbﬁ a@raardfon support
surface. The pronoters)
fresh catalyst desorb, and most preferably no more than
about 0.3 mmole of carbon monoxide per gram of fresh
catalyst desorb. A catalyst is considered "dry" when the
30 catalyst has a moisture content of less than about 1% by

weight. Typically, a catalyst may be dried by placing it

18



25 alte j may be, for exanple, a netal selected fr up

consi st i"\}r}g&% ﬁ‘:i(olyn (Sn), cadm um (Cd), magnesium (M), rrarff}?ﬁ@%g"’?{‘}%) ,

nickel (Ni), alum num (Al), cobalt (Co), bisnuth (Bi), | ea?s(ggp 2001 tani um
(Ti), antinmony (Sb), selenium (Se), iron (Fe), rhenium (Re), zinc (Zn), 30
cerium ({g)o N6, TG YR ofPra%ﬁrtaa%yinkﬂespeenﬁgeanasasel ected from
t he group consi sti ng of 25 WO 991 43430 PCT/ US99/ 03402 2 5 SEP 2002

bi smut h, téemperature afdabotani20C |fom ghanttd A ardurspr ef erred enbodi nent,
the pronoter is tin. In another particularly preferred enbodi nent, the
promoter is iron. YPASK MR BTG (BY RN Rt (e pronoter is 5
titaniu fugthe ti y j cat al yst
conpri sre%utg?ﬁei #%nga%ﬁg% né.g‘&%téo ]ﬁjlf?noezr"{ ﬁ% %I)Hr%%g{()e[%%eet:r%{edr&; ly (1)
reduces Wbtk nx}yadbe |l eoehi ty dlyzeaitpd kHrdised aveprsrMeial cycles, and
(2) tends to increase and/or maintain the activity of 10 the catal yst when
t he cat ahgile|metabdrebentiertanddnaiditRitansie off PABAYIER al yst s

conpr' _slng.iron g rally-are t. preferr becayse .they tend to have the
gr eat esta%%ﬂ‘/'fYy g@% s%’a:f.% i?}gg)r§~31~.'t ﬁz-rlreas}gg)c Oettc% ﬂelcot:r;c’ﬁ'él dehyde and
formc aghecoxbaadpen. a 1dut fradnel fyef i athemgdormntynildye sy onoter is .
more easily oxidized than the noble netal. A pronoter is "nore easily

oxi di zeddbott i 50 Masim thiwindss sis iagmlamacdn Fotesenitaly tavai tdid enobl e

metal, First ioni zati(gn gotenti alrpg,rfor the:ﬁel enents are widely known in the

art 29 SEHREDe FRTRACECT oF  RAMIY T I THETORE ST HSSSPYof  Cheni strv and
Physi cs § B epSis | decurddaca faliami l ordda) ryheamunty of;pionot er at
t ?~. e surflace of the carbon support (whether associated with the carbon 25
surface ¢of sehfhomet adms oro soxgHy reetdmon athereofsunf@ravams wi t hin wi de
limts degendi ng on, for et:]arﬁrrpl,eq,_ tt}ﬁhgobl e netal and Jromoter used.

Typi cal | JS2EHEE QR PRI PRT L S 0P e SHORSEE" it %t 1%ést about 0. 05%
([ mass %?&&@Pé@erant@;s@étf@s%%ﬁ) tde gatialayst Lp&ut00%.q1 The 30 wei ght
percent ‘of the pronoter preferabl'y is fromabout 0.05 to about 10% nore .
pr ef 5 abl yafiscm atboud : @xyigdro 6oms )WA D HAZAR] eRCT/PUsFFH @2 Z 5 SEP 200' L
about 10% still nore preferably fromabout 0.1 to about 2% and nost ’

pr ef er ablS¥e ¥ bt HE 10 116 ok BRPMWed Gile PiGiFoter is tin, the

wei ght t..pr IS A ,magq% % Pronoter 5
wei ght S‘Zir:%‘ﬁ%%g S ?gsgéfiggi%?%%%%gﬁer al lll{/“'g%%n ?epr %lréttl?t%t é)e activity of
t he cat algsét avlesutans @xd endedl eyt goredfedably. a@n liehe cotaberuthand, wei ght
percents greater than about 10%tend to decrease the activity of the

cat al yst691b- The! ARt IRt St TR GRetCalYIEE FiEOMSt &© MSFadl so vary

wi d , ' , t | Lt I er used.

Pr e%?'/ab y&é{]ﬂ%@%ar??osﬁhgaf%m ag)lﬁ’ %%08&%5?0 a g%t %g:g(?%:n%l;m’tnore preferably
f rom aboarra 154k e teanaimmgnt0. ¥y k- rdyt [dhovered epeetoer alpley thioemoplpout 15 50: 1
to about 0.05:1; and nost preferably from about 10:1 to about 0.05:1. For
exanpl e, Prekexalplstis okt Sihap phadth Emlan®xyesn prefer:asitglhas a nol ar
ratio of_platinumto ir ut_,3; I.n. a_particularly preferred

enbodi meh or(%) ’thirp'éog% Rrﬁe&een albgl ot hee rjlro le% et glesfegggp }F/Ztl)al s alloyed with

at | eastewh® P Ifablar 169 dian Rbdet ). 1t, 0 aher Moaltl oyed et al
particles. A catalyst conprising a noble netal alloyed with at |east one
pr ord erPrefRIRR Y Hgs 4R FPAGY dntlages di scussed above with respect to
25 catal ysts conpri_si ronmt er t.ha f I ordance with
this invention, hofmrz\/generarfeqi%dt rggia éjlafjs%:togl gfglr?%r%)?gisn%%%%n&%l g%%et al alloyed
W th at geasdntonth e radee RGN0 keyhinbiih gheaket .r edicstiaaged, o pronot er
| eaching and further stability fromcycle to cycle with 30 respect to
f or mal demgrtegzarhiftorand cegihprodud@anys aSee preiffgrredexaffplesel7 . 27
supports are characterized by high adsorptive capacity
30 for gases, vapors, and colloidal solids and relatively

high specific surface areas. The support suitably may be
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WO 99/ 43430 PCT/ US99/ 03402 2 5 SEP 2002 The term "al |l oy" enconpasses any
met al paWoi%Mad3gonpri sing a noble nmetal and at | east one pcamsoenz4oz
irrespective of the precise manner in which the noble nmetal and pronoter
atoms are disposed within the particle 5 (although it is g&rgEPallly
preferable to have a portion of the noble netal atons at the surface of the
al | oyed aetarbpart£big). orhehartoylnnyO@@cedObYem@m@$eknanw of the
following:; 1. An nterneta allic 10 conpound is

f
o moundChenarra: FOE ceRanpae ropt Bentac s Bt S {EL &IOS o8, SamoUs 2
substi t ugiggal %@ékoyheﬁebstewil ORgt 8héDYsNaASoResi NGk £ONL | NUOUS

phase, i=respetfive cf the concentrations of the r_oble nefa; and 15

pr onot er oat OtrherTgtatuahILy;arasgubhei:iutcan}abnad:é@ys coataéns obl e metal and
pronoter atons which are simlar in size f pl ati num and silver; or

pl at i hunPEAGSHAPHUd Bnf 2CBEBIEPRt FRndPva: %y%d%%p%%% PRfeFred to as 20

"nmonoph t c alloy is an
al | oy thg{:eé’g%%g%gﬁsugﬁaf’f\énygté\gﬂglég%?:%%%%ases %U(F:}E?%'I}] al | oy may
cont ai n, tkmpeexoiipée PE36N-i poohE) phase,staéuintdm wli g5 adassbri n 25 pl ati num

in a separate phase. 4. A searecated alloy. A segregat ed allo~ is a netal
parti cl edipsiee nwhhéhp]aF%PEFeaE?‘éF chi BAEPYY RAFTEILeV SHOWFEeEMce fromthe

surfac_e ggdtgﬁa?gg Q’{:&Ef [ gQr?%C@n ea;%%fé&he 'Ji%ggs An interstitial

alloy is"a ne erern e and WD 99/ 43430

PCT/ y§99598f1@8c<zp5cSﬁﬁbge&zc@épn@&@m 8& OpBnar enTOFhideghaysh non- net al
atons, such as boron, carbon, silicon, nitrogen, phosphorus, etc.

Pr eferabpleSahOreas@Ca@ogr 8@@l‘éfnu$r®bfatl%ns¢lt§/)a®eﬁ hékoxg | Pyd net al
particle are from 35 nmin their |argest dinension,

1
P e o eRe iR PP ROtt 1 D1 3 L Gn R RS A o (11 17T EE Rt di momel o

still ma&sgfﬁi%@béapéasp@gfabou%miewo?ybouehel%mw dheidnd argest
di mensi on, and nost preferably from about 10 1.5 to about 7 nmlIn their

| ar gest dheeosibon ﬂ'lhppart oyenge®et Bfoparbdwt ekd hebor nodndave a uni form
corrp05|t|on ositions may vary fromparticle to ticle, cr ever

- pi th2 Feo?gr %‘éttﬁgﬁs‘e? %Om%/n Wi thers A ‘E%é);i Xst0%hy further
15 conprise E%ix&éé’é corsbel | 88 tled Ner SRR Syl Al Sl AREr O tige pronot er
al one. Nevert ess, it 1s preferred that the corrp05|t| on of netal

parti cl esohecstbshacedas | ywatmet ofm domme paid it eatanl patste cl e and within
each particle, and that the nunber of noble netal atons in 20 intinmate
cont act @\FFhV%’?W%F @R JRR Pel FeXi MRTRRE LY tWikl Y R EE  al t hough

not. essegh! glentPaledbe I8 GFLLY. 8L, 10Dl & retal. sl o be gld oyed vith 3

pronoter; and nore pre at substa thé nobl e netal
at onso beaati@eyteﬂoxw tﬁé]tlaocfbr onmdrey . cdiimesc falr hervayirleflers echridn al t hough not

essential, that the alloyed netal particles be unlforrﬂy distributed at the
sur f ace §gp@%§t%agqﬁﬁa1%L&mﬁﬁ% amounts of metals. Carbdn

supports having the fewest oxygen-containing functional
groups at their surfaces are most preferred.
The form of the carbon support is not critical.

25 In one embodiment of this invention, the support is a

monolithic support. Suitable monolithic supports may

have a wide variety of shapes. Such a support may be,

for example, in the form of a screen or honeycomb. Such

a support may also, for example, be in the form of a

30 reactor impeller.
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Regar dl ew® w/43480et her the pronoter is alloyed to the nobl @ecraisebiozde: 1S
presently believed that the 30 pronoter tends to becone oxidized if the
catal yst is exposed to an oxidant over a period of time. F 5 &tp 2000

99/ 43430 PCT/ US99/ 03402 2 5 SEP 2002 exanple, an elenental tin pronoter
tends to oxidize tdr e maSBHidilarlangrefelrirpd® embdditmenoxi dhee to form

Sn(1V)02. This oxidatjion nay occur, for ex le, if the catalyst is exposed
to air fotUBRSE (ke Hbdfte FHGuCE ?aﬂtﬂﬁb‘ggfge%chBﬁFGHﬁFer oxi dati on has

not been é)ab&‘ér o) 2SI fdsernt get,r | Lal-oaf f gekr0penObl e net al
| eachi ng,” no ééa%e% al sinteri r?g, ca#%l ys?t gchgé?ty, eor' cat gl yst stability,
it does e farldlowrimy diecancentfioatisers oh debodimehak akygkRnugent ai ni ng

functional 10 groups at the surface of the carbon support nore difficult.
For eXanp ©2%s Hiahfs BPRMdve, IthShosiceher HEFeERbR Het PPHEHEH!
oxygen-cqni.al g, fFUNALanal (& QRS 16l en BXYERD- GAOLBENI NG functi onal
groups that Teduce ACbl € et al- fesi Stance to | eachi ng and sintering, 15 and
reduce t heymacitdwidte eugdma-teat al yst) may be determ ned by neasuring (using,
for exanple, TGA-M5) the anopunt of CO that desorbs fromthe catal yst under
hi gh tenperatures iSwigfblseparitrydgher suPFonEdemay| have presdatly believed
t hat Wneq/aan. eq:xi %ifzes%apreosrmt %rori S Za.(r)n Rr.esent, at t hergurfgceb t he oxygen

at oms fromtie foxidized prionotéer feng to react Wen carBon 3ton® oz the
suppard ahdified @PYraluies i NEIRNl Rekk _at:ereéabsw,t@h@rgdy?@r@, t her eby
creating the illusion of nore detrinmental oxygen-containing functional
groups atis Her Xhesfidracefofa plewdegppofheshapagtioal fyeegiteporsach oxygen
atons of an oxidized promter also can interfere with obtaining a reliable
predi cti SFOPHOSE mét & IPEECAEnGY Sn6Bl &Sntfaf Efnterrng: and catal yst
activity firQpd-ne 2190l AeasuLeBatl tbviasctor-eXanple.nX-ray-phot oel ectron
30 spectroscopy) of oOxygen atons at the catal yst surface. 30 WO 991 43430
PCTNS99| (3432n? SuShHP a20@2 sthresn wheant hepealatyst conprises at | east one
pronot er whi ch has _been exposed to an oxjdant  and thereby has been oxi di zed

(e-g.1> when the cafldPy§Eiids BeSHPBRPOSERFB 4FriPoP2hbrE thah about 1
hour) | 1edsh Sceliered thaud! b ur aunterylirsh be sybetaniially reduced

(thereby renoving the oxygen atons of the oxidized onoter fromthe

surface afort pewdatral,ystrefeehbly att @ppstngbbdot neasuce the anount of

detri ment al ox;igen-cont ai ni ng functional groups at the surface of the 10
R

carbon sESFSACLERhASer EdGFT ABRYPr éf EPaBPYUF s3 AL i BvEY ’b‘i}ehéati ng the
catal yst jtg.ademm Eﬁ%ﬁ%ﬁ,ﬂ%o?%ﬁé&e?gggoi raé‘b?&st_l Doyt | Bg@n, At mospher e

consi sting €ssentia nmeasur etrent cf detrinenta
oXygen- Cc @teaipairtd clesctirendlogr abpatab theasanit azeo pief €nabhyit s perforned
15 (a) after this reduction, and (b) before the surface is exposed to an

oxi dant AGNSSRCnGirREsieductRrEnToRpsPreferably about 99% of the

particles are from about 2 to about 150 um in their
largest dimension with about 95% of the particles being
from about 3 to about 100 pm in their largest dimension.
25 Particles being greater than about 200 gum in their
largest dimension tend to fracture into super-fine
particles (i.e., less than 2 um in their largest
dimension), which are difficult to recover.
The specific surface area of the carbon
30 support, measured by the BET (Brunauer-Emmett-Teller)

method using N,, is preferably from about 10 to about
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preferably, the neasurenent is taken immediately after the reduction. The
preferr®Pewsgantrati on of netal particles 20 at the surfaceushosdaez car bon
support depends, for exanple, on the size of the netal particles, the
specific surface area of the carbon support, and the concen? §askRr200df nobl e
nmetal on the catalyst. It is presently believed that, in general, the

pref erred, 86AcBMT at s WAL age mzied oAb Geerdre VPR T ARFHIGEST &h about 3 to
about 1,500 particles/unm? (i . _a nunber _of et al rticles per ~CnR of
aur face’ SRTRRRLSHPRARSO t ForsapEreralty thefe tas 2P0 taceBaebit son
(nunber dengbt yi/Hf dhe seial mpard igdeSe s f raBmbdsdudl . Bd @ gbout 7 nmin
their largest 30 dinension, (b) the carbon support has a specific surface
area of &bontabolf078)/30 abjoronEl Girhedigneritss. the- mefst3preAgdr83Y 43430

PCT/ US99/ 03402 .2 5 SEP, 2002 rface car bon o] e ram of carbon
suppo t)?pﬁﬁﬂg(‘ﬁ) 2tR8 &8n ’éﬂés‘lrj?;\}f’?%?w @%OnB‘BI%b?régg 'z%op‘ﬂ{algar bon support

surface is fromabout dote ABoihe 19cWnd &L 9BSS: Ofapobhe, MLk y total mass

2
of catalyst] x 100%. Tn 5 nore preferred enbodi ments, narrower” ranges of
net al pavtingethenveatnatmens machodbdesoeiléd comcExémple ohs ahe desired.

I n one such enbodi nent, ti-~e concentration of netal particles is from
about 15PPEEaBBLEME0BrBARFRRI BsHS, IOM APt hel chneRn?P@tt oh- B. nobl e net al

at the r u SHL is-fEr Ly 2 1N .% | n an
even m%@lgge?ggfédpg%ﬁai%ﬁﬁﬁ? eOEco((F)l%Ee%t %ﬂ bnrﬁ%fétr)%%?é%%gﬁcl es is
fromabofitohSabouaboup 660apant i z| @sh- R, arddndse woatenilbhyi on or r_ebl a

neta' _ at the carbon support surface is fromabout 2 to about 7.5 wt.% 15
In the nbEemprRPEErBd4ehBodPeiehtl - T Hel (BncefrFat YRS oF TPl Rl parti cl es
is from about t bout 4 icles/-nP,, and .t he conceniyation of noble
nmet al atS%ﬁ%"%%?b‘b’%@u%%%?tgcgh"rprg%%: lf%gé‘bbu%h%v\?k?%?t%ggc%i Centration of

netal paféhel es atathersueiacey of dheccarboresupped! 20-4Bysbe measured
usi ng methods known in the art. H Process for the Preparation of the
Oxi dat i opoTpraEyag IUPPRDXY deddiidrpefe t1el G boreSuppwa® The surface of

th b t f bly.js_25.d t ed. bef ~th bl tal i
depostt Bt 6t GoTE. P BFEF ab L (HE AT dber 1S TEbXYURHRAer UaThg a
hi ght enpgrat ¥ e,deoxygenation treatnent. Such a treatnent may be a

single-step or a multi-step schene which, in either case, results ir. an
overal | chemni cal r@avoonosuppols LD 99 434 3hdPCIF LRI 03402 2 5 SEP 2002

oxygen-contai ning functional groups at, t surface of the carbon support.
In a tworSY®p-H? h‘?‘Y%nf)%‘Pr&?ﬁ?’ga@e}g@Vgaeh]ﬁq%ﬁ %F%p%ﬁﬁ@?%e"éar bon support
preferably,iSedirstndr s B id 2 gaseous OF dddi gk phase oxidi zing

agent to convert oxygen-containing functionalities in relatively |ower

oxi da® i oncsiwtesd (eagbonketivhes, mayt dehywesi vainch al lciohol rsyenoitan :
functionalities i el atively hi r oxidation states (e.a., carboxylic
aci ds), WhFTh %?%gle%%?%ra’i“g %ﬁ%qqggygﬁ'mqﬁec%urvf%rﬁt?%e catal yst a-~.
hi gh tenpey atwses. RgPELsLN! afdva: lmedi diphasenaxi digi g 29a,s; d ncl ude
nitric acid, HZOz, chromc acid, and hypochlorite, wt:z conce.”.t rated

nitri c Gttra-cerNgit sheX f ramd Mokt 0 X aaboigh 8AngransNafitHNO3 per 10C
grans of 15 aqueous_sol uticn bei rrlf%)pref erred. Representative gaseous

oxi dant sC? ncl trfe- nof 2T BV obdRyerf Loz SHe 9§ r offerd 4 foxi i 8 nitric acid
vaposs. %;“'.5:7 ac)'ui v@por c@r'_ﬁ,t{;ﬁ eg%_, -réiﬂ 1 di 'qg ]ﬂg.;entOHWth aliquia
ox~aanr., tenperatures of from a ouI{H e){o a oi}t' 9%6& are ' K
BL Pulwv., PWA Pulv., Calgeon C 450, and PCB Fines
(Pittsburgh Activated Carbon, Div. of Calgon Corporation,
Pittsburgh, PA); P-100 {(No. Amer. Carbon, Inc., Columbus,
OH) ; Nuchar CN, Nuchar C-1000 N, Nuchar C-190 A, Nuchar
30 C-115 A, and Nuchar SA-30 (Westvaco Corp., Carbon

Department, Covington, Virginia); Code 1551 (Baker and
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20 appropyoabms4zput with gaseous oxidants, it is often advpptpdepdget 0 use
tenperatures from about 50 to about SO0OC or even greater. The tinme during
which the carbon is treated with the oxidant can vary w dely_from about 5
m nutes to about 10 hours. Preferably, the reaction tinme 25 29 PERMRbout
30 m nut eddamsaimouiDifrilsdwns ofFRpdAAeAmal .r Hoult sCondi Emte, t hat carbon

| oad, tenperature, .qQxid cqncent ion, etc,.in the. first treatnent step
are not n& QPWﬁ#iﬁ'cgﬁsﬁogﬁéﬁFeéS%g Eﬁ@gaeé??ed65§?8a§}6n %?gthe car bon
et er i al %&%&tﬁh%sﬁ%ﬁ&%o@@éﬁn@eglb o3 convenencs eyfbod Mide range. The
hi ghest possibl e carbon load 1s preferfred for economc reasons. 33 WO

09/ 43430 REW WS9¥,03#02 2nd SEPu@bOa BMAChdUstonndasbife ¥ée vaildj zed
carbon support is pyrolyzed (i.e., heated) at a tenperature preferably in
the rakgeN§f -from about 500 to about 1500C, and nore preferably from about
600 to about 1,200C i Bc3106L! 88°En1 3" IAPenDELL UTke L OANETHON- OXI di Zi ng
environment (i.e., an environment conSisfting essentrally of° n0 oxygen) to
drive of f drfae caxy@er coehlai nebglfisnchtonak gueppsefr opréhergBrPon surface.
At tenperatures greater than 500C, an environnent may be 10 used which
conpri ses thesmobleamstal (67 AFMBALACEBE AROMOEheroEPemi cams beeing whi ch

w | generate N+-i., dur,i pyL LS), a r carbon djoxide.which aid in
the ¢ ¢ ro% Plﬁt&nu@ ﬁP@?'ogggﬁxaiﬁ%,(?&?{n%vg%faﬁ?@.P%%*thzh?Q%W%e_~..u_~
~. - 110~ QRR)S- ARi8STRCIIr) S €0UeErt QAGENPEEAL Uhes0s ESSakdaeBOCC, however,
the 15 presence of oxygen-containing gases such as steam or carbon di oxi de
may | ead tldwhe fde- genegelonpdftsnumagadoradesdawn ahaistors preferably

avoi ded. Accaordingly, the.pyroiysis is preferably, conducted in a
non- oxi di PG S&F oS pREfePeara™ ™ nt fr8Gen, Fargoht “or mef7iMjS In one 20
embodi mi‘nblattfi%u?cpag0§&@géh99¥agﬁysraege e COFPE LS8 S AITDNh&y 2 Whi Gl tends to
produce a " nore active catalyst in a shorter tine as conpared to pyrolysis
in the ot el latimgphesesssThe pyibl ysi sSimaygtbe mcimavedy for exanpl e, using
a rotary kiln, a fluidized bid react or conventional furnace. The

car bortsufPErALFEREFal Py PPsPpFt Y2 ed FB?gggBégi%% HrAg TR bout 5 nminutes
to about §Q,AQuLs, rpuef ehablymér@maboricA0; &1 fates.10, ahoi ; &phours.

Shorter times are preferred because prol onged exposure of 30 the carbon at
el evat ed tempaeabtihex tiehils metadbslugedt bemathawvidys afhddeoLat alftyst. Wt hout
bei ng bound to any_34 WO 99/43€§O PCT/ U599/ 03402 2 5 SEP 2002 particul ar
theory, i|®8le® pPe%dft P§ HBRRFETRACE hikahr BRBntRE™ he 5y PREDYT A ti ¢

Lemper at Uggsof ALOLS At NEahO! FRLI 0,08 ALaRN 1. 1 i fbdén] oy ef erred

form of a carbon support cause It normally has less surfa area. As
di scugsedaabewel asnmbhe acbleemesathl ystahypofalty weyidaes produced in a
shorter tine by using an atnosphere which conprises amoni a.
oxidation states.
The concentration of the noble metal deposited
at the surface of the carbon support may vary within wide
limits. Preferably, it is in the range of from about 0.5
25 to about 20 wt.$% ([mass of noble metal + total mass of
catalyst] x 100%), more preferably from about 2.5 to
about 10 wt.%, and most preferably from about 3 to about
7.5 wt.%. If concentrations less than 0.5 wt.% are used
during the PMIDA oxidation reaction, there tends to be

30 less formaldehyde oxidized, and therefore a greater

amount of NMG produced, thereby reducing the N-
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In a preferred enbodi ment of this invention, high-tenperature deoxygenation
is carrW@3d¥R#®0%i n one 10 step. This one-step treatnent ndETAHILIO0E2 of

nerely performng the pyrolysis step of the two-step hightﬁg&géaﬁﬁfe
deoxygenation treatnent discussed above. More preferably,2 er, - the

single-s~er tre==;nen ._consists of p rolgzing t he carbon, suppor~ as

descri bePheSRIRRAMNSHIY Y S} ¥Rt ek y a,2tconprising N2,
NH~ (or i i j Wi ener at in
by o yei et ST Sfta Y I ela Mg ad RSN SRS B 1Y,

f eat ur e furigs-.f indIENS intal heerfd o réadren.of THie ,gaherid ears preferably is

20 fast enough to achi eve adequate contact between the fresh gas reactants
and t he fEeNBorPWIFFR 10848 B3 G SHARfh REF FrddeniSids ¢ wei ght
| oss and terial . wast.e. =T | Ve used a diluent to
pr evesﬁt “ée(r?\}lelr é‘lsv\?ecli'ghtsﬂ%bssgéc}?d‘% htgoagitaer 5%%%%&% [ tolfglﬁfhc?f t he Nobl e

Met al (e)cdvitiRads dsedi ¢ arlapasidnddieedlohie Bt ahomax diRe mpface of the
carbon support are generally known in the art, and include |liquid phase

nmet hods m&f@El .as reacti on deposition techniques (e.a., deposition via 30
reducti on of nobl%jnetaj conpounds %gg d@ﬂpsiti%gtvia 5 W O 99/ 4343d
PCT/ US99/ 03402 2 SESER ST Tt 'y it GPHGEbIE et & ch Ypounds), ion
exchange, [,aChil QeSHhEXEB350rs Yulidd¥t iJIReRahhon.s angdy NG @He Vet ness

i npregnation; vapor phase methods such as physical deposition and chem cal

depddl t icamcentpraeciqui tet i f aajeectabdehemited] adepesiitsl dromardboeltect r ol ess
deposition. See Qenerallv, qQper, Dodgson, |I.L.

Ca , .D.S., Co S. J.,
Harri sort® B° %Qﬂygkﬁﬂarﬂﬂo¥ﬁ rﬁ@%ﬂﬁbﬁg ESTSEG0r S oM SBieci ous Met al
Cat al yStatS%ﬁ"rrlss te%Jt #Zzlasn Toodaé/a’t: 7l’ysl:])?3' %%Ee( ; -%Q)eraglﬁggl S5 GRIRL! SI ng 10

nobl e me t surtace of “a cdrbon sapport a are comrercially

avai | ablie, t& aboN drichunciisng AN M523k F 2 Uophattidiimaeuact i vat ed
carbon (Al drich Chemcal Co., Inc., MIwaukee, W),; Aldrich Catal og :~o.
20, 50' 8-15, BYARslUtadi AP AP 1Etd vatléd scaebole Estprafiacshl ¥ort he nobl e netal
IS osited.via,a reactijve deposi.tion. technique c i sing contacting the
carggﬁ §ﬁﬁﬁ‘ﬁﬁﬁm9%1@§%ﬁ)ﬁﬁﬁ ﬁﬂﬁg%ﬁFﬁ'Fﬁgna°§aF% %?n?éeuﬁﬁg?eanetal, and -
t hen hydfieinsaigrg tiftes salAp AN cex amalceoafe ra tS dist, altbe cRloalsl, Nem) sakt which i's
relatively 20 inexpensive is hexachloroplatinic acid (H2PtC16). The use of
this salan 3 t@@pes AMIIIR0 fntem dlaaddrBon PiGppbieati-a PAydrol yti c
deposition is illuystrated.-in |l e.3. _ILn_one_enbodinment _qQf this

i nvention, the no%ﬁg”%%%g1Yrs%§%g§§§%§dmgﬁ g %ﬁeggugbgcguggafﬁe car bon

support o35 thel RGrdcIO ISP C AP EhS Fdrd & hmeehlapheklieleet al akn one of
its nore reduced oxidation sates. For exanple, instead of using a salt of
Pt AV) leasg- abazit Q0% (numbeql degisipy(| P kbeusedlel megrdt her enbodi nen-,

O ot REEE ABRE PRGEEd THer A1 SpPEc O Sof 6=PBRAE “FRoREs 828xi dat i on of the
carbon spFRY AR f AL @fce 0 .156$S abd8t 35 nm in their largest
dimension, more preferably from about 1 to about 20 nm in
their largest dimension, and most preferably from about
25 1.5 to about 10 nm in their largest dimension. 1In a
particularly preferred embodiment, at least about B80% of
the noble metal particles at the surface of the carbon
support are from about 1 to about 15 nm in their largest
dimension, more preferably from about 1.5 to about 10 nm
30 in their largest dimension, and most preferably from

about 1.5 to about 7 nm in their largest dimension. If
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WO 99/ 43W8(REIBO US99/ 03402 2 5 SEP 2002 oxygen-cont ai ni ngprtCmushy/amed gr oups
being formed at the surface of the support while the noble gﬁ%gk iﬁmpeing
deposited onto the surface. One exanple of a Pt(ll1) salt is &,.

Anot her potentially useful Pt(ll) salt is 5 dianmmnedinitrito platinun(ll).
Exanpl e Tthesmoksle matadsipagtifilessare tecdepasit theraobpadfetal produces a

catal yst which s nore resistant .tq |l eaching,thap a catalys repared using
foPr G 6 4 (e ATERERSE e FIE O CRGGFLHE NG Bobha BoCanyShart: cul ar
theory, ifsd$ i1 DeldreMedrial thiag kenddecbosbhepractet A8ble _
diamm nedinitrito platinun(ll) generates amonia in-situ during reduCtiCn
~rl ~."11@evAalfs L ast i's dhepr@fet whgnr oxjidpking EFIDA' toofygmnNeont ai ni ng

functional groups t the _surface of the carbon support. This benefit,
howevet @Qﬁﬁﬂﬂyqa9mﬁ5héﬂzgl¥§l&&ainQP 5 808§€8Fegg§ﬁroéﬁoﬁﬁﬁanger

assoc_at il d NG ALSQ Rfrdisaum Redi-al tELEQ PhabLnEalLl) noBie DepPOSI tion or
t he Pron§%g$%§P%; pronnféfg)snay be deposited ento the su??ac% of the
carbon supnelt siefface, asioms| perecosky wnbhntoof 20chitemetdepossédon oz trie

nobl e netal onto ~Ze s~:r:.aca. Methods used to deposit a prcnoter cntc t=a
sun=ace @S {HEWEEE6h 2E@YFor £hase CBAEr 5P| FeRRGAN 1A 2RE1¥EEY @kd i ncl ude

t he sane t hods used pQsi n i ssed ove. In one
enbodineﬁtF gaSaly%goFu%ig% %@s%oﬁﬁr?gkﬁaggﬁgé%?o§%%e§‘iEﬂgsed to deposit
the promigyel Answillealleg@agalt that may be used to deposit bismuth is B
(NO;) 3~5Hz0, a suitable salt that may be used to deposit iron is
FeCl3~6Hz0, and a J&i egelisisal tot hhe napleemagsad. tdt dbpasttoneén is

SnCl Z~2Hz0Q. It shouldhpe regggng§gg that,SOhnDre,than one P[onnter may be
deposi t e® SRS EhELuPFaéés §5F 43430 " PCTF UYD/ B398 2 5 SEP 2007 of
the carbon t$i¢RREr theExaaRbesrl8ypldalih, i@nﬁleyligsij@é@néﬁi@t endepositing a
pronoter onto a carbon surface wth a salt solution. conprising a pronoter
Exanpl e Erdewenstr 4hes cdaposi shpgonbr ecthan over peonof epr¢ioey 5 iron and
Sn) qgnto a c%fbon ;urface u bng salt solutions,conf%ising the pronoters. As
not ed2abdF, Pg C5E If?egeOnE FsFREPE nBBPROTet B S&tt 0J24 with at Least one
pro”DteFda%u&%ﬁﬁ&cEbﬁ&%inpée£§6ﬁ69ergher§ BFEmé YArt £ ys of opossi bl e
preparative 10 téchniques known in the art” which nay be used to forma

mul ti - netiadrieasal keyadyssupporttsuifacesctBektye.and/ & Ponec & G C. Bond,

Catal ysis by Mtals and Alloys, "Studies jn Surface Science and Catal ysis,"
Vo 35 et - e PO RE Rt s SOy BAEEY e GHOSEE ance 15 BV

Anst er dameNet Relands) . In one of the nore preferred enbodi nents) reactive
deposition is used to"formnetal particles containing a noble netal alloyed
wi th2® pronoter. REaet premdeposméyonfomyexample sehe fam axdiplanalk eductive
20 depositiQn mhergin a surLace of a carbon ggg;ort is contacted with a

sol uti on "O8Sr MEFAY: (S| aftatPEJTLT hYCageht ANt I (FYPRCEonpdiid

conpri si Rg {8 Nob,enBRE Al 4R BaCLPIRPUAG, LAIMSd S NEiAe psogmter, or (ii)
a conpound conprising both the noble netal and the 25 pronoter. A w de

range of aseguwompgeagenhsanaytbiyssedompsuidieas stk Lmarh ofexbrysl i ek,
formal dehyde, form c acid, sodiumformate, h drazipe hydr ochl ori de,
hydroxyléﬁiﬁeFaaﬁanh§BBBﬁB§pﬁBF6%§eaciFPG(Rﬁéﬁﬁﬁﬁ% Fonprising a Nobl e neta

el ode. Tt Bl H pet R LB A B ARG 3
38 the group consisting of tin (Sn), cadmium (Cd), magnesium
(Mg) , manganese (Mn), nickel (Ni), aluminum (Al), cobalt
(Co), bismuth (Bi), lead (Pb), titanium (Ti), antimony
(Sb), selenium (Se), iron (Fe), rhenium (Re), zinc (Zn),
30 cerium (Ce), and zirconium (Zr). Preferably, the

promoter is selected from the group consisting of
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WD 991 43430 PCT/ US99/03402. 2 5 SEP z002 RhC13~3H-0, K2RuCl6, Fed , ~6H20,
(Snd , ) WD 998A0 "ReCl 6, FeClz, and Tid, .2. Oxide and oxypChusysaieo2
conmpounds. Thesei ncl ude, for exanple, RuMz~ and MeSnQ, .5 %ﬁ\listpam
conpounds. These include, for exanple, Fe (N03)3.4. An ne co exes. These
include, for exanple,[Pt (NH ) 4] dz ~ [Pd (NH ) 4] da, Pt (NH ) 2Cl12Pt
(NH,) 4)bisrh, PHONHGHE CHod i Eani unpt rwalmNQx zCQz , and [Ru

(PO ) (§ordort4e FRrRrtast ST Bt Prs Al el i an et p s |
i ndependegitd Yo@l Wl P CoFOFé rr SACABSA IRIAY ) | ¢ 18d wom@i@pyls lophenyl,

etc6. Or~~anonetal |l ic conpl exes. These incl ude forexanple, Ptz (C H6) zd 4;

Pdz (CZHA) aC addPti¢yl G0 ferred GigoD)ment ,K['Srﬁ( HOODIQter ¥ I CU);; re,
| ~: v! 7Fed (CO X I R 4 mh i h RQO
indép%héreh%@l(tgnQaf&%%ﬁ%ﬂ%@”ﬁﬁ%é FHA e Dpy 1 Cphenyl)

etc.7.No r te exanmple, Pt,
(snd,) z C%ﬁ%égglr% [éptt:g( CI ); ] %%1%6%%&%%% y preferred

enbodi meEnde 25f hiytso) ysis, r@acbmmsgmaaﬂsnd (10 depheids ol e
metal al | oyedwith a prompter. In this instance, |igands containing the noble
net al arrererpﬁlon%ﬁ%@hwe FQF ne Ca iy Sthete e Y ARV IR ¥ TR MRE 1 - ni xed,

meial oxige pnd rRLAL hydrexdde.olusters @l dde pulace ol the garbon

support ands™ may or ‘exa contact i ng the

surfage metéwtémrwhmtrrh@ &0l dltyon ps)rtmécslnrtg e(f.af)ecae 3Ihe WO 99143430
PCT/ US99/ 03402 2 5 SEP 2002 conpound conprising the noble netal and a

conpouncb%xﬁﬁ#l%ﬁl r@f tPPEI A ondiaFal wgt g b;owm{ﬂmwwbrﬁﬁﬂ%ﬁﬂdybot h the
nobl e nmetal an rom)cﬁe%ec Sui tatteke corg)dg n a nobl e net al
and/ or £7¢ difet rp’éﬁ’ i Hbove Wt LLp ave a&}:ee “feposi tion.
Hydr ol ysis: 0f; dhesdd gangds: Moy, be: achievad: - fof @@«@I&en)ﬁa@ heating (e. 9.,
at a tenperature of at |east about 60C) the mixture. Exanple 17 further

dermnstrmzes.q trec i ecofddfyihmol ysi s reactions to deposit a noble netal 10
e., platinum aIIo edvvr#; te iron). In addltlontothe

abov]e"j‘ descri bed redtt es’r"t%)%r?%ﬁf‘i(%s t éﬁ'%’ ot her -

techni qugs, vl £ ¥ YO%H’?&Q diad HB theyal Iner:aJheSp@;sﬂzﬁddt%er ifor exanpl e:

15 1. Form ng the al 'oy by introducing netal conpounds (which nmay be sinple
or conpl ‘emorearshsEly bexidbizddhtiorit dris)a tiowdre Sindtacemfzatiersupport via

i rrpregnatl on, sorptio rom.a sol utjon,_ and/or ion exchange. 20 2.
For mi ng R %yfdﬁa rrcl'tﬁj ‘{P& SRFG 1 orf oS et AREFSFS  cont ai ni ng t he
nobl e ”Eg&ﬂer?adalpg Ot eaheorglcgnréaﬁssrng@%dé by E&rawqrr he,aldQy by

depositing one or nmetals onto a pre-deposited netal belonging to Croup 25
8, @0 orard nfy the RermddiforTaxanpdfe t hen ElhemgRS HandbookFesf Co, Ni, Pu,

Fh, Pd, CB lr, and Pt% via, for exanple el ectrol ytic or eIectroIess
(F:)lo(rjllt ;Pgl% z@l s in the zero (\kffl egie?gfcﬁ ie,ngtES c?rabtﬁqy’forrg! e)a(tlersyl or
The amount of promoter at the surface of the
carbon support (whether associated with the carbon
25 surface itself, metal, or a combination thereof) may vary
within wide limits depending on, for example, the noble
metal and promoter used. Typically, the weight
percentage of the promoter is at least about 0.05% ([mass
of promoter + total mass of the catalyst] X 100%). The
30 weight percent of the promoter preferably is from about

0.05 to about 10%, more preferably frocm about 0.1 to
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PCT/ US99™EB29404#302 5 SEP 2002 cycl opent adi enyl conpl exes ofpctrngsonoioe net al
and of the pronoter) at the surface of the carbon support; and (b) renoving
the |igands by, for exanple, heating or reduction to form @5t $&P oy
particles at the surface. 5. Formng the alloy by contacting a sol ution

cont ai ni ngPauret @l corbbumPye. preierapt diraghladoude Oorll &omebslutal kyl
conpound) W th redeposited nmetal hydride caqontaining. a t.,al 10O bel ongi ng
to Group %f’ 9?n€r£?%— O‘P&f%eer%e%)fo el ?ug: St 4 k& I??Dé’%én 2266. Form ng the

al l oy by wRedepesipiitot & there il MHARROUH Y Rrceeguaiaial | |, netal
cor"olexas (either preforned or formed in'situ; containinc 15 the noble

nmet al s) apdefevablersy fton haboulr fde tof ddmitcdr.bén s@Eppooter7. Form ng the
alloy by pre-formng allo p]%r;i cl.es as caolloids qr aerosols, anti then

deposi i it 1PRt PeF oF Hete HFFEIeL3HE IETG L¥uPaBetof the carbon
support. i t { 1.0 dal rid C i nin lLLati.num and iron
may be ea%??&y}ét%%fén}é% %/t 0|t}1?néfatrg$l%f%l 0 tu%? % %—}—c&e%hfe:a and

Snd z~2Hzflemi ddd &f soithesm st ridfee csdlait immd Pratietiti pgragetiss (eg., 25

car bohydrates, polyners, lipophilic ;ruqat ernary nitrogen salts) may be used
to ef f ectFVRRYCE ORI 2R GAIL A I'BRD &R iIKE Growthe Bt vEsyhRiLque,

therefore, %sc%é)ﬁ,} seful to forma narrow distribution of alloy particle
si zes. 301? shou e recogni zed that the abovedi scussed techni ques for

formng an alloy arghsingllar 4htidNGHOHAIE3NRET/ US99403482 r2maySEP 2002
illustrative, and not exhaustive. Using the teachings of this specification

and the gehe araknhowdelge ciepanding orondcof exedipdgny tERi RPbile the art may
routinely determ ne which of the nuynerous.all oy, preparation_techni ques
known 5 176 THE it RAGCIT A 1 0 4 P eradl af s 65 REgAPIEERE of the
techni quesised 1o d or md heRld ay.o1aftemd-he retrak-aphgve rbreardgposi ted a~

the surface of the carbon support, it is offen preferable to dry the
support usthgl fForakowngl €5 & /sHs-idtinvspise pire fer@bagnLorindrbPrg envi r onnent
(preferably, nobl e gas, or_poth). Use of drying_step LS.

o 1t i el Gudra  ped itk v Erk Ty phom 2Potho Be
subsequentd yapReICED Py heald M@ A 19Ul faclttaysrdcexgrispage preferred
where the heating is to be conducted in a non-o0xidizing 15 environnent).

Pr ef er ablnl atimurs ggpbrirdrs peifetalbd v ddsce mod ampiretdprecfont ent of the

support to less than about 5% by weight. It should be recognized that
reduci ng RHEE ST & R (& 3$upport after deposition of the 20 noble

metal s) and pronot ef$), HeRicGRldL R RATeS ke fxbaRheAt BEbLR; gRt Al
alloyed wits. a pronoter. Such reduction also often tends to i ncrease the
nunbed© ofirpeartticires dhed Iniald ewirteltiad t(ze cpr.efPenr éd silzeyedngéth at
least one promoter (e.g., Sn, Fe, or both) to form
alloyed metal particles. A catalyst comprising a noble
metal alloyed with at least one promoter tends to have
all the advantages discussed above with respect to
25 catalysts comprising a promoter. It has been found in
accordance with this invention, however, that catalysts
comprising a noble metal alloyed with at least one
promoter tend to e#hibit greater resistance to promoter
leaching and further stability from cycle to cycle with

30 respect to formaldehyde and formic acid oxidation. See,

e.g., Example 17.
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4. Reduction of the Carbon Support Surface 25 After the carbon suppor= has
been i rWQpwgHAted with the noble nmetals) (and pronoter (spcTiusonmedz t he
surface of the catalyse preferably is reduced. The surfacgsoggpmaﬁmat al yst
suitably may be reduced, for exanple, by heating the surfdce at a
tenperature of at 30 | east about 400C. It is especially preferable to , 42
WO 991 43430 PCT/ USG8e082aw Ja3lgEp opo2meafaatt 2k §ehadt PAgtiale
non- oxi di_zi ng.envi.rqn t (e-Q.; DLLroge g ium. It is also
nor e preF@PPgagﬁgs ghgg %ﬁp§F§ arghéoggefa?ggtggetggﬁgggéﬁt 500C. Still
nmore preferaBpctike beEnpeeapueeiss hapAed ahowhibB0the abpué 1, 200C, and
nost preferably fromabout 5S0 to about 900C. Tenperatures | ess than 400C
tend to betahsandsbremeterf 8ECNENBYENgisReseRyyehnépnthenpagticheti onal

groups fro he surface of the,carbon_su rt t he_ot her . hand

Penpobat GROENGRE oF 16 BRARCSLERORPRERHEBEL bR REVENE BEEFHPRYOb! t he
catal ysttRzeHBs;L@t hEe€s 106 cbhemabeyt é@?f&@eaQPUEhQOQ?lB?@&%QPéY are used
only if the surtace of the carbon support has a carbon atomto oxygen atop
ra~i c ef parthiease) .abohe 2dldybedpreet hfonobkempkeal ang deéposéted cnto the

surface. 15 Tn a particularly preferred enbodi nent, the surface of the
cat al yst £P31P¥dnEed by a process conprising exposing the surface to a

reduci ng envi ronnent.. . e he at i al yst sanpl e
may be pre-trgétedgéT%EE%£“|€U| ?c o848 naédu%?nghgggﬂ%?gégg as

f ormabdehyde o. foesmpoaatidisEvenponne porpefabhy,athebheakéngli s conduct ed
in the presence of a gas-phase reducing agent (the nmethod of heating the
catalyst in the praséneePsPMatfhs{@hdse Pedidi-ng agent will sometines be

referred to ag "high 2 [ e s-phase_reduction”).,Varjous
gas- phase redgCingg sGBsLEERET BRAT o2 OF vfing ?%%S%%EYTh%,a%n%1%%¥ng but not

limted to H2, ammpakaa andgtar besnyoRexideshilydr ogen- g3s-t s-o0st preferred
because the small nol ecul ar size of hydrogen allows better penetration into
30 the deepest porebeofonpentagbornsupporine peiernadty,; #hé renmmi nder of

t he ggs consi sts essentLall%Cof a nfn 43 1 WO 99/ 43430 PCINS99/ 03402 2 5
SEP 2802 oxi di zi ngPHRECERCATRES hi t THRERE T BY yoh, SOrS hef Fuht"Fhe gas may -
conprise any finitgicepceshtathomebléZmedht hongh FBms08EetsRE T ONs of | ess
than 1.0% are di sadvant ageous because of the tinme they tend to require to
reduce the which are similar in size (e.g., platinum and

silver; or platinum and palladium).
Substitutional alloys are also referred to as
20 "monophasic alloys."

3. A multiphasic alloy. A multiphasic alloy is an
alloy that contains at least two discrete
phases. Such an alloy may contain, for example
Pt;Sn in one phase, and tin dissolved in

25 platinum in a separate phase.

4. A searecated alloy. A segregated alloy is a

metal particle wherein the particle
stoichiometry varies with distance from the
surface of the metal particle.

30 5. An interstitial alloy. An interstitial alloy

is a metal particle wherein the noble metal and
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5 surfacgy@by/ffigy support. Preferably, the gas conprises fr to
about 50 vol une% H2, and nost preferably fromabout 5 to agﬁj/tﬁg%@ge/@l une%

Hz. The preferred anmount of time that the catal yst surface 2%5 tm
depends on the mass transfer of the 10 reduci ng agent to thé¥caral yst

surface. \Wen the rgdusbber ag€hhs | Sra Wb RdAivEithd s e i sing from
about 10 to about 20 vol unme% Hz, the surface preferably is heated for from

about 15 minutes toatdost dchors soerorfr graxksout sB3G.aam,.about 900C with a
space velocity of 15 fromabout 1 to about 5,000 hour-1. Mre preferably,
the space vel ocity P5EFPeRta SRRPTE alithift- 2, 500 hour-1, and even rore

preferabl y from abopre BO-4w1 bt TR dob (ARERS! dupdiely)ed

enbodi ment, the heat-treatnent I1s conducted at the above preferred

t enper gt us &stlamda Spaged 20evel qoatt Bsl doradfa dmoabaliout toa sakeut 10 hours.
Heating the surface at space velocities of less than 1 hour-' is

di sadvant 28edtis3 heautl Rl iRfFrTotifisig uieticoRse gty at the

surface o e rbo p t. ffi.cientl.y rqoyed. On the

ot her han%i,ré'ﬂe% ?‘ﬁg ?h%gZ@é% %%eﬂgtlrggtg%grflél%g I tsjitegigrfeé"astqeorn’t han 5, 000

hour - 1 i SstDELOReH: Cipte £ PaliDE Of £aM CbdMd h i sibo¢ents e iitn has been found

that pre-existing oxygen-containing functional groups at the surface of the

carbon suppei¥ hRegadt SUNerTERargnd gossy @redesiabdy, freomwisbsur adecr uat e
W t hout. bei ng _bound by 44 WO

nobl e tal . dispersion, and retgntion.

00/ 43430 PCT/ US0Rr 03505 BN 511g ez’m;ad:r%?%ar limcelﬂ’lsér%”rheory, it is believed
that this heating ste® £nhepcesmddiel Haatd iuBsCalklen rndat ef=36t i-on on the
catal yst by renovi ng oxygen-contai ning functional groups at the surface of

t he car bounsfpporecompeel tibmy thwswmpositions may vary from
particle to particle, or even withiz the particles
themselves. 1In addition, the catalyst may further

15 comprise particles consisting of the noble metal alone or
the promoter alone. Nevertheless, it is preferred that
the composition of metal particles be substantially
uniform from particle to particle and within each
particle, and that the number of noble metal atoms in

20 intimate contact with promoter atoms be maximized. It is
also preferred, although not essential, that the majority
of noble metal atoms be alloyed with a promoter, and more
preferred that substantially all ¢f the noble metal atoms
be alloyed with a promoter. It is further preferred,

25 although not essential, that the alloyed metal particles
be uniformly distributed at the surface cf the carbon
support.

Regardless of whether the promoter is alloyed
to the noble metal, it is presently believed that the

30 promoter tends to become oxidized 1f the catalyst is

exposed to an oxidant over a period of time. For
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5 fornmed by depositing the noble netal onto the surface. It is believed

t hat theé\ég?&%%-cont ai ning functional groups are unstabl ecausheosss t es
for the noble nmetal because they tend to interfere with tg% g&emzi ally
stronger n interactions between the noble nmetal and the 16 “cafbon support.
Heating al one will deconpose and thereby renove pany of the

oxygen- cofTR fig FRrRISBRRE 2 riotip PEATNRE s rend® W PH 28 don support .
However, eat | he r i resence; .o educi ng agent (e. a.,
Hz), nor eP%ﬁrgg%%l!fg%)nc%hi %‘?&nggr?ﬁﬁlc)t(?nlo%a d%r%%pésl&adrleéea&ée Jfgtj% 5 be elim nated.
| f the cagbprviedom HhieXygadattion mali ecalrt hecsuekampiaf tilgergar bon
support is |less than about 20:1 before the noble netal is deposited onto

t he surzacetalysthelsuppeesed e ain fiare Trd dhEn whenty eddeed usi ng the 20
above- descri.bed hi gh-tenperature gas-phase reduction treatnment.  at a

t enper tLﬁ‘Ltlb‘?lé%k? ‘El?waﬁp%?f%(fr & T RS I sy 6ithiYs be
treated w £euct i et Sk 4 | td i gh-tenperature
gas-phas?%i%ﬁ%ﬁ%ﬁ On trl'#llfe)rl%)fc{lk\eﬁ!rnIi hand, %f%htgqg{urx#ﬁleé g%é.eoafglthe car bon
support hesachixay baml e mdtaloxigaremiimam redtad wid cdrtisriaty | east about 20: 1
before the noble netal is deposited onto the surface, various alternative
reduct i orF &4 ¥ Bt HeyY bel udRRs Rakea P ¥R ight dfifer at ure gas- phase

by Creat 10 T T ah B e S e W e GG Ferstaa0e 25

SEP 2097 gr®fps aatsalhd | s feargdrd f5ivhg arapunl upps-t exdre  ammoni um f ormat e
or ammoni um oxal ate), or ammoni a gas, W th ammonia gas or a sol ution

conpri si riyf Bl um BB BEY Sosts sHaarssed ahave arfiife treat nent
preferably is used 5 in addition to,other reductian.treatnents,  and nost

or ef er abl SPISHEET B3 FHe Tn G- TS SFUEE HEEPRadk e ditS % one such
enbodi mredroddte ok & MbAerd -cRRAYIRI M@ iR 1SYFAGR hdreating it
with a noble netal precursor solution conprising ammoni umions. 10

Al t er nat inaduce giqkdre tiRtadoliles infteglcs $addppesitied amdo stimg eimigace of t he

suppoyt, the support .may he washed with a sql utijon ccnprising amoni umions
or plf;lgcecf“ri1 troe&c)"gc_rﬁ zfckfe W lvg%&'aso. c& ricﬁtﬁgyfrﬁjmmaé’. %b.st preferably, the
catal yst sydaceds pashadudildy didsitRd FYIe QS mba AMTRAl-MAf tegfe depositing
the noble netal. In this instance, the catalyst is added to pure water and

stirred famountf e KSUrthato destortse fopnf &de ol tiely scatwdest hilgéxt, while
conti nui nttg to stir the cat al%‘st sl uwnﬁyé, .a _solution conprising amoni um i ons

i s added TRHE DT SSartd Wt D& ¢ TIPS SHrount O¢EFtei éit %o produce a pH
of great %fretééq{ll;'b HE R L feela@bhon ey a %&qwtiz%dtgr@&@t&tezl%s and nost

preferabl’y fromabout 9.5 to about 11.0. Because the tenperature and
pressAfr e paressenat ady itthecalur fidwes shep opryefeer altloysi $ rper ftdvered at room
tenperature and 25 atnospheric pressure. l e 10 further denpnstrates

. Exanpl e )

this red TS ERIRIET §5&‘idur?|°bale&ﬁ§d!"’il&2‘ CRERAE) 2&°85 (dy *HE used to
reduce the, flfta%gc @figtrh%e?@teijax%ggsp‘in"“ahh ibRe iR Hhedlmert, this
t reat nent eferably 1I”'s used 1 n addition

produce CO, thereby creating the illusion of more

detrimental oxygen-containing functional groups at the

25 surface of the support than actually exist. Such oxygen

atoms of an oxidized promoter also can interfere with

obtaining a reliable prediction of noble metal leaching,

noble metal sintering, and catalyst activity from the

simple measurement (via, for example, x-ray photoelectron

30 spectroscopy) of oxygen atoms at the catalyst surface.
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30 to otlvap9yedscti on treatnments, and nost preferably is eI

hi gh-t enper at ure gas-phase reduction. 46 WO 99/ 43430 PCT~' US99/03402 2 5

SEP 2002 Preferably, after depositing the noble netal onto t‘,{]ﬁEfuﬁ)ﬁZ ace of

t he support, the support is washed with a sol ution of NaHHz he presence
of NaOH at a pH of frho®, akagh BheocabauystdchbaprabestadSiéosahord 180

m nutes. 5 The anmpbunt of NaBH4 used preferably is sufficient to reduce all

t he nobl epremglterBedidgse hefebeenpexarard hadaprexitdart aard nthexehyi cal ,

this step, preferably.i.s rformned room tenperature and at nospheric
pressure. h%fa}?ﬁle_@ fg‘lpﬂl?gﬁer(gd%ﬁbn‘g Fht Eg]etﬁggaigﬁﬁcl??%g??w eatnent. 10 It
shoul d beckeeagni zedaihakoanyopt thenaasgue irgaLARNt S Which may be used to
reduce the surface e the catal yst al so may be used to deoxygenate the

surfacé eprefiercadbshasupherprbmdoer fhesnobéesubsadntsalkposited onto the

surface. 15 C Uae of the Oxidation Catal yat The above-described catal yst
may be us€8WGRY i(GhraepKateMe%indt FBR PEUEEPoREOMEXAFPFRR ¢. suc:.

reactions_ingl. Ldatj a d I f orm al dehydes,
ket ones, gnégéglggsb gfng.{%‘tﬁ’lé’&go%o?d %g??%%éoggflggo%%n%}}%%) form acet one,

and the okedatreoatebmgkyagr ob heafore ghycernalfdehytede th hwshaqgyacet one, or
glyceric acid); the oxidation of aldehydes to formacids (ea., the

oxi dat i on°BYIFSr FRFGERREBIt BUREE HPTBE NYECHRST dat ahlde t fier g laad ohef 25
furfurcal m_2- n c Xy, i Ld); ox{dation.,of tertiary am nes
to foé?n sé%gﬁg[gr ?agﬁ#rﬁgé (gﬁg.g,y% lgcg%lga?lr%ﬁgﬁ?ﬁﬁgﬁr% Iao?rr?]i%\f:eecgibcy acid
("NTA") taehefiny Fhaodhastite €6i 8 femPlrajuré her oxbslal isypaf smecondary
amnes to formprimary amnes (eg., the oxidation of I1DA 30 to form

gl yci ne) ; abadtt hehourdani en afnodphens eenessydimg syyog BYle of

PCT/ US99/ g3402T 2 5 SEP 2002 (e &, formc. acid or acetic acid) to form
carbon di 61 der And TRR S otHe Ab Ve T ddSE e & TR VSt re "é8Feci al | y usef ul
in liqui drphaseogyidatbapsreact honsustapll pevelsam | ess dddibimesind in
particular, at pH levels less than 3. It also is especially useful in the
presehBe ¢&)safvent shisenedaet 5oni mrd ndll ateborortipr cduciacanhisch

| ubi | i bl tals. ti is t i dati f PM DA )
Sl 1t her BEPORB bPrAR 5 A BROSEILHOREHhy 1)) SETIE o o SR ther eon 11 an

envi r onmegtehavhBUypPH-he vt ssihrerhdie r angesobn f 1R ahow 1 4@ about 2. The
description below w Il d~sclose with particularity the use of the

above- desthebedduatabyst to effect the oxidative cleavage of PMDA or a
salt thereof The preferred concentration of metal particles
20 at the surface of the carbon support depends, for
example, on the size of the metal particles, the speciiic
surface area of the carbon support, and the concentration
of noble metal on the catalyst. It is presently believed
that, in general, the preferred concentration of metal
25 particles is roughly from about 3 to about 1,500
particles/pum?® (i.e., number of metal particles per um? of
surface of carbon support), particularly where: (a) at
least about 80% (number density) of the metal particles
are from about 1.5 to about 7 nm in their largest

30 dimension, (b) the carbon support has a specific surface

area of from about 750 to about 2100 m*/g (i.e., m? of
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15 to form N-(phosphononet hyl )glycine or a salt thereof. It should be
recogni 2¥Y%RdWever, that the principles disclosed bel ow BEEFUSEHEI8I | y
applicable to other |iquid phase oxidative reactions, especially those at
pH level s I ess than 7 and those invol ving sol vents, reactiSEP

i nternedi ates, or_products which solubilize poble netals. To begin the
PM DA oxPUEFRSR PEACIFERD FYPPErprofhrShie 9 CHITS THBPERLor Wi th ¢ he

PM DA T o808l T ehe oSHEDR P for Al AdBIEGdcaralal el capgha sol vent |
t he presence of oxygen. e solvent is nost preferably vva?er, al t hough
ot her soswepést (Surface ol acivbmagiebie nctdl)alsse: s1o tvabl e agnaesl . The
reaction may be carried out in a wde variety of batch, sem -batch, and
cont i nuo®t Relke dretFLt enstTheINIPHIFEFBSHS * Hel?®act ofis not 30
critical. Suitab AV j actor_configurations inclyude, for

exanpf e, "3tF e Ié%%r%’ﬁ%%%?‘gém{?e T 950 Yo/ %3730 PCT/ USQ9/ 03402
2 5 SEP 20P2i sEactEfiSent fa€kdes hath resstOrber {1 WdhZatk Regi seact ors) bubbl e
flow reactors, plug flow reactors, and parallel flow reactors. Wen

conduct eatré dastoed i nubsORe Attt Syfwrdines: t Heg exinkgnerathenin t he

reaction zone can var i de] ependi ng on_the specific catal yst and
condi ti s BRpT y%‘?:i’?t%#%d%/y?r [ﬁe"ﬂ?%‘g—i dehde® t3 r(:aﬁf)Q/a.ry over the range
of from abouf.3.{ P, R00UL AL 2Q, JTiRRS BEEESN 8R! Yoph Be rkeshdgRce Hd me is
fromabout 5 to about 10 90 m nutes, and nore preferably fromabout 5 to
about 0 60carhom esupen sonflaict eds | fram betolt react arhouthel ¢ eact$on ti ne
typi cal lb)\r/ varies over the ran from about 15 to about 120 m nutes.

Yy

e c.
Pref er abty, 2% VR AT OrPIF HRr 187 M ERRRE 20- o SORFARNGR iUt es, and
more preferahly) fiom 49 abou A Qahally SGIapES. od @ broad sense, the
oxi dation reaction may be practiced I n accordance w tqh t he present

i nvent i opaat i@l & den,argel ahet enrperatuzesonand atbpeesstrnés atamgieng from

sub- at nospheric to super-atnospheric. Use of mld 20 conditions (e. a.,
room t erfRFREUr TLRERL tat FOSHHET | &5 e (AR ha & DRAVIS Tomier ¢F al

advart ages L. Rl | 658 SXPERSINE AL RTINS, T be ised  Hpveyer . oper at i ng

at higher teénperatur super - Spheri c pressures, i@ increasing
pl ant cosis,mdedspderidpedves phase Sodd ansfey hefueerpd he 1iquid and gas
phase and increase the PM DA oxidation reaction rate. Preferably, the PM DA

reacti orPad st kokroted anda thenpengentsasionr of apble Poted abotihel80C, nore
preferabl y fromabout 50 to about 140C and nps 30|5%rﬁaferabl . f rom about
80 to abBth°YLOCPEHR: T eriper Bt ures “ \io 99743 Gy 2 5 SEP
2002 grest afetdPpaboid1 d80G die vy e ff alie t@thdd Ngdidrd 0 slowy
deconpose. The pressure used during the PM DA oxi dation generally depends
on tHhe treawperatngasured uRRd aiefidlads Sndva greddwr @nts sufficient to
prevent the reaction mxture fromboiling. If an oxygen-containing gas is
used as the oxygen source, the pressure also preferably is adequate to

cause the oxygedbdds diSSOlNE P ANG e i1 Hxildde 3t a rate sufficient
such that the oxidation 1s not Timte ue to an i nadequate oxygen
supply. The Eatimstpreferably is at |east equal to atnospheric pressure.
Mor e pref erab the ressure i.s from abaqut %Cl_tto about 500 psig, and nost

prefer ab1ty f FoH RO
The surface of the carbon support preferably is

25 deoxygenated before the noble metal is deposited onto it.
Preferably, the surface is deoxygenated using a high-
temperature deoxygenation treatment. Such a treatment
may be a single-step or a multi-step scheme which, in

either case, results in an overall chemical reduction of
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15 The oab 9d/3s330 concentration preferably is from about O.dctosahas 10 w. %
([rmass of catalyst - total reaction mass] x 100% . More prefeéeapblx t he
catal yst concentration preferably is fromabout 0.2 to abod® vvtz.% and
nost preferably fromabout 0.3 to about 1.5 20 wt.% Concentrations greater
t han abookygénwtogtainidgf fupational fgtowps On the suhdzcdant, the
concentrations |less than about 0.1 w.%tend to produce unacceptably | ow
react i oncPEPEE. S¥RBEbncentrati on of PblIDA reagent in the feed 25 stream
is not critical. f S a S i P &qg@{ginv\ateris
preferred, althou;?ﬁf gr tggngg? %g%a?%%%%%%r%%ﬂél S a s% oper abl e at
| esser oergeeaent, PbhBAcaeagensuppocenpraféxaisly nid hei feed-sdamain | f the
catalyst is present in the reaction mxture in a 30 finely divided form it
i s préferitld BoJdasecuscohcthTradi BR2S? PEERIZMS agRIF tHRatcHMME teact ant s
and , 50 _ WO 99/43430Q. . P 2.
N-(phospﬁﬁxgﬁ%f 9??3?@%5@%‘?‘2%@’?@@%@?% J?E%ecz)]?u Ton ol?vﬁealf t he catal yst
can be reggouerednf statesuse, of prrexen®s e,aleHyddd atdon.a QvHdwes)ot her hand,
greater concentrations tend to increase reactor through-put. 5

Al t er nat inebyfunttinrasitieysini seprebesty dsighen aatiorryomphase t hrough

whi ch the action_nmedium and, oxygen. sour e.%g%&passed., it. may be possible

to use gFEéEEF (enEent TAFPERELBF * Fentt ant"d hat*SEHort9 on of the

N( phesphenagethylkddl YEENgupr duch £ PERST R dates: 0 Higishoul d be recogni zed
that, relative to many commonl y-practi ced comercial processes, this

i nvent i ohempeoasufes . gr Rapreserpplei e Uk iam iahdRM DO iadigeintg concent rat i ons
tc be used to prepare D1(phosphonone | )gl yci ne whjlLe m nim zing

by- pr odué?e%sfb??rg’fgﬁnpg‘?’ﬁl?hfﬁc%‘gm%%y %_F%%‘F’r%e%c%%mﬁ ial processes
using a ﬁ?—%QQHIQPWe9%@&%%@@&&%@&9%@&% |3 shenefdoiad, fo mnimze the
formati on"of the NMS by-product forned by the reaction  of -

N( phosphénomethyl) gl9ctneaboth 8hesfamsraddéiNAlepky 20Cppedust of Wt h t hese
processes and catal ysts, eratures of from about 60 to 90C and PM DA

_ tel .
reagént BBHEBNEr &P+ BhICBPOW AVRRR - T TP . HRHFEE GF- P (IR8Fent - total
reacti onoiasshox MO aLVROFELLY2 AT GoHRal (A Qe PR, ef Tect | ve yi el ds

and to mnim ze generation o At t’hese tenperatures, the
maxi num 84 éphds phandnet tiylg ghytd neasatubi INittr ity @cdal lwapcrd ex®e t han 6. 5%
However, with the oxidation catal yst and reaction process of this

i nvent i oRhet REef as5edf oxibt 2indtadent omMe Gatldi I &id Bl yst

deact vat Lan.bawe, 30 becp g ulzect ot Ui Jorpdshyde Ts more

effectively-oxidizéed, ther reaction tenperatures as 51 WO
99/ 43430aPET6p508¢ § 3482 2w bt IDE: 2007 ixgiliaat s18QE ars greeadrer Wi th PM DA
reagent solutions and slurries of the PM DA reagent. The use of higher

t enper at 8fE3NEAGEPRACEDrUSDNETREERFWIRF F&iaR taPF¢a&torta Fheughput to be

i ncreased,seduce e of.water 5 .th st. be_r ed bhefore
i sol ati o%ogfgt e %6%%]09% { pﬂo’sphTon\r%lnggT"}?yIo)hé:ﬁ'&g?%zlflcgln&nr%g%\éégggt he cost of
manuf act Wei pgedk é@hwsphotiosedhydamd yedmerarthive delyerfidaan dbdaug [Brovi des

econom ¢ benefits over many commonly practiced commercial processes. 10
Nor mal | ymiBuPRs OFC r 2lagjeht 1 € orRent r ATieslyp tdeaF@ActS@IWEi%e( [ mass of

reactTon Pebpeat ST St of SAFBITEROUT 245 dooit L rs0cr BT arErhaTy. a PM DA
reagent eeBGER: ahdDPacs tHad oA load, temperature, oxidant
concentration, etc. in the first treatment step are not
narrowly critical to achieving the desired oxidation of
the carbon material and thus may be governed by

30 convenience over a wide range. The highest possible

carbon load is preferred for economic reasons.
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15 25w . %is used (pa? ~. ICLlIlarl~ at a rcaClO-. te;:lpcra~i.irc of
from ab&(f1 ?%654% about 150C). More preferably, a PM DA reBgENE?9/03402
concentration of fromabout 12 to about 18 wt.% is used (I\ao%gﬁpcgmgrl y at a
reaction tenperature oz fromabout 100 to about 130C). P eagent 20

concentrations below 12 w. % nmpy be used, but.thejr use is | ess econom cal
because | ess N phaSpHoHMEt AT ¢isdEn %}frc?dﬁ‘&l%esd FHRP¥dch react or

cycle a S, berndframed and Lnefdys Used Pele f
N(phos%@nﬁ?%%l%l ne product 25 produced. Lowe ter?%er?ﬁ!rbtal ures (i.e.,

t enper atit eshd essmddast 1) addien 3ENtd admnd as0 ddyarhdgaeds because t he
solubility of the PM DA rea\g::alr}s:%ognd N (phosphongnet hyl ) gl yci ne product are

bot h r edREEPEAL LN CH e RRS ER@EPRE Iy P Csodfc@ for the PM DA

oxi dat i an, | O b \ . OXY, sEHY JH NG, Qr.a liquid 52 WO
99/ 4 43%’9%’ ?%n%gg 2%2% corrp?%dsﬂ# %lgﬁzzslg{%ed oxygen.

Pr ef er abdpari #diemaney . SOUre disy ibrmmete it itig G gamt iAd 1ysed her ei n,
an "oxygen-containing gas" is any gaseous m xture conprising nol ecul ar
oxygen whi cte optyasml |50 sl v il ddhomxygers amtaidiingent s which are
non-reactive Wt%nt he ox n_or_wth tbhe react ant or, product under the

react i ot Y tons* TN SRS AT RO S TAAES4i r 2ure nol ecul ar oxygen,

or nol ecll e inaeds diddded- WiHbh RRJoUN 23" 38R rBite@@eRayObeOt her
non- oxi di zing gases. 10 For econonic reasons, the oxygen Source nost

pr ef ¥ ablsed svhaigh orommirisamlecniadrl @npgert. cthemmoygen (wey ave i nt r oduced by

any conventional rma%r/]]z into t h%.r act,iﬂ: medi um in a.manner which
mai nt ai MEtHe GG e UG ge M EEh ety FGTESF thie $8%+B8ction mixture at

the desiged,i.avel). e 040N G &iNGDhiich YSed.id kreferably is

i ntroduced into the reaction nediumin a nmanner whi ch maxi m zes the concaelL
0z the gasraly@isnhne Aadr demmsoizture [od. €he3 ceomrtcacts upgy rize iabt ai ned, for
exanpl e, by dispersing the 20 gas through a diffuser such as a porous frit
or by st§9319f, S HABTRRE 2 & St ﬁ-&ssné:t%éol@ngmhpkfef’ﬁéset§ﬁi lled in the

art'lS presence of oxygen-containing gases such as steam or

carbon dioxide may lead tc the re-formation of surface
oxides and thus, is preferably avoided. Accordingly, the
pyrolysis is preferably conducted in a non-oxidizing
atmosphere (e.g., nitrogen, argon, oxr helium). In one

20 embodiment, the non-oxidizing atmosphere comprises
ammonia, which tends to produce a more active catalyst in
a shorter time as compared to pyrolysis in the other
atmospheres. The pyrolysis may be achieved, for example,
using a rotary kiln, a fluidized bed reactor, or a

25 conventional furnace.

The carbon support generally is pyrolyzed for a
period of from about 5 minutes to about 60 hours,
preferably from about 10 minutes to about & hours.
Shorter times are preferred because prolonged exposure of

30 the carbon at elevated temperatures tends to reduce the

activity of the catalyst. Without being bound to any
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The oxygemodigngh rate preferably is such that the PM DA oxp@atkfmsigact i on
rate is not limted by 25 oxygen supply. If the dissolved oxygen
concentration is too high, however, the catal yst surface thngFpoz come
detrinmental |y oxidized, which, in turn, tends to |lead to nore |eaching and
decr easeg fraunml ehydeedwst | it W o WHedntly belReveaadsato nore NMG being
prcduced). 30 Cenerally, it is preferred to use an oxygen feed rate such
that at |peastorsrrlitheiOing ath@yowlysnid ses@eranores/ £3480sPERLUS99/ 03402 2

5 SEP 2002 utiljzed._ Mre preferahly, .the gxygen feed rate is sych that at
Jeast abdEBIHGT Ghd i SRIEH iSod. 1898 BRETETHFEr SPEBI S the oxygen

f eed rateaic%xiﬁqu Al HekBsARRUL3AUN 9L, HHS QXygeluirFalibi I ized. Mst 5
preferably, the ratdﬂos such that at Ioeast fgbout 90% o?ut Eg oxygen is

utili Zed.arssa uses hitrsstugsdchaboercent ageeoticaiygenattillszed equal s: (the
total oxygen consu aé{igle rate - oxygen feed rate) x 100% The term"total

oxygen c&mlﬂdﬁ f m%.l%ﬁ SPOTERY tRBSOoRYgEALEE Bnsunpti on
rate (" Rlé'tmcgrgg.{%% %l@ | Zﬁ%%’fsl g&glg%irahe PM DA reagent to formthe

N- ( phcsphono glycine product an or mal dehyde, (ii) the oxygen
consurr~pticn raze Ir Rl ,pre fefrrelde cakioddtiean béacateniafrefoisnl dehyde to

formformc acid, and (iii) the oxygen consunpticn rate 15 ( "Ril" ) of
the oxi datiBir YERRATIHIS EPaERant &St 6AAFE&AbBREJEBXPBE and water. In
one odi, ent thig | ti ep_lLs fed.Lptoct reactor as

descr :%ed%ar%dveolfjhn slhloﬁén%\é% I Iggjc%ﬁtﬁé% Apﬂra aﬁgﬁglﬁgsggeggr%g?di zed, and then

a reduceghadF BAGRN diredyirallgsiis 8sed. oFhiser educedeperdgrate preferably is
used after about 750 of the PM DA reagent has been consuned. More
pr ef er ablbempere e EePveedatira treaspansf tescubsad 809yef the PM DA

r eagent ?ﬁ)s been fcon%Lirredho'lv'vggeLeduged feed rate y_be glgbi eved by 25

pur gi ng t1e S AT W eh & s pref srabfy dr SatvoFunetrit®i%0. a , - ~~c

Y, 1. donsidts of Pyrolyzing~the carbon~support_as deserihed_ - _~
. 4 e+iiyene__..._=~a..Cc Uu,. which the pure nol ecul ar oxygen was fed before
the digr pdpoye. whid o eduvdd aogpyenyf padsingeapgefesabegmi s mai nt ai ned for

fromabout 2 to .abo 40 min., nore 30 preferably fromabout. 5 to about 20
e and OB SPG Sk abl 1P ei oL P, 6O5BoGR L BRFRRY WALFR t he 54 v

99/ 43430 RGH/ USOU:Q%402n2 5uSER; 302 0)yaen i smDeidihd et the reduced

rate, the tenperature préferably i's ndintained at the sane tenperature or
at a tenpendtonr.e Rdsdhouganithést sppernatuieiatl wheghutbect edots on was
conduct ed before the air _pur ressure i s. maj ntai ned at

e. Likew se, 5 the
t he sane *GVeR18%r é??_urféof“’eg@tﬁha \FNhE 9%&%5?%5‘&?%#%%&%% ¥®action was
conduygt eq JRef Qe fe cdl LcRYEYE- aldsguiteachraNced,oxygen fredsfalie near the
end of the PM DA reaction tends to reduce the anount of residual
f or mal dekypde reeesemt si antthéhe carbon surface, yet slow enough to
prevent excess carbon weight loss and material waste. A
non-reactive gas may be used as a diluent to prevent

severe weight loss of the carbon.

25 2. Deposition of the Noble Metal (8)

Methods used to deposit the noble metal onto
the surface of the carbon support are generally known in
the art, and include liquid phase methods such as
reaction deposition techniques (e.g., deposition via

30 reduction of noble metal compounds, and deposition via

35



10 reaction solution w thout producing detrinental amunts of AMPA by

oxi di zi WP B4 ( phosphononet hyl ) gl yci ne product. ReducedPCDUS#%03802 nchl ~
me~a' _ may b= observed with this invention if a sacrificial?§&gpcigoy agent
is 15 maintained or introduced into the reaction solution. Suitable

reduci ng a% ents include fornaldehyde form c acid, and acetal dehyde. Most
pr ef er abRydred¥edisc Odcin®P FbFﬁéPéeﬁ?&@ou@@Sﬁvxﬂeﬂe§xﬁﬁéﬂ€6f are used.

Experlnent te I i ve on_indi.cate that 20 if
smal | annuﬁpnlgﬂg%Br%?%EE%i%%lg%?%glghkqgégagﬁog cgh |23 Bnc P&ereof are
added t oykh@espagmpRgaRitubngnyvabhe ealdlymectholk Buehergntially effect the
oxidation of the formc acid or fornmal dehyde befo=a it effects the

oxi dat i ophykichd ARPRALtdegennd ghemdghdedepnsipinhnil be 25 nore active in
effectin the oxi_dation 3f forn%p aciq %nd fornaldea%ge during the PM DA
oxi dafi oRFePEFEAEIIT it PO EBETEH 16T 1t 6°RESat 1870 % ([ mass of fornic
aci d, fopfaldehydes elrdsierbinat gan %Q%@%Qﬁlv,t@EﬁErBQacb'gn mass] x 1009
of sacrificial reduci ng agent is adde nmore preferably from about 0.01
t o about C3oPewt,. %.df. ,s@odgkpui, all . Ledutliamgiagent Bi. s addedenkndspost

pref erably 55 mg 99/43430 PCT/ US99/ 03402 2 5 SEP 2~2 fron1about 0.0l to
about 1.8 -W. ICBFPERE PFi CHRPCFEGU PﬁgP£6€ﬁPu?sMSHGédcaFﬁ ¥AESpreferred

enbodi e C r ral y a fmc ack into
the 5 re@%t q q x%%gg o?auggalgggugggggent gég ggsE%n tﬁ?gkggggance t he

recyale abbtammatadsmay béeusedfboesolfuli khzBohheuPhbDA atageatei n the
subsequent cycl es. Typicall the concentration of N

( phosphoREREERFERGLYCATE 1L APE e Br8duchlAFXElr 6akayoBeNas 30, 5P2at as 40%
JiyePreLrAbL IRFReD
by wei ght, 9‘ Saﬁﬁhm Eou%8g§95¥e t g %%5??393998HE H¥m%ga¥cb”e

concentraflon from a to abou nore prefera f 3 about 8 to

about 30%hcandM§wahk§areme$fﬂ&dbhyhfCaﬂhabQUL o9 to,aboud, 15s.
Concentrations of formal dehyde in the product m xture are 15 typically |ess
t han abopelda89spy ®Ei getivabed sﬁébéﬁably | ess than about 0.3% and stil

ferably | h b Fol | h dat th
Cat aljet. pr of ef abl § TP SCTREAAUEREI JOSABarBEaH by FTRPTALTan Tie 20

N—(phospbeaeeeveyhégbﬁetmenpeeeuﬁaqaaycbmgﬂlbﬁngse&ﬁésétpﬂgpe&&lpltatlon
for exanple, by evaporation of a portion of the water and Cooling. It

shoul d bearboogaupedrthuuthhe galutysn obmphisingvansabn dhsthée ability to
be reused g er Sev ral §5 §¥clﬁsa digending on _h @/ox di zed |%$ surface
becomes WPPHEUSE 2 EyeA™ar PRt HEYELEFyEF bBEofR | 3Pt zed, it may
be reusedeby bghpanieagtkvahed. sI@tr@agéhvggerelgéiaéY§t having a heavily
oxi di zed surface, the surface preferably is first washed to renove the 30
orgaaDcs1henpenhevsumsabexathl@heplptehecabtydlSBﬁﬁmueéd i Thehessane nmanner
that a ca%alg is reducgd after i
1s salt to deposit p atlnum onto a carbon support
via hydrolytic deposition is illustrated in Example 3.
In one embodiment of this invention, the noble
metal is deposited onto the surface of the carbon support
25 using a solution comprising a salt of a noble metal in
one of its more reduced oxidation states. For example,
instead of using a salt of Pt (IV) (e.g., H,PtCl¢), a salt
of Pt(II) is used. In another embodiment, platinum in
its elemental state (e.g., colloidal platinum) is used.

30 Using these more reduced metal precursors leads to less

oxidation of the carbon support and, therefore, less
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WO 991 4¥ABY/PEP US99/ 03402 2 5 SEP Z002 noble netal is dasosussedssato the
surface of the support, as described above. V. Exanpl e §I8EPf @02 owi ng
exanples are intended to further 5 illustrate and explain the process of

t he present inventjon.,K Exa asurin ore vol unme. of carbon support A

le 1.
M cr omer PYYSS" AGARF 28BY S ut AT Hea Hritt W RFHSES 530S on
i nstrumegh, yase Usede £ aGaNbEE Hiel d Oplatan1total: Surface alea
determ nation I nvol ves exposing a known weight of a solid td sone
d~fi:.' _deppsessdrenod vhaosuspace f i cOrsdlsordaile guS atPta Konstadit t
tenperature, e-a., at the tenperature of |liquid nitrogen, -196C. During

equi | i brbfi &PtJas nDPEERFESPPEETEIZhEY biF&kEghstt BF 45 Sridords onto t he
surfage Lch. er cul-es.d ulk gas to
decr o pTHTEHEREEE e ELEERALIDET e St R e ¢t
equi | i brhogihgpthds galitacdi depedid hthsataylad intalapfoquRssw e, p, of the
gas is recorded. By conbining this 20 decrease in pressure with the vol unes
of the veaselyshdwbichkhes SEPHT Cest- o {Eaing Hdafuber of nol ecul es)
of gas adsorbed b I appl icati of the ideal gas |aws.
These da?%t%fbésﬁg%%%?%rdg%t&rqe%?? Z\?E}épl)f eE'ES)S'suér}?eIe r%%%o)p%?cua]ﬁsp?%xi mately 0.1
to 0.3 whetBohhen@bndr bbane by Bptdariiduield emdBET) jequation for

mul tilayer adsorption typi calﬁ/y applies. Wth the nunber of adsorbed gas
nmol et@l esekbeved that stpossidpleue cadiieuliaad tthetsurface area using the
~~known" _cross-sectjonal aé%of t adsorbhate. For cases where only

physi cal I55"MLRgS Y 2340 1155Y 4(?fn§~pat§58!§|5‘%aad'§5rsdttiuon due to
Van der XYaal s foLges: 06L WS dih - Bunt B S donlAlGMUidnd 50t hegr B the
determ nation of surface area fromthe observed changes in pressure is
acconpl i shegewsd ot & irel BETE wuplat oo, Rorgpssicte téred sporfecsi o She

di stributions are cal cul ated obtaining relative pressure dat

appr oachF WP PP pRIEPTE | 21.?,11§ ﬁ%l?q?eftjrtegi' SWrére Srﬁ?luﬁ'ia- I%§yé"rm§§§§r ption and
capi § § ar yo £0ndens ats o0 1068 Wy 1Y :RPIdH G o he Kel-wirk £qHat] peand et hods
deve*opedg%y Barrgl%t, JoynerxPandSlHaI enoll'%%(BJH)s, the pore 10 vgl unme and area
may be ob$eiangddidmeaigeddd i t i gh-dlempenat (rle .deoxygenati on of a carbon

support The hi gh-tenperature deoxygenati on procedures described in the
foll ow ng exanpl es nmay be used with any 15 carbon support to produce a

deoxygenat ed %§§g te; @%! e - H ah- Tenper at ure DeoxvQenati on #1
Using NCH jH SILSHPREE cne Ir"t‘)b'(.');tgn]ﬁ%{fpport (2.5 g) was placed into a
1.9 cmI.D. x 40. & gprdmestgdh( guatdy? HeuldepoEie €20 chithe thas suaifaeet ed to a
gas streamresulting fromsparging a 70 tQ 100 mM/m n. N~ streamthrough a
70C, 109 RH I SRARFUSERAMS HEioHfe Sidils angsesthe¥ivds SFaced into a
preheat ede 30, 5; gmd ubylars f urnage, and pyral vzed at,930¢ 4ok 60 nmin. and
then cooled to roomtenperature
Methods used to deposit a promoter cntc the surface cf

the carbon support are generally known in the art, and
include the same methods used to deposit a noble metal
discussed above. In one embodiment, a sait solution

25 comprising the promoter is used to deposit the promoter.
A suitable salt that may be used to deposit bismuth is
Bi (NO,),'SH,0, a suitable salt that may be used to deposit
iron is FeCl,'6H,0, and a suitable salt that may be used to
deposit tin is SnCl,2H,0. It should be recognized that

30 more than one promoter may be deposited onto the surface
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25 under at nosphere w thout contacting any air. Single- b
Hiah-Te&%gﬁg%%ﬁﬁtDeoxvaenation #2 Using NCH f HzO Gas An JEP%§§'§%S&arbon

support (3.55 g) was placed into a 1.9 cm|.D. x 35.6 cm | od§ SRR t ube.
The tube 58 WD 99/ 43430 ~ ~ PCT/US99/03402 2 5 s~P ~z was connected to

streams gf PReMaFidn alLpMe3toasaasp88snhhm ny, o sSt gam @pd then pl aced
into a preheated 30.5 cm tubular furnace and pyrol yzed at 930C for 30

m nut es. dEmenisthra teuldepgsditing wapromoked totpoenrchrbpar stwfecd under a dry
N2 at nosphere w t hout contact with air. To show the advant ages of

ny . .
deoxygen&FFﬁgatﬁéléaFB§H¥§86p6P9p5é§6P8 8i BpeMeFRy -t hEXABBILE ABtal onto the
surface qf r f n C h W wo catal ysts
wer e con%gpé %tgﬁgg%ayfﬁgggtggbbgéggoegagp%P%,sﬁ%ﬁ%kgﬁaggd%ﬁkygenated usi ng
t he aloverbheanhdesh)behere apkarbbimswesadespetagdsantosbliacsshtace; and one
having an SA-30 carbon support (Wstvaco Corp. Carbon, Departnent
Covi ngt 0GOMPAL SimiSC [ NRa®r@SedSAS -r ecei ved prom Westvaco. Pl ati num was

di spersed onto theﬁ%ugggg SaBE¥%5 ghgaﬁégyggt§8BBQEE§H§Z%3C8§E8 t echni que

described in Exanp bel ow. é cara en- wer e I n one

experi meplerath@lgaelbystishwareleaducetdeuprgobeBHis( peetExampkey12 for
protocol). In a second experinent, the catalysts were reduced by heating
themin p@efHrrgdd 20h80% &rg§oR VeristhoOfspassslde. pThparadived catal ysts

were _used to catalyze the.oxidation of ,PM DA to N osphanonet hyl ) gl yci ne
(i.ell "§F§§ﬁ&§HF§" nﬁgpnénthgerEﬁgtwgﬁcggﬂﬂYtPﬁnggggttgo?Fﬁmiﬁ Exanpl e 5.
Table 1 §hows _tReanesel k31oYs8rokubPeredosdepxygenat gdecapbgn sypport
resulted 1n snmaller CO desofption Vvalues, |ess noble netal” T"'eachi ng, higher

f or mal debppdecaeat Guict. yBoadd ShomfigsisehetMenalsnesd BBlovg,to Table 1 Effect

of Deoxysenatina the Carbon Support before D spersing Noble ?Etal onto Its

Sur f ace D@&E?@@ﬁaﬂpaﬁéfﬁa€§oﬁﬁggﬁﬁ?@ﬁﬂét?65?%Y hS sol KeEeHRB®
<”9/9Rea6gu9§&teat5E@tf&9€bear990£gség ghyph. gl yohi e pred; LLiger

(m n.)suppor

(nmmohe/ gBpved. phspgldast eye@tRa3Nakihti8) 628. 535. 1hi gh- t enper at ur eReduceddeoxyg
enation #2(Ex. 12) SA-30, used ,
asl.99sanme54. 343. 162, PREcefvERS| HgFe-B¥eporosd @plodiments,

oL £, 1, $436 30, Ao SURSLALM -0 0EOR ATALLEY HZEIKE, 80% M i S0
consumedcofr¥iwifgNacAoBieNmefalN 4118yed with a promoter.
Reactive deposition may comprise, for example, reductive
20 deposition wherein a surface of a carbon support is
contacted with a solution comprising: (a) a reducing
agent; and (b) (i) a compound comprising the noble metal
and a compound comprising the promoter, or (ii) a
compound comprising both the noble metal and the
25 promoter. A wide range of reducing agents may be used,
such as sodium borohydrice, formaldehyde, formic acid,
sodium formate, hydrazine hydrochloride, hydroxylamine,
and hypophosphorous acid. Compounds comprising a noble
metal and/or a promoter include, for example:
30 1. Halide compounds. These include, for example,
H,PtCl,, K,PtCl,, Pt,Br*, K,PdCl,, AucCl,!", RuCl,,
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WO 99/ 4MB09/#3T1 US99/ 03402 2 5 SEP 2ppx Exanpl e 3. Deposi FEHYSP@EH#I2num ont o
the surface of a carbon support Twenty grans of NUCHAR actiig,t QFIP%Zbon
SA- 30 (Westvaco Corp. Carbon, Departnent Covington, VA? was sfurtied in 2

L of water for 2 haours. Then, 2. 81 grans_of H2PtCl6 dissolved in about 900
m of water was ad&&&ldrdhi sEFoAfer  aFBeli 6H:9f 530 4 hoiElAfter the

HZPt CI' S sol ution wasGoNpEetel v 2dded it he slurry was stirred for 90 nore
m nutes. The pH of ‘the°slurry 't ﬁen was 10 readjusted to 10.5 using NaCH,

and stirred for. 100xdded andr exkogh3oriie resunbtihdg. sl Dheyewas filtered and
washed with water until the filtrate_reached a constant conductivity. The

wet cake was driedingluiescigr exgePleacBUmh’f c*nd Ma#%8C24 hours. This
mat eri_al produced R% | at| ca u uctjion oul d be
recogr?i zed thét' th§1{qtjr§te b thgéedﬁgggﬁaggg%ﬁggédﬁ%g %I’é%%%lf%]' pl ati num

onto the surface ofreqiogy,.carbon supports as well. Exanple 4.
H gh-tenperature hydrogen reduction of a carbon support Approximtely 5.8 g
of a dried, udredudsdneaceipiexesnsi Sheag shcbudpl afPnuerameke NUCHAR SA- 30

carbon support (W rn. ., I rtnent. . i ngton, VA) was
dehydrated in-si tus[;;éa@%@(cﬁicﬁ‘zar g@%%’%ﬁ§2'h§ﬁ%%¢%'bei ng red~~ced at
640C wi th 20% H2 i meaneon, ifeic1]ll bows,cHlernngoeling to room tenperature
under 20% Hz in argon, the cat al yst was ready to use. It should be

recodmi zed t hat thétdbdyeHfiHo¥Bdufé. m@ndel i@t eChleilt. -ot her car bcn
supports as 30 well . 61 . WO 99/43430 PCT%LJS99/9 4%2 2_5 SEP 2442 Exanpl e
5. Use of the>Catal g £ A eF\EPﬁ%‘si‘ﬁ PonE?hyl ) gl yci ne This

prove catalyst 5 parForimpse, (CHIIETRECICE @aE SR, reduction fo
DEClH(PR,),, wherein each P is indspendently a
hydrocarbyl, such as methyl, ethyl, propyl,

15 phenyl, etc

6. Organometallic complexes. These include, for
example, Pt,(C;H¢).Cl,; Pd,(C,H,),Cl,; Pt (CH,COO),,
P4 (CH,COQ),; K[Sn(HCOO),); Fe(Cljq; FeyllU),;
Fe, (CO),¢; Sn;(CH,),; and Ti(OR}),, wherein each R

20 is independently a hydrocarbyl, such as methyl,

ethyl, propyl, phenyl, etc.

7. Noble metal/promoter complexes. These include,
for example, Pt,(SnCl,),(CH,;,), and [Pt(SnCl,) )3 .
In a particularly preferred embodiment,

25 hydrolysis reactions are used to deposit a noble metal
alloyed with a promoter. In this instance, ligands
containing the noble metal and promoter are formed, and
then hydrolyzed to form well-mixed, metal oxide and metal
hydroxide clusters at the surface of the carbon support.

30 The ligands may be formed, for example, by contacting the

surface of the support with a solution comprising (a) a
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An Al dricr catal yst consisting of 5% platinumon an activated carbon

Co., | nc. PCIUSAR/0idee, W)
was heated at 640C for 4-6 hours i _”". the presence of 200 ﬁ% %Eﬁ|§ﬁ%610
argon. Subsequently, it was used to catal yze the oxidation 5 to

G yphosat e. Itsra:{)erfor mance was conpared to the performance of a sanple of

support Weav4i®sy No. 20,593-1, Al drich Cheni cal

t he Al dr iCENRSBE

VEAMRH] i andd ey SeP 18s Medddi wed Br SAMRO¥dch. The PM DA

oxi dation, react]. t i 52 l.a .Qr_using 11.4
of ' o DAt d O % SIS 1 4610 LAl S RnE e (3070 1

t enper at W 1Ofe RO Gorl Pmesslr el t9@ pSicthotarsti Buidlaglef 900 rpm and an
oxygen flow rate of 100 m/mn. Table 2 shows the results. The high 20

t enper at wompdR CeMRtifidy catreblet Mesdll essl/ogaghbagmosett are

f.or mal_dehy.d tivity, .and produced |ess NMG Also, reaction tine was
short é:’negl‘o{lﬁ%%%ve% Vf%gl ﬁ%&‘r&egﬁpgroatr cﬁ%{'reo&éﬁplségl}@@d catal yst was
used. 62y, q4chQ habler VAN QdsdazhobeRastliesekior ro% Bikagp1ACt . ivai:ed
Carbon (Alc~rich Cat. No. 20) 593-1) "Catal yst As Recei vedH gh-Tenp., H-

Reduc edPMyDA e ihA 6(2& .44 3N rleoperattaret kil pgl yease eMpht585. 54HCOzH
(rmg/ g glyph. praod.)46.9935. 87CH20 g gl yph. npr
1 vph. SpERT o8 i e | p iy TP a5 SO ARoRR

o 0 N it § i, st tiatR 88, F58RsT .S
Further Bgarpl.epiStdwunr) 98 ogedCatizhy 2t promOtiedi ¢ .BM, DArbe) .

N(Phosphononethyl)%lycine Thi s exanpl e denonstrates using the high
n addition to the above-described reactive

od. ) 32. 9614. 60NMG (ng/ g
PORFCRaF6S. 67%4. 17 Pt |

RREd= 55 i & 6.

deposition techniques, there are many other technigues

which may be used to form the alloy. The

example:

se include, for

15 1. Forming the alloy by introducing metal

compounds (which may be simple or complex, and

may be covalent or ionic) to the surface of the

support via impregnation, adsorption from a

solution, and/or ion exchange.

20 2. Forming the alloy by vacuum co-deposition of

metal vapors containing the noble metal and

promoter onto the surface.

3. Forming the alloy by depositing one or metals

onto a pre-deposited metal belonging to Group

25 8, 9, or 10 of the Periodic Table of the

Elements (i.e., Fe, Co, Ni, Ru,

Rh, P4, Os, Ir,

and Pt) via, for example, electrolytic or

electroless plating.

4. Forming the alloy by: (a) depositing metal

30 complexes containing metals in the zero valence

state (e.g., carbonyl, pi-allyl, or

40
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5 tenper A@9%434as- phase reduction treatment and ammoni a wWasTrUsgy/d342i npr ove
catal yst performance. The perfornmances of six catalysts in g§t§#ﬁ§hﬂg t he
PM DA oxi dation were conpared. These catal ysts were: (a) a tat

consi sting of 5% plati numon an activated 10 carbon support (Catal og No.
33,015-9, Aldrich CeguiloglenCadienyd. comblemakeef Whi; nobletmetahtal yst

after being washed w th n annnn a washin s conducted using the
sane techni aue descFPGeG%rE%Ex§ Mty e?EeBB g&%®?ﬁ§ ﬂa %ethe cat al yst
slurry was adj ust ed J4012pd shpgdRicnt ahpedpat réxlnoOJ.ﬁ%t pge 10g0nds5); (c) the
catal yst after being heated a? 75C in 20% Hz and 80% ar gon“for 4-6 hours

(GPRC75C); (d) the bat alfypst exkinplebehrgthegt ed HEdﬁdﬁﬂbﬁoto4f6rmours in the

presence of 20% Hz and 8Q% ar gon ( GPRQ6 40C% and (e) two catalysts after
bei ng 20 washed mntﬁhﬁnﬁéﬂpg Qﬁ&tﬂﬁeﬁshéét HeaFuB @€Sfor 4-6 ~.. n, 4. 1.

C'mrt-s OXIdatlOncb@@%&h@th@ndbtan&oMpbﬂnah@esgn? aSméBaﬁxa”p|e 3.
Table 3 shows the results. The untreated 25 catal yst showed relatively high

| eaching and poor fehArirddeyge acmﬁV?ﬂya1FV§hCP@H9endtuwetgae phase
reduction at 640C |§ the r sen g eads Lo, t he great decrease in
| eaching and increa &b ornﬁF & aC?IV #%a??ng Tﬁ atal yst a~ 75C

in 30:30% H2 at 750béeehge&gdtbe@ebupgst09a b§5§@ro§XEBQtPebQédﬂéd not
enhance the fornmal dehyde activity. 64 Table 3 PM DA Oxidation Results for
50 Tt or Activated Eabﬂ@nO@At@ﬁlﬁhemantshb 33,015-9) 5 v; 10 15

Cat al yst As- recei vedN113 was GPRC; 75CCGPRC~640CNH3 wash +
GPR@40CNH3 wash + EPREBAGCH 9%%?N§K|CRDBeB@%be%%nmE%9 fibsat e

(9 5. 875. ~~55. 815. 8933959 4HOCK Cg &ngéguﬂeypbaTPWOdme*=1 complexes
) 43. 4643. 6538. 9742. 1446.9152.12CFi zO (mj/ g gl yph prod .

) 19. 3922. 7319. 8513. 71815h2@1 Bré ENMBefngt gf gtyeh. ipreftyu) ) doRT7Hin 390, 89
.1.001. 311. 68AVPA ( Rn)14 9.414i égg 6343 8324. 82B3 8End Poi nt
(min. 139. 3344, 33383£ 1838°53p( S} n28Q| REOpAGEH S the

surface of the carbon support.

7. Forming the alloy by pre-forming alloy
particles as colloids or aerosols, and then
depositing the preformed alloy particles at the

20 surface of the carbon support. To illustrate,
colleoidal particles ccentaining platinum and
iron may be easily formed by boiling a dilute
solution of H,PtCl, and SnCl, 2H,0 with a sodium
citrate solution. Protecting agents (e.q.,

25 carbohydrates, polymers, lipophilic quaternary
nitrogen salts) may be used to effectively
control metal alloy particle growth. This
technique, therefore, is often useful to form a
narrow distribution of alloy particle sizes.

30 It should be recognized that the above-

discussed techniques for forming an alloy are simply
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gl yph. prod.)42.5940. 7127. 545. 265. 304. 230f Pt Lost10.)20. 640.120.120.1 1.
~~GPR' Mesdddduction in HZ 2. "ND' neans none detected. POr/USI% 0300 b n c~
rn > 0 wO N WD 99/43430 PCT/ US99/ 03402 2 5 SEP 2002 In the next
experiment, five catalysts were analyzed while catalyzing tpg §i¢ Dy

oxi dation. These catalysts were: (a) a catalyst consisting of 5% platinum
on NUCHAR1SAsS@abwwervaed O8tp exhexstdiyenepdeimenthes tea@higesnofva) ; (b)

t he catal yst after. i r eat it HEA , (se I 2 for protocol);
(c) the CALA y&E<4 tg:rarlg“gﬁlng?’hdggth\gd LR R8T 2&Fdon for 4-6
hours ( GRRe’2@) orddharie skallal vel tafd efrth@iafg roeatied 13t @4Qemine20% H2 and
80% argon for 4-6 hours (GPRC~640C); 10 (e) the catalyst after being washed
Wt h ammoviigh( @fi fdpet ramexewst @dhoygpeepagatilvad teghRigmsise knownand t hen
heat eq at, 649\%; n. 20% Hz and gO% argon for. a=-6 hours. T'r~e rea~;.ion

conci @ LiBh&NfeE T A SMEaRs & FGsE PRTEISHIPE 55815 Table 4 shows the

results. The untrealed Gakalsyslr shened heligukyelkkahi-gh sehaf ipwm | eachi ng
and | ow formal dehyde"activity. The catal yst® al so showed hi gh | eachi ng and

| ow f or nelldelyydefaer ribey raftbdrs haivieg bereaaGeQowiilteld tvrathed, d3 QLCL
| Jttcus /m. 1.1 COICraSC, 20 GPR-640C showed a greater formal dehyde
act i vi t y SaFdaces O ERenicAgPOBs SUPPRBIte 4 LPVSDRECRIIBERERTREIE! £8 Usi ng 5%

P R T AL R el ey e e ot
10 non-oxidizing environment (preferably, N,, a noble gas, or
both). Use of a drying step is particularly preferred
where the surface of the support is to be subsequently
reduced by heating the surface (and even more preferred
where the heating is to be conducted in a non-oxidizing
15 environment). Preferably, the support is dried to reduce

the moisture content of the support to less than about 5%
by weight.
It should be recognized that reducing the
surface of the carbon support after deposition of the
20 noble metal(s) and promoter(s) typically increases the
extent of noble metal alloyed with a promoter. Such
reduction also often tends to increase the number of

particles falling within the preferred size range.

4, Reduction of the Carbon Support Surface

25 After the carbon suppor: has been impregnated
with the noble metal(s) (and promoter(s), if any), the
surface of the catalyst preferably is reduced. The
surface of the catalyst suitably may be reduced, for
example, by heating the surface at a temperature of at

30 least about 400°C. It is especially preferable to
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prod. ) 59v66bk348457. 8530. 8538. 21CHzO (ng/ g gl yph. PCT/US99/03402

prod.) 115. 2843. 1348. 5219. 6720. 79NMG (ng/ g gl yph. prod .

) 1. 64~. 176. 410. 371. 73AVPA (ppn) 58. 16133. 91' 74. 0138. 5156. 3@r5d SEPi 2082
(min.)62. 6762. 6770. 61 50. 6759. 33Pt in soln. (~Cg/g gl yph.

prod. ) 84.difRIBEHEG3eE NP 1of aPnobosk@d84ing4&ng@r640edtO .0 .o ww O b
nm -a0w0NtJ WO 99/ 43430 PCT/ US99/03402 2 5 SEP 2~ Exanple 7.
Effect of (6 afd {@AgeT a3t at FhbeddPMace oF LRe2d8Pal"PE® The car bon

atom t o APLPIALG 2Uheklacaruoen BLOMLE BLALOUTALgM rati o at the

surfaces "0 vari ous fresh ¢ S were analyzed using a Quant um
2000 ESCA0d°cy.oprehe 1Speckr pretferabPhysthal t EhpetaonresisEdesomPrairie, M).
The surface anal ysis was perforned by el ectron spectroscopy for chemnical
anal y§i s aPEICAI0 i rbowe ilngPPufrend@nfnm@st epaeEarabBhy nbsemwi t h t he

LT Bl PRI IR (R g

entails i on o € sanplé w o) (1486. 6

eV), whosefNaldbhd ursitiistaerbrio fbenraRoGohe 8RE ¥al:gage el ectrons. The
ejected electrons | eave the sanple with a kinetic energy that 15 equals the

di f f er enceritatineay thwoabicneiingreagsativon thd surfactbpAdihg energy"” of the
el ectron (ai]i%nori n%?work function e fechsé. Because only the elastic

el ect r on€3EPF SURRREE t h&P fi4Fe OhBETuREBRgohE™RREAGY FBSETRI Gy , ,. ~
© -7 10 than1,200°C tend to_reduce_the_activity of fhe catalyst.  —— —
e e+ e+ __..._rx~~.., 20 and because the 1nelastic nmean free path of
el ect r ongampesaitide s ofslapm aBSCA #80i hheakattys5a08GrpactesaEnkiti ve

techni que. The kinetic energy of the el ectrons is neasured using an

el ect r ost2Hg &sefal2er HndhPEhEUREABEr O5f tREeERFBAR S1FBPAEE eRAFnRd using an

el ect 1 on g plice, 25 Thedatacar g.preseated as.Lhe nunbesoof el ectrons
e

detected versus t bindi energy of the el ectrons. E survey spectra
wer e t akéeidgiengheomatieometet A3 Beoxsiayd &ntoexhéet atrpacef the

phot oel ectrons with the analyzer set for a 117 eV band pass energy. The
X-ray B0 source wadPofePar&dCit2EdYwArEEepofer eBRadaEeart net e

surface of the catalyst is reduced by a process
comprising exposing the surface to a reducing
environment. For example, before the heating, the
catalyst sample may be pre-treated with a liguid-phase

20 reducing agent, such as formaldehyde ox formic acid.

Even more preferably, the heating is conducted in the
presence of a gas-phase reducing agent (the method of
heating the catalyst in the presence of a gas-phase

reducing agent will sometimes be referred to as "high-

25 temperature gas-phase reduction"). Various gas-phase
reducing agents may be used during the heating, including
but not limited to H,, ammonia, and carbon monoxide.
Hydrogen gas is most preferred because the small
molecular size of hydrogen allows better penetration into

30 the deepest pores of the carbon support. Preferably, the

remainder of the gas consists essentially of a non-
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collected fromthe 200 ~, mspot on the sanple being , 68 WO 99/ 43430
PCT/ USONQRU$A3® 5 SEP 7002 irradi ated. These conditi ons BFVASAY/EA402
sensitivity but | ow energy resolution. The spectra were acclufuSER @2t aki ng
a 1.0 eV step size across the region from 1100 eV to 0 eV and co-addi ng
repetitive scans to achi evg 5 acceptabl e signal/noise_in the data. The

el enent s PRESEANINTES 4 A% PP anGEIEd ¢ AGLLRE st IWGar d dat a
rocessi q? a LS. or I (glo\VA i th t st ion by the
\I?endor. I%%os% erlrader?bzllssveg ﬁ%ﬁ%iﬁﬁ%ﬂﬁ&%ﬁogﬁegﬂoénil%%ﬁ@ t he y

rel ati veylOcahesheraaienast bat less phahhe. ebeaest ai FadEA ) af€owdt ai ned. ESCA
analysis is generally cited as having a precision of 20% using tabul at ed

r esponse begeges Gforthe fame cheyr tianst tenmaeaudasf itquradines. thgbl e 5 shows
the ¢ O and O/ Pt rati.cs 0 ch fresh catalyst, and the

15 f
L B oiutiRce of e Slpddhe 1P PrletR] SR Lo Belot s AP DA

oxi dat i OB ABAGHAE BXo MR/AB4A REY WS9I9403402:2 SrSER- 2002 Tabl e 5
Effects of ¢ O and O Pt Ratios During PM DA Oxidation) Catal yst® Reducti on
C/ O O Pt fRom mbSaitn.5 Cl2@EUTFr €&t verdiundt iHe. Ratio (~g/g)2 (ng/g)3 After

Nobl e Metal Depo. 5 % Pt c%n Na%zl-m 2 3. 7. 3.ND' %goxggenat ed_Reduced 10
carbons sane Pt (1) @BPEEIEFIED 3TPURE ££0 AT FIG%-BEEnERERLY ST
Reduced?2 ) i r /20 ) 7

33015. 9o aRE1ET o SURE T3 AT0T7 510, Sesanmiseq ago e O the

Receilved ¥2d40@Q2; GEHEMO2MAltde clatalyst surface. When the

Cat . 640C/ 6hr/ 20%1z45. 2710. 521. 90#20593- 1NH, o
wash/ pH= FESMFEES0 &SR 2oz 8PnT PFiG1%iRdsgesneoEegigéng from

Nah pHog T Re ton s S 2 e TOAT Y, Fobok DR h50 DL SIS 750 The  20%
z13. 23284e342 5 Zbr Hiont edeiiton scanchutieensweaebhe sanBoasst hese usedin

Exanple 5. 70 WO 99/ 43430 PCT/USQ%/O3402 2 5 SEP 2002 2. ~cg Pt which
| eached ifaes sdlouti &F pée GPAMEGPFhEsHEEhprodnaed. velocity o

15 from about 1 to about 5,000 hour!. More preferably, the
space velocity is from about 10 to about 2,500 hour-!, and
even more preferably from about 50 to about 750 hour-t.
In the most preferred embodiment, the heat-treatment is
conducted at the above preferred temperatures and space

20 velocities for from about 1 to about 10 hours. Heating
the surface at space velocities of less than 1 hour? is
disadvantageous because the oxygen-containing functional
groups at the surface of the carbon support may not be
sufficiently destroyed. On the other hand, heating the

25 surface at space velocities greater than 5,000 hour? is
uneconomical.

In accordance with this invention it has been
found that pre-existing oxygen-containing functional
groups at the surface of the carbon support are not

30 necessary, or even desired, to obtain adequate noble

metal dispersion and retention. Without being bound by
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3. ny fowr(gggg‘gg de per gram d yphosate produced. 4. "ND' neans none

det ect ed.

hi gh-t enper at ure deoxygenati on techni que #2 described in 6
A8,

Pt was depos
10 Exanmpl e_8
“vith in-3H

e carbon support was deoxygenated using tHdE3NGe¥ee

ited using diammnedinitrito P(I1) as describ I

PR S v aeBoh, Tr W s Sheln e Geserrs

p
. The

e 11.
al ysi s

oXygen- COogt &h Nk AMEE 4 100 a) 1 O BURS HrHhe i$chaees off orakiheus fresh 15
catal ysts was determ ned by thernogravinmetric analysis with in-line nmass
spect r os cogpya X VisGA- ) remefeind edivgan -forgerindmg fhins tamalals iggougsdr i ed

sanple (100 of fresh catal yst .is pl aced into ceram ¢ cup on a Mettler
bal Bnce. Thet 8 rBUHANS. Rl FOtIATHOT RAEERTS o LR OHGLEg0 658 ged w t h
hel i ung us¢ Doy &y fgfvaéﬁs&tlg% HHdAbL 18 R to?l%eli:?lteurs%rfff%rcel.o rr,ir

The tenperature subsequent

is ralsed at 10C per mnute from20 to 9

~ut es.
00C,

and t hen hel ik abe 00624 orhB) vhend exygkre cdegaiptinonfuaktdandn nonoxi de
i oxi de are neasured by an in-line 25 mass spectroneter. The
nmass specIFUHRS 3Te InHidpkutanfridr £iasadare tigpapbdennetdilng a sanpl e of

cal ci um gxal a1 e, rpnanYdLal & ynder Jdie Sae. cond! Ligng, ;Tagle © shous

and carbon d

and the 3§

nNOMOXI .esor per gram o .
fideactd i o baaade ot Hehactbatahgshs dudi Rgea 71

t he

edach catfa y%’t usi ng TGA- M5,

WO

991 43430 PCT/US99/ 03402 z 5 SEP 2~ single-cycle PM DA oxidation reaction
usi ngl @ hecazhan ramRITn cdiffitinhaleng wibladpkemposas anghkaegedhiows,

| eachi ng ten

o Lo dearease, as e ampunt of OO desorption degreases,
parti cul alFefT/O‘folevf}Ven he desa’rgpetl ST -E5RY g?lea &r ' thaf T TP Snftol el g

(Mol e CRte

Oxygen- Cont ai ni ng Functional G oups Which Desorb from

saetPaif Hramiried dupdore . TabbeeeEf f gggegfc iFgS f
alys urfac

and is

e as

CO duri ngcIEGBWE & Gat dhsPREERSE ¢F FGAeNBCPngi agsokn.(eCH20 Tr eat ment

(mmol e/ g) =

(~g9/q)~ [g)'. Aldrich t. 640C/ 6hr/20%12_ 0. 4 .2 13.78
433015. & Thhie 164 B P EREPS05PD 6558 31 S TOAS N P LR D, TRLEreEC
750 6y / 30944 1 87 eS19. 85sane un3 wasnj pn=~ . ~ 1 . 57~ a . ~~~ .
i .ssanme Used as Received 1.8442.619.39 20 1. mmol e of CO per gram of

catal yst 2.

~g of ndbltheretzalbashiatlem ¢ackbaygent atswl uektdn per tgeam of

€] yphosatsempfr oduce

ace oéjthe carbon support is less than about 20:1

before the noble metal 1s deposited onto the surrace or

the

support, the surface preferably is reduced using the

20 above-described high-temperature gas-phase reduction

treatment at a temperature greater than 500°C, although

the

surface may optionally be treated with other

reduction environments in addition to high-temperature

gas-phase reduction. On the other hand, if the surface

25 of the carbon support has a carbon atom to oxygen atom

ratio which is at least about 20:1 before the noble metal

is deposited onto the surface, various alternative

reduction environments may be used instead of high-

temperature gas-phase reduction.

30

The surface of the catalyst may be reduced, at

least in part, by treating it with an amine, such as
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3. ng of formal dehyde per gram of 4 yphosate produced 72 WO 99/ 43430
PCTI USOWO3MEM3Q 5 SEP 2002 Exanple 9. Effect of tenperat RGI/IMI0BY2

hi ght enper at ur e gas- phase reducti on This exanpl e denonstrat e2 tgfpe{g&gcts
of using various tenperatures when heating the catalyst int é r nce
of a reducing agent. An unreduced catal yst having 5% pl ati numon an
activat edueea bon SOPREHEEN (APTRHL SiRI RIBISREAt Een$is{fgdt heammoml wn st ep

hi gh-t t d ti tech #2 d i bed in, l e 2 bef
he ol at | RGFITES 107 CRNGGRE B CTRES Nkt SOF AETUaT DUSST erbEP AL uf o5 1N 10% h2

and 90% agafin{groabost 2 Bovksiodheorai Abys LREcIGs Used Loigatal yze the

PM DA oxi dation reaction. The reaction was conducted in a 250 gl ass
react or usosiy prgf M eA, 0THLET % uhtal tsea (et ose 83raBDP Astwied 15
reaction nass, _a tenperature of 80C) a pressure of O prig, and an oxygen
f1ow rat etBfaddE HPR nk A, OFRRT r BT St & BIRMFEREE TaBR@ TOS¥ ner easi ng t he

reduct ! OrLLEFRELAL YT oo 600N 18564 %, 000 Cedues g Ayt of nobl e

netal |e ng and i ncreases t de oxi ion activity during
t he oxi datédict fact i OIn obnéMDéh | erhloodA ygriosatiee o le WERO91 43430 Table 7
Ef fects of Reduction Tenperature PCT/US99/03402 2 5 SEP 2~2 ReductionPt in
Sol n. CHz IRy Fi e npef at the (FioF frds Zadl Yyemling | Hedy Rt i @ mekios

(C31251.000. 2613 4 7144000, 180. 9342105000. 140. 95321410
5000- 061 THoL dr e ATrge s LG/ o i R I dE2t het ahest amount

of Pt ®bsel veehd 1 $&l ¢} | Okt | e M Sb XM s deposited onto

the surface of the support, the support may be washed
with a solution ccmprising ammonium ions or placed into
contact with a gas comprising ammonia. Most preferably,
the catalyst surface is washed with diluted agueous

15 ammonia after depositing the noble metal. In this
instance, the catalyst is added to pure water and stirred
for a few hours to wet the surface of the catalyst.
Next, while continuing to stir the catalyst slurry, a
solution comprising ammonium ions is added to the

20 catalyst slurry in an amount sufficient to produce a pH
of greater than 7, more preferably from about 8 to about
12, and most preferably from about 9.5 to about 11.0.
Because the temperature and pressure are not critical,
this step preferably is performed at room temperature and

25 atmospheric pressure. Example 10 further demonstrates
this reduction treatment.

Sodium borohydride (NaBH,) also may be used to
reduce the surface of the catalyst. As with the amine
treatment, this treatment preferably is used in addition

30 to other reduction treatments, and most preferably is

used before high-temperature gas-phase reduction.
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2. A nor@u; ?ﬁgaoval ue of 1.00 corresponds to the 15 hi ghest fornal dehyde
activity "dqur this experiment. Exanple 10. Washing the F&TAISI034R2 ¢t h
aam oni a An unreduced catal yst (6.22 g) consisting of 5% nl 2-5-SEP-2002 Tn
..,-~ ~"Nar~ i tray-cr7 na~"i-..-, o,,,.. .-a- [.,.L,: ..L .,.~. .

~pa® iy . v~ 20
deoxygena?ggfﬁ??ﬁgéyf ﬁgﬁg?ﬁaigpgﬁ%lﬁﬁﬁhet énrr%%]i%ﬁ?%a_lde%%&/%étnhaeti on techni que
#2 descri bgdrhbeEsinphe 2uppbote the phpporwin esasepdsiitdd onto the
support) was slurried in 500 m of water for 30 m nutes. Afterward, the bH
of the slaptycias afj N3BBd i W npaserdel gfed2RBuasus PY #fmdiPaE, and the
slurry was, stjrred fo e, ho i S i I eriodically
added to %Pﬁkaéng?hgggﬁlga%gﬁé? ée@? Z%I (Jisjnag S uFiré;O \%glsrp"?cl Y'ered and
washeds ongge WaihBuabOYE RABH[Mugdd WaleFerabhg Wat sagfectiber was dried at 125C
under vacuum for about 12 hours. This 30 catal yst was heated at 640C for 11
hours in teéukle ahd 0D% nrhde, mewal t hebecvnparde iletparar wihemdat al yst s

consisting of S% platinumon, NL1 activated carbon:. 74 WD 991 43430

PCT/ US99/ g%ﬁﬁﬁuﬁ%aéﬁpf’??pQElEb‘i%ﬁeRt%%Lﬁ;te%P aﬁre?%%ﬁﬁr}ile\’nple?r ature with NaHH4
(see ExanplLesd2nbQrapr PEOROLdmpaRsk () e e [ohati S4Wedd1, kD% Hz and 90%
argon for 11 hours. The reactions were the sane as those in Exanple 5. 5
The resul Ezsampgeshawiurnhdabfiem@ns P atenurhieacdduny: Wwas ddwadreamest with the

cat al ¥st whi ch was washed @/itg amoni a_bef ore hi q_lh-tegp rature hydrogen
reductPon. Table 8 4B BRPBLESCHI T A M E @Al LS HOD2H NMVG

Pt in sol preftPRLOLs(MHAD) 4HD/B) (4164 Qo Niryashed A40-62. 28 734 83 0. 50
H gh- Tenp., 15 H2-reduced H gh-tenp., 14.97 27.82 1.38 4.64 fiz
W-C || .~ c&uaRpem dkap. maP8bdluddd | o ok \ByGrh ddaBhide reedticed: 2(F 1. These

guantities are per gram Glejphosate produced. Exanple 11. Use of a |eas
oxi di zi ngtRBbFRTRBE aFUBPRELr Bt OTF dthh RS M Fosi ke EIPHTe4ct i vat ed

car bon ZSOﬁygpgﬂé Lpg.di amminedinitrito platinum (11)) Approximately 20 g
of an actrvafted carbon support was deoxygenated using the single-step
hi gh-t enper at ure deoxygenati on techni que #2 described in Exanple 2. Next,

it was slurried in 2 L of water for 2 hours. 75
15 C. Use of the Oxidation Catalyst

The above-described catalyst may be used for
liguid phase oxidation reactions. °cxampies OI suchn
reactions include the oxidation of alcohols and polyols
to form aldehydes, ketones, and acids (e.g., the

20 oxidation of 2-propancl to form acetone, and the
oxidation of glycerol to form glyceraldehyde,
dihydroxyacetone, or glyceric acid); the oxidation of
aldehydes to form acids (g.g., the oxidation of
formaldehyde to form formic acid, and the oxidation of

25 furfural to form 2-furan carboxylic acid); the oxidation
of tertiary amines to form secondary amines (e.g., the
oxidation of nitrilotriacetic acid ("NTA") to form
iminodiacetic acid ("IDA")); the oxidation of secondary
amines to form primary amines (e.g., the oxidation of IDA

30 to form glycine); and the oxidation of various acids
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WD 99/ 43430 PCT/ US99/ 03402 2 5 S~Q 2002 Approximately 51.3 g of a 3.4%
sol ut i oowoby/aisaomm nedinitrito platinum (11), diluted to 49¢Tasshibiyorat er,
then was added dropwi se over a period of 3-4 hours. After agd tSEPNBES
conplete, stirring was 5 continued for 90 nore m nutes. The pH was
re-adjusted to 10.5 by adding diluted aqueous NaOH, and stirring was
conduct ed(g_-xﬂf_,l(ﬁqmlrﬁ)r%c%lﬂrs aCHYd B 1afkd) taeerf arEs Jeitbeay edridlenashed
with a plenfif anDunt of water until the filtrate reached const ant
conduct i v Ci/ & 10 wet cake was dried at 125C under vacuum for 10-24
hours. The resul ti nghe& a{dwesidanrs itrat %t@euy@@@sf Qscfhayrs in 10% HZ
and 90% argon. A control was prepared using H PtC: to deposit platinum
onto t he welcarmbdr. g ewe oxiskd ingatmedhcrSansdet phe leared scondi ti ons

as the catal ared. usin dla nedinitrjto platinum (IL1). These

cat al yst 1~&:%'h’p ﬁ%q Mg atth@}bbleb%l&xllﬁéf‘ﬁ ((fﬁ‘arrba'icti on. The
reaction gonaigd ons é/ﬁeecltélqysmf@ﬁ thpsed RoampRle oF 20 VB Lat al yst
prepared using dianm nedinitrito pla~inum(lrl) showed |ess | eachl ng tha.”

t he cont ndact@nns,l. it emnepliattiosymope prgrdaracef wBiyphesdtsigrieduced | eached
into sol utlon whi ch was_about three tinmes better than the control. 25

Exanpl e Pl ®RGHS t hé)pf?atséll%treé‘&rtf% igsithg R¥HHAtERE S pose of this
exarrpl e 'P%ﬂltlﬁ\ g;e;m)‘psga(lq:t et Q%Oqff Lt%b Nredu0| ng the catal yst using NaHH4.
carbon

Appr oxi mat € an ac |vate support (which was deoxygenat ed
usi ng o he(pﬁdd@k&vr&irﬁthm ) gl 43430 RACY WHHe@3I4Q2 =n5 SEP 20p2
hi gh-tenperature deoxygenatl on techni que #2 described in Exanple 2 before
t he pl at i9TuHIMEESTEpIAViaw &t det"l‘?éss&ﬁlpﬁrhte) rR@sles Pdr £rem whomtsd i of

distill eqToo atberutl n a 2&% r@ﬂeﬁg(}g%q_ %%O%)%I’Il %’Ezpt TQ%ﬁ lé§8 RS stirred in a

5 vacuum Tor about™ | Hhour m"of distilled

wat er wapaadded L itdye tHaluiige it @hreatae;oe»fe -@I@@@trlbea{l cBe&13@® seconds with
the vacuumstill being applied. After stirring overnight in the vacuum the
react or weﬁéemoutgm o dattiysplsderyagiee oSuPMIPR ednit sea§ tbexepifow of N2,

Af t |1 I t t f | Qrl
SUporhiat At SHE dGc RO KLY RSRur Ty P Loy SREFEFTed 08 o 100
Tefl on r%l@tﬁeomecggntﬂyea pﬁb‘ﬂetveri h%hQ'E' i adisligdelo 12.2 with 0.3 g

cf NaOH m of 1 in 14 OH was addéd at 0.075 m/min.
Subsequentilselddes foesiglut i |amg s;bnleml\a@zs applmce&bléortoonehlamuﬂ,lqhuldt ered, and
washed five tines wth 50 ter. The catal hen was

ari ea ac PPase;pfiganipg frﬁracféoﬁﬁur§Sp§61‘?‘ Yy E5GFEi A B5t iﬂ@ Swas used to

cat al yze jiie, RMJDA-0%irdalhgle Iﬁ%&%%w %BlW@ﬁt%on‘i{HSE@an% a 300
stainl ess steel reactor using 0.5%catal yst, 8.2 MDA, a total reaction

mass 20f I8tegmedipitessupe pio@hcpsi ghiaht emﬁ)ebaﬂmze obb%@8Cmeanlagi t ati on

rate of 900 rpm and an 25 og‘ygen feed rate of 72 m/mn. A control
experiment al so was cEF@aet EHabMIhe S¥AE34q8t FEACESAE t f6ndSusing 5. 23%

Pl at | num-a 40 A4t (3! el 1cAEDEACSUBRRLL.(hi. AN HascrlagKygenaLed usi ng ¢ he

si ngl e- t enper at ure deoxygenati on tec nique 30 #2 described in
Exanpl e 2 jhef. Qr@mm prati Baiitwasedepdsi t edtaniyett handuppeplyen?7 WO
99/434301n the presence of oxygen. The solvent is most
25 preferably water, although other solvents (e.g., glacial
acetic acid) are suitable as well.
The reaction may be carried out in a wide
variety of batch, semi-batch, and continuous reactor
systems. The configuration of the reactor is not

30 critical. Suitable conventional reactor configurations

include, for example, stirred tank reactors, fixed bed

48



PCT/ US99w0O3Q2438 5 SEP 200Z Tabl e 9 shows the results usi pgTiUB89/03402

NaBH4r educed catal yst, and Table 10 shows the results of the control
experiment. Reducing with NaBH, reduced the amount of nobl @ SERl 202achi ng.
It al so reduced the 5 amount of formal dehyde and NMG after a period of use.
Tabl e 9 ResadteriksitmicdaialBed rrachens witlvidhRied Red #E2@4%66 yphosat e

0, 0,

(1075 AR A8 JER %, A 4000 2000, 1902 30,10.45020 (oo
gl yph) 70.@% 5100. 595 698. 899. 0AVPA/ MAMPA (%) 0. 020. 010. 01C. 010. 010. 01NMG
(rmg/ g glyph)2.63.63.64.24.74.715 Pt in Soln. 8.648. 605. 226. 966. 915. 20(f~9/¢g
gl YPh. )% of Pt Lostler o0 tleRD. irb( athtliziifald e b tRes wytssellsi na

Cat al yst which was not treated with NaBH4 20 Run #123456d yphgsat e

(% 5. 365. B35 BT RECS 65 BN [Sd\"e( FERAFPT FPIES F 291 (7 AF30 WASER0

(99 20. 923 4 : : 9.7, . 102. 025 AMPA/ NAMPA
(% 0. 040.%%é%%’é?%g%go%}géo%%%%%/%%ﬁl% %g’g}é%%g‘dj‘éq@% 67.3Pt in

Sol n63. 66amRYy dB4. BRFH B2BL B, FHD HR¥ence afirddt can vary over
Lost 1. 301. 340. 920. 730. 610. 61 30 Exanple 13. Use of bisnuth as a pronoter A
S00 g sol&he orenEe Pf efeReRRBHs i StHhFRFUE G20 MIBULERD, ) 35H20 in 10-3 M
formc aclid sol utjon. .Thi 0 [ on .was .ad t f. a, 5% formal dehyde
sol uti onc%eée{/%bg'mgﬁgorseﬁéé%%Zlaszdf%%&%b%%&%c%r?t gib%dqﬁg 6.0 g of
5% pl ¢ | BN PIRe ACtd v trRsk & e rel RO Miroml R&cs@l Wt icen ameitSkior red at 4o0C
under NZ overnight and then filtered with a Buchner funnel. An aliquot was
dri ed andnsrissegiueriiten griduaiedyinXa HABH [nggcescentde Tieacsaral yst had a

| oss on dryin "LAO'). of 63% The dry catal yst. was found tqQ_contain
appr oxi n&’é]‘?g@g%]b‘?% hV%]f"fthm%qura&i 3 Ffe Fol -6V ﬁgr’o\k%rgSpl Sced into a
300 M stabdless; stepludal oc!muserk®14, 0 tHe PMaA; b 608 ok @RoA0

activated carbon catalyst, 0.68 g of the above catal yst consisting of 3%
bi smut h /af86y a0 mem @it PG mifrades ardidl T@r4 gref ewabdy. fThe reacti on was

conduct ed .at a pressure of 65 psig, a tenperature cf 90C, ar_ oxyger_ flow
rate ]0# FPWY m .5 ARPH sEt6q rnplf‘ﬁggsdf 9Q0 rpm The 15 reaction was al | owed

to proceed until the MDA nesAepl eted ole-@ivphesale isal HhioBewas
separated fromthe catalyst via filtration and the solution was neutralized

with 6 gppfaddReddChh sotadrdamcel he tdattdley sirewasitr eayenedow &b BO pur ge
t hrough 5 runs. Analcgqs;i s of the dyphosate 20 solution was done for each
run. Two Wtk rAeaIth Re re@% A OTESFEIRENREFIZESahETE except

that the %kg—adtgnégpﬁﬁ]}gic?iifﬁs/%ﬁ%@nﬁ@pﬂe}ﬁE _vva%g%niotft %ql-ldThe results are

shown in le 11. uns having the Bi/Pt/carbon catal yst produced | ower
| evel=0 ofc&biiftorared dighyde, Hommmiterpeirdtuard aNNGamokbeepieduct . 79 Tabl e
11 PM DA Oxidation Results Using Pt/Bi/C_Catal yst 10
pressure) have obvious commercial advantages in that less
expensive equipment may be used. However, operating at
higher temperatures and super-atmospheric pressures,
while increasing plant costs, tends to improve phase
25 transfer between the liquid and gas phase and increase
the PMIDA oxidation reaction rate.
Preferably, the PMIDA reaction is conducted at
a temperature of from about 20 to abouz 180°C, more

preferably from about 50 to about 140°C, and most

30 preferably from about 80 to about 110°C. At temperatures
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| CONTRCOL )(1 CONTROL ~#2 1ST RUN 2ND RUN 3RD RUN 4TH RUN 5TH RUNG yphosat e
(99 5. 75. 949.989843925. 875. 745. 68PM DA (0) NDNDO. 040. 070. 0850. (S 0sh6 ABABA

(99 0. 0340. 0310. 01S0. 0090. 008DBNQ DBNQCHzO (ng/ g gl yph. prod 2§ SEPh%p

) 1421382831343842HCOzH (mg/ g gl yph. prod . )5657DBNQ7141723ANVPA/ VA %

(99 0.0470. 0410. 0210. 0140. 0130. 0140. 013NMG (nmg/ g glypl . prod . )7.6 . 319.
30 .70 . dreatzr t3fan #FHdut DENQJS ddieeotaabimatemie isot- egpaiantol ek, O .0 w
wObnrnw.oQwo0lJ WD 99/ 43430 PCT/ US99/ 03402 2 5 SEP 2002 Exanpl e
14. Depositq My HrYMALT- on a Carbon Support An activated carbon (20
g) was slurried in aggut . f ~2H20 was 5

di ssolved in 500 g of OPS%/BéI—SH\%e w%i& s%%ﬁ%r&é%@é%eﬂrqé%%gé to the
carbon sl weneraAflerdedendshersdhd iempers addedisddhe Hnygfrarams, stirred for
2 hours. The pH then was adjusted to 9.5, and the slurry was stirred for a
few nmore HOW Pragsure the sHifiisiants H9 IRmavERtatdielTasstian with a

pl enti ful t ter. ungdl t filtrate reached .a constant

conduct i vir?ai%%eecgmré%@cbg&iﬁg 'vvasfF(;rair{e(fx tgefzger%ﬁd'é’r”\?a&ﬁmltso give 1%tin
on carbon.uded lanitdie ddyden Godrces kire it sHureCANIL préderGdly C;N=d i T
argon at SO00C for 6 hours. 15 To deposit platinumonto the carbon support,
5 g of thdsl@dganade dar Fauss tde wavaguto dd siselalsounts00he of water.
Then 0.705 g of, FzPt.Cs was dissolved in.about 125 m ,of water and added

dr opwi se. &t O e BTas 65 utt on WS "ad 8K ¢ g sI"GFr y WS stirred
for 2.9 2QA@HtSonThe pldd hamiwes aliceusiednt @ rfsgegiatlh dihdied NaOH and
stirring was continued for a few nore hours. The slurry thén was filtered

and washedupnlly .a Flrentorfadsuvae pre fefrabdtyed suati Letlse Eigubiate reached
const ant %%%%géiégf 'pfgg%u@%y C%%%éw%ie%g&gglgﬁ %%chggggare 1s
from about 30 to about 500 psig, and most preferably from
about 30 to about 130 psig.
15 The catalyst concentration preferably is from
about 0.1 to about 10 wt.% ([mass of catalyst =+ total
reaction mass] x 100%). More preferably, the catalyst
concentration preferably is from about 0.2 to about 5

wt.%, and most preferably from about 0.3 to about 1.5

20 wt.

o\°

Concentrations greater than about 10 wt.% are
difficult to filter. On the other hand, concentrations
less than about 0.1 wt.% tend to produce unacceptably low
reaction rates.

The concentration of PMIDA reagent in the feed

25 stream is not critical. Use of a saturated solution of
PMIDA reagent in water is preferred, although fcr ease of
operation, the process is also operable at lesser or
greater PMIDA reagent concentrations in the feed stream.
If the catalyst is present in the reaction mixture in a

30 finely divided form, it is preferred to use a

concentration of reactants such that all reactants and
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25 vacuwyo 9dhBsot echni que produced a catal yst conprising $%rRisadhzapem and 1%
tin on carbon. 81 WD 99/43430 PCT/ US99/ 0340~ 2 5 SEP 2002 Exanpl e 15.

Depositing an Iron Pronoter onto a Carbon Support Approxi mate@ § $Epg
activated carbon was slurried in about 500 m of water. Next, 0.25 q of 5
FeCl3~6Hghaas- (hissepistbriat A 1 vefineataiodutite ratlalti am waduadded dropw se
to the carbon slurry. After all the solution was added, the slurry was
stirred fe® that Hhg Catrg sl @ay heharrapyered toredeandonadi®dd with a

pl entiful_ amunt aof ter until the filtrate reached a constant 10
conduct i Vit§™P 'e%?é\t,\“@jtlarea%lvaog"dri%éld_t © f’%‘%’éruﬁﬁg%’vgfﬁ o give 1%iron
on car boneoA@dh oM it Wekh td16 nkiedd@n el kb emreRgHCahgi ned in argon at
about 500C for a hours. To deposit platinumonto the surface of the 15

car bons s pboetnati B ly ofif Hdiel Batadiy s6n isapresetitr s wastatuonaesd i n about
1SO0 M of water. Ther],i 3%?(5% of H2Ft>__t.C16 di ssal ved in about 70 m of
wat er andPRRfe - REUGH :WJWC. S FARC TP MR P ETEY FEYIET SPYHEFSwem cwW

ClCQ ~: Wre Shdssdy, Was midy HeLbds@i by @@ IRke heuker The pH the: was 20
adjusted to about 10.0 with diluted NaOH and stirring was conmued ~cr a
rew nor e dmneent resdqnone starabantas sudht ehed angowasload ofi ttheaNpl ent i f ul
anount of water until t)aﬁ filtrate reached a constant conductivity. The wet

cake was RRRIPRANIEIEY Y U TRODE “TRTELELHAI§Se produces a cat al yst
ProSchze of Nobl 6 Net 1o HE Qo FaRa oF T he “CarBaR CGusport "Hh s
pport This exanple
shows t hecahvearl ageseofi sl nprenel@® icdr hancegprer,t thae agvanaabhe nmetal on
its surface for 82
allows for greater temperatures and PMIDA reagent
concentrations tc be used to prepare N-
(phosphonomethyl)glycine while minimizing by-product
15 formation. In the commonly practiced commercial
processes using a carbon-only catalyst, it is
economically beneficial to minimize the formation of the
NMG by-product formed by the reaction of N-
(phosphonomethyl)glycine with the formaldehyde by-
20 product. With these processes and catalysts,
temperatures of from about 60 to 90°C and PMIDA reagent
concentrations below about 9.0 wt.% ([mass of PMIDA
reagent - total reaction mass] x 100%) typically are used
to achieve cost effective yields and to minimize the
25 generation of waste. At these temperatures, the maximum
N- (phosphonomethyl)glycine solubility typically is less
than 6.5%. However, with the oxidation catalyst and
reaction process of this invention, the loss of noble
metal from the catalyst and catalyst deactivation have

30 been minimized and the formaldehyde is more effectively

oxidized, thereby allowing for reaction temperatures as
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WD 99143430 PCT/LJS99/ 03402 Q 5 SEP 2002 effecting the oxidation of PM DA

rat her W#/44¥ar bononl y cat al yst havi ng no nobl e netal oncTausysasmdzace. The
PM DA oxi dation reaction was conducted in the presence of aﬁp?qﬁpnzgfly
catal yst which was 5 deoxygenated using the single-step high-Tenperature

deoxygenati on technique #2 described in Exanple 2. The_reaction was carried
out in ahigb aF é@&ial8§59§F65Frr@éEPoFMEQPnﬁeBS%%SOSEéPEF9§F,aB¢2~ PM DA
a total L S f g ssu o] 5_.PSi 10 tenperature of
90C, an %g?ggkggng?a?g%ofﬁggé FS%?QQEG aﬁﬁgxgsgnogegggpgfe of 38 m/mn.
Tabl e 12tshpezatieekeacid eratitoes cOhcentribéohsmperntitat reaasbr983 of the
P~I DA to be consuned) of 5 cycles for the carbon-only catal yst. Table 12
al so showbrosghputr s8cbieodncrgasetor reAuCeGOtPE- BMOLREDOA watakysts in

Example ver cles unde he reaction conditions described Exanpl e
12. Ag nééagemgégn% r5ﬁﬁ?gﬁgegf§?thé58233999a9?0h_st? éacgfbon-pnly _
catal yst (pghsphehemaengiaghyciandsaha Peadrest he(ko8t, okhe reaction tines
20 tend to increase nore per cycle) than the deactivation of the carbon

cat al yst manhiEehthadng Noldpbosphancoathkd) glyaihacesThTheideantivati on

ticul arl to be | where the catalyst has b duced with
NaBHt af FBPSt HESHOBRS REPRPT9asPREROSFFet VOt BFReCSFPHLE. wi thout 25

bei ng boypd-PY-8RY cBafkkedbar pkBeAE¥eslt s believed that the deactivation
of the catalyst reduced with BH+ was | ess than the deactivation of the
ot he OPt - on- car bonNoatmallyst bePHIB2 rhegphat conoepnraheohlaBfiupat al yst

| eached | ess than _the platinumon_the other Fz-on-carbon 30 catal yst. See
Exanpl e F2, 2Pg8Fe§09%E-30.((BaSs b BYTRAR4ZE2PENT USOBPHBL0YE2CEIGEP 20p2

Tabl el2 Lts hRa | yst I5C at ed_wj Run # 1234 56Run
Ti me fo%§§s§15gugggzlggtag )%ng%a?%%%e%g%gt %Fy%\tl\%%?ng?y n Time for

35. INALNAZSp2r3buBd5o8Strphatbaut po. €ar Apsu€at abysi 10 whi ch was
Reducedwi th NaBHg (min.)Run Tine for 40.442.044.244.1 44.952.75.23%

pl ati nunP5AEarBBAYCataPYSPASTEABANY FONRBRCHTRIPALPE WRet®o2bewper at ure
probl ens., . EX le_17 h fect-0f,Using.a_Ca st rising a Noble
thaFDAI 8yggﬁgﬁﬁﬁ gsﬁgo F%F§2él1%%§ %?aﬁpf%aéﬁ%%ﬁ f%ﬁggﬁﬁéﬁf%ges of a
cat al yst ocg0FpPHinShBEuB! 8bi BuMaBblLoyedott h iMore dref@tatbypl Lonpri sincr
platinumall oyed with iron To prepare the catal yst conprising platinum

al | oyed RMIBA| reageapproRranteayian gf afsonfakbeunct 2 viae edb@Bt ch8 bon was
slurried hnoabout 1%0 m _of m?tei. hgxt, 0.27 grans of Fed A ~6HzO and 1.39
grans of YFobt E16UAFHr APATHEF R 251 Hi 850F vEER T h ADotT BB AT UDF Shter. This
sol uticnspes addgd dpOPYESELLQ: t NEo &@Y DONoSIK MYe LyY&ir @ period of about 30
m nutes. During the addition, the pH of the 30 slurry dropped and was

mai n28i nednaentramiapsubelioy 13 whokltmay sbgsiumeda kit utlReNaGkEs0l Uti on

(e a,1.0.10 2.8, mplaL; splutign pi DagH) . Aftervard, the slurry was 84

(phosphonomethyl)glycine product is produced in each
reactor cycle and more water must be removed and energy
used per unit of N-(phosphonomethyl)glycine product

25 produced. Lower temperatures (i.e., temperatures less

than 100°C) often tend to be less advantageous because
the solubility of the PMIDA reagent and N-
(phosphonomethyl)glycine product are both reduced at such
temperatures.

30 The oxygen source for the PMIDA oxidation

reaction may be any oxygen-containing gas or a liquid
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WO 99/ 43wB0IREIBO US99/ 03402 2 5 SEP 20Q2 stirred for 30 norerrosawpdmsz at a pH
of about 4.7. The slurry then was heated under N2 to 70C at a rate of about
2C/min, while nmaintaining the pH at about 4.7. Upon reachi ng 28CSER #02pH
was raised slowy over a_period of 5 about 30 mnutes to 6.0 with addition
of the didompsidog séssolyrd PH¥IsHi rr PRERBELEBNt FRBeEXYSENa period of
about 10 mn. untjl__t H b .St ead t about 0. e slurry was then
cool ed uffGer R *to %4 O%F%§§c?8§g§§§%§§n¥F§; t%g %F%?r?eggénfi??ered, and
the cake g gk -wasited ninghgappr 9xi BRYebXs86Qshirturat esmgrisimg. The cake
was then dried at |25C under a vacuum This produced a catalyst containing
5 wt.~ pmetlieswhaan@xyIsnwwhichi ppaiepalédr ey rcoupbhstea®engrat 590C in 2C
~ L_and 80%)?p fort%-% th %5 Thig_cgtgtxst wa aQ%Iyzed via_el ectron

mi cr oScof T SaS i dESEF &R RbFe Rt AFF Vﬁxgﬁ%]ile YT e is an i mage
obt ai ned yhrowgl EEMchanfch@rcE_waﬁc@ugﬁaé&- tH8i sehBRPSnshows that the

all oyed netal particles were highly dispersed and uniformy distributed 20
t hr oughogndi¢ icausbhon Exappdets ¢fheuwhi gasdet sreepresemire he net al

particles; _.and_the variations i backgrounﬁéintensit are believed to

th
represenFPﬂﬁ&uéﬁ§h8§Y8Fn?h8rlBSEFCH A% PYYBRt el Porduét BRr bon) . The
average %bé%uﬂi %@%oﬂ@rh&EESéeH@SoﬁbBHBe§-§oﬂﬂ%x§@9219§ §%§é ge distance 25
bet ween particl'es Was ‘about 20 nm Figure 2 is a typical” hi gh energy
resoliot i GerXecaynospecteasbnem ahei oxdgendsalroetabspaste fdealolyt he

catal yst. As Figure 2 shows, both platinumand iron peaks were present (the
copper pé&k&igr Pgi RETEI™PLERILRAE S¥¥PERring of the copper grids). 30
Quantitative anal ysi Lgh.en €S0 ion X-ray spectra from
different indivi du??i%rrg%‘gzﬁgga?%‘?cﬁ’%sfé%ﬂé‘gégé%y Vi500/ 43430 PCT/ US99/ 03402
2 5 sfP 2eazehRabnthemeanposhtbophof réher parthediosn wwh tdhimamxgeri ment al
error, did not vary with the size or the location of the netal particles on
t he cat aMpdchspefiacaing. tigr @i §801vad whkraepl QPR TRl Peskn ditoyed with 5
iron,To pr re_the_ Pt/ Fel al iR ich the.platinumwas |ess alloyed
w Ch ey oReareatn PRrEhERary SR RadShatd PR nunt e R ron chan
does thecbhtstingababyst idegsedbede | préhésa®XAnDd ednt theudd@tidiyn and 10
iron were deposited sequentially onto the surface of the carbon support.
Appr oxi mehel yescgiansmedium ae; 2| paneer cerbon wesimizgs itdte i n about 500
rr~l of cvater. The c~u was adjusted to about 5.0 with 1N HC1. Nex~, abou~
0.25 grafe 6f “Feli3=6FE* Ra¥  bi s5'oF vETP TR 75 Tt -0t Wat er>““This 15 sol uti on
was addedodtapw §8yt Bel BBt E2HOQN SbHIEYamVEE, appedi H5kafi @baide 60 m n.

After all the solution was added, the slurry was stirred for about 2 hours.

The BR wassathustet toddfbuskrhsudle a5 |atroNACH Boltutdmy and the slurry
was stirred for a f nore hours. Afterward, . pine slurry was ~ncerea ara
washed WPERTE BPanfal- ARouRt BrISRET TN The Y EdRD WS T fed at 125C
under vaguumkg produeezZ:+W . % iron on carbon. Follow ng drying, this 1
wt.% iron on carbon was reduced with an at nosphere contai ning 200 H2 and

80% Ar at 635C f or Thegozggdm . feddurae Spye temalofy tid ssuchwtt®st ron on car bon

was . . . . S
the PMIDA oxidation reaction rate is not limited by

25 oxygen supply. If the dissolved oxygen concentration is
too high, however, the catalyst surface tends to become
detrimentally oxidized, which, in turn, tends to lead to
more leaching and decreased formaldehyde activity (which,
in turn, leads to more NMG being prcduced).

30 Generally, it is preferred to use an oxygen

feed rate such that at least about 40% of the oxygen is

53



slurried in 250 rnl of water. Next, about 0.36 granms of HZPtCl s hydrate was
di ssol veavo pw/4330711 of water, which, in turn, was added dr opwraged/gsbe
slurry over a period of about 60 mn. After all the solution was added, the
30 slurry was stirred for 2 hours. The slurry then was 86 2 5\88P920023430
PCT/ US99/ 03402 2 5 SEP 2002 filtered and washed with a plentiful anount of

wat er. Ther chkeedas Mbes peefévabled tie Andyddh ofcedt eite Al $ esuadd] usti ng
the pH of the slurry to 9.5 with the dilute NaCOH solution, the slurry was
stirred foratboutle®sti Abost NeR¥ , Of Hehe | QFYILMaks it ikized andEveshed once

with 450 nml_ of vag Jhe ed a 25C under vacuum This
pr oduced YSOE%t%If s?rcon}bal %\ﬁ%gg@%W‘e% atlén%ém ana‘élighvw 38T rdh on car bon

upon redutéion QNo@@aéwgof%net@ma@é@tw euf1 BHAL | nuagr at nosphere 10
containing 20% Hz and 800 Ar for 1-6 hr. 3. Conparison of the two catal ysts

These Swoprafetssiy, wene t@te~par%@c1m¢m@t Gt al s thgehbdret PM DLODXI dat i on
reaction. The reaction conditi as_those in Exanpl e 5.

Tabl e 13 &2 SPPNESR heS rR5hf 1 &S The ?l?%?gg?ﬁ}éefjﬁ‘t %%c??’ﬁ%ﬁ‘??}g? his exanpl e

(i.e., thercaabystuCOMPEEST 8guA1 Y ealBfe AU Sfydlatioumald ayed with
iron) had greater stability with respect to CHZO CO~H act|V|t|es t he

second catatgst aesgenbbeednrabes exbhpt e (Th@ textrme" watal ystyganpri si ng 20
a lower amount of platinumalloyed with ir eactivated rapidly. In
addi ti on, CORRITRY c%?%?g/s'f‘e?%%/a&h% rﬁ)fg &H gt i2%Y99%n content over
iicféf& S Sconlideft 1416 SRCONh AN AESt HeORc 1 HBRL off ekl RD e e, T st
~i" ., _~_PMIDA Srddydit 200 26orm the N- (phosphonomethyl)glyc1ne
product and formaldehyde, (ii) the oxygen consumpticn
rate ("R,,") of the oxidation reaction of formaldehyde to
form formic acid, and (iii) the oxygen consumpticn rate
15 ("R,;,") of the oxidation reaction of formic acid to form
carbon dioxide and water.
In one embodiment of this invention, oxygen is
fed into the reactor as described above until the bulk of
PMIDA reagent has been oxidized, and then a reduced
20 oxygen feed rate is used. This reduced feed rate
preferably is used after about 75% of the PMIDA reagent
has been consumed. More preferably, the reduced feed
rate is used after about 80% of the PMIDA reagent has
been consumed. The reduced feed rate may be achieved by

25 purging the reactor with air, preferably at a volumetric

Foaond srata rwhs ~h L A T e ol T e R T ST S ORI P I
= e v e wemeeaa  wae ~ S i e e eSS A

which the pure molecular oxygen was fed before the air
purge. The reduced oxygen feed rate preferably is
maintained for from about 2 to about 40 min., more

30 preferably from about 5 to about 20 min., and most

preferably from about 5 to about 15 min. While the
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hcycl ecycl ecycl ecycl ecycl ecycl ecycl e cycl ecycl e cycl ecycle cycle

cycl eFel234567 B9 1011 12 13CE170 (ng/ gl0.499.236.094. 924. 4¢4%. SB5 829! yph.
prod.).HCO H (ng/ gl9.9129. 6427. 842S. 6227. 9929. 732B 95¢gl yph. prod.). NMG
(g/ g0. 220x%den28sghbgphg pedday 0O Fedwedd rSGBI. BES. tERER(akd/ed

91 Yph. prod. )% of . Fe Lost441.91. 20 8lLess all oyedcycl ecycl ecycl ec;

cl obyel ocPEPERTEPLEy EF ol TEETAFLCTc oty U8 e g tire OF at a
Fe123456789104112130) i 2Lk (PRLG10ne 16d0h 1224 & 54L%n 654 yph.

prod. )1 CQIT (nmg/g27.233'1.7295.011. 5761. 199l yph. prod.)NMG

(rmg/ g00. 984a281io1d 7Rgs ypbndpe beld ) B fore san . 3L B3R, 533 AR 32 ( 1f 9/ 9

91 Yph.prod . )% of Fe Loat863.21.41.81.4 O~o wwO wtr .4 n~00ws. O
fJ obna 3RBBS PET? USS I dReri e e ey RaNs fFpI%- B8 PUSSEeati on of a

Pt / Fe/ Sn r oxi Y110 , activated carbon
was sl urr?gﬁgia{'\g% ogﬁé%yﬁsggvﬁ%e@%ﬁ% %}aﬁ:{ﬁ@% vga%of SnC12~2Hz0 was
di ssol vedcbndeSPed bofobe 02%e M HEIpurdde. 5 s Wi on vt Rt egkydfeopWi se to
the carbon slurry. After all the solution was added, the slurry was stirred
for 3 hr.fgad prfehesatiashe| ond yoadihe tRH QA A hiiarh t@rdls (reed NaCOH
solution (i.e. .0 oMol ar.sol ution.of NaOH),_ and the slurry was
stirred f%)?dléceréet\?vh%m?%é %%r%f. %(Jtc}ueﬁhlejg oszimuarlrd;/eh\ﬁéise ] ‘fsleﬁterléﬂstglr‘?d washed
wi th agpl eakéf von asdLat ieh wediesutidtdaddiad iddiahRdteacheddceonst ant
conductivity. The wet cake was dried at 125C under vacuum This produced
0.9 wt. % of nAMPA chy boridipng Bhermtphyfsatidnen@thyit) Phvtdimeon car bon was
slurries in gbout 500 mM cf water. Then app~ oximtely 0.23 15 granms of Fe
(N03) 3 9RF®93PU 0 . 85 grams of HzPtCl; were codissolved in about 150 ni
of water and added ghgpvise dQ-ddhe siqmme ter gl Hhesution was
added, the slurry was stirred for a hours, and then filtered to renove
excess irenht}-tl8ls wnw¥dnt idre Weta caker Mg ired- slediurciies iaged®0 il of wat er.
20 After the pH of . the sl urrél vva(; ,adé' usted to 9-10 with the I.iill.W.C

| va v32i ‘Faﬂf}gﬁ‘% Quor yinkroduced intq the reaction solution. . _
hours. Next; e StdUiyiMeSdddd eriadand %&J&&qgwh Bed Rloggliicf ul amount of
water until the filtrate Teached a constant conducfivity. The wet cake was
dried at d428C wmidradsaatahyde ThiMogir giededablyat dloyst ccawtidi,ni ng 4.9 w. %

Pt, 0.9 . % t] a)?fgeo. 1 wt.%iron gn carbon ue‘%n hi gh-tenperature
reductio ‘b’f/“?’n%é;?kl‘ at®T JO-95H5ET if Al 2%fd U§6% Ar EFBETENETRE. 89 WD
99/ 43430 EEHA LS00 05 O Joryntde 2004 RAW!i&vEnds o delion M chagcopy
Characteri zation of Catalysts Electron mcroscopy techniques were used to
anal yze 5if hemsl Zegmoparns alf dicstwiidwdieh, fathaddehgsiet,i or af t he net al
particles of catalysts prepared in Exanple 17. Before anal yzing the

cat al yst , COMRIRAG Y tRSRECT 1358 A0 Fed the ZR2EMIBED S81¥CE88i n (El ectron
M crosco C/ Forqt %%EEP% B regin | ymeri zed
at about p%]beé é1%‘{]%%?3tapvs|é))lrlolxi mately 24 Eﬁra @ '?ﬁ-gg(régsg?‘lte i r?\gqéaitgggbpgck was

ul tram cratenbskmit acld ces flranaigiehyide tleifese at alidect50the These slices

were then transferred to 200 nmesh copper grids for electron_m croscopy
obser vat igptdation of the PMIDA reagent, and subsequently will be

~ o~

25 more active in effecting the oxidation of formic acid and
formaldehyde during the PMIDA oxidation. Preferably from
about 0.01 to about 5.0 wt.% ([mass of formic acid,
formaldehyde, or a combination thereof + total reaction
mass] x 100%) of sacrificial reducing agent is added,

30 more preferably from about 0.0l to about 3.0 wt.% of

sacrificial reducing agent is added, and most preferably
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Hi gh-resol ution anal ytical electron mcroscopy 15 experinments were carried
out in av&awasdm Gener at ors dedi cated scanni ng transm SsSi CRCEIUS8Y/03a0R

m croscope (nodel no. VG HH501, Vacuum Generators, East Brei'g]%@am Sussex,
Engl and) with an image resolution of less than 0.3 nm Th i Croscope was
operated at 100 kV. The vacuumin the speci nen chanber area 20 was bel ow
about 10'firdta.abduti gi feal Haredeouec quics ivit .an ofy Haerni(fES NE1S i Ut

Acqui sition System _Enm Spec Sys., Inc., Tenpe, AZ) was used to obtain

hi gh- r es@9RMort %13249%bn ni croscopy i mages. A wi ndow ess energy di spersive
X-ray spectroneter i =¥ HFRR NV, - De r del E5863, High
Wconbe, 25 Bucks, Il(‘:rkg({}geng%ev%vas ugefm%%wég%atr’ekﬁ%e%%ﬁé@gy resol ution Xray
spectra facomd dihdbiandeiaimiparddie] exe Beeausedbadis ihitgh tafeon c- nunber
sensitivity, high-angle annular dark-field (HAADF) m croscopy was used to
obser Ve tHRAGHEIRI HHIULE 9T AFee|iscubisamisid sived esf. | d9s thiasn about 0.5

nm was used to 30 39{ airn trg:elﬁl—MAtDF ima@aes, andba pr.o size of |less than
about 1 MW Teed 1% SHET F §I$agh 539 r&0l l?tlucﬁ‘? -t_roay spectra. 90 WO
99/ 43430 LU0 IARL F1rrSER A2 The LSl iRt IR ek ot 11 i ted

to the above enbodi nents and can be variously nodified. The above
description of the Tymefaerllead damsodiomsentirstilimnemded-onl y t o acquai nt ot hers
skilled in_ the art with th%invent,ion its 5 principles, and its practical
appl i cat | GRS § 16 Ced I FHEh & TR LATASE ARY BSpAF t he

i nventd o, idLd t B £ : be [ o the kequirenments
of aquar {élllcu earassug%ab.mg9 %vezl h?éPogg 2 CIE%?I\/B ?rezlr%rtg%?a;ét ittcl;% ciafal yst
conpri si N spdrergpmeathitli) g lyariinen comaportt-altdwinng sa frell ebeeftals and a
pronoter at a surface of the non-graphitic carbon 5 support, wherein: the

cat al yst ROUh&%%ct 195 PTEL SFROLYT Agomeddottal G205 AprHite 38F  c &FBon
id f | e, t ,catal yst, aft
monoxi e&qglgrn%rpeo gnf%gie?taé?& ‘g?%gb%b%%oé‘é er@lict g catal yst, after

bei ng heated at at out of “about T ‘hour in a hydr ogen

at nosphere ahdieftdia heifng cexpagetyide an @xedanbdalell ewkrarherkeating in
the 10 hydrogen atnosphere, is heated in a helium atnosphere from about 20
to abBdut EICaElYa Legise tBRNaBEIUE1OCSFePYmvedEat  af@reherederabdit 900C for

chout 20 U AP, AT ER T SIS0 gt O (e
of from about 0.15%.
' Following the oxidation, the catalyst
preferably is subsequently separated by filtration. The
20 N- (phosphonomethyl)glycine product may then be isolated
by precipitation, for example, by evaporation of a
portion of the water and cooling.
It should be recognized that the catalyst of
this invention has the ability to be reused over several
25 cycles, depending on how oxidized its surface becomes
with use. Even after the catalyst becomes heavily
oxidized, it may be reused by being reactivated. To
reactivate a catalyst having a heavily oxidized surface,
the surface preferably is first washed to remove the

30 organics from the surface. It then preferably is reduced

in the same manner that a catalyst is reduced after the
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15 aboutwbBstseszabout 3000 nR/g, as neasured by the Brunaueicthmgsbisqdel | er
nmet hod. 2. The oxidation catalyst of claiml1 wherein the pronbter is nore
easily oxidized than the noble netal. 20 3. The oxi dation c&§a8EPspppf claim
1 wherein the pronoter conprises a netal selected fromthe group consisting
of tin, bhsblUehmekeaddist déposivedaommtovnye serfacenpf itlon, sudwrtlm cerium
zinc, and zirconium 92 25 SEP 2002 4. The oxidation catalyst of claim1l
wherei n t A& ﬁ?éﬁﬁﬂ?PdCGHﬁVPses a netal selected fromthe group consisting
of cadm um nagnesi um nanganese, nickel, alum numand cobalt. 5 5. The

oxi dation catalyst of claiml1 wherein the pronoter conprises tin. 6. The
oxi dat i onycat agysinpdkscl aim 1 wherein the pronoter conprises iron. 10 7.
The oxidation catalyst of claim1l wherein the pronoter conprises titanium
8. The oxidation caFhry§elbpwingieramnhes ephet etended yer onprdses 15 two

pronoters, the surtace of.the non-graphitic.carbon support, each said
pronntgr &gigﬁpfﬁfﬁnan tef%%%%“oﬁa%o BYCTRT ght %%etﬁﬁfi @lyst. 9. The
oxi dati onigakatysh.of claim8 wherein the pronoters conprise iron and tin.

20 10. The oxidation catalyst of claim1l wherein noble netal atons at the
surface are alloyed with the pronoter. 93 25 SEP 2002

Example 1. Measuring pore volume of carbon support
A Micromeritics ASAP 2000 surface area and pore

volume distribution instrument was used to acquirxe the

10 data. Total surface area determination involves exposing
a known weight of a solid to some definite pressuxe of a
non-specific adsorbate gas at a constant temperature,
e.g., at the temperature of liquid nitrogen, -196°C.
During equilibration, gas molecules leave the bulk gas to

15 adsorb onto the surface which causes the average number
of molecules in the bulk gas to decrease which, in turn,
decreases the pressure. The relative pressure at
equilibrium, p, as a fraction of the saturation vapor
pressure, p,, of the gas is recorded. By combining this

20 decrease in pressure with the volumes of the vessel and
of the sample, the amount (i.e., the number of molecules)
of gas adsorbed may be calculated by application of the
ideal gas laws. These data are measured at relative
pressures (p/p,) of approximately 0.1 to 0.3 where the

25 Brunauer, Emmett and Teller (BET) equation for multi-
layer adsorption typically applies. With the number of
adsorbed gas molecules known, it is possible to calculate
the surface area using the "known" cross-sectional area

of the adsorbate. For cases where only physical
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11. The oxidation catalyst of claim1 wherein a mgjority of the noble netal
at ons atWole/4843pf ace are alloyed with the pronoter. 12. THRCTIH$WAB4IQN
catalyst of claim1 wherein substantially all of the 5 nobkeg atons at
the surface are alloyed with the pronoter. 13. The oxidation catalyst of
claim 1l wherein said carbon nonoxide yield is no greater, than about 0.3
mol e of IXFPFRTIhSIYEDRY3ER dfrdkd drges AFoMES THe-Sxi damon

cat al yst of [0l mhenel 0 rg.%% : it ut t t han about
7. 5% by m]gi%%ﬁ%@%hle ca@aﬁ@t %%5 emglm aﬁofrgr?efga%%scfeaoafqeﬁ aim1l
wher ei Nt e et dv&d caidrare sl 5 s Yy durlas «a Seeidl gy f ace area of

at | east about 500 nP/g, as neasured by the Brunauer-Emett-Teller nethod.
16. The oxgi itdre BRTAISBAOR] aiRRTb SHRe @nd tiRrendiiaf aphi tic car bon

support h a cific surface area of fr abaut 500 to _about 2100 2 o

ne/ g, %s %{Bﬁ@‘g‘g“b‘if‘st R G S S T et R R b O C 0 25 SEP 2002
17. The quidatiQn fatalydrerwlmd B waerei b the ngnegraphitje carbon
support ;Bagé a specifica?ugéface argearﬁ/(?‘ at | east about 750 nglg, as neasured
by the BrwheatembBrietlayviest |adsomgthionh $dl&apild aoyi datridemseatiadryst of claim

17 wherein the non-graphitic carbon support has a specific surface area of
from aboREH0 tcPYa&ﬁi{)IYZ’-fﬁ) ﬁiﬁ’ dlelast rb)f‘“[‘ﬁé“eth"ds

B UnauierJyl el ora R0, Aot Xl on, oglal Vot bl m 17

wherein t graphitic 1o ‘carbon support has a specific s e area of
f romaboutolibfe tamdalemea kb0 b /ahtaiseadasured by the

Brunauer-Emett-Tel |l er nmethod. 20. The oxidation catalyst of claim1l
wherein the non-graphitic carbon

Example 2. High-temperature deoxygenation of a carbon
support
The high-temperature deoxygenation procedures
described in the following examples may be used with any

15 carbon support to produce a deoxygenated carbon support.

Single-Step High-Temperature Deoxvgenation #1 Using

NH,/H.0 Gas
An activated carbon support (2.5 g) was placed

into a 1.9 cm I.D. x 40.6 cm length quartz tube. The

20 tube was connected to a gas stream resulting from
sparging a 70 to 100 ml/min. N, stream through a 70°C, 10%
NH,OH aqueous solution. The quartz tube then was placed
into a preheated 30.5 cm tubular furnace and pyrolyzed at
930°C for 60 min. and then cooled to room temperature

25 under a dry N, atmosphere without contacting any air.

Single-Step High-Temperature Deoxvaenation #2 Using
NH,/H,0 Gas
An activated carbon support (3.55 g) was placed

into a 1.9 ¢m I.D. x 35.6 cm long quartz tube. The tube
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support wasv#sasthe form of a particulate, thg particul ate soppesdosvi ng a
particle 15 size distribution such that at | east about 95% of ?%e§ﬁ§rticles
are fromabout 2 to about 300 pmin their |argest dinension. 2%. e 2002

oxi dation catalyst of claim20 wherein the particul ate support has a

parti cl ewsgzeodhercpButPoAtsaanst @bt Satml Aase. abbU¥H98%sorench@9parti cl es

are 20 fr about .2 to_abou O pmin their largest di jon. 22. The
oxidatioWSZQFHPyQF 8%88Wa? 2§gﬁﬂe$£?ﬁe%h%nﬁ%r?i s%&%F%%B%%T§‘H%S a
particl e.gj [ | I QA4S i at | i~ ahput y e particles
are 95 t%a%%% gggg@fg %o?nﬂab%g?ozptg%da%%uﬁgo pm i3n09%ﬁ3er?{te|[é;r gest

di mensi othandubt Eehsegqabotly 9886 ofothed par t rodrest emmpe fatoumreabout 3 t o about

100 pmin their |l argest dinension. 23. The oxidation catalyst of claim1l
wher ePn PRESHOA- §F¥pH: 3T B‘”s“i'ﬁb’&r BIYs @tRFEd Yitbmad&rbonaceous

mtter selected 18 Lhe,IEAUPa80MRE 26000 £la il Y, vegetab e

matter, bones, peat, lignite, coal and organic pofyners. e oxidation

cat al yst catbehastppdrvhbeEbnet dtspeons praptiué i iodl ® merornostppid i S
derived from natural carbonaceous matter selected fromthe group consisting
of wood, SHufasRePfsthoegePROT & nBlRe cPeRfRI TS 96 tirhef Phdamsitioon cat al yst

of claiml wherein_ the naon- L.tkc carban support is activated. 15 26. An
oxidatio w8af%f’ %Ységnﬁgf%i%éggg%%%l gr%%%%f?%lrp rhon Oprbort havi ng a nobl e

nmetakp asfpesBter wheahbls A8xpiyELhedtudi sirimc e ivd herdiimai@aphi tic
carbon support, wherein: the catalyst is characterized as having a ratio of

carbon abefereopdalygenn2was adbsBepsedtonasttabpwmian 1 and dne surface as
measured Dy X T 8y BROLgel colion. SHCLy ORORY, AL Fodfl® Sahalyst Ts heated
Department Covington, VA) which was used as received from
Westvaco. Platinum was dispersed ontc the surfaces of
15 the carbon supports using the technique described in
Example 3 below. The catalysts then were reduced. In
one experiment, the catalysts were reduced using NaBH,
(See Example 12 for protocol). In a second experiment,
the catalysts were reduced by heating them in 20% H, and
20 80% argon for 8 hours at 640°C.
The reduced catalysts were used to catalyze the
oxidation of PMIDA to N-(phosphonomethyl)glycine (i.e.,
"glyphosate") using the reaction conditions set forth in
Example 5. Table 1 shows the results. Use of the
25 deoxygenated carbon support resulted in smaller CO
desorption values, less noble metal leaching, higher

formaldehyde activity, and shorter reaction times.
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about 1 hour i rwedbmslzogen at nosphere and before the catal yst
an oxidant follow ng the heating in the hydrogen atnosphere;
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Table 1

Reduction

12)

Reduced
(Ex.

NaBH,

same

640°C in
H2,

8 hrs at
20%

80% Ar

same

Effect of Deoxygenating the Carbon_Support before Dispe

(mmole/q)

CO desorption
from carbon

support

.23

.99

.23

.99

Deoxygenation
treatment

high-temperature
deoxygenation #2

Single-step

used as

received

SA-30,

high-temperature
deoxygenation #2

Single-step

used as

received

SA-30,

When 298% of the PMIDA has been consumed.

i.

5

10

15



10 35. TWO 9d3dat i on catal yst of claim 26 wherein the promdBUSHDEOIRNR Ses a
metal selected fromthe group consisting of cadm um magnesi @§ SERng@Nese,
ni ckel , alum num and cobalt. 15 36. The oxidation catalyst of claim?2
wherein the pronoter conprises tin. 37. The oxidation catalyst of claim26
wher ei n t Bxagpdieotder conPeprssd tiingnplagizgm sheocorhdaciohacat @afyst of claim
26 wherein the pronoter canmponsesppor&ni um 98 25 SEP 2002 39. The

oxi dation catal yst of claim 26 wherein the catal yst conprises two pronoters

at the surface of tRgdy¥ %’r@ﬁ@' b'fCN@J@E-@.‘R”aEH@QQEEd eaeBonakH-pponot er
constituting at least 0.05% by weight of the catalyst. 5 40. The oxi dation

cat al yst dWesltaian83Tonrer larbbine PepewterstcCopingeony oviAandasi n. 41. The
oxi dation catalyst of clai @26 wherein _noble netal atons _at the surface are
1

al | oyed wStHEHED GG &r OL16258T FRE Gxir@HEPon EABAL y4t 84f IEREFmM 26
wher ei n ao’?‘lﬂ%ga 3 4 161 APl i€ t @tocb }of.t Qﬁ&%%}:ﬁ%%ﬂﬁ% galloyed with

t he pronoter The oxidation catal yst aim ereirn substantially

all of therbpwich] evert al patrans af Bheosurhaoesar eaftépyeHe iiHt dlne
pronoter. 44. The oxidation catalyst of claim26 wherein noble netal
constit ut OlnG igreaas coORPA eaBolt 24959 b hReF§RETBf WaheSehTBEGsEOTr20 45.

10 9L Saphsal Alusk I ChRLTLASIELE foLhe, Tolegrgel 1 o car bon suspor
Br unayer - BagRttsteld @b met.Bodsing NaOH, and stirred for 10 to 14

more hours. The resulting slurry was filtered and washed

with water until the filtrate reached a constant

conductivity. The wet cake was drizd at 12:2°C under

vacuum for 10 to 24 hours. This material produced 5%

15 platinum on carbon upon reduccion.
It should be recognized that the above

procedure may be used to deposit platinum onto the

surface of other carbon supports as well.

Example 4. High-temperature hydrogen reduction of a
20 carbon support
Approximately 5.8 g of a dried, unreduced
catalyst consisting of 5% platinum on a NUCHAR SA-30
carbon support (Westvaco Corp., Carbon Department,
Covington, VA) was dehydrated in-situ at 135°C in argon
25 for one hour before being reduced at 640°C with 20% H, in
argon for 11 hours. Upon cooling to room temperature
under 20% H, in argon, the catalyst was ready to use.
It should be recognized that the above
procedure may be used to heat other carbcn supports as

30 well.
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99 25@%{3,%93 2 46. The oxidation catal yst of claim45 wherein the

non- gr aphiti arbon support has a specific surface area TP B 4%Bout 500
to about 2100 n¥Z/g, as neasured by the Brunauer-Emett-Telggregrehiped. 5 47.
The oxidation catal yst of claim26 wherein the non-graphitic carbon support

h P fi f f db h
B unauor SEMRRES Yol [ or TREnan t%.é%g%i’éépﬁ*é%i%%9%%?%5%%’?%5%%% a
wherein the non-graphit?§ 359%%?%%ﬁt ﬁb %#¥ch%§ a specific surface area of

from about 750 to about 2100 nR/g, as neasured by the
Br“”a.“er'E”“E“'TeﬂﬁE Qﬁéﬁgﬁ% éé’moffé‘éré’&‘%]gaéhé’“u&é‘.t?%yﬁ{ gf claim 47
wherein the non-graphrtrc carbon support has a specific <% face area of

f rom abogémg&Pa t Or abgut -pH e 1be Gt gioASt SERRHF €Fe byat HByst

Brunauer- Emmett-Tel | er nethod. 50. The oxidation catal yst of claim26
wher ef n peéefeonageaphitic carbon support is in the formof a particulate,
the particulate su q&idggvﬁnga@afaééigégssigfqdis%;éput'on.such t hat at

| east about 95% of “THe Particres afe  fram 20° about- 2°t P abotit¥ ™800 pmin
their | aggest SEeppston. cdPfon 28pEF:L 2002: Blog TE. 0Xp das4 on catal yst of
cl aim50 wherein the particul ate support has a particle size distribution
such thaaladtritkeaGhemboat O8% oint he MWhivackes, dfE) fwamn dmued 2at o about 200

Nmin their,largest dinension, 52. The oxidation catalyst of claimb51
wherei n $42 %aﬁ?gﬁ' U1 &t S Hpor ttﬁT'F‘asp%e?)%ﬁ‘f? Qe N5 ddReer 868t i on such t hat

at | east t 990 rtjcl I r (C t bout 150 pmin
hei F07 FEREL 0i MORel i it at | oRat abotn Gsy 1y e e

oxidation of PMIDA to Glyphosate. 1Its performance was

compared to the performance of a sample of the Aldrich
catalyst which was used as received from Aldrich.
The PMIDA oxidation reaction was conducted in a
15 200 ml glass reactor using 11.48 g of PMIDA, 0.5%
catalyst (dry basis), a total reaction mass of 140 g, a
temperature of 50°C, a pressure of 50 psig, a stir rate
of 900 rpm, and an oxygen flow rate of 100 ml/min.
Table 2 shows the results. The high-
20 temperature hydrogen-reduced catalyst had less leaching,
better formaldehyde activity, and produced less NMG.
Also, reaction time was shortened by 30% when the high-

temperature hydrogen-reduced catalyst was used.
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of the particles are fromabout 3 to about 100 pmin their
10 WP 99%{é300xi dati on catal yst of claim 26 wherein thePCT/US99/03402
is derived from carbonaceous natter

di nensi on.

non- graphitic carbon support
fromthe group consisting of wood, nut shells, vegetable matter2 S8k

| ar gest

sel ected

peat, lignite, coal and organic polyners. 15 54. The oxidation catal yst of
claim53 wherein t gr-anbit) chan cunnorti s derived from natural
car bonaceous mattef séledted frjomthe{ grpup|cofsi §ti ng of wood, nut shells,
vegetable matter a Ss. |55.| The oki dpti on ¢at @l yst of claim 26 wherein
t he non-graphitic bony suppoyt |s pctivaiedy 101 25 SEP 2002 56. An
oxi dati on cat al yst ed |by pr ocess| conprisifjg depositing a noble
netal at a surface on-[graphitic| carbop suppgrt, and then heating the
surface at a tenpe of |at | east hbolt {00, erein: before the noble
metal deposition, fhe|n@n-griaphiidc cprdpn~suppaktt has 5 carbon and oxygen
at the surface bf nen- griafhi 19 lc ceprbp $UPpdY i ntamounts such that the
rati o of carboff|atpns |t omjgf_&}d grlomws| & | the Syurface is at | east about 20:1
as neasured by -ray% hBt{oel|ect|r on| spect fosgopy; {he catal yst conprises a
pronoter, saidgpropgfer gongtitiutijng pt | eagt 0. 05% by wei ght of the
catal yst; and thelmongrdphilti c| car boh spupp has a specific surface
area of from akput I@ t o Jabdqut {3000 nR/ g, ap n red by the
Br unauer - Ermet & Teff I'e met hdd. [57.] Thie oki dati atal yst of claimb56
wherein the profrotier ifs nord 15 easilly okid|ze an the noble netal. 58.
. . Js) . .
The oxi dation a%ys ofl ¢l h-Sg-w nthe noter conprises a netal
sel ected from the gro¢p consistinq offtin, pis , | ead,
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titanium antinony, selenium iron, rhenium cerium zinc, and zirconium
20 59. YR9Y43%hati on catal yst of clai m56 wherein the proRETRSIXSBHE i ses a
netal selected fromthe group consisting of cadm um rragnesz&nSEPf’rmganese,
ni ckel , al um num and cobalt. 102 25 SEP 2002 60. The oxidation catal yst
of claim56 wherein the_pronoter conprises tin. 5 61. The oxidation

cat al yst EpTBLgi fr56 whEMELReEhEXAPBABEcFheHHRY | Uee PfoRatadysthe oxi dation
catal yst of claim56 wh&pePrifdhzepPH¥aBhctoclnprises titanium 10 63. The
oxi dation catal yst of cl(ZheepbBonbmethpl)gtycimal yst conprises two pronoters
at the surface of the non-graphitic carbon support, each pronoter

constituting at |egstsOcRatpby wWeneAktohttheusptdl ¥8t hignb64. The oxidation
catal yst of claim63 wherein the pronoters conprise iron and tin. 65. The

oxi dabi onevpeahystreof gebaphmE6 whdnetnonobteammenmt andnasmmbnise surface are

all oyed with the pronoter. 20 6?. The oxi dation catal yst of claim56
wher ei n H2FB1BP; £§ oFPER¥CnGRFBLIKEE aPeREOFR2BECt he surface are all oyed with

the pronoter. 103 5 . ~ghe.: oX] i at al f i mb56
wherein substantiaFF% SEFQS?ggﬁEQ%O ?egﬁgt%?@%}g%%ga%ﬁt%%£%g¥?g% are

al | oyed whehpMbpaApogimteton68erdhecnpatasi onTkasal ystadfses avdr&6 wherein
said tenperature is at 5 | east about 500C. 69. The oxidation catalyst of

cl ai m 56 (dhepeFAt3AYEtt ERBELSELRE PS FFoRt abbien 55D 3p a®bivaue®00C. |0 70.

InS 951 ORLBRTRLAISE GEaPLab B8, WETSLO S e kgl o abou
heating ©&., Inc., Milwaukee, WI); (b) the catalyst after being

washed with ammonia (ammonia washing was conducted using

the same technigue described in Example 10 except that

the pH of the catalyst slurry was adjusted to and

15 maintained at 11.0 rather than 9.5); (c) the catalyst

after being heated at 75°C in 20% H, and 80% argon for 4-6

hours (GPR@75°C); (d) the catalyst after being heated at

640°C for 4-6 hours in the presence of 20% H, and 80%

argon (GPR@640°C); and (e) two catalysts after being

20 washed with ammonia and then heated at 640°C for 4-6

) 40 mla e o ~E AAD Te -
- - - v Y e

~ D - -
[ R |

o525 T
oxidation reaction conditions were the same as in Example
5.

Table 3 shows the results. The untreated

25 catalyst showed relatively high leaching and poor
formaldehyde activity. High-temperature gas-phase
reduction at 640°C in the presence of H, leads to the
greatest decrease in leaching and increase in
formaldehyde activity. Heating the catalyst at 75°C in

30 20% H, at 75°C decreased leaching to a lesser extent, but

did not enhance the formaldehyde activity.
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conducted in aygeyssshdi zing environment. 15 72. The oxidation ﬁﬁtrﬁ]sﬁ%uﬁ’f
claim71 wherein said tenperature is at |east about 500C. 73. The oxi ation

catal yst of claim 71 wherein said tenperature is 20 from about 55 teé) about
1, 200C. 104 25 SEP 2002 74. The oxidation catalyst of claim71. .

t he non- oxi di zi nyiro t _copnsists essentjal of at |east one gas
sel ected fromthe group ponsisting of [N2 and tlhe |nobl g gases. 5 75. The
oxi dation cat al st Bf| clhim 71 wherein the nor-o><| di zijng [envi r onnent
conpri ses a ned{ciing erbv roprient | @6. [THe gxTdakijop cqtallyst of claim 75
wher ei n sai Pt efp&r i Stat | east about SQCQ,, 10 77. oThe oxi dation
cat al yst of wl aifjm ./ eré‘? h Bai d tenpeTat yr@ |i ® |[f Fom|about 550 to about
1, 200C. 78. dhe o%i tioh catal ygt of {claim 7ﬂ wherein t reduci ng 15
envi ronment §oNH+-s-es—Hz—F3——Fae G%W cat-abyst—af—¢| ai m 56 wherein
nobl e net al onﬁti+ty)t es ho greater than abgut (7. 3% by jweijght of the
catal yst. 20580} Ehp lox{fat|aqn catal ys;trﬂoyc chal m|56 wHerd n the
non-graphitiz cqrBog Slg)p(ﬁ Mas| a&specnfi g §Lr¢3cc§ arleq [pf at |east about
500 nR/g, as . measéred lQ:y m=\§ru1aHmer- Em‘rettga)'l'egl efs mgt kad. 105 25 SEP
2002 81. Thegoxi dgtﬁq cpt al yst of cl aim 8@ wheregin the n-graphitic
carbon suppdét haE ¥ ispecif|c suffacejareaof |frgm abdut |500 to about 2100
n2/ g, as ne ur ¢rd by ter Brpmaue] = Enmet T Tet tgr—Tethog:
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5 82. The oxidation catalyst of claim56 wherein the non-graphitic carbon
support Ne@9m4¥peci fic surface area of at |east about 750 wfrgiseassdsgasured
by the Brunauer-Emmett-Tell er nmethod. 83. The oxidation cat a%yséﬁ':pf | ai m
82 wherein the non-graphitic 10 carbon support has a specifit"s f&@ area
of from about 750 to about 2100 nR/g, as neasured by the

Brunauer - Emmet t - Tel | B{ tFed hoskt Skpebhignemd dativen eedall ysds aferd ai m 82
wherein the non-graphitic carbon support has a specific surface area of

f r om aboutarEsy 285 affvike 195 vz i Fhaa PNARS Rekialiqmme These
Brunauer - Emett-Tel | er nmethod. 85, . T i dation catalyst, of, claim 56
wherein t hcgg%wsgﬁsap‘ﬁeﬁﬁ C_QaSboan csautpa;)i?}?stoe(icg?ﬂ;énl%léﬁ p?f;jnsg_oT pal%afrrf"i“%ul at e,
the parti i afeorsp e 13 dawidit v dirddd & Sdahdh Sjézpbamﬁrhé}[t such that at
| east about 95% of the particles are from 20 about to about 300 pmin
their |Qardestingtensi.; 100 tIzs SERDOR SB.eTheingd datéared aridllyst of

claim85 wherein the_particul ate support h a particle size distribution
such t hat I‘ﬁﬁBH4eg§i€§a§ P804 6f %Pﬁeggaﬂ:?i‘:@ﬁgé 4 Fb’“@rncéﬁéiﬁ’s’é to about 200

Nmin theifed & gast  difension.e 58 1The gaxigdabhangpat ngaa pbr-Chakm 86
wherein the particulate support has a particl'e size distFibution such that
at | east ahmuts 9G%BRA7IE ;pard)i ches carta lfyrsumaditeant b2 itg deattedlZ® pmin

their |argest, di mensi on and at | east abgut 95% of theégarti cles are from

about 3 t @4bSutt™ @ NF:i AREhEPF FEFGRsEOHi AehsORTS16CBRB@54ReCbxi dati on
cat al of .clal av%esr [ - r‘pﬂ%m { G npor.f- 4,5, deri ved
from ?:&?r boﬁea)ce%tésn%g:tt r t{sae “etf:e[l:ﬁq?i t he ez;dr gﬂulﬁ%%%ﬁi%gg(% lI‘?\/%’ood, nut

shel | s, vegsi aldmee ddatiqbonessciieadd id @udmplecqal) ah atgani ¢ pol yners.
15 89. The oxidation catal yst of claim88 wherein the non-graphitic carbon
support i f1efred af ffPMhatura® HardoRatldusrgant Eprserechedrerom the

Tne reaction conditions were the same as those in Example
5.

15 Table 4 shows the results. The untreated
catalyst showed relatively high platinum leaching and low
formaldehyde activity. The catalyst also showed high
leaching and low formaldehyde activity after being
treaced wiChn wnasa,, as ald Urr&/> o. LIl COncrasc,

20 GPR@640°C showed a greater formaldehyde activity and less

leaching.

66



group consi stivagosmksipood, nut shells, vegetable matter and bongscr86903fe
oxi dation catal yst of claimb56 wherein the non-graphitic 2 o carbon support
is activated. 107 25 SEP 2002 91. An oxidation catalyst prepared gé/ %02
process conprising depositing a noble netal at a surface of a ca@ BoPEr

envi ronnent, wherein:
has carbon and 5

5 such that the ratio
east about 20:1 as
catal yst conprises a

& 09% by wei ght of the

nerein the pronoter is
dation catal yst of

ected fromthe group
sel enium iron,

ipn catalyst of claim

bm t he group
, alum num and
N the pronoter

support, and t pOs tace—t-g-—a-—toducing
before the noblle nmetpl (eposiltion,| the|car bori support
oxygen at the rface of the|carbgn sugporft ijn angunt
of carbon ato th okygeniat ony at thhe |sor|f ede™ s |at
[~ ’ m o~ <3
neasured by x-r y_g&at@al‘ﬁctron sﬂetitréswqpéé and [t e
pronoter, said rorﬁ)tem BnstiQut ijng at| Yda
catalyst. 10 9 éiz“@a ox}{dati ¢gn catlal yst} ofl clfaim 9l w
nore easily oxijdized] t han t hé noblle netlal .| 93. Thg ox
cl ai m 91 wher ei|p—-hetprpretei—to—gorprtses—aretat—se
consisting of tfin, b]smith, llead, |titaniumh dntindny,
rhenium ceriurf) &Zing, gand zirconijum 94. |Thg oxi dati
91 wherein Epe IONDf q-grrpri@es ar~metla sgl egt ed
consisting & dadm um~ Tagnes,i um |20 ngnganege, - nijcke
cobal t. 95. 4Thd| ¢ki datw priacaf allyst| of dl Qilmad1owher &
conprises t¥h. 1G8
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25 SEP 2002 96. The oxidation catalyst of claim91 wherein the pronoter
conpri se¥Q¥H4305 97. The oxidation catalyst of claim91l WhEFERI/M3ME
pronoter conprises titanium 98. The oxidation catalyst of cégin191 wherein
the catal yst conprises two pronoters at the surface of the ¢ b@@?éﬁ%port,
each said pronpter 10 constituting gt |east 0.05% by weight of the
catalyst.Eﬁéﬁp#ﬁe7oxidatFSﬁeE§t8Fy§?oanélQ{HFQBaEh%?e?E ERe pronoters
conprise iron and tin. 1BurfeceThé bRedaarahyshtal yst of claim91 wherein
nobl e netal atonms at the surface are alloyed with the pronoter. 101. The

oxi dation catal yst gheckairboAlavber ebnoRygB8hoatédy Bhcibeanabtgeetal atons
at the surface are alloyed with the pronoter. 20 102. The oxi dation
cat al yst ©KY8ERi AFOT WRePéRR1BUBSREAD BRFJCaRt BRetHerhades @ftal atons at

the surface_are alloyed w ronoter, 10 25 SEP 02 103. The
ot ot PonPRn R aF raFRCPRERTYLDE BLOUOLELLY 283 ne e FUTED ettt un nr i ses

amoni a. 3060 irfb@Aomegbgeabéaspéysfo@étéfai(Ph?éi&@@f@i@cw@nwgyci ng 5
envi ronnment conprises NaBH4. 105. The oxidation catal yst of claim?9l

wher ei n nB8er ReaarieonMlN) t ut €eensuyfaatecanshpsiabous Peblobyedeyght of the
catalyst. 10 106. The oxidation_catalyst of claim9l w in the carbon
suppor t hﬁieﬁtgﬁﬁc?P?EtgﬁﬁFaeg g?ﬁacggméf“ieﬁggi%ib%txggég%ﬂ)ng%E measur ed
by the BrupauersEpuREhe Teh! o1 rBBL DALy 1 30 Tmodb e, O3 datd %&f‘ﬁéy%?of claim
106 wherein the carbon support 15 has a specific surface area of from about
500 t ooabbike@1B8ndPpgssasnaegygul ednbyanrterBsahatibsn Emrethe Tel | er net hod.

108. The oxidation catalyst of ¢laim91 wherein the carbon support has a
speci fic 30PLREES aPBER LSl TFRASRELPBUPE 750E n9F Pl AW HeastREE By the 20

Br“”a“er'FQQEFtQIEL[eﬁlrﬁﬂ'¥¥%8é¥%3ev>, whose energy is sufficient
to ionize core and valence electrons. The ejected
electrons leave the sample with a kinetic energy that

15 equals the difference between the exciting radiation and
the "binding energy" of the electron (ignoring work
function effects). Because only the elastic electrons,

1.e., those that have not undergone energy loss by any

dmm] e d o e mmm mmmmmarmmm A 3 L e e e m eV e e -

LTSI TSI, kLT L R N U U= T IO

20 and because the inelastic mean free path of electrons in
solids is short, ESCA is inherently a surface sensitive
technique. The kinetic energy of the electrons is
measured using an electrostatic analyzer and the number
of electrons are determined using an electron multiplier.

25 The data are presented as the number of electrons
detected versus the binding energy of the electrons.
ESCA survey spectra were taken using monochromatic Al K,
x-rays for excitation of the photoelectrons with the
analyzer set for a 117 eV band pass energy. The X-ray

30 source was operated at 40 watts power and data were

collected from the 200 um spot on the sample being
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25 SEP 2006 94/8%30 The oxi dation catal yst of clai m 108 wher epaTivhé/azagbon
support has a specific surface area of from about 750 to about 2100 n2/g,
as measured by the Brunauer-Enmett-Teller nethod. 5 110. The 2%i%&: 20
catal yst of claim 108 wherein the carbon support has a specific surface
area of fderedieted’50ThesaboandiZi6naldye asigrasemet byithebut

Brunauer - Emmett - Tel | er nﬁthod. 111, The oxi dation catalyﬁ$ q% claim9l
wher ei n t RO &FESHYsGFSOMPERSR n Thet ABSFHFM BFTS PETETLLFEER, the

particul a 'y Baginge@pPas Licherskzefl SkLh DU i pRoqueod hay at | east
about 95%%§Fiﬁﬁggparticles are ¥r0n1aﬁout 5 to about g%% pn1?n their

| ar gest diteensietn anfil2o-ildingi dapeobt tat abyshs ofocdahteddl wherein the
particul ate support 15 has a particle size distributjon such that at | east

about 98YPGrePhablsr £ENas/APeser bt BBButabat o BRRWRLISMe B in their
oS! SPFRRRSRTvekS salhe rLAoLhanoGah el yaLacla cha M2 aberedn e

particuIan Support hasS a parfrcl e si | east

about 99%uaf ot BeoRekkliabesnar 8n2l Psi s oprobeatrds t oraPpaéd kil Nehd their
| argest di nension and at | east about 95% of the particles are from about 3

to about 1OGtNwmentehépn bdr §hst Vehdersi ofiromiuhe pSISEPY9002 114. The

i dation catalyst of clajim9l wherein th b t_is derived f
Car bonaadT &R s B e EPBUE PP BF T REC Y DR CORGT SCF e b= ibd, mut shel IS,

veget abl e JABtier cobeaasraP€shs bEJ0htCe1 &Mt ANl OF J&MN £e POl yners. 5 115.
The oxi dation catalyst of claim 114 wherein the carbon support is derived

f r om nat uckltadaebona&éfhsanalvets sk egererdt byn thesgrauprzoirsd st i ng of
wood, nut shells, vegetahle matter anf bones.
precislion of +20% using tabulated response factcrs for a
particular instrument configuration.
Table 5 shows the C/0 and 0/Pt raztics at the
15 surface of each fresh catalyst, and the amount of
leaching for each of the catalysts during a single-cycle

PMIDA oxidation reaction.
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116. The oxi dation catalyst of claim91 wherein the carbon support is 10
act i vat & 9943430 The oxi dation catal yst of claim 116 wher epaTiuses/caobon
support is non-graphitic. 15 118. A process for the preparatiqg q%%aa

oxi dation catalyst froma non graphitic carbon support having gr M
oxygen at a surface of the non graphitic carbon support, the process
conpri sing depositing a noble netﬁabéﬁ fhe surface, and then heating the
surface atgfiféetpend ' da & PMIpR edxid20idéde rati o of
carbon atons to oxygen atons at the surface of the non graphitic carbon

support @grgg%eé | eashedlotior0: 1 ascp@asup sl bypX- 1 aysphot ogh ect ron

spectg oscopy efore t et al sif 1 SEP 3 the
catalyst conprises a EEEQQQéﬁt ngggﬁntereg%nsggﬁ{ﬁfﬁg a 9§2§5t 0. 05% by

wei ght of the catalys d %%e non- graphiti c carbon support has a specific
surface area of fronr%ﬁ&ﬁ? D8P?0 about 3000 ne/g, as neasured by the
Brunauer-Emett-Teller 5 nmethod. 119. The process of claim 118 wherein the
pronot er5% sPoer easi NgBBxi di zed t han 23he¢ nédbl e md@Al . 10 120. The process
of cl ai dddRyabraced Rbéupednoter conprises a metal selected fromthe group
consi gt i ggh9bntin, bismuth, lead, titanium antinony, selenium iron,
rhenium cerium zinc, and zirconium 121. The process of claim 118 wherein

the pronpter conprise fal 15 sel d fr m group GO i sting of
cadnlunls%%%nesrunr néﬁgéfp g %ﬁ%ﬁhnlﬁﬁnrén cobal %%2 The
process of claim 118 é??%%@k'%ronnter conprises tin. 20 123. The
process of claim 118 wherein the pronoter conprises iron. 124. The process
of cl ai a8 wher ei n ¥aBHpRadyced comprli-des 3 6.9

15 Aldrich Cat. 640°C/6hr/20%H, 67.9 3 5.2 13.78
No. 33015-9

same 75°C/6hr/20%H, 13.4 10 27.5 19.85

same Used as Received 13.3 10 42,6 15.39
20 Aldrich Cat. 64O°C/6hr/20%H2 45,2 7 10.5 21.590

#20593-1 NH, wash/pH=11

same 64O°C/6hr/2O%H2 37.7 10 10.5 14,60

same Used as Received 9.1 26 32.3 32.96
25 5% Pt on 640°C/7hr/20%H2 67.7 8 19.3 20.79

SA-30 NH, wash/pH=9.5 '

Westvaco

carbon

same 640°C/8hr/20%H, 63.3 8 30.9 19.67
30 same 75°C/7hr/20%H2 13.2 32 81.3 48.52

1. The reaction conditions were the same as those used

in Example 5.
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titani uwo ddasdaso 25 SEP 2002 125. The process of cl ai m 118psfeE®idiadane

catal yst conprises two pronoters at the surface of the non-graphitic carbon
support, each said pronoter constituting at |east 0.05% by wei2)BtSEFf 200pe
catalyst. 5 126. The process of claim 125 wherein the pronoters conprise
iron and tin. ,127. The process of claim 118 wherein noble netal atons at
the 10 swzfaceuqre: alhdyled edadited himtyy ealiaionl 2%2r Hianpr ocess of claim 118
wherein a mgj Qlji Sdatdeprablesdqretal atons at the surface are alloyed with
the pronoter. 129. The process of clai m 118 wher ein substantially all of

t he nobI met al r aII h the PrQnpt er 130. The
process " cl alifﬁgﬁ%‘mﬁd%éégl d errper Ogai s &9 élgs%réoabout 500C. 20
131. The rocess of claim 118 wherein said tenperature is fromabout 550 to
about 1, 200C. "NR' meapssppnmdeteptedrhe process of claim 118 wherein said
tenperature is fromabout 550 to about 900C. 133. The process of claim 118
wher eih shi d Heted | aegrhen couphmttedvasn dedxyrenateddivziimg emd samaent . 134.
The process ofs@éplmgﬁ&mﬁﬁuﬁlﬁd@@@@@@ﬁ@wtle&h@thk@a$t2 about 500C.

10 135. The processiwdd ciigRaiaerein said tenperature is fromabout 550
to about 1,200C. 136. The process of cl a| m 133 wherein the non-oxidizing

envi ronmegt C smés esse tlaII eaOf atn ast one gas sqtec%g(g fromthe
group consi st?ib Edcﬁ‘l ) gé?g@ PSFRIFRG S 5dddd of claim
133 wherein t dz rent conprises a reducing environment.
20 138. The process of cl ai m 137 \/\herel n said tenperature is at |east about
500C. 115
10 Example 8. Analysis of catalyst surface using
thermogravimetric analysis with in-line
mass spectroscopy (TGA-MS)
The concentration of oxygen-containing
functional groups at the surfaces of various fresh
15 catalysts was determined by thermogravimetric analysis
with in-line mass spectroscopy (TGA-MS) under helium. To
perform this analysis, a dried sample (100 mg) of fresh
catalyst is placed into a ceramic cup on a Mettler
balance. The atmosphere surrounding the sample then is
20 purged with helium using a flow rate 150 ml/min. at room
temperature for 10 minutes. The temperature subsequently
is raised at 10°C per minute from 20 to 900°C, and then
held at 900°C for 30 minutes. The desorptions of carbon
monoxide and carbon dioxide are measured by an in-line
25 mass spectrometer. The mass spectrometer is calibrated
in a separate experiment using a sample of calcium
oxalate monohydrate under the same conditions.
Table 6 shows the amount of carbon monoxide

desorbed perdgram of each catalyst using TGA-MS, and the

30 amount of leaching for each of the catalysts during a
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25 SEP 2002 139. The process of claim 137 wherein said tenperature is from
about 550V98”413Ut 1,200C. 140. The process of claim 137 WRETAISAYP
reduci ng environment 5 conprises H2. 141. The process of cl a2 §&fs erein
nobl e netal constitutes no greater than about 7.5% by weight of the

catal yst. J. . S f1.Gl:al rej on-graphitic carbon
support haés&z?’llé%eceﬁl?ec%ur a?éazgragtal%én%ega%lt\gés ?}asggg%gl%ogr?%;eg, as neasured
by the Brunausiidimeidditeldmey awetihnExahfle Bhe ps0qasd 0fs @rriws,142 wherein
the non-graphitic carbon 15 support has a specific surface area of from
about 500 hepriHag SEIGEE MR @eqreaasaaf ddishpmowe tBofn §%e demamtiicrel | er

met hod. 144. The rocesds 0f caqu__iimujlla8 v}xfhﬁrei n.the non-d%rg'éphi t.ic carbon
t

support h&SSFEAFES 1 1% T K6 TAr-da S5 Yart e 48 a 5o *RAPR € neasur ed

by 20 tde By adeXramid -1Tel Infdo 1A 0Ghmol 6 co o s8EBed0@R r14famlNe process
of claim 144 wherein the non-graphitic carbon support has a specific

surt ace arafa adtdlivshlabout 750 to about 2100 nz/g, as neasured by the
Brunauer-Emett-Tell er nmethod. 5 146. The process of claim 144 wherein the
non-graphitic carbon support has a specific surface area of from about 750
to about 1750 nR/g, as neasured by 4he Branauer-Emrett-Tell er nethod. 147.

The process of IIf }e?&%%?)m@%rﬁ%ie%ébggtnﬁrﬁé%agﬂi %Egoﬁi.b&”oég support is in
D .' L = 1=Y

t he form of e Zsuppor avi Ng particle size
di stributi oA : : G588 983F8F S RE—parERELBE a8~ Pom about 2
to about 300 pmin their |argest dinension. 148. The process of claim 147
wher eil® t atgdivsitcul at e Radwsdidtorhas a TSApdSt i clPe& dinz&odinst ri BE:Pon such

R Latgd 2 z Q, & ale

that at |east about 98%Mxfeatthrengarti de®lar/g)fromug/g)? (mg/g)?
Aldrich Cat. 640°C/6hr/20%H, 0.41 5.2 13.78
#33015-9
same 640°C/6hxr/20%H, 0.38 5.3 15.70
15 NH, wash/pH=9.5
same 75°C/éhr/20%H, 1.87 27.5 15.85
same Nn, wasn/pa=y.o L.oy 4yU, / lc .13
same Used as Received 1.84 42.€ 19.38
20 1. mmole of CO per gram of catalyst
2. ug of noble metal which leaches into solution per

gram of Glyphosate produced

3. mg of formaldehyde per gram of Glyphosate produced
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about 2 two49ed#30200 Nm in their |argest dinension. 149. TheTprweess: of
claim 148 wherein the particul ate support has a particle si zg d%EQFt rZ{‘@uti on
such that at |east about 99% of the particles are from2 0 a 5u 2 about
150 Nmin their_largest dipension and at |east about 95% of the particles

are from JHARPER tD- aboutEEERFHAT FEIRET2 QuRyy Wi ddGhon. 117 25 SEP
2002 150. The process of %ewmReNatiFaagascinRagee nesncki®shi ti c car bon support
is derived from carbonaceous natter selected fromthe group consisting of
wood, nut shells, vepeisbdeanpild elemdinesntepeahe ldfgricts, oFoalsiagd organic
polyners. 5 151. The process of claim150 wherein the non-graphitic carbon
support i svakerdue ot SRR Hat Al vhely hedddasuSheacedrlysitedtieder om t he group

consi st of wood, nut Vi t.able matter and bones. 10 152. The
pr ocessé of rc?sa?rfﬁell%p elf%ﬂn&fr}?ea o%‘-tgr aphitic carbon support is activated.

153. A process for the piepaicdd dateflydt shdaly 6% eakalivs bhogha carbon
support having carbon and oxygen at a surface of the carbon support, 15 the

process coiriwAtRA depd¥in i SHPRPHiobiv ivdt alasaderhyJemetade usang t hen
Car bon ot GTHE (LR 2 dHERIT: e BT R: Sore v PEacr S600r 2051 as
Gepost 11 o A O o e P ra h pPanGLErT 451 d pr ombt er
const itat idepcetidedstwdl 0dtnd i glatriofust kempatralkyses 1b810% H,

and 90% argon for about 2 hours. The catalyst then was

used to catalyze the PMIDA oxidation reaction. The

reaction was conducted in a 250 ml glass reactor using 5

g PMIDA, 0.157% catalyst (dry basis), 200 g total

15 reaction mass, a temperature of 80°C, a pressure of 0
psig, and an oxygen flow rate of 150 ml/min.
The results are shown in Table 7. Increasing
the reduction temperature from 125°C to 600°C reduces the
amount of noble metal leaching and increases the

20 formaldehyde oxidation activity during the oxidation

reaction of PMIDA into Glyphosate.

73



25 SEP 2002 154. The process of claim 153 wherein the pronoter is nore
easily P #M44¥ t han the noble netal. 155. The process of PET/ASP/@E® wher ei n
the pronoter conprises a netal 5 selected fromthe group cond StSERg2008 ti n,
bi snmuth, lead, titanium antinony, selenium iron, rhenium cerium zinc,
and zirconium 156. The process of,6{ @i 153 wherein the pronoter conprises
a metal selected froné e group co S|st|ngrpf cadm um nmagnesi um

manganese, |0 ni ckel ,Zatefrhdhranecobart— AL ESr ocess of cl ai m 153
wherein the pronoter conprises tin. 158. The process of claim 153 wherein

t he pronpReducoipni ses PEohn 961159, TheCBrbcess ofc/§ ai mOVFR wherein the
pronot erTemppraseset i t anotmal 166d! ) Thenqumedezedd) cRatbolSRBawherei n the
catal yst coppejses two 2 O pronoters at the surface of the carbon support,
each said pronoter constituting at |east 0.05% by weight of the catalyst.
119 25 SEP, 2002 161. Thelpq cess of chajm 160 whesein the;,pronoters
conpri se iroE gnd tin. 1620' Ee processobt claim1l 7mherei¥_noble net al
atoms at the*8%surface are’af oyed with't 8 pronotet: 163.” The process of
claim 153 whéP8in a majoriPyl®df the nobPe’#etal atohs at th® surface are

al l oyed withS@Re pronoter.01D2164. The prd®zess of clai m 158¢wherein
substanti allgoall of the ndobd& netals at.0he surfackOare alloyed with the
pronoter. 165. The process of claim 153 wherein the reduci ng environment

conpri seg amRNh@rmdDi2b8. vdN&e PEOCESG0 Oboptabpalbd ddirdher conprising
heating the SgiéﬁﬁgttgméﬁnéQ@?tpahgyéiéggg:§$t§515{¥§ﬁmﬁﬁfﬁﬁgta' IS

deposited. 16 rocess of clharm wherein said heating is conducted
ina 20 non-o&?ﬁ?z?ﬁ environment .

2. A normalized value of 1.00 corresponds toc the
15 highest formaldehyde activity during this
experiment.
Example 10. Washing the catalyst with ammonia

An unreduced catalyst (6.22 g) consisting of 5%

rlatinum on an ackirrated cavhon evmrars fwhisch weas

20 deoxygenated using the single-step high-temperature
deoxygenation technique #2 described in Example 2 before
the platinum was deposited onto the support) was slurried
in 500 ml of water for 30 minutes. Afterward, the pH of
the slurry was adjusted to 9.5 with diluted agueous

25 ammonia, and the slurry was stirred for one hour, with
aqueous ammonia being periodically added to maintain the
pPH at 9.5. The resulting slurry was filtered and washed
once with about 300 ml of water. The wet cake then was
dried at 125°C under vacuum for about 12 hours. This

30 catalyst was heated at 640°C for 11 hours in 10% H, and
90% argon, and then compared with two other catalysts

consisting of 5% platinum on NUCHAR activated carbon:
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168. Thewpmemsss of claim 153 wherein the reducing enviroppgRlse&MIpS i Ses
NaBH4. 120 25 SEP 2002 169. The process of claim 168 further conpri sing
heating the surface at a tenperature of at |east about 400C 2f5t 8EP t@ nobl e
metal is deposited at the surface of the carbon support. 5 170. The process
of cl ai m(ab9onkerefucedi dt heaenngersetatigreteith NaBhor(ses di zi ng
environngnt. 171, The process claim.153 wherein nobl e nesal, constitutes
no 10 gr éF@P}Fhﬁﬁ_gBBUPr9€%5€g£’wﬁ?%ﬂ?bgfo?%e %%&%é&%?.aggéflfhe process
of clai m 483yWha{Lidhd NerdeH Uy SUPRRIUrNas TheSpRGIdHIGraUeaee tikea of at

| east about 500 n2/ g, as neasured by the Brunauer Emmett-Teller nmethod. 15
173. Thespmecessthbsel| annEtd@pbkedei n t he carbon support has a specific

surface area of from about_ 500 to out 2100 gflg as asured by the
Br unafier - Emmet t - TeFN8r TRERABE. 359 §HAYDTHE TRBtRsy: of PHF I H™M53 wherein t he

carbon s . ch £l e e I t 750 n2/g, as
neasuredEgggéggggga%agggE%%%§§?¥%§?grtﬁ%t ogélf%a @ﬁgghg%%gzooz 175. The
process @hsgkdl witH4amhencanbtbereanhbon- semperitimes laydpegedi c surface area
of from about 750 to about 2100 nR/g, as neasured by the

Br unauer TtEBAUBtLOFel | er nethod. 5 176. The process of claim 174 wherein the
carbon support has a specific surface area of from about 750 to about 1750
n2/ g, as neasured by the Brunauer-Emmett-Tell er mnethod.

Table 8

10 Effects of Ammonia Washing

Catalyst CH,0 HCO,H NMG Pt in soln.
(mg/g)* (mg/g) (mg/g) (ug/g)

NH,-washed, 10.62 28.79 0.83 0.50
High-Temp.,

15 H,-reduced
High-temp., 14.597 27.82 1.38 4.64
Hz-L‘ch.C&d
Room-Temp., 28.51 70.16 2.59 8.64
NaBH,-reduced

20
1. These guantities are per gram Glyphosate produced.
Example 11. Use of a less oxidizing noble metal

precursor
Platinum was deposited on an activated carbon
25 support using diamminedinitrito platinum (II).
Approximately 20 g of an activated carbon support was
deoxygenated using the single-step high-temperature
deoxygenation technique #2 described in Example 2. Next,

it was slurried in 2 L of water for 2 hours.
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177. The process of claim 153 wherein the carbon support is in the 10 form
of a par QWG t he particul ate support having a particl c$i&8y03402

di stribution such that at |east about 95% of the particles are from about 2
to about 300 Nmin their |argest dinension. 178. The process @) $iFaklid 177
wherein the particul ate su30port has a 15o§art,i cle size distribution such

that at I%P"a’-lﬁ&ﬁel%%lo‘f héh& 3-d%es t“‘élﬂnor‘ﬂfapout 2 to about 200 Nm
in their 41%&%4&&:?&%@511{@3@6(moceaaau%fedc!t% Bob/ G hghel 1 Lhe

particul ate support has a particle siZe 'distribution suc at | east
about 99%zfert,he-Hear twad esided® drapwide akeirt a2 geqrialpuis B850 pmin their
| argest di nmension and at_| east about 95% of the particles are from about 3
t o about MBOrspm iAfaareiaddidrigEsival mamdlete 132 irrinoSmRs2002 180. The

process of c¢l.aim V\/rbedeinthec rbon ppo i_s derived fro

car borrac %etdé?é?el ected T oMt or W@%ﬁagt irr‘?g_aéﬁ%c?d{,ntﬁut shel | s,
veget abl e gTaf 48F .adnes ditealed ldARdS NN, 3Rd Atdatiindelagrers. 5 181
The process of claim 180 wherein the carbon support is derived from natural
car bonac esusiumtaderf ase| ot led mMoxembiche sgr odiec @dsirsyi idrest wesod, nut shel | s,

veget abl e matter and, bones.. 182. The _proc of claim153 wherein the
car bon sdgpdarsss aéﬁl”(?a%ﬁi “ﬁlﬁ}i@.plﬁ%l?@cég?ué’ft (9%?’%%2 wherein the

carbon SUpRANt i AN CHARN M ddonetB4or RERCESRALOK LR Premgiati on of an
oxi dation catalyst froma 15 carbon support having carbon and oxygen at a

surf age afet! kmakeandann dippbrdt, 128 pundess vaaupmi $org 10epasinburg.a nobl e
netal at the surface, and then exposing the surface to a reducing

envi r onngite treESEIY (G- aiTtatdssSeated Bve 648t Fofer dafb&RU&Eons to
oxygen at.Qns Af ézhgnau%@cgr'bgn@t | east about 30:1

A contrcl was prepared using H,PtCl. to deposit
platinum onto the same carbon. The control was heated

15 under the same conditions as the catalyst prepared using
diamminedinitrito platinum (II).

These catalysts were compared while catalyzing
the PMIDA oxidation reaction. The reaction conalitions
were the same as those in Example 5.

20 The catalyst prepared using diamminedinitrito
placinum (II) showed less leaching than the control.
Only 1.21 ug platinum per gram of Glyphosate produced
leached into solution, which was about three times better

than the control.

25 Example 12. Reducing the catalyst surface using NaBH,
The purpose of this example is to demonstrate
the effects of reducing the catalyst using NaBH,.
Approximately 5 g of an activated carbon

support (which was deoxygenated using the single-step
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as rreasur\é§9b*y34>30ray phot oel ectron spectroscopy, wherein 2p0y @g/eg,@%zal yst
conprises a pronoter, said pronpter constituting at |east 0.05%by weight

of the catalyst. 123 25 SEP 2002 185. The process of claimg S%qumgl n
said ratio of carbon atons to oxygen atons is at |east about 40:1. 18 The
process ofhigla e athireidesigbnadtiion tkecharigoe #Rodescaribedxygen at ons

is at | east abaqut 53:@1; 187.. Th rocess of claim 184 Wnerea_ln said ratio of
carbon at g™ Wong's £ Hnélg‘sf"’aébﬁlﬁf’oéétf P& P88ReThe process of

claim 184 &1{9 Ly rhdag- Qg VIR AR 1! ale@e@h@eﬁeuake@t QB jat the

surface is ss than 7:1 as neasured by x-ray photoel ectron spectroscopy.
189. The @3xesls mfurcd dontkd? fltmeskei n Thel dluatiyowat exygeedatana to 15
noble netal atons_is |ess than about 6:1. 190. The process of claim 192

wher ei P sdaryat ifP RSN haWirs 8% FoblPe 7REt &1 Ot BaREFLs (18528t han about
5:1. 20 1 h i t
conpri ses%éim%?dzfpgtgﬁséd %tgé%ogéfggeq:$hgh%r gégggﬁ}g:@@g :?#%gzn\?mner ein

the reducidly by QniENtpeROMUG SeeodBHEi th98heThacpuacess10f bekagm 184
wherein the pronpter is nore easily 5 oxidized than the noble netal. 194.
The procesprifiad ai Mites \mé{réﬁwq I@éfeﬁfléﬁbﬁeﬁncéﬁﬁr vaeyum, mehal sel ect ed

fromthe gro onS|st tin | ead, titaniu apti nony,
%‘lgg I%BL t to at%o%gﬂer c_pressure ¥On§§ Eg%ﬁ% process

sel eni ur’r) 1 F5m T N&H d Fium Zing, ztrconrum

of claign 184 hersd m,t heAﬁt@ﬁoaﬂoﬁg@rm@sSm alo sedected fromthe group
consi sting of cadm um magnesium nanganese, nickel, alum num and cobalt.

15 196. Tregnsentadly d%Qimh 64 cperdiesst Hepproﬁrﬁaet b’éﬁ’prl ses t| n. 197.
The proce?f of ck€|n1 4P%$ﬁ&$h§gtggﬁgggng%gr ngrgseg |% The
process o ‘84 “We p r Ye8npFrER5S36%8] Fanfu 125

ml Teflon round bottom. At this pcint, the pHE was

adjusted to 12.2 with 0.3 g cf NaOH. Then, 2.3 ml of

15 NaBH, in 14 M NaOH was added at 0.075 ml/min.

Subsequently, the resulting slurry was stirred for one
hour, filtered, and washed five times with 50 ml of
distilled water. The catalyst then was ariea at 14> o
and 6 mmHg for 12 hours.

20 The resulting catalyst was used to catalyze the
PMIDA oxidation. The reaction was conducted in a 300 ml
stainless steel reactor using 0.5% catalyst, 8.2% PMIDA,

a total reaction mass of 180 g, a pressure of 65 psig, a
temperature of 90°C, an agitation rate of 900 rpm, and an

25 oxygen feed rate of 72 ml/min.

A control experiment also was conducted at the
same reaction conditions using 5.23% platinum on an
activated carbon support {(which was deoxygenated using
the single-step high-temperature deoxygenation technique

30 #2 described in Example 2 before the platinum was

deposited onto the support).
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25 SEP igg%s%ﬁg. The process of claim 184 wherein the catal yst conprises at
| east t ? ters at the surface of the carbon support, EHS V43602

pronoter constituting at |east 0.05% by wei ght of the catal y§t5. SEPoWE The
process of claim 199 wherein the pronoters conprise iron and tin. 201. The

process of claim18 er ei n,nobl e, net al ons_at t surface are all oyed
with the pronoter. iﬂggﬁzs ?ngﬁrgg?s§GSPiEFaPﬁfT§4Q§ﬁeﬂ8%ﬁ4h majority of
the nobl ergBtiabgataeE19kct hanauirbaee avesabl,oyeHeWebButibe BEOFRLEr. 203.
The process of claim 184 wherein substantially all of the noble 15 netals
at the sucbateodr expkrdyedtwi t ReBheipgowdtbr NaBB4 . rekhecast otess of clai m 184

wher ei n nobl e net%l cg stitutes_no ﬂ[eater thag aboué 7.3@6 y wei ght of the
cat al yst . aPoBn508L RRBLG, BELas SFAEPAPH 184TwALFRi heBHESEaFBBn support has
a spectfi age ALeRa9heBlgheasy ARMEUL£POD IPLg.; agyred by the
BrunaugrEﬁﬁégﬁngFIer ngt Sd? | 26 g@ SE5§g002 égg}aéhggpég%ess of claim
205 wherein the carbon support has a specific surface area of from about
500 to about 2100 nRl g, as neasurecdy e e Brunauer-Emett-Tell er nmethod. 5

207. The process q:iesqhaégnds%ﬂr%@almgéﬁe:f@a%@m@wés las a specific
surface area of at Teast abou g, as neasure y e Brunauer

Emett-Tell er ,method. 208. The procegss of ¢laim207 wherepLn the carbon
support h Uhg#10 spe?LLic sur?aoe afea of gron1abo t 750 to about 2100
n2l g) as We¥BOPEBTBy (fhe Brandter- Enfiett- TelPer Prefhod. 5289, The’process of
cl ai m207PWEBAei(#) t he carbof-8@ppoft ORas &-3peci Pie2surPated aralsdf from
about 750CHg® abwfg W5oMR| B8 &5 mEasur edt by 15 Ashed Br urlauer - BEng t - Tel | er
met hod. 2860, hengfpeesgorf T a meB4 wherd J5 t hvs .car barg suppagd.ds in the

AMPA/MAMPA (%) 0.02 0.01 0.01 0.01 0.01 0.01
NMG (mg/g glyph) 2.6 3.6 3.6 4.2 4.7 4.7
15 Pt in Soln. 8.64 §.60 5.22 £.96 6.91 5.20
(ug/g glyph.)
% of Pt Lost 0.20 0.20 0.12 0.16 0.16 0.12
Table 10

Results Using Catalyst which was not treated with NaBH,

20 Run # 1 2 3 4 5 6
Glyphosate (%) 5.36 5.63 5.37 5.50 5.56 5.58
PMIDA (%) 0.18 0.15 0.25 0.21 0.18 0.23
CH,0 (%) 20.9 23.6 38.4 44 .2 47.7 58.3
HCO,H (%) 27.8 63.8 96.5 98.4 102.2 102.0

25 AMPA/MAMPA (%) 0.04 0.02 0.04 0.02 0.02 0.03
NMG (mg/g glyph) 1.5 3.0 5.4 €.9 10.6 7.3
Pt in Soln 63.6 62.2 44 .7 34.6 28.8 28.6
(png/g glyph.)

% of Pt Lost 1.30 1.34 0.92 Q.73 0.61 0.61

30 Example 13. Use of bismuth as a promoter

A 500 g solution was prepared consisting of 10
M Bi(NO,;),'5H,0 in 10* M formic acid solution. This

solution was added to 500 g of a 5% formaldehyde solution
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formof WPRHBIXul ate, the particul ate support having a p&CHIUEH#OBIZe
di stribution such that at | east about 95% of the particles are from about 2
to about 300 pm 20 in their |argest dinension. 127 25 SEP22GEP2M2 The

process of claim?210 wherein _the gar,ti cul ate supgort has a particle size
di st ri butGBFadmeRSt Ral® &t Ofedst PABLLFUG898 oR 1t AEC pURERE| €3TEPR from about 2

t o about in eir :ges i NSLQR. . rnecess of claim 211
wherein t%"gj%ggcﬂ'i C&?ﬂla%t es°%l|5‘§%§?‘t hﬁgsgggggggi %?egé??cze&%?es]fprl}%buti on such that
at | east Akkaulight%=oikd thenpdilieked atehfaoBuahnet PuhReBbousnl150 pmin
their largest dinension and at | east about 95% of the particles are from
about 3 tad iEBHO% WAGO dFech aPResubEaaYeBElYi ARALY38d Y B1BayThe process of

ol ol melB4 Msleln-Lhe CaHionSURRALt o8 0o LYed. {1 oM paLbonaGEpLS et ter

sel ect’ed e group “consrs wood; “nut “she e matter,

bones, peat 63lki.gnithe, degakaandyetgaakCEBehiNEs Scorddin The process of claim
213 wherein the carbon support is derived 15 from natural carbonaceous

matt er selppgoedmatedvt RE gismptboaBHstfnplatimewd, nut shells, vegetable
matter and bones. 5. fTﬁg rrocess_of gl aiﬁ: 184 wheﬁg)n ihe carbon support
is activated. 2 0 A Og%&%‘e‘s”SrSfp FGafh 235°whet 27 "™t he carbon support
i's non graRlintlees L28e1 20tSEPa2B02 2474 4 prop@ssafof ihegpsepasation of
an oxidation catal yst, the process conprisSing depositing a noble netal at a

surf dde efctdveaebdoragbpporafadpmdtt hené@xgost nght hebswe fagalpsa reduci ng

envi ronnent to reduce the. surface,s
consisting of 3% bismuth /4%

Eygginum on its surface, and
179.4 g of water. The reaction was conducted at a
pressure of €5 psig, a temperature cf 90°C, an oxygen
flow rate of 38 ml/min., and a stir rate of 900 rpm. The

15 reaction was allowed to proceed until the PMIDA was
depleted. The Glyphosate solution was separated from the
catalyst via filtration and the solution was neutralized
with 6 g of 50% NaOH solution. The catalyst was recycled
with no purge through 5 runs. Analysis of the Glyphosate

20 solution was done for each run. Two controls also were
conducted in the same manner as above except that the
0.68 g of the Bi/Pt/carbon catalyst was omitted.

The results are shown in Table 11. The runs

having the Bi/Pt/carbon catalyst produced lower levels of

25 formaldehyde, formic acid, and NMG in the product.
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WO 99/43430 U 99/03407
| ess than 0.5 mmol e of carbon nonoxi de per gram of catal yst desorL ?rom
5 catal yst when a dry sanple of the catalyst in a helium at m)sglg E? m
heated from about 20 to about 900C at a rate of about 10C per M nute nd
then at about 900C for about 30 minutes, wherein: the catalyst conprises a

pronoter, saidifprongter] copst Ttotr 705% by wei ght of the
catalyst. 10 218z THe prQgess|of claim 217 i n said carbon nonoxi de
yield is no greager |t 5&3@1 Q. 3| myol ¢ off ear jon nonoxi de per gram of
catal yst. 219. {The pgrocless| g |ctai m@17 wher&i n lt he reduci ng environment 15
conpri ses arrrmr%iﬁ. 420.| The plocess of ¢12ilm 217 wherein the reduci ng
envi ronnment conpris BHa, P 0O 21>1 The proceds of claim217 wherein the
pronoter is note eaﬁl | y| ox|di zed than the noblelmetal . 129 25 SEP 2002
222. The pr oces s%of clai m RL7iwher ¢in theq'EDI’ onotfler conprises a netal
sel ected from f{h¥® grlo P X 1§'>tcpng 0f~ ting b'smyt h, lead, titanium
antimony, selefigm |i woneo H@u um | céri i, (z™nc,|| and zirconium 5 223. The
process of cl aifm#217 eref n the pfonoter ¢onprijses a netal selected from
t he group consitsting—ofl cadm tm—nmphghrestum—nanganese, ni ckel, al um num and
cobal t. 2249 T prdcesis of c|aim P17 wherm n thle pronoter conprises tin.
10 225. TheSprﬁc?%ss of~ [ckhal 1@ P17 wherei h "Dhe pr@noter conprises iron. 226.
The processgof [clai m 217 onher pidh t heS pr )ncp)ﬁ - c@nprises titanium 15 227.
The processglof cBai @17dqher ein the ca aJ>,st C( nprises at |east two
pronot ers & the"sunfade o,f t he cafbon gupport, leach said pronoter
constituting atteast— G- O5pt by werpght—ot—the—catjal yst. 20 228. The process
of claim 223 vvlhegel n tHe pfronpters|conpfisg¢ irorr’ and tin.
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130 25VeBM434302 229. The process of claim 217 wherei n npttesspizadz at ons
at the surface are alloyed with the pronoter. 230. The proc?sg ggp ?‘[Pgi m 217
wherein a majority of the noble nmetal 5 atons at the surfac re alloyed
with the pronoter. 231. The process of claim 217 wherein substantially al

of the negsamplet al4 .at onDepostiténguaf A¢e Bremateoyen ai Chrbdme pronoter. 10
232. The process of cl aigwppbetwherein noble netal constitutes no greater

t han about 7.5% by wei ght of the catal yst. 233. The process of claim 217

wh inth b - i i . I t about
uheren (he car bon sunRlr has Basasn (o6 irigecypengl g |oast ahon

process @bogltaicmi23F wheeei.n Neetcaobep gupposhchasHD specific surface area
of from about 500 to about 2100 n¥/g, as nmeasured by the
Br unaer dimsetefeliine50feBhed. 026%2880; Thelsr didsy-ism &ad MSEEE wherein the

carbon SHBROLL s et CroliLone gl 2Lyl eRsleB00ll o150 Tl o

measur ed Brrunauver "Emre 3%02 236. The

process @k sChaid@a?3% hehaneirdyt hascatbepeguppert hasrd. spegdfpg surface area
of from about 750 to about 2100 nR/g, as neasured by the :

Br unauer tEemewasTeldjestiest hodS .5, 287d The precresswas stirne@3fomherein the
carbon support has specific surface area of fr about 750 to about 1750
e/ g, asanésguweaep °Pﬁ§'BrHﬁéﬁerggﬁnﬁﬁP??ﬁ!Yﬁ? ﬁgiﬁ%ﬁgélﬁn§38. The process
43 WALt B stan RABORLIphsut ot it M o partculate
filtrate reached a constant conductivity. The wet cake
was dried at 125°C under vacuum to give 1% tin on carbon.
Following drying, the 1% tin on carbcn was calcined in
argon at 500°C for 6 hours.
15 To deposit platinum onto the carbon support, 5
g of the 1% tin on carbon first was slurried in about 500
ml of water. Then 0.705 g of H,PtCl, was dissolved in
about 125 ml of water and added dropwise. After all the
H,PtCl, solution was added, the slurry was stirred for 2.5
20 hours. The pH then was adjusted to 9.5 with diluted NaOH
and stirring was containued for a few more hours. The
slurry then was filtered and washed with a plentiful
amount of water until the filtrate reached constant
conductivity. The wet cake was dried at 125°C under
25 wvacuum.
This technique produced a catalyst comprising

5% platinum and 1% tin on carbon.
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such that at |east about 95% of the particles are fromabout 2 to about 300
pmin th&P994¥¥est di nension. 15 239. The process of cl ai REDY89MId0%i n t he
particul ate support has a particle size distribution such that _at | east
about 98% of the particles are fromabout 2 to about 200 p#hd SER

| ar gest %QE&‘B Ny £ 240. SaQf [ el ef iculate
support has a ig %gfticI%ﬁ%@ggsgﬁgt?ﬁbﬁfégnggﬁg t%ﬁa%£%§ %2§%€@% out 99% of
the particles are from abo to about 150 Nmin their |argest dinmension
and at | east about 95% of the {)arti cles are fromabout 3 to about 100 pmin
their |argest di nen3PBRO*1m2telysS srrodboppt Patedheaprere¥as of cl ai m 217

wher el n the. carbon; SUBBGLL bsoderi ypd,Arom capbpnacgoys gutier sel ected
fromthe % oup consi'strng of wood, nut Shells, Vvegeta natter, bones,

peat, %i grétE,eR@RlwandiygANed Bel YTEmE. F Ahderlhe IHOGRISItAbAC! ai m 241
wherein the carbon support is derived fromnatural carbonaceous nmatter
sel ect ed wasnadfedgdvapwednstet tng odrbhpodslwery shehfser vabktid e matt er

and bones. 243, The_process of, clajm 217 wherejn the_carbon support is
acti vat ed?oi‘étﬁaﬁ.wﬁ’geaggﬁ‘iesgh%fsajc‘lué}ﬂfn 3 Sher et Wl_% tc“éf?b"_(*)%‘P pport is
non graphifii Cs1 24Py EnBhOGES St { P e PXd didh NGashd AL 4 NoPed e, the
m xture being 15 able to solubilize a noble netal, the process conprising
cont act i ngmdlmet no Rt waeen tht ah ke dbt ]l onattatedasted na tdengrasence of
oxygen, wherein the catalyst: conprises a_car g)on support having a noble

met gll%t CORGHF GBI BY - t hERTaf DonCItH T ; Ttk 1%~ dctBi9%%ed as yi el di ng
when & driR oA e of Thel hat ayst: BTLRT boi g L OAE a7 AR Pleif A1 YS!
1% iron on carbon was calcined in argon at about 500°C
for 8 hours.
To deposit platinum onto the surface of the
15 carbon support, 2.5 g of the 1% iron on carbon first was
slurried in about 180 ml of water. Then, 0.355 g of
H,PtCl, was dissolved in about 70 ml of water and added
dropwise. alicr aii cue oswlucwaolu was added, CIe SLurry
was stirred fcr three more hours. The pH then was
20 adjusted to about 10.0 with diluted NaOH and stirring was
concinued fcr a few more nours. NexC, CThHE SLUXXY was
filtered and washed with a plentiful amount of water
until the filtrate reached a constant conductivity. The
wet cake was dried at 125°C under vacuum.

25 This technique produces a catalyst comprising

5% platinum and 1% iron on carbon.

Example 16. Effect of Presence of Noble Metal on the
Surface of the Carbon Support
This example shows the advantages of using a

30 carbon support having a noble metal on its surface for
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heat ed aW@9¥43er at ure of about 500C for about 1 hour in pchyshvegen

at mosphere and before being exposed to an oxidant follow ng e sheaigng in
t he hydrogen at nosphere, is heated in a helium at nosphere from about 20 to
133 25 SEP 2002 about 900C at a rate of about 10C per mnute, and then at
about 900€ffertabsuthgoonigdatrésn 246PMIRA E@@@%@sthﬁnc¢a¢®¢QM% wherein the

process |s ondu§tg én a5 contin ogs regij yst em The process of
cl ai m 245°%ér 6FHSEP gngBﬁ ABnbkPae VF f ?% %§gﬁ%%.%ﬁethan about 0.7
nol e of carbon nonexkdeMpes Skadnei{okatebysion MaLdEondbie £ 0cess of claim

245 wherein the mxture is acidic. 249. The process of claim 245 wherein
t he cat al $be pueshsrecofipki sasbanprohyt eatatlyst swricitevas t he car bon

support. 15 250. The .process, of cla 249 n the rocess i s conducted
ina c%nt %ﬁﬁﬁh’gef‘@’éﬁfi PesH8t Ehe 5849 El“h%t?)ﬁ’wtr)&}’ei}% %el‘mﬁ’ﬁ 229 wherein said
carbon no yiekdni 8=BAngLEat 85 Hban, about; 0. & % f Hon nonoxi de
per gran1§§é%g§3 lyst. n2062 &gheﬁprocesg of 8¥mr# ﬁﬂgreln at | east

0. 05% by weaghtonfwahecaaraéc;lsbut:ormstsom)fmjatsdaaaslem&:m@]noter. 134 25

SEP 2002 253. A process for oxidizing a re gent in a mxture which can
sol ubi | i zE€acRBEI BSHBEaP; 38Rk %?%Eé%tcoWr SE¥Prorm dcQGdy the nixture

with an O§EQ3E&§H &§E§I¥§t av% gﬁﬁ%ﬁ%ﬁ?#mé éygﬁgﬁ%mQ§reln the catal yst:

conprises-a carbon SUpport and oxygen at 5 a

surfage otehbergaﬁb@noﬁup@bu;ararecbltﬁaﬁ:iw}{ acdel icred oas i RGh@ amat i 0 of
carbon atons to oxygen atons at the surface which is at |east about 20:1 as
nmeasur ed B¥ygerafepforaetcef rdh Bheeiroscopy after the catal yst is heated

at a tenperature OnggfgtlEOQ§é$grthe reaction times (i.e., the

time for at least 98% of the PMIDA to be consumed) of S

cycles for the carben-only catalyst. Table 12 alsc shows
15 the reaction times for the two Pt-on-carbon catalysts in
Example 12 over 6 cycles under the reaction conditions
described Example 12. As may be seen from Table 12, the
deactivation of the carbon-only catalyst per cycie
generally tends to be greater (i.e., the reaction times
20 tend to increase more per cycle) than the deactivation of
the carbon catalysts which had a noble metal on their
surfaces. The deactivation particularly appears to be
less where the catalyst has been reduced with NaBH, after
the noble metal was deposited onto the surface. Without
25 Dbeing bound by any particular theory, it is believed that
the deactivation of the catalyst reduced with NaBH; was
less than the deactivation of the other Pt-on-carbon
catalyst because the platinum on the NaBH, catalyst
leached less than the platinum on the other Pt-on-carbon

30 catalyst. See Example 12, Tables 9 & 10.
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about 1 hour in a hydrogen atnosphere and before the catalyst is exposed to
10 an oxXVHaR3481 1 owi ng the heating in the hydrogen at mospi6dressonsw2 The
process of claim 253 wherein the process is conducted in a 2 nt i NUOUS
reactor system 15 255. The process of claim 253 wherein sa PR | 802 f
carbon atons to oxygen atonms is a& hgasi about 30: 1. 256. The process of
claim 253 wherein the catal yst fu ] ¥ %nprises a pronoter at a surface of
t he car borReSkseF +Usnna Xeata bnps > Qg treatedypel B process is
conducted in a continuous reactor system 135 25 SEP 2002 258. The
process &unclai m 256 whereiln said2ratio o8 carbos atonssto oxygen atons is
at | east about 30:1, 259. The process of claim 256 wherein at |east 0.05%
by wei ghkuef Tihe Fogatal yak.gonsksts of ghy heasggope prgngter. 260. A
procegs QEbBﬁL%hiyng a reagent in a mxture which can solubilize a noble
metal, t g g?oc%s§m3%n2r|5|ng contacting the mxture with an oxidation

cat al yst PRECKE preserice of oxygen, wherein the catalyst: 10 conprises a
carbon support having: (a) a noble netal at a surface of the carbon

suppor t ; REAATERE &°%ur f acéSk dyer Nhavi ng ¥R t hi cldfess of3%bbut 536 8 as

measur edSknpartinufr om t he surface and conprising carbon and oxygen; and is
char act ecazb@dnasahatiysg a rati o of carbon atons to oxygen atons in the
surfage ayer ofvast rRkgasktdabout 20:1 as measured by x-ray photoel ectron 15
spectroscopy Rbkar the,catalyst is heated at a tenperature of about 500C
for about 1 hour 1n a hydrogen atnosphere and before the catalyst is
exposed £g,a0; Qx gapt oLhoyi ng,Lhg heatjpg,in, the hygyogen afosphere.

ah.ara

5.23% platinum on
Carbon Catalyst

15 (min.)
1. Not available due to temperature problems.
Example 17, The Effect of Using a Catalyst Comprising
a Noble Metal Alloyed with a Promoter
20 This example shows the advantages of a catalyst

comprising platinum alloyed with iron.

1. Catalyst comprising platinum alloyed with iron

To prepare the catalyst comprising platinum

alloyed with iron, approximately 10 grams of an activated

25 carbon was slurried in about 180 ml of water. Next, 0.27
grams of FeCl, 6H,0 and 1.39 grams of H,PtCl, hydrate were
co-dissolved in about 60 ml of water. This soluticn was
added dropwise to the carbon slurry over a period of
about 30 minutes. During the addition, the pH of the

30 slurry dropped and was maintained at from about 4.4 to
about 4.8 using a dilute NaOH solution (i.e., a 1.0 to

2.5 molar solution of NaOH). Afterward, the slurry was
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261. Th¥W9668é¥s of cl aim 260 wherein the process i s conduanedoosmoa 20
conti nuous reactor system 262. The process of claim 260 whered § SE®i gz ati o
of carbon atons to oxygen atons is at |east about 30:1, 136 25 SEP 2002
263. The process of claim 260 wherein the catalyst further conprises a

pr onot erstireed Uk PR cE0 FROXh TR Suppdtt of5 akeat $hd.prdbess of claim
263 wherej n_the proc ' onducted . in_a pi.i nuous_react or_.system 265.
The proc% S of %}F%Ilnn‘?%gl‘%ﬁtgﬁé]eiunn%eaﬁ 2 5P 280 %ar%oﬁa%?o?rg ?’%‘_g%g(ygen at ons
i s at | epsd/Rbouty3fld . mdthebbhinthe HY ¢ress: afbckiaism;263yphgrein at | east
0. 05% by wei ght of the catalyst consists of at |east one pronoter. 267. A
process feaclomgli 70 1g, atheggemas rad stdktalre lyhicslercanpeoliodi bifze 15 a
nobl e metal , the process conprising: form.ng an oxidation catalyst by a
process TSpr i LY rfglr&ié‘b%%itt‘? {%Oa”hlo—%! @dﬁ{ﬂt O%ator%a t8Gr F4LEt8f NaOFar bon
support, n hgat i Hg; Lhe SWSAee At R er at ure Least about
400G, anc con%éz}gti ng the mxture wth thle ﬁggtiongggﬁgﬁygt% in the

pr esencealdu20l ®xygen. w268l thee g eessneofs telagiyma26dboher 6i.o.the m xture is

contacted with the oxidation catalyst in the presence of oxygen in a
conti nudtie reaetof WIatdRD pPpledmingeyr Yoo about 35°C.

Subsequently, the slurry was filtered, and the cake was
10 washed with approximately 800 ml of water 3 times. The
cake was then dried at 125°C under a vacuum. This

produced a catalyst containing 5 wt.% platinum and 0.5

o\®

wt.% iron on carbon upon heating at £690°C in 20% E. and
80% Ar for 1-6 hr.

15 This catalyst was analyzed via electron
microscopy, as described in more detail in Example 19.
Figure 1 is an image obtained through TEM of the carbon
support. This image shows that the alloyed metal
particles were highly dispersed and uniformly distributed

20 throughout the carbon support (the white dots represent
the metal particles; and the variations in the background
intensity are believed to represent the change of the
local density of the porous carbon). The average size of
the particles was about 3.5 nm, and the average distance

25 Dbetween particles was about 20 nm. Figure 2 is a typical
high energy resolution X-ray spectra from an individual
metal particle of the catalyst. As Figure 2 shows, both
platinum and iron peaks were present (the copper peaks
originated from the scattering of the copper grids).

30 Quantitative analysis cf the high energy resolution X-ray

spectra from different individual metal particles showed
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269. The process of claim 267 wherein at |east 0.05% by wei ght of the

catal ysYEBEr¥ s of at | east one pronoter. 5 270. The prB€§§§¥¥F4%%gin1273
wherein the pronoter is nore easily oxidized than the noble tved . 1. The
process of claim 269 wherein the pronoter conprises a netal selected from

the group consisting of.tin, bisnuth, lead, titaniu antinony, 10

selgniLw#h?Fo ,?rﬂ%ﬂ?ﬂﬁ}tﬁ%?i%%1€%#rﬁfr2&éh%?rd%h?%ﬂ$ 272. The process of
cl ai m 269 ybef gl A 4 e PEOPDL @13 CRIDI{ 865 i Rt @he SOl £EtEd fom the group
consi sting of cadm um mnmagnesi um nanganese, nickel, alum num and cobalt.
15 273. Iidheapicmcess e chatal 268rwheles ot hehproamikyscomprfses. tin. 274.

The process of claim 269 wherein the pronoter conprises iron. 20 275. The
process of claim 269 wherein the pronoter conprises titanium 138 25 SEP

2002 276, The propsss of ohelin 260 ek §ll. oo leasty Lyos Riopters are
deposj t ed" at ess of claim

276 era|1t%ﬁ3%ronnters conprise iron 5 and iin. 278. The process of
claim 269 wherein noble netal atons at the surface are alloyed with the

pronoter. 10 279. TRPTPRRESSRE RYFHM Dot bihbr: nit Waj Ot ithe of the noble

Re
o ol ay et er TR A P B R TR e sl face
are all oyed Médd plher PLen0d Eloydd vi&dh ikfeh pegestodd ©AQi MAR7 wherein
said tenperature is at |east about 500C. 282. The process of claim 267
wher ei n,cdeflaret tdRSEobPRD Nt fh s GRRPOSI I dihe theatmworaupport has
CRN, SFPYRD MBS S AL LIR KA, P[4 SR Such L
20: 1 as JmasdH esidoXc I ayARhed 080 1016 SPeGid QST oY .add3Brace2d SEP 2002
carbon was slurried in about 500 ml of water. The pH was
adjusted to about 5.0 with 1N HCl. Next, about 0.2%
grams of FeCl, 6H,0 was dissolved in 75 ml of water. This
15 solution was added dropwise to the carbon slurry over a
period of about 60 min. After all the solution was
added, the slurry was stirred for about 2 hours. The pH
was adjusted to 9.5 with the dilute NaOH solution, and
the slurry was stirred for a few more hours. Afterward,
20 Che slurry was riiterea ana washed with a plenciful
amount of water. The wet cake was dried at 125°C under
vacuum to produce 1 wt.% iron on carbon. Following
drying, this 1 wt.% iron on carbon was reduced with an
atmosphere containing 20% H, and 80% Ar at 635°C for 1-6
25 hr. 2About 2.5 grams of this 1 wt.% iron on carbon was
slurried in 250 ml of water. Next, about 0.36 grams of
H,PtCl, hydrate was dissolved in 65 ml of water, which, in
turn, was added dropwise to the slurry over a period of

about 60 min. After all the solution was added, the

30 slurry was stirred for 2 hours. The slurry then was
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283. The process of claim 267 wherein said heating is conducted in a

non- oxi divg @3V ronment . 5 284. The process of clai m 283ppek&ifisdhe
non- oxi di zi ng environment conprises a reduci ng environment. 285. The
process of claim 284 wherein the reduci ng environnment conprise SHSEP 120286.
A process for oxidizing a reagent in a mxture which can solubilize a noble
metal, the MNQCASS CORPTYSLRER §OFiN A0, Pn OxXEdat kBuRat akysbtly @ process
conprising: (a) depositing a noble netal at a surface of a carbon support,
and (b) exms rpkdavasurflase to-al dbrieduchngsSenwl r ofinmeaterand Acerbact i ng
the mxture with the oxidation catalyst in the presence of oxygen, wherein,
bef or e t he adobisE iRg Aheiefp<ed it FHeEarben sappPdEh RBS EiadWS6 and oxygen

at the sur of the carhgn s in_a {S.SHC at 2 the ratio of

carbon at oﬁ?@%ﬁ{o so%ly%elno%‘t g%i‘se a?“)%és sUTT a%%g?gé%t E?gaégoﬁﬁ; fgag‘lﬁleasur ed by

x-ray pBot gahect rafe SPREEFPSEOPY:ilidlred 20nSERa2002 384 Thenpuagess of

claim 286 wherein the mxture is contacted with the oxidation catalyst in

t he presenod ofateeygerThia wettorgiwas tleacdviedyat eh25288undke process of

claim 286 wherein at_|east 0,05%by weight of the 5 catalyst consists of at
Rl Gl

| east one PRGYOIEr. BES Y& nT9882 WALr8i A the ®pronoter is
nore easi | i.qi n e n t . sg.,of claim288
wherein thél%r &%Dﬁ%r%%ﬁprqé;e%q%%nrgt%? cgéeﬁh%%[?e $?0%1Q$ﬁg{:'gg?r8§u%yconsi sting

of tin, biggutind ead.a tddmydrdBurantd ey °SelendtinithbePhekBENi um cerium
zinc, and zirconium 291. The process of claim 288 wherein the pronoter
conpri $6s somednitgy Sdledtednflr 8%t Ax dooupd -Gomsi.sting of cadm um

magnesi um nanganese, nickel, alum num and cobalt. 292. The process of
claim 288 wherein the pronoter conprises tin. 2 0 293. The process of claim

288 wherei g the pronniier, CUWINESWd Ykt ..dNe process of claim 288
wherein the'pro '

These two catalysts were compared while
catalyzing the PMIDA oxidation reaction. The reaction
conditions were the same as those in Example 5. Table 13

15 shows the results. The first catalyst described in this

example (i.e., the catalyst comprising a greater amount

of platinum alloyed with iron) had greater stability with
respect to CH,0 & HCO,H activities; the second catalyst
described in this example (i.e., the catalyst comprising
20 a lower amount of platinum alloyed with iron) deactivated
rapidly. In addition, the first catalyst retained almost
half of its iron content over 25 cycles, while the second

catalyst lost most of its iron in the first cycle.
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25 SEP 2002 29%o dhg4pr ocess of claim 288 wherein at |east two pppiRises /0o
are deposited at the surface of the carbon support. 5 296. The process of
cl ai m 295 wherein the pronoters conprise iron and tin. 297. Thezl\ﬁlrs%ﬁegaazof
cl ai m 288 wherein noble netal atons at the surface are all oyedk t
pronoter. 10 298. The process of claim 288 wherein a ngjority of the noble

netal atons aty t he surface |as e | 1 oygd Wt hoet he prom)terL 299. The|prilocess
of claim288{where|l suhstgntially alll ¢f {Rennable 15 netalg at the
surface are ald oyefl wi It t He prlonoter]. 300 A prlocess fol thé preparation
of N-(phosphononmethyl)glyciine of a sglt[thpfreof,[ The[ progess [conprisiing
contacti ng 3 ghesphonofret hyl )i nji nodi dceficl goid jor a sal{ théreof yitlh an
oxi dati on 031eﬂ‘yst 2 ofin the resenge of pxygen, whereih thqL catalysjt:
conpri ses ag|¢arbonsupportiaviTg—a Tjobieretat—jat—arsurtacetof—tte—clar bon
support; ang| 842 |25 $EP 4002 ji s chdractefkzed |Jas yj el ding no nor¢ than
about 1.2 rfplze~of | earlh nmonoxji de pgr gramxof datal yst whenja dry|sanpl e
[$)
of the cat st—aft-errbei-dg—hdat-ed—dt +-prpef-dtH-er—ef—ahou— 500G dr
about 1 hour{|ien a hydr pgen |at ndspher 6 a‘?ud bef or g being exposed to @n
. — . . LI - . .
oxi dant fol§iow Rg | he heatilng i|n the {5 hydfg@den lat mosphefe, ifs heafed in a
hel i um at mp¥piere from about 2d to alhoui 9pOC at| a rjate bt abhout 1pC [per
mnute, andjthen af .about 9QOC [for afouf 3D m nytes.[ 30If The¢ procesy of
cl ai m 300 v_\%ér;e;n | ie priocgss ils conducted| gn, a
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10 continuous reactor system 302. The process of claim 300 wherein said
carbon nonoxide yield is no greater than about 0.7 mol e of carbon nonoxi de
per gramVsPo¥édal yst. 15 303. The process of clai m300 wheperms®aizgbzcar bon
nonoxi de yield is no greater than about 0.5 nmole of carbon §ngeA ggyper
gr am of catg#éit. %04. The Erocess of clain1ﬁ%2 wherei n sai d_carbon
nonoxi de ¥ Bs 180 gr eAFEPAFALNALBE: 205/ FRHFR OF Carhom Mrkide per
gram of catal yst. 20 305. The Erocess of claim 300 wherein the oxidation is
conducted in a sol uPpprozimgtatyyl0agdangygénansa¢hnivated ek wae
solution or slurry, hat _at Ieﬁst about 40% of the oxygen is
n

at rate_such
utilized.S H§rle§51§Eﬁ%?Bgzggoﬁi Fhe"BF BEessNBEE ¢l BPALB0D- e t he
oxi dat i Onshﬁlc-%%%sg Bfs8oBbuti QMmO ] W Yo G Wxygen igyd ntroduced
into the SolUti oA or slurry at a rate such that at |east about 60% of the
oxygensi ssolluktizadwas 3d8dedTHeopwbeessoothel a:nbS3H0s Wherei N Afe=0xd At i on
is conducted in_a solution or slurry, and oxygen is introduced into the
sol uti on BResFAREGIQR YWaFapddedchtRPaSla¥ry c¥dF Sbbixe®0D8Df3 thie- oxERReN i s

uti | zed. 10,308 , The PLOTESSanoElal o300 vherel b 4he o datdon i

conducted®1’'n"a sol uti on or ry, and oxygen 1s roduce o the :

solution gplgtibhy (atea,rate.sued 2 hatnalateasiuahoutoAQ¥amH) t hehoxgen 1S
utilized. 309. The process of claim 300 wherein the oxidation is conducted

in a 15 sslurrynwes skirrgd &pd dxFgemese i hevpslucdieiht o-hiehes lsotayt iwas or
slurr

at _a,rate .suc thag at | east aﬁgut.gggbof‘the oxygen is utilized
nt 11180 FERE R Eaotr atAgBF ot KoCF chgont: o heRT Con<Tmath - na e The
i ntroduced; i ptartheesehdli QNcOhis SAME rYordud: {egueed it 6,40 QNhankss
oxi dation of formal dehyde in the solution or slurry.
dried at 125°C under vacuum. This produced 0.9 wt.% tin on
carbon. About 6 grams of this 0.9 wt.% tin on carbon was
slurried in about 500 ml cf water. Then appfcximately 0.23
15 grams of Fe(NO,;),; 9H,0 and 0.835 grams of H,PtCl, were co-
dissolved in about 150 ml of water and added dropwise to the
slurry. After all the solution was added, the slurry was
gstirred for 4 hours, and then filtered to remove excess iron
(~80 wt.%). The wet cake was re-slurried in 480 ml of water.
20 After the pH of the slurry was adjusted to 9-10 with the

P LT P o B T N ST NP e B
Uillllo vavwil S acmeawis; vl Saw

hours. Next, the slurry was filtered and washed with a
plentiful amount of water until the filtrate reached a
constant conductivity. The wet cake was dried at 125°C under
25 wvacuum. This produced a catalyst containing 4.9 wt.% Pt, 0.9
wt.% tin and 0.1 wt.% iron on carbon upon high-temperature
reduction by heating at 700-750°C in 20% H, and 80% Ar for 1-6

hr.
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20 310. The process of claim300 further conprising introducing a

sacri f iw¥Pa&P/434@8luci ng agent into the solution or slurry. pé&4uss@b4sEP 2002
311. The process of claim 310 wherein the sacrificial reducirgbREPnii
conpri ses formal dehyde, form c acid, or a conbination thereof. 312. A
processExgmpde £8rth i FLECAFRARIYHCEBRPPPYI RBaracEBRLaating of

N- ( phosphononet hyl )i ni fedrdyetec acid or a salt thereof with said catalyst
and oxygen, thereby producing a used catalyst and a |liquid reaction product

conpri sing N-(phogpkesesst hikyokyeppereehaigaks wheeegkedsepanakipgesaid

| iquid reaction product from said used catalyst; and contacting additional
N- ( pRospheneneehy spagiirddidassribunépd. ornd sampogdtiparedf thethesald used
cat al yst and oxygen, thereby producing additional |pquid reaction product
conprisPﬁﬁFNggﬁ p?EhSﬁ&ﬁéVﬁ F)8F§89ﬁégp?na£§3WP??hé?eof5§§?§? A process as
set forshan?zﬁhal%h%léakunyeec EREPELELNYs: SERAT 8t LAY SAbdaaddi 1 opal

| iquid reaction”product from said used catalyst. 15 314. A process as set
forth i BMcBadnmB323rkesinhdElecnppnsMagroepepyt Svtbycesnt Bertng sai d used
catal yst with oxygen_and f%rther_additional N phosphononethgl)glchne or a
salt thEREBENEECHr office f APENERSARIYEFORBRRI PRHVESF 238ti B8R pPBHECE?°%0 315.

A Phgcess.as,3ebyhiantR1ino6! aim 334, compri sing: cLpLAl BlLyccQaLacting said
cata?ys? mn?ﬁ oxygen and N (phosp ononetﬁy?§|ﬁ1nod|acet|c acid or a salt
t her eof uleramicrstomedctinen eydikes havidd a thickness of about 50 nm.
These slices were then transferred to 200 mesh copper grids
for electron microscopy observation.
High-resolution analytical electron microscopy
15 experiments were carried out in a Vacuum Generators dedicated
scanning transmissicn electron microscope (model no. VG HBS01,
Vacuum Generators, East Brinstead, Sussesx, England) with an
image resolution of less than 0.3 nm. The microscope was
operated at 100 kV. The vacuum in the specimen chamber area
20 was below about 10°% Pa. A digital image acquisition system
(ES Vision Data Acquisition System, EmiSpec Sys., Inc., Tempe,
AZ) was used to obtain high-resolution electron microscopy
images. A windowless energy dispersive X-ray spectrometer
(Link LZ-5 EDS Windowless Detector, Model ES5863, High Wycombe,
25 Bucks, England) was used to acquire high energy resolution X-
ray spectra from individual metal particles. Because of its
high atomic-number sensitivity, high-angle annular dark-field
(HAADF) microscopy was used to observe the metal particles.
An electron probe size of less than about 0.5 nm was used to

30 obtain the HAADF images, and a probe size of less than about 1

nm was used to obtain high energy resolution X-ray spectra.

* % * * Kk * *x *
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25 SEP 2002 produce a used catalyst and a first liquid reaction product
conpri si W §/Hpposphononet hyl ) gl ycine or a salt thereof; sgpgfadolnigh,said
first liquid reaction fromsaid used catalyst; contactingg ?]SEP 2002

N- (phosphononet hyl )i m nodi acetic acid or a salt thereof with 5 sai d used
catal yst in anot herrHeeantd suntcyidtweri i g ol taddintiitadnled ivHd db®act i on
product conprising N (phosphononet hyl )gl ycine or a salt thereof; separating
sai d addiemeedimentfuiand <an ikmh w )frfmﬁlsfahedi us@%aﬁbﬂ%t and

cont acti ng_ addi t.i.onal hos nonet h cetl d (o] aIt 10

t hereof i %%ETP%’T réqsétjrti( hfeLﬁIf%ée él"ﬁgea Jtmet.l)”n ?y l@s Ei% Odﬂ‘é’e Qrt her
addi ti onadcduifitd daaotd cgkﬂmyqtn CEHEPId & RE it (HHROSRRRRQRIY It yci ne or
a salt thereof in each of said further series of cycles. 316. A process as
set fadt tprm@lp]laﬁsjéﬁﬁd/\hemalprwmmbapmcadtysin is Thagepetrletred from

further add|t| onal %l d reactl&fp roduct in eth of said cycles. 317. A
process Kkked d‘rrt H:t? & %Qi%A%3 r&fth PRy %Ilﬁ’éﬁe%@"rl%s’-

part | oo g o P GUA Yl Aol d Sl WAk d |
reaction nedi um corrprl sing phosp onorretlh i'mno |ace I'C acld, sal used
20 cat al ydrthiedulgirsepar.ated fromsaid |iquid reaction product by
filtration. 318. A process for the preparation of

N- ( phosphononet hyl ) gl ycine or a salt thereof, the process conprising
contacting N 146 25 SEP 2002 (phosphononet hyl )i m nodi acetic acid or a
salt thereof with an oxidation catalyst in the presence of oxygen, wherein
the catal yst conprises a carbon support having a noble netal, carbon, and
oxygen at a surface of the carbon support, said catal yst being
characterized as having a ratio of carbon atons to oxygen 5 atons of at

| east about 20:1 at the surface as neasured by x-ray photoel ectron
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spectroscopy after the catalyst is heated at a tenperature of about 500C
for about 1 hour in a hydrogen atnosphere and before the catalyst is
exposed to an oxidant follow ng the heating in the hydrogen atnosphere. 10
319. The process of claim 318 wherein the process is conducted in a
continuous reactor system 320. The process of claim 318 wher &SrBEa2®2r ati o
of carbon atons to oxygen atons is at |east about 30:1. 15 321. The process
of claim 318 Lmasei n said ratio of carbon atonms to oxygen atons is at |east
about 40:1.732ZZ. The process of claim 318 wherein said ratio of carbon
atons to 2 0 oxygen atons is at |east about 50:1. 323. The process of claim

318 wherein saidyqrati : B : ol bout
50:1. 147 25 SEp 2003 %.Ewﬁée]‘“%&oces‘{éa%%%%gbn@ @%&@%}Jgh&?@bpgﬂ o of
oxygen atong_t.o noble netal atons at the surface is |ess than. about 8:1 as
meaaured. byhaviag THide S aLeTOA RpRteda sy Tos shbe MsoiLEcEnCi ai m
324 wherein said ratio of oxygen atons to noble netal atons is |ess than
about 7:51. Ssmporfiéheieticess of claim 324 wherein said ratio of oxygen atons
to 10 noble netal atons is |ess than about 6:1. 327. The process of claim
324 wherei n sai dtheatatalysf ischagacterrexras yielding llessntbiaal 0. 8nomele sf ¢abent han
about 5:1. 15 328. A process as set forth in claim318 conprising:
contacti ng MohbRideEyaRt MidatalysNRHER Gy Gaffl€ ob thedcatalyist tATesraslingd t h
heated at a temperature of about 500°C for about 1 hour in a hydrogen
atmosphere and before being exposed to an oxidant following the heating in the
10 hydrogén atmosphere, is heated in a helium atmosphere from about 20 to
about 900°C at a rate of about 10°C per minute, and then at about 900°C for
about 30 minutes;
said promoter constitutes at least 0.05% by weight of the catalyst; and
the non-graphitic carbon support has a specific surface area of from

15 about 10 to about 3000 m?/g, as measured by the Brunauer-Emmett-Teller

method.

2. The oxidation catalyst of claim 1 wherein the promoter is more
easily oxidized than the noble metal.
20
3. The oxidation catalyst of claim 1 wherein the promoter comprises
a metal selected from the group consisting of tin, bismuth, lead, titanium,

antimony, selenium, iron, rhenium, cerium, zinc, and zirconium.
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sai d catal yst and oxygen, thereby producing a used catalyst and a liquid
reacti on product conprising N (phosphononethyl)glycine or a salt thereof;
separating said liquid reaction product fromsaid used catal yst; and 20
contacting additional N (phosphononethyl)imnodiacetic acid or a salt
thereof with said used catal yst and oxygen, thereby produci ng 2ad8ER 2@)2al
|l iquid reaction product conprising N (phosphononethyl)glycine or a salt

thereof. 148 2 SEPTROOZiEEN cAtAYRTTThiRS1 MlerdiAfthd prémbtet dondzntkdsur t her
conprising: separating said additional liquid reaction product fromsaid

used cataly r oy j .t her conpri sing
repetitivel ;é/tr%et%g%?lgc e:anfg&ﬁz;ﬁ%%E%nglcgéﬁgtﬁ@bs?Pﬁc{rﬁfu@cﬁgwﬁ%’%gﬂ urt her
additional N (phosphononet hyl).gl ycin r salt thereof to produce further
addi ti onal ma&gﬁﬂeg%:ﬂf?h( na%ﬂﬁﬁﬂ%@n‘ﬁ%@?alﬁ process as set forth in claim

© 330 conprising: 10 initially contacting said catalyst with oxygen and N
(phosphononet hyl )i m nodi acetic acid or a salt thereof in a first reaction
cycle, to produce a used catalyst and a first liquid reaction product
conpri sisng N ( phésphofbeekidatipglcatalyst ajrclaimsawherdiartiee prometaarcamprisesai d
first liquid reaction fromsaid used catal yst; 15 contacting

N- (phosphongmet hyl )i m nodi acetic acid or a salt thereof with said used

catal yst in another reaction cycle to produce additional liquid reaction
product conprising N (phosphononet hyl)glycine or a salt thereof; separating
said additional liquid reaction product fromsaid used catal yst; and 20

tacti ddi t} I h t.hyl )i.nm [ j id | t
Chercof 11 each B a Lo PRUREBRERRITR iRt T BREBIE ORI rom e ner
addi ti onal iIr(i)rgui d reaction product conprising N (phosphononethyl)glycine or
a -

10
7. The oxidation catalyst of claim 1 wherein the promoter comprises
titanium.
8. The oxidation catalyst of claim 1 wherein the catalyst comprises

15 two promoters at the surface of the non-graphitic carbon support, each said

promoter constituting at least 0.05% by weight of the catalyst.

9. The oxidation catalyst of claim 8 wherein the promoters comprise
iron and tin.
20
10.  The oxidation catalyst of claim 1 wherein noble metal atoms at the

surface are alloyed with the promoter.
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salt thereof in each of said further series of cycles. 149 25 SEP 2002
332. A process as set forth in claim 331 wherein said used catalyst is
separated fromfurther additional |iquid reaction product in each of said
cycles. 5 333. A process as set forth in claim328 wherein said catal yst
conprises a particulate noble netal on carbon catal yst that i 583ER200d in
a liquid reaction nmedi um conprising N (phosphononethyl)i m nodi acetic acid,

sai d used catal y$4, beTRg oxiRAoAtRAalls000 @aint 1 WHEreR 4 ARGAItY NoPthethsble by
filtration. 10 334. A process for the preparation of

'\"(phosloho”wé?élf% '%QHQ%H%féa?é‘hgo%be&vﬁﬂfthe PﬂﬁnB{e‘?.CGSS conpri sing

contacting phosphononet I'm nodracetic ac or a salt thereof with an
oxi dation catalyst in the presence of oxygen, wherein the catalyst
conprises a carbon support conprising: (a) a noble netal at a surface of

t he carbon support; and (b) a 15 surface |ayer having a thickness of about

50 A as neasur ed12-nmaﬂ-ﬂﬁypxmzqaiiﬁﬂtq'?éa'yﬁtr@fé&@”hﬂlMh%ﬁiﬁrﬁlgls@ti?év@Hr?féh@l

oxygen, the ratio of carbon atons to oxygen atons in the surface |ayer

bei ng at5 | ensbleahetal aind ahthenwarfasecarebylloyedayithpthet mreheater.on spect r oscopy
after the catalyst is heated at a tenperature of about 500C for about 1
hour in a hydrogen atnosphere and before the catalyst 2 0 is exposed to an
oxi dant follow ng heating in the hydrogen atnosphere. 335. The process of

cl ai m 334 wher ei g3t heTHéQﬁ(‘i‘d%ﬁioinsca%’lggt’-’&ft&erﬂ 7 wherEintddid 84 dreRshekidey St em
| 50 25 SEP 2002 336. The process 0f claim 334 wherein said ratio of

car bon at ong, .t.0. j 0 . ocess of
claim 334 'gEOgFﬁ%%lgll%%t&atﬁlgg é(??) ”ggrdoﬁ‘?ﬁé{?S%Qnggfbo‘?ho@&@g'dg%e&sg];?@ @{ | east
about 40: 1.
catalyst.
10
14.  The oxidation catalyst of claim 1 wherein noble metal constitutes

no greater than about 7.5% by weight of the catalyst.

15.  The oxidation catalyst of claim 1 wherein the non-graphitic carbon
15 support has a specific surface area of at least about 500 m2/g, as measured by

the Brunauer-Emmett-Teller method.
16.  The oxidation catalyst of claim 15 wherein the non-graphitic

carbon support has a specific surface area of from about 500 to about 2100

20 m?%g, as measured by the Brunauer-Emmett-Teller method.
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338. The process of claim 334 wherein said ratio of carbon atons to oxygen
atons is at |east about 50:1. 10 339. The process of claim 334 wherein said
ratio of carbon atons to oxygen atons is at |east about 60:1. 340. The
process of claim 334 wherein the ratio of oxygen atons to 15 nobl e netal
atons in the surface layer is less than about 8:1 as measured A5SEP 2632
phot oel ectron spectroscopy. 341. The process of claim340 wherein said

rati o of oxygen ayonsThe oxddtRnneitalystofosiain 3 wieseirt themarbgraphiticlcarBon342.
The process of claim340 wherein said ratio of oxygen atons to noble netal

atons is | e§§p;§§?ﬂa§%"é’;§e<§ﬁclsuria%é are%%f%@'?e%%%ﬁ;oﬁf‘% PALRRSSuR Gy ai m

340 wherein sald ratio of oxygen atons to n netal atons Is | ess than

contacti ng 10 BROABEEERERTS R MEREceti c acia or a shit thereof with

sai d catal yst and oxygen, thereby producing a used catalyst and a liquid
reacti on product conprising N (phosphononethyl)glycine or a salt thereof;
separating said |liquid reaction product fromsaid used catal yst; and

cont acti'hg addi t 18nal TRexidatinraialyshel glaim Adavhearein theawindgr@phiicsal t 10
thereof with said used catal yst and oxygen, thereby producing additional

| i qui d r eactadonpsuppaoct haappesificguiNace larep lod fromeabgut) 2By atmoudr21@0sal t

t hereof. 345. A process as set forth in claim 344 further conpri sing:

separating g#jd saddehsored by ieUBEiINGREEMefITRAWE ndihedn sai d used catal yst .
15 346. A process as set forth in claim345 further conprising repetitively

contacting said used catalyst wth oxygen and further additional N
(phosphononet hyl ) gl ycine or a salt thereof to produce further additional
liquid 19.  The oxidation catalyst of claim 17 wherein the non-graphitic
10  carbon support has a specific surface area of from about 750 to about 1750

mzlg, as measured by the Brunauer-Emmett-Teller method.

20. The oxidation catalyst of claim 1 wherein the non-graphitic carbon
support is in the form of a particulate, the particulate support having a particle
15 size distribution such that at least about 95% of the particles are from about 2

to about 300 um in their largest dimension.

21.  The oxidation catalyst of claim 20 wherein the particulate support
has a particle size distribution such that at least about 98% of the particles are

20  from about 2 to about 200 um in their largest dimension.

22.  The oxidation catalyst of claim 21 wherein the particulate support

has a particle size distribution such that at least about 99% of the patrticles are
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reaction product. 20 347. A process as set forth in claim 346 conprising:
initially contacting said catal yst with oxygen and N

(phosphononet hyl )i mi nodi acetic acid or a salt thereof in a first reaction
cycle, to 152 25 SEP 2002 produce a used catalyst and a first liquid
reacti on product conprising N (phosphononethyl)glycine or a sdl5&SEh2060f ;
separating said first liquid reaction fromsaid used catal yst; contacting

N- ( phosphonggrt Bybot 1t asb@cesd ﬁrlrﬁﬁitﬁei?'laorge%ihén@ﬁfr?%d )91: IdasPapaithsed

catal yst in another reaction cycle to profuce additional li1quid reaction

Card adai 11 BhAE PAEie PRI BRBEL ko RPolf 107 o el thrapbpineig ™ = '

contacting additional N-(phosphononethyl)imnodiacetic acid or a salt 10

t hereof in each of a series of further reaction cycles to produce further
additional liquid reaction_ product conprising N (phosphononethyl)glycine or
a salt thereof i33eacH-h§f0>@£3t@nf‘iﬁ*@|b{§?0fs@@mg Wef@%ﬂhésﬂom}g@!)hmop(#aiéées as
set forth in claim 347 wherein said used catalyst is 15 separated from
further faddsuppordis deénpedifromacarbomageasunattenselacteddforadhe gogupd es. 349. A
process as set forth in claim344 wherein said catal yst conprises a

parti cul at ecHRdibng B woo@NnGtesHMB, ¢adcthietmatiéd bohes| pedt Rghite) caal i d
reaction nmedi um conprising N (phosphononet hyl )i m nodiacetic acid, said used

20 cat al ysto%'sﬂg- 8§ ated fromsaid liquid reaction product by
filtration. .I Rﬁ’?‘géée'ss for the preparation of
N- (phosphononet hyl ) gl ycine or a salt thereof, the process conprising: 153

24.  The oxidation catalyst of claim 23 wherein the non-graphitic
10  carbon support is derived from natural carbonaceous matter selected from the

group consisting of wood, nut shells, vegetable matter and bones.

25.  The oxidation catalyst of claim 1 wherein the non-graphitic carbon
support is activated.
15
26.  An oxidation catalyst comprising a non-graphitic carbon support
having a noble metal, a promoter, carbon, and oxygen at a surface of the non-
graphitic carbon support, wherein:
the catalyst is characterized as having a ratio of carbon atoms to oxygen
20 atoms of at least about 30:1 at the surface as measured by x-ray photoelectron
spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

an oxidant following the heating in the hydrogen atmosphere;
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25 SEP 2002 form ng an oxidation catalyst by a process conprising
depositing a noble nmetal at a surface of a carbon support, and then heating
the surface at a tenperature of at |east about 400C, and contacting

N- (phosphononet hyl )i mi nodi acetic acid or a salt thereof with 5 the

oxi dation catalyst in the presence of oxygen. 351. The proces95EErRP@EI2M 350
wherein the N (phosphononethyl)im nodi acetic acid or a salt thereof is

contacted with t ' j ; ' alr i

conti nuous react g%dggﬁgﬁp%%@.ggﬁéé%}g@s@ W@ﬁgfﬁtg%@é\?\ﬁg?fé?ﬂasai d
tenperature,is_at |east about 500C.. 353. The.process of claim 350 ein
sai d terrperH{%'P(gn'pgaear}'@%?%@’(?ﬂ'tsuf@og%st%SBBB'HE syﬁg@%é_re%ghﬁro%%b%% s of
claim 350 wherein said tenperature is from about 550 to about 900C. 2 0
355. The pr8eRYSHO B/ AsIBeased dyiheditpruerkmmettileliaemathebposi ti on,

t he carbon support has carbon and oxygen at the surface of the carbon
support in anounts such that the ratio of carbon atons to oxygen atons 154
25 SEP 2002 at the surface is at | east about 20:1 as neasured by x-ray

phot oel ectron sp2Zt r oFhemxidatfn. catblgsipsfosigiss 26 wHdrainmszid Catihef carborai d
heating is conducted in a 5 non-oxidizing environnment. 357. The process of

claim 356 Wagyntd th SRYger KBRA Rl &adt LRt heast

28.  The oxidation catalyst of claim 26 wherein said ratio of carbon
atoms to oxygen atoms is at least about 50:1.
10
29.  The oxidation catalyst of claim 26 wherein said ratio of carbon

atoms to oxygen atoms is at least about 60:1.

30. The oxidation catalyst of claim 26 wherein the catalyst is further
15 characterized as having a ratio of oxygen atoms to noble metal atoms at the
surface which is less than 7:1 after the catalyst is heated at a temperature of
about 500°C for about 1 hour in a hydrogen atmosphere and before the catalyst

is exposed to an oxidant following the heating in the hydrogen atmosphere.

20 31.  The oxidation catalyst of claim 31 wherein said ratio of oxygen

atoms to noble metal atoms is less than about 6:1.
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about 500C. |10 358. The process of claim 356 wherein said tenperature is
from about 550 to about 1,200C. 359. The process of claim356 wherein the
non- oxi di zi ng environment consists essentially of at |east one gas sel ected
fromthe group consisting of NZ 15 and the nobl e gases. 360. The process of
cl ai m 356 wherein, before the noble netal deposition, the car 2SrSERPEIrt
has carbon and oxygen at the surface of the carbon support in anobunts such

that the ratio ogz'carkyﬂg &g&%nt&tagﬁgﬁ&@w? wiHeréih ém{?‘ﬁ{,‘f’%?y gf ore the

nobl e metal deposition I's at |east as neasure X-

phot oel ectron spectrosco 55 . 25 SEP 2002 361. The process of claim 356
wher ei n theaﬁ&g&(p%&%rﬂg%éﬁ W%%ﬁ?%g?éei(?a reduci ng envi ronnent.

362. The process of claim 361 wherein said tenperature is at |east 5 about
500C. 363. The process of claim 361 wherein said tenperature is from about
550 to about 1,200C. 10 364. The process of claim 361 wherein the reducing
envi ronnment conpd8ses The oxRigionTiatalystoefesiaino26 siherein3be prbrmotsis meyeor e t he
nobl e nmetal deposition, the carbon support has carbon and oxygen at the
surface f gtasilyléxidiaed dhars thepnsbleimetaount s such that the ratio of carbon
atons to oxygen atons at the surface before the noble netal deposition is
at | east about 20:1 as neasured by x-ray photoel ectron spectroscopy. 366. A
process as set forth in claim350 conprising: 20 contacting

and’ oxyben. 1 her 3y pt D8RR en cadlSt oyt irrEhi RIS Mon” b otuct
compri sing %&BHQS? gonqgtrg? tsQPé'c?e%J %grinr}ﬁe%rrogp gghgis{ir%a {)F t(?rfx,;bismuth, lead,
titanium, antimony, selenium, iron, rhenium, cerium, zin¢, and zirconium.
10
35.  The oxidation catalyst of claim 26 wherein the promoter

comprises a metal selected from the group consisting of cadmium, magnesium,

manganese, nickel, aluminum and cobalt.

15 36.  The oxidation catalyst of claim 26 wherein the promoter

comprises tin.

37.  The oxidation catalyst of claim 26 wherein the promoter
comprises iron.
20
38. The oxidation catalyst of claim 26 wherein the promoter

comprises titanium.
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separating said liquid reaction product fromsaid used catal yst; and 156
25 SEP 2002 contacting additional N (phosphononethyl)im nodiacetic acid or
a salt thereof with said used catal yst and oxygen, thereby producing

additional liquid reaction product conprising N (phosphononethyl)glycine or
a salt thereof. 5 367. A process as set forth in claim366 fur2h8EP 2002
conprising: separating said additional liquid reaction product fromsaid

used catal yst. 388 ATHesRasidSostlyst Bf Lllim DEWABPhE athhBeLomprBES SI NY

repetitively cont acting sald use al'yst w th oxygen an
Further - adait? SO SR B it KR Braid o 5LBBor: 8 BLR8HET 1, 1

claim 368 conprising: initially can ting said catalyst with oxygen and N
15 (phosphonﬁ’%?%ﬂo%”ﬁf'ﬁ’(y&gé’éé‘%%%%a@ er\gﬁlggbpft talyptin a first
reaction cycle, to produce a used catalyst and a first liquid reaction
product conprising N (phosphononethyl)glycine or a salt thereof; separating
said first liquid reaction from said used catal yst; contacting

N- (phosphononet hyD) i miThedbxidatiorccatalydt of clains 30twitdreirethle pviohivtérs0 sai d used

catal yst in another reaction cycle to produce additional liquid reaction
product conpphiiridg il &@gRhononet hyl ) gl ycine or a salt thereof; separating
said additional liquid reaction product fromsaid used catal yst; and 157

25 SEP 2002 contacting additional N (phosphononethyl)i m nodi acetic acid or
a salt

41.  The oxidation catalyst of claim 26 wherein noble metal atoms at
the surface are alloyed with the promoter.
10
42.  The oxidation catalyst of claim 26 wherein a majority of the noble

metal atoms at the surface are alloyed with the promoter.

43. The oxidation catalyst of claim 26 wherein substantially all of the

15 noble metal atoms at the surface are alloyed with the promoter.

44.  The oxidation catalyst of claim 26 wherein noble metal constitutes

no greater than about 7.5% by weight of the catalyst.
20 45.  The oxidation catalyst of claim 26 wherein the non-graphitic

carbon support has a specific surface area of at least about 500 m?/g, as

measured by the Brunauer-Emmett-Teller method.
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t hereof in each of a series of further reaction cycles to produce further
additional liquid reaction product conprising N (phosphononethyl)glycine or
a salt thereof in each of said further series of cycles. 5 370. A process
as set forth in claim369 wherein said used catalyst is separated from
further additional liquid reaction product in each of said cyd5e&EP 3R A
process as set forth in claim366 wherein said catalyst 10 conprises a

parti cul ate nobl ge et she iddiohAaARLELNEAIN hotwtisreliHerridtofepnfil | ud

reacti on nmedi um conprising N (phosphononethyl )i m nodi aceti , said used

catal yst bej e ation.
372. A procial ?ﬁ%ﬂ%ﬁefﬂaéé%ﬁ%?ﬁ%%uh’egﬁa?%%§§ﬁh&%@@ﬁtﬁ$ﬁ%ﬂ Pl g™, 15
salt thereof ,, the process rési n orm n oXi daési on catalyst by a
process conpt {%idsd! e?%'ﬂreéetﬁ’o@iet ngageﬁ mrge f':"' Aethodur f ace of a carbon
support, and (b) exposing the surface to a reducing environnent; and
contacting N (phosphononet hyl )i m nodi acetic acid or a salt thereof with 20
the oxidation catalyst in the presence of oxygen, wherein, before the noble
netal depositiond7t heTbardxidatoapzatalysthaefsclziar 26 wheneindkg gem-gaphite sur f ace
of the carbon support in amounts such that 158 25 SEP 2002 the ratio of

carbon at ongafydnotlRHRRt APEBpaLIfit Rerfase la#6# of at Rbst §i86tt 2 r3|f|2,$S ageasured by
x-ray photoel ectron spectroscopy. 373. The process of claim 372 wherein the

N 5 (phosph%%[éqlbimg Bﬂ?LaEEfe‘?-tErﬁn%Tﬂ-ﬁelgr Aethdlt thereof is contacted with
t he oxidation catal ySt 1n e presence Of oxygen in a continuous reactor
system 374. The process of claim 372 wherein the reduci ng environnent
conpri ses ammoni a.

48.  The oxidation catalyst of claim 47 wherein the non-graphitic
10  carbon support has a specific surface area of from about 750 to about 2100

m?/g, as measured by the Brunauer-Emmett-Teller method.

49.  The oxidation catalyst of claim 47 wherein the non-graphitic
carbon support has a specific surface area of from about 750 to about 1750

15 m?g, as measured by the Brunauer-Emmett-Teller method.

50. The oxidation catalyst of claim 26 wherein the non-graphitic
carbon support is in the form of a particulate, the particulate support having a
particle size distribution such that at least about 95% of the particles are from

20 about 2 to about 300 um in their largest dimension.
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to 375. The process of claim 372 wherein the reduci ng environnent conprises
NaBH4. 376. A process as set forth in claim372 conprising: 15 contacting
N- ( phosphononet hyl )i m nodi acetic acid or a salt thereof with said catal yst
and oxygen, thereby producing a used catalyst and a liquid reaction product
conprising N (phosphononet hyl)glycine or a salt thereof; sepangtErRR®a d
liquid reaction product fromsaid used catalyst; and contacti ng addi ti onal

N- ( phosphononet hg ) | M ﬁer eg)ra?bhccégéé},g &r | onen%q)?'}]q chym grtused

catal yst and oxygen, Yy pro ng a reac |on roduct

|t t f 77
et fortn i feLRa #Q%%@ﬁ@%eé“ ”Fgﬁ%tgaa* L boy%bé%w%@p%@ BEPAEng
sai d additional qw d reaction product from said used catalyst. 378. A
process as Hem @Qﬁtt ? 10akeWi20037m in theinlargesinessieg. repetiti vel y

contacting said used catalyst with oxygen and further additional N5
(phosphononet hyl ) gl ycine or a salt thereof to produce further additional
liquid reaction product. 379. A process as set forth in claim 378

conpri sisng: i nitsal |l yThewixridtiontasslyst sfaiigihys1 wherdinany pairticulsteN ubport
(phosphononet hyl )i m nodi acetic acid or a salt thereof in a first reaction

cycle, to pﬁé’é’ﬂﬁﬁsrﬁ%é%% &l‘@ﬁfﬂ WYiSh sAeA tﬁatfétrléé tldb%lt'l't 99 /féFfHe%hrﬂ&l%g%é

conprising N (phosphononet hyl')gl'ycine or a Sl hereof; separating said

RLEEEO'SLﬂ‘éh@%@t%@%t%n%@@f'ﬁomﬁ*i@%ﬁfﬁ@% 'mgﬁﬁ'gﬁc%*fd"%ﬁ RSt B s e

catal yst in another reaction cycle to produce additfional |jquid reaction
pr oduct con%fatlh%ﬁ?d'['ﬂeﬁﬁﬁ%gﬁﬁbﬁ At i ?8 %U'@S‘r'néhg'éllqrgﬁﬁ g@nsion.

10 53.  The oxidation catalyst of claim 26 wherein the non-graphitic
carbon support is derived from carbonaceous matter selected from the group
consisting of wood, nut shells, vegetable matter, bones, peat, lignite, coal and

organic polymers.
15 54.  The oxidation catalyst of claim 53 wherein the non-graphitic
carbon support is derived from natural carbonaceous matter selected from the

group consisting of wood, nut shells, vegetable matter and bones.

55.  The oxidation catalyst of claim 26 wherein the non-graphitic

20 carbon support is activated.
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separating said additional liquid reaction product from said used catal yst;
and contacting additional N (phosphononethyl)imnodiacetic acid or a salt
20 thereof in each of a series of further reaction cycles to produce
further additional liquid reaction product conprising

N- (phosphononet hyl ) gl ycine or a salt thereof in each of said f25$HeROGErI €S
of cycles. 160 25 SEP 2002 380. A process as set forth in claim 379

wh r Lo
rIeSL?: on” pr oduct 2P e ot ogator GRANG Breddigl d biokksSE ORI gopatiing,

376 I
Catoon- a0 S P o e AL D
N- t d I b d
rom sard | R patadnat f dmpeGuLe OLat leaatat gR0" GBEReIer ocess Tor i he.
preparation of I\I—(phosghonorret hyl ) gl ycine or a 10 salt thereof, the process
conpri si ng cont abefofgt & moblemetaldeposition, the/gemgraphitic carbon support has

(phosphononet hyl )i m nodi acetic acid or a salt thereof with a catalyst

conprising earsyroamd sxpgeET bt the\durtace dfdhé @omejraphitia carssros@spore & bon, and
oxygen at a surface of the carbon support. 15 383. The process of claim 382

wherein theg Fridlﬁﬁ§§ubﬁtﬁ‘éi%é%t‘r‘djof é‘ar‘%oﬁ%érh@‘i@‘b%y?@ﬁ%%d?ﬁs%Yfﬁéaglhrf is The

process of clalm 382 wherein at [east 0.05% by we of the catalyst

Che:pr oot ePt o= APRuEAE s HRRRhrat i £y ol kg 52 et

the catalyst comprises a promoter, said promoter constituting at least
0.05% by weight of the catalyst; and
10 the non-graphitic carbon support has a specific surface area of from
about 10 to about 3000 mzlg, as measured by the Brunauer-Emmett-Teller

method.

57.  The oxidation catalyst of claim 56 wherein the promoter is more

15 easily oxidized than the noble metal.

58.  The oxidation catalyst of claim 56 wherein the promoter
comprises a metal selected from the group consisting of tin, bismuth, lead,
titanium, antimony, selenium, iron, rhenium, cerium, zinc, and zirconium.

20

59.  The oxidation catalyst of claim 56 wherein the promoter

comprises a metal selected from the group consisting of cadmium, magnesium,

manganese, nickel, aluminum and cobalt.
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25 SEP 2002 386. The process of claim 382 wherein the pronoter conprises a
netal selected fromthe group consisting of tin, bisnmuth, lead, titanium
antinony, selenium iron, rhenium cerium zinc, and zirconium 5 387. The
process of claim 382 wherein the pronoter conprises a netal selected from

t he group consisting of cadm um magnesi um nmanganese, nickel ,258EP2002n and
cobalt. 388. The process of claim 382 wherein the pronoter conprises tin.
10 389. The process of claim 382 wherein the pronoter conprises iron. 390.
The process of claim 382 wherein the pronoter conprises titanium 15 391.

The process of clai m ' e t he surface
of the carbon suggbrt%§%@¥Q&#ﬁgpﬁﬁ%gég§F§?hﬁﬁgﬁwﬁgg%1&ﬁ@ﬁéﬁﬁﬁ%he pronot ers
conprise iron 20 and tin. 393. The process of claim 382 wherein noble netal
atons at t h&OSE&E&Mare alloyed with the pronpbter. 162 25 SEP 2002 394.
The process of claim382 wherein a majority of the noble netal atons at the
surface are alloyed with the pronoter. 5 395. The process of claim 382
wherein substantially all of the noble netal atons at the surface are

al | oyed ®ith the6gr omitheroxi@&tton datelyst ofelain &6 wherein B&2rohester n t he
catalyst is characterized as having a ratio of carbon atons to oxygen atons
at the surfgaempMakesirons at |east 10 about 20:1 as measured by x-ray

phot oel ectron spectroscopy after the catalyst is heated at a tenperature of
about 500C for about 1 hour in a hydrogen atnosphere and before the

catal yst is exposed to an oxidant following the heating in the hydrogen

at nosphere. 15 39QZ. T process of ¢laim 396 erein said ratio of carbon
atons to oxygen géonsq-i%se %lgqt@éggatgﬁéﬁpfnglem5%'hwhereln the promoter

comprises titanium.
10
63.  The oxidation catalyst of claim 56 wherein the catalyst comprises
two promoters at the surface of the non-graphitic carbon support, each

promoter constituting at least 0.05% by weight of the catalyst.

15 64. The oxidation catalyst of claim 63 wherein the promoters

comprise iron and tin.

65. The oxidation catalyst of claim 56 wherein noble metal atoms at
the surface are alloyed with the promoter.
20
66. The oxidation catalyst of claim 56 wherein a majority of the noble

metal atoms at the surface are alloyed with the promoter.
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398. The process of claim396 wherein said ratio of carbon atons to oxygen
atons is at |east about 40:1. 20 399, The process of claim 396 wherein said
ratio of carbon atons to oxygen atons is at |east about 50:1. 163 25 SEP
2002 400. The process of claim 396 wherein said ratio of carbon atons to
oxygen atons is at |east about 60:1. 401. The process of cl ai ms33P wperei n
the catalyst is further 5 characterized as having a rati o of oxygen atons
to nobl e netal s f ' d ; , r the
catalyst is hea?%g' at ?he?g%p%@ét%?%y%ﬁgfgﬁ%hf5@8‘8%%@%&%@%# itaﬁﬁ(ﬁt??m% a
hydr ogen at npsphere and befgre the catalyst .is exposed to an oxi dant

fol | owi ng tﬂ%glﬁég?ﬁl@pqrﬂsta % %fgee%fea?'@eﬂwﬂﬂbffl%ﬂpmf?“me process of

cl ai m 401 wherein said ratio of oxygen atons to noble netal atons is |ess
t han about 7:1. 403. The process of claim401 wherein said ratio of oxygen
atons to 15 noble netal atons is |ess than about 6:1. 404. The process of
cl ai m 401 wher ei 68sai Theaixidatioh catglystrofatiaine56 wheobinesaittexhpatature is |tl ess
than about 5:1. 2 0 405. The process of claim 382 wherein the catalyst is
char act g7 i zpasasgbyited@heayg no nore than about 1.2 mmol e of carbon nonoxi de
per gram of catalyst when a dry sanple of the catalyst, after being heated
at a tenperature of about 500C for about 1 hour in a hydrogen atnosphere
and before being 164

69.  The oxidation catalyst of claim 56 wherein said temperature is

from about 550 to about 1,200°C.

10 70.  The oxidation catalyst of claim 56 wherein said temperature is

from about 550 to about 900°C.

71.  The oxidation catalyst of claim 56 wherein the heating is
conducted in a non-oxidizing environment.
15
72.  The oxidation catalyst of claim 71 wherein said temperature is at

least about 500°C.

73.  The oxidation catalyst of claim 71 wherein said temperature is

20 from about 550 to about 1,200°C.
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25 SEP 2002 exposed to an oxidant follow ng the heating in the hydrogen

at nosphere, is heated in a helium atnosphere from about 20 to about 900C at
a rate of about 10C per minute, and then at about 900C for about 30

m nutes. 5 406. The process of claim405 wherein said carbon nonoxide yield
is no greater than about 0.7 nmole of carbon nonoxi de per gramy$gead@ yst.
407. The process of claim405 wherein said carbon nonoxide yield is no
greeter than aboyi O. ; [ : G st. 10
408. The pr ocessb}%f Cﬁ'&%){@@ﬁ%@ﬁé&%@gﬁgﬁﬁéZﬁﬁ%fﬁeeré{)rﬁ%\%{na@ 3‘??@@{ S no
greater than about 0,3 mple of bo ngxi de per gram of tal yst. 409.
A process aSNUEONmEPt fonstsassrrial Apleediong sasselErEadiamdhe orddp

N- ( phosphononet hyl )i m nodi acetic acid or a salt thereof with said catal yst
and oxygen, Cpﬂé'ﬁé'b@of)N@&Jnéithg neblsgasesat al yst and a |iquid reaction product
conprising N (phosphononet hyl)glycine or a salt thereof; separating said

| iquid reaction product from said used catal yst; and contacting additional
N- ( phosphononet hyl )i m nodi acetic acid or a salt 20 thereof with said used

cat al ystsand oxygen, tiher&iyatpirochtalyatobéldint 7avaherkimthiethdreagitlizafy pr oduct
conprising N (phosphononet hyl)glycine or a salt thereof. 410. A process as

set forth i@ngir%%ﬁpgo&EQ%%E rggmqg'ggnqﬁbm%gﬁt“ 25 SEP 2002 separating

said additional T1iqul on pro romsaid used catal yst. 411. A
process as set forth in claim410 further conprising repetitively
contacting said used catalyst with oxygen and further additional N5

(phosphononet hyl ) gl yci_ne or a, salt thereof to_produce further additional
l'i quid reaction %odu e oxidation catalyst of claim 75 wherein said temperature is at

least about 500°C.
10
77.  The oxidation catalyst of claim 75 wherein said temperature is

from about 550 to about 1,200°C.

78.  The oxidation catalyst of claim 75 wherein the reducing

15 environment comprises Ha.

79.  The oxidation catalyst of claim 56 wherein noble metal constitutes

no greater than about 7.5% by weight of the catalyst.
20 80. The oxidation catalyst of claim 56 wherein the non-graphitic

carbon support has a specific surface area of at least about 500 mzlg, as

measured by the Brunauer-Emmett-Teller method.
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412. A process as set forth in claim41ll conprising: initially contacting
said catalyst with oxygen and N 10 (phosphononet hyl )i m nodi acetic acid or a
salt thereof in a first reaction cycle, to produce a used catalyst and a
first liquid reaction product conprising N (phosphononethyl)glycine or a
salt thereof; separating said first liquid reaction from sai d 23%gpb 2002
catal yst; contacting N-(phosphononethyl)i m nodi acetic acid or a salt

thereof with 15 id Y, i ; i I .produce
addi tional 1iqui g?'r ea ﬁ?%ﬁ%&@huﬁta&%ﬁq@?ﬁgo Wﬁ%@?ﬂﬁ%@ﬁ@&a}%’@lt% yci ne or
a salt thereof; separating said_additional |iguid reactjion produyct from
Card Used conbopaUpPaRER SREr iR S E R Aremal Hom about 500°1b dBcutEToo

N- (phosphononet hyl )i m nodi acetic acid or a salt 20 thereof in each of a
series of fUOri{thas measuredrbycthel BrainagepEotnel-Teller methedidi tional 1iquid
reacti on product conprising N (phosphononethyl)glycine or a salt thereof in
each of said further series of cycles. 166 25 SEP 2002 413. A process as
set forth in claim412 wherein said used catalyst is separated from further

addi tiongal |iquig2reathb@xidytionsHtalyst SRAAINPE6 SHeiBRE Son-graphitid Process
as set forth in claim409 wherein said catalyst 5 conprises a particulate

nobl e et al AR BB Lakoh B SlrkaBe Shel bF Bkl AbditglrpRRGH! on Tedi um

conpri si ng m nodi aceti ¢ acl saird used ¢ yst being
separated fromsaid |iquid reaction pr % ct by filtration. 415. A process
for the prel&astl b%f%(%ﬁﬂgﬁ?ﬂ r%rgﬂ’ PAe or a 10 salt thereof, the
process conprising contacting N (phosphononethyl)i m nodi acetic acid or a
salt thereof with an oxidation catalyst in the presence of oxygen, wherein

the catal yst conprises a carbon support having: (a) a noble netal and a
pronoter at a suB8BaceThé axidativardatalystupfpsaitn 82 wherein the non-graphitic

10  carbon support has a specific surface area of from about 750 to about 2100

m?/g, as measured by the Brunauer-Emmett-Teller method.

84. The oxidation catalyst of claim 82 wherein the non-graphitic
carbon support has a specific surface area of from about 750 to about 1750

15 mzlg, as measured by the Brunauer-Emmett-Teller method.

85. The oxidation catalyst of claim 56 wherein the non-graphitic
carbon support is in the form of a particulate, the particulate support having a
particle size distribution such that at least about 95% of the particles are from

20 about 2 to about 300 um in their largest dimension.
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and (b) a surface layer having a thickness of about 50 A as neasured
inwardly 15 fromthe surface and conprising carbon and oxygen, the catal yst
bei ng characterized as having a ratio of carbon atons to oxygen atons in
the surface layer which is at |east about 20:1 as neasured by x-ray

phot oel ectron spectroscopy after the catalyst is heated at a QSREN2002r e of
about 500C for about 1 hour in a hydrogen atnosphere and before the

catal yst i s expogged t i 1 ; I ogen
rosphere. 416 Bhe. phEbiRH Efdle o it 89 vrtFoliank paic et MupBHY 00T
in a continuous reactaor_ sys . 167 5 P 2002 4 T rocess of claim
415 whor e nhe8ASAaR s SRl SendRR Aoy out She PLATPRESER dhont
30:1. 5 418, The process of claim41l5 wherein said ratio of carbon atonms to
oxygen at on#ofnsakeuti Ziesabg AQ0 wm.in thein largestdimessiods of clai m 415 wherein
said ratio of carbon atons to oxygen atons is at |east about 50:1. 10 420.

The process of claim415 wherein said ratio of carbon atons to oxygen atons
is at |east about 60:1. 421. The process of claim41l5 wherein the catalyst

is further 15 chayvact ¥hezastiaadnhanalpst of diait 86 efhePxidRs pattiiiiateGuppde
nmetal atons in the surface |layer which is |l ess than about 8:1 after the

catal yst | 3h§§§h§a§kiéé ébgiggffﬁﬁbﬁrs%cﬁfth YoastUout 9592BPHHe rﬁ%rgggg r?'tré a

hydr ogen at nbsp e an re the catalyst 1's exposed to a

ol ai m 421 WREPLROLETYY ot St e aPRRE P Bnsioh ool B o

th bout 7;1. 16
an abod of tjhe parﬁcles are from about 3 to about 100 pm in their largest dimension.

10 88.  The oxidation catalyst of claim 56 wherein the non-graphitic
carbon support is derived from carbonaceous matter selected from the group
consisting of wood, nut shells, vegetable matter, bones, peat, lignite, coal and

organic polymers.
15 89.  The oxidation catalyst of claim 88 wherein the non-graphitic
carbon support is derived from natural carbonaceous matter selected from the

group consisting of wood, nut shells, vegetable matter and bones.

90. The oxidation catalyst of claim 56 wherein the non-graphitic

20  carbon support is activated.
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25 SEP 2002 423. The process of claim421 wherein said ratio of oxygen
atons to noble netal atons is |ess than about 6:1. 424. The process of
claim421 wherein said ratio of oxygen atons to 5 noble netal atons is |ess
t han about 5:1. 425. The process of claim41l5 wherein at |east 0.05% by

wei ght of the catalyst consists of at |east one pronoter. 10 236GSEPTD&)?2
process of claim41l5 wherein the pronoter is nore easily oxidized than the

nobl e metal. 427g4 Theﬁ@r&&@aqtﬁanoéatﬁiy%{ ﬁ?r?g,%g?a"tg?%?ﬁﬁcé@cﬁhﬁﬁﬁ@?fd%ﬂ&?ﬂes a

met al selected fromt group consi'st bi snut h,

Cerantum 1 POPs AR Bufdor B TpAER Bokitobh SHB0RARE SUAREY.. o

claim415 wherein the pronoter cgnprjses tin. 20 429. The process of claim
415 wher ei n'@ AEEPHIRSEBYVIreIRERT, "®fNon. 430. The process of claim 415
wherein the pronoter conprises titanium 169 25 SEP 2002 431. The process

of clai m 415 whebefaie e nehlst mel@ depesitioar hexgasban suppor hesxasbet ande
carbon support. 5 432. The process of claim431 wherein the pronoters
conpri se& i r oxygerdat the. sufzize offtke padmassupgortineamodifs suoarthantheaitie ofet al
atons at the surface are alloyed with the pronoter. 10 434, The process of

cl ai m 415 whafRin B0t yigkn@lod B iEaraBS A & Bhst Ao 20l g are al | oyed

with the pronoter. he process of claim4l erein substantially all

of the nobl I : . oyed with the pronoter.
436. A pr chge;aégg&}sgy*?r%?@o?éslé&ﬁqr?#é%@?o&%&%?i %lldngy contacting P
B oy pen t her b RBEhESREI s SRIOTRNer 530 RIRMGIET sarttntng &t least YS!

0.05% by weight of the catalyst.
10
92.  The oxidation catalyst of claim 91 wherein the promoter is more

easily oxidized than the noble metal.

93. The oxidation catalyst of claim 91 wherein the promoter
15 comprises a metal selected from the group consisting of tin, bismuth, lead,

titanium, antimony, selenium, iron, rhenium, cerium, zinc, and zirconium.

94.  The oxidation catalyst of claim 91 wherein the promoter
comprises a metal selected from the group consisting of cadmium, magnesium,

20  manganese, nickel, aluminum and cobalt.

95. The oxidation catalyst of claim 91 wherein the promoter

comprises tin.
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20 reaction product conprising N (phosphononethyl)glycine or a salt
thereof; separating said liquid reaction product fromsaid used catal yst;
and 170 25 SEP 2002 contacting additional

N- (phosphononet hyl )i m nodi acetic acid or a salt thereof with said used
catal yst and oxygen, thereby producing additional |iquid reactd258Ep2@Ruct
conpri sing N (phosphononet hyl)glycine or a salt thereof. 5 437. A process
as set forth in claim436 further conprising: separating said additional
liquid reaction product fromsaid used catal yst. 438. A process as set
forth in claimd43Z fucther . rising, r titlvely caontacting said used
catalyst with ox%en ;—h& q)i'fqu%rca%léf% 9’r§cﬁ§||m EIH f@“%ﬁwﬁgﬁr%ﬂm‘?g%fhw ) gl yci ne
or a salt thereof to produce further additional liquid reaction product.
439. A procE3QIPHSCEEPNf orth in claim438 conprising: initially contacting
said catalyst with oxygen and N 15 (phosphononet hyl )i m nodi acetic acid or a
salt thereof in a first reaction cycle, to produce a used catal yst and a
first liquid reaction product conprising N (phosphononethyl)glycine or a
salt theyeof; sepdratiThg cddation catalyki ofudldin © aethereinftherpremioterused

catal yst; contacting N (phosphononethyl)i m nodi acetic acid or a salt
thereof w tBompfisedtithriig@d catal yst in another reaction cycle to produce
additional liquid reaction product conprising N (phosphononethyl)glycine or
a salt thereof; separating said additional |iquid reaction product from
sai d used catal yst; and 171 25 SEP 2002 contacting additi onal

N- (phosphononet h i m.nodi acetic acjd o
(p P 55) mTPne ox?cfatllon catalyst o{ clg’lm 91 wherein the catalyst comprises

two promoters at the surface of the carbon support, each said promoter

10  constituting at least 0.05% by weight of the catalyst.

99. The oxidation catalyst of claim 98 wherein the promoters

comprise iron and tin.

15 100. The oxidation catalyst of claim 91 wherein noble metal atoms at

the surface are alloyed with the promoter.

101. The oxidation catalyst of claim 91 wherein a majority of the noble
metal atoms at the surface are alloyed with the promoter.
20
102. The oxidation catalyst of claim 91 wherein substantially all of the

noble metal atoms at the surface are alloyed with the promoter.
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salt thereof in each of a series of further reaction cycles to produce
further additional liquid reaction product conprising

N- ( phosphononet hyl ) gl ycine or a salt thereof in each of said further series
of cycles. 5 440. A process as set forth in claim439 wherein said used
catalyst is separated fromfurther additional |iquid reaction235rSERIZ002 n
each of said cycles. 441. A process as set forth in claim436 wherein said

catal yst 10 compihsesTheRAiddieh] aayBOb SafiPbiwiiefiAhBIdGahg! Yot that 1s

slurried in a liquid reaction conprisin

N- ( phosphon ce d) said used cat al yst bei ng separated
fromsaid | gﬁﬁ (S%Pé@gé}ﬁﬁh% O%:bgqoafﬁé. filtration. 172 .AY . Ay. Al A

LA L AAY% AA9. AALL AL LA YL.A 9. A yL. AAfL. AAfL. A& A

A{3E A9. A. A. A3BF. A, % Al . A59. AF3. A(% A3E. A, % A(. AF; . Aal . A% A
YA9 A3. A9. Al . A a. AF; |.A %AF. A, % AFIl . A3u9. AFr. AYA( A
S% AYY. A, . AYhl . AQ)OAFETAB;omdatlon catalyst of claim 91 wherein the reducing
f. Aa3. AFS. AY. AYu@o AY2A. (. AF2. A(A. ?N. A9A. S3(. AL A. S. A% AY. A AYl . A A3l . A{r. A
F. AFh9. A& E. éhvifd{rhénteokapriges NABRILA, L. A
EA. A/ A@.A(& AN AF.Af.T.Ay. .Ayr.AALASA,%A9 A, %AY. @AQA .AYy. @
.AS. A S . Ay. @A A, A, A . AGA@A 9.A %A %A %A BA @A .AS A9 A.A%
AY. % Ay, AL LA LA LA LCANA @A A Ay% A% A LAy, AP, AYA A A LA LAA L A@

JAQA A A A LA Ao - Q‘?{%%ﬂd%ﬂ%npcatﬁly@r &F Saifh 84 ARBLeinthodie nietal Yonstitutdg®
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about 300 um in their largest dimension.

112. The oxidation catalyst of claim 111 wherein the particulate support
15 has a particle size distribution such that at least about 98% of the particles are

from about 2 to about 200 pm in their largest dimension.

113. The oxidation catalyst of claim 112 wherein the particulate support
has a particle size distribution such that at least about 99% of the particles are
20  from about 2 to about 150 um in their largest dimension and at least about 95%

of the particles are from about 3 to about 100 um in their largest dimension.
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117. The oxidation catalyst of claim 116 wherein the carbon support is

non-graphitic.

15 118. A process for the preparation of an oxidation catalyst from a non-
graphitic carbon support having carbon and oxygen at a surface of the non-
graphitic carbon support, the process comprising depositing a noble metal at
the surface, and then heating the surface at a temperature of at least about
400°C, wherein:

20 the ratio of carbon atoms to oxygen atoms at the surface of the non-
graphitic carbon support being at least about 20:1 as measured by x-ray

photoelectron spectroscopy before the noble metal deposition;
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aBPE:
promoter constituting at least 0.05% by weight of the catalyst.

126. The process of claim 125 wherein the promoters comprise iron

and tin.

127. The process of claim 118 wherein noble metal atoms at the

10 surface are alloyed with the promoter.

128. The process of claim 118 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

15 129. The process of claim 118 wherein substantially all of the noble

metals at the surface are alloyed with the promoter.

130. The process of claim 118 wherein said temperature is at least
about 500°C.
20
131. The process of claim 118 wherein said temperature is from about

550 to about 1,200°C.
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3&! 10% & () ‘V&T&&& / T@melpr@&& épgla}ﬂZ@QNhélr@m ééld‘lé(ﬁa%é?a%@ ifforh Gkt () -
10% & ()-3. 10%& ()- , 10% & ()- (1((d 0Z

550 to about 900 C.

133. The process of claim 118 wherein said heating is conducted in a

5 non-oxidizing environment.

134. The process of claim 133 wherein said temperature is at least

about 500°C.

10 135. The process of claim 133 wherein said temperature is from about

550 to about 1,200°C.
136. The process of claim 133 wherein the non-oxidizing environment
consists essentially of at least one gas selected from the group consisting of N2

15 and the noble gases.

137. The process of claim 133 wherein the non-oxidizing environment

comprises a reducing environment.

20 138. The process of claim 137 wherein said temperature is at least

about 500°C.
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&F 110% & ()- ,10% & ()-10% & ()- S 10% & () -

10% & ()-L$10% & ()-(()a)))?*dEYNC 10g 10Z ,10% & ()-"10% & ()-10% & () -
10% & ()-10% & ()-s 10% & ()-?****: +B++dEYNC 10g 10Z

*10% & ()-' MLO% & ()-9% 10% & ()-3 # 10% & ()-!10% & ()-

Y10% & ()-++, & k, ,, dEYNC 10g 10Z 610% & () - 410% & () - 25 SEP 2002
210% & ()-010% & ()-Y.10% & ()-,,10% & ()-,1-2-3-4-@---bC 10g 10Z

@O0% & ()-3 10% &30) - 'Iﬂrfé/ﬁr%céﬁs of §I%Q%1837(W %@n séu@ teﬂr‘%e?é*t@?/é ) ﬁ&m Jbout
/R / dEbC 10g 10Z10% & ()-" GL0% & ()-10% & () - 10 ZF1006 &

10% & () -/ / "SRRGS I c.

140. The process of claim 137 wherein the reducing environment

5 comprises Ha.

141. The process of claim 118 wherein noble metal constitutes no

greater than about 7.5% by weight of the catalyst.

10 142. The process of claim 118 wherein the non-graphitic carbon
support has a specific surface area of at least about 500 m2/g, as measured by

the Brunauer-Emmett-Teller method.

143. The process of claim 142 wherein the non-graphitic carbon
15  support has a specific surface area of from about 500 to about 2100 m?%/g, as

measured by the Brunauer-Emmett-Teller method.
144. The process of claim 118 wherein the non-graphitic carbon

support has a specific surface area of at least about 750 m2/g, as measured by

20 the Brunauer-Emmett-Teller method.
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1029%210% & ()-f#10% & ()- s!310% & ()-F10% & () -

10% & ()-10% & () - 01k1122f 2dEbC 10g 10Z

2°10% & ()-s0f10% & ()-F. 10% & ()-,, 10% & ()-* 10% & ()-

' @0% & ()-f222222223bC 10g 10Z 10% & ()- $10% & ()- 10: 10:

10:s: 10% & ()-610% & ()-4y 10% & () - 3; 32334744dEbC 10g 10ZS 25 SEP 2002
10% & ()-s10% & ()-F 10% & ()-10% & ()- @O0% & ()-3 10% & () - 445[ 5| 556dEbC

igog/o é.O(Z)S!_ 6\1/2‘?6?&'7(71);1 Eggf%"o/%%c@;s of cAO A WherbRTHE Adn-gtaPifke Edrbon

Saasimne 5 oypll A Spkdns S el o MR A0 AR I B B 44 T7O

10% & ()-0!'10% & (),-88!9 99:d C
6& () megsurgzj by theeBgeraueEE%mett-TeHer method.

5 146. The process of claim 144 wherein the non-graphitic carbon
support has a specific surface area of from about 750 to about 1750 m2/g, as

measured by the Brunauer-Emmett-Teller method.

147. The process of claim 118 wherein the non-graphitic carbon
10 support is in the form of a particulate, the particulate support having a particle
size distribution such that at least about 95% of the particles are from about 2

to about 300 um in their largest dimension.

148. The process of claim 147 wherein the particulate support has a
15 particle size distribution such that at least about 98% of the particles are from

about 2 to about 200 ym in their largest dimension.

149. The process of claim 148 wherein the particulate support has a
particle size distribution such that at least about 99% of the particles are from
20 about 2 to about 150 pm in their largest dimension and at least about 95% of

the particles are from about 3 to about 100 um in their largest dimension.
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10g 10ZL10% & () - &3&! 10% & ()-f 10% & () -
710% & ()--10% & ()-10% & () - - @1 ; ; dEnbC 10g 10Z
3910% & ()-510% & () - - #10% & () L 110% & () - 8110% & ()-yS10% & () -
. ~<F<<<<dEnbC 10g 10Z ,10% & ()-)10% & ()- ' " 10% & ()-% 10% & () - #
10% & ()-! 10% & ()-<D:::>e>>dEan 10g 1079 10% & ()- 25 SEP 2002
6910% & ()-4Y10% & ()-y2 10% & ()- 0 "10% & ()-3. 10% & () - >>>>>>2*25?bC 109

10Z 10% &' () - 10%4&0( ) - 0 -8?7?
A R e e S

Y10% & () - %ﬁ%ﬁ%ﬁ@ﬂ@&fr&ﬂgc&r%%ﬁ%&go/ﬁs&n{a)tteﬁg%c?éo( from the group

consisting of wood, nut shells, vegetable matter, bones, peat, lignite, coal and

organic polymers.

5
181. The process of claim 150 wherein the non-graphitic carbon
support is derived from natural carbonaceous matter selected from the group
consisting of wood, nut shells, vegetable matter and bones.
10 152. The process of claim 118 wherein the non-graphitic carbon

support is activated.

153. A process for the preparation of an oxidation catalyst from a
carbon support having carbon and oxygen at a surface of the carbon support,
15  the process comprising depositing a noble metal at the surface, and then
exposing the surface to a reducing environment, wherein:
the ratio of carbon atoms to oxygen atoms at the surface is at least
about 20:1 as measured by x-ray photoelectron spectroscopy before the noble
metal deposition; and
20 the catalyst comprises a promoter, said promoter constituting at least

0.05% by weight of the catalyst.
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s1:10% & ()-F& 10% & ()- g10% & ()-s10% & () - BOCCbCCCNDJEbC 10g 1072
10% & ()-s0"10% & ()-F. 9110% & ()- ,,gl0% & ()-9*MLO% & () -

' 10% & () - NDhDDDDDDDDxnbC 10g 107" $y10% & ()- 10: 10:

10: L: 10% & ()- 99MLO% & ()- 610% & ()-410% & () - D EVEEEF[ FdEnbC 10g

107 &10% & ()-&310% & ()-10% & ()- 10% & ()- 10% & () - 25 SEP 2002
10% & () - [ FFFOGPGGGIENDC 10g 10Z310% & ()- 10% & ()- 10% & () -

710% & () - 10% & 0
“@0% &(%) )s(?LO‘%flg 0 e 1%%’%5%@&%(@%%9#?@ L 'ﬁm 15718 8o Y) 11 1183

ig%Kg'E ?1)) ¥ 21%89?%%%}“9’8'{%‘9% '?545 g glt()g/og ()-' K*K+K, K- KOKKKLbC 109

102y10% & ()-10% & ()- 10% & ()- $f10% & ()- 10: 10:

155. The process of claim 153 wherein the promoter comprises a metal
5 selected from the group consisting of tin, bismuth, lead, titanium, antimony,

selenium, iron, rhenium, cerium, zinc, and zirconium.

156. The process of claim 153 wherein the promoter comprises a metal
selected from the group consisting of cadmium, magnesium, manganese,

10  nickel, aluminum and cobalt.
167. The process of claim 153 wherein the promoter comprises tin.

158. The process of claim 153 wherein the promoter comprises iron.
15
159. The process of claim 153 wherein the promoter comprises

titanium.
160. The process of claim 153 wherein the catalyst comprises two

20  promoters at the surface of the carbon support, each said promoter constituting

at least 0.05% by weight of the catalyst.
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10: L: 10% & () - LILpLLMRVMIEDC 10g 10Z10% & ()-"10% & () -y

10% & ()-L&10% & ()- 3@L0% & ()- 10% & () - MWWNNNO QdEbC 10g

1029 10% & () -y#S10% & ()-L!10% & ()-3 10% & ()-10% & ()-s! 10% & () - 3i 000
PPePPdEbC 10g 10Zy210% & ()-  0@10% & ()-3.10% & () -, &10% & () -

),10% & ()-'10% & () - PP QRQUQVONXQIQXnHC 10g 10Z° $f 10% & () - 250SERLD002
10:°:10% & ()-810% & ()- 610% & ()-410% & () - dQQQQ@RRRIEMHC 10g

10ZL-10% & () - & AB40%rHe(procedDdP daim 180 %Herbin t%cb/bﬁﬁo@érs comprlse iron
@0% & () - RR&SI SST3TAENDC 10g 102310% & (Y- 100 & () - & ()~

10% & () - 10€ éﬁ @) y10% & () - 3Tr TTTDUUUMENDC 10g
107, 10% & (5510% & ()-' & 10% & () - Y0% & () - y#8&10% & () -
L! @0% & () - UWWOMMWIENDC 10g 10Z8F10% & ()-610% & ()-4 10% & () -

162. The process of claim 163 wherein noble metal atoms at the

5 surface are alloyed with the promoter.

163. The process of claim 153 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

10 164. The process of claim 153 wherein substantially all of the noble

metals at the surface are alloyed with the promoter.

165. The process of claim 153 wherein the reducing environment
comprises ammonia.
15
166. The process of claim 169 further comprising heating the surface

to at least about 400°C after the noble metal is deposited.

167. The process of claim 166 wherein said heating is conducted in a

20  non-oxidizing environment.

168. The process of claim 153 wherein the reducing environment

comprises NaBH,.
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y2 10% & ()-LOf 10% & ()- 3. @0% & ()- hVkW WiMW WAKcXbC 10g 10Z 10% & () -
© 10% & ()- 10% & ()- G #&@L0% & ()- 10: 10: 10: :10% & () - cXXYPY| YYYdEbC
10g 10Z 10% & ()-10% & ()-Y 10% & ()- 10% & ()-"10% & () -

“110% & () - YY1Zi ZZZ[ aBbC 10g 10Z#10% & ()- ! !110% & ()-F

z10% & ()-1'110% /& ()-110% & ()-F 10% & ()-[>[q[[[[ 2\ dEbC 105 SEP 2002
10Z. &109%& ()--10% & ()-yl +@10% & ()-)10% & () -

(s10% & ()-$10% & ()-2\\\]111111xnbC 10g 10Z, 10% & ()- 10/ 10/
10/1=10% & ()-y510% & ()-f310% & () -, 210% & ()-]]] *B v **<nbC 10g

IP'lOO/& G!' & G s10% 10% & EY"1 ()
"S10 INIRVAREE ni‘&%acé%%/sf%g‘pﬁ?§ ?u&%wﬁe Re5ie e suderex () -
L F9 10% (& ()-gs Y10% & f() Fabb$c] ccAddBmhC 10g
atat mperature of at least about 400°C after the noble metal is deposited at

the surface of the carbon support.

170. The process of claim 169 wherein said heating is conducted in a

non-oxidizing environment.

171. The process of claim 153 wherein noble metal constitutes no

10  greater than about 7.5% by weight of the catalyst.

172. The process of claim 153 wherein the carbon support has a
specific surface area of at least about 500 m?/g, as measured by the Brunauer-

Emmett-Teller method.

15
173. The process of claim 172 wherein the carbon support has a
specific surface area of from about 500 to about 2100 m2/g, as measured by
the Brunauer-Emmett-Teller method.
20 174. The process of claim 153 wherein the carbon support has a

specific surface area of at least about 750 m?/g, as measured by the Brunauer-

Emmett-Teller method.
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11; 6110% (& ()- 93&10% & ()- 1YL10% & ()- /10% & () -

3.L10% & ()- ' 10% & () - AdDdEdFdGdSdpddl e~ = 10g !! @

109R&& ()-109& ()-!Y'1 109& ()-zs3109%& ()- 10( 10( 10(;

109% & ()-leef Gfff}A?~ = 10g ! f109& ()- 109 ()-Y !'109%& ()-!Y

110%>& ()-1;Y 110% | & ()- @ 10%& ()-f\ghmhhij}[9~ = 10g!; S& 1CHHEP 2002 ;
S8 109%& ()-$! 109 ()-!& ! 10%& ()-f! (Y 109%& ()-G310%&: ()- zj kkkkkk/ kdkbC

109! ; 9- 109 () - 48 0% Phe(procd6¥eiaim 114 wHerein the carbon support has a
103910%& ()- S& 10%& () - dkkkk/ | mPrdELC 10g! ;

AR '9@901@ &9f égoé%g‘oﬁ? t about 7 21 2 d
1090 () - &@0%)& a 80" om a out gtoa ou& 80m/g, as measured by

%4092 ()-9
109608 () - 92%%&% %[%BW@E‘ T‘i”eéi‘a%}&d () - Yoooo3pnppaBbC 109! ;
& Z109%8& ()-S,z 109 ()-! @b, z 10% () -9*10%0& () - 9( 1098 ()-9L'

10%0&' () - ppggqggqgaVK@ 10g!; 100 100 100 10%0&' () - &810%0& () -! D4

"109%008 ()-9310%% () - 9Y110%)&( -qqqqUr r ! saBVK@ 10g!; 310%
& ()-!310%b& ()186.10Fbe nrpcass qioskaign (Y4 wieysig thyecamswlppcvrssesgt uv} [ <VK@
109! 3% 0% &' ()-!#3s' 10%=& ()--!,3s"' 10%F& ()--, '10%& (0)-

, 109U () spdifieedifage ‘ammﬂWMbddt?B@to about 1750 m%/g, as measured by

the Brunauer-Emmett-Teller method.

177. The process of claim 153 wherein the carbon support is in the
10 form of a particulate, the particulate support having a particle size distribution
such that at least about 95% of the particles are from about 2 to about 300 um

in their largest dimension.

178. The process of claim 177 wherein the particulate support has a
15 particle size distribution such that at least about 98% of the particles are from

about 2 to about 200 ym in their largest dimension.

179. The process of claim 178 wherein the particulate support has a
particle size distribution such that at least about 99% of the particles are from
20 about 2 to about 150 pum in their largest dimension and at least about 95% of

the particles are from about 3 to about 100 um in their largest dimension.
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10bY: 10%& ()-!, 2! 10%-F& ()-!62! 109%°P& ()-!/

109 ()--F10%& ()-&10%& () -[ x\ x] xi xxayl zz{ gE@

10b! X3"10% s_s& ()-1!Sc3"10%Z& ()-1!'X3"10% & ()-1!fMLOY& () - &10%0& () -
10b 10bz{| "} ~~~~~~ z[ PE: 10b 100 100 10G 10%%&' ()-3"10%

& ()-1!3"109%0& () -1! D3" 109KK& ()-1IN3" 10%8J0UCK! ()-1~~~2"=PE: 29BER 2002
6I Ol 10%K&' ()- 'U& 10%x& ()-g M10U & ()-!'r M 10%& () -

| 109&: () - OF10%&1@D; 2>pHesidEess of claim 153 wherein the carbon support is derived
YM 10% () - z! B, 2oy O =71 NYM 100418 () ~2Z1 6hi 81 200& L) -

ééllglyéomrﬁ@‘l&@)ﬁ%{fa%ﬁz@qﬁ ol sejedied rom hg Bt eonkisting of Wodl, nt”& (-
e Sl SR e bonef i e, S04 il gAYl 1% v ¢

109%& ()-!1s'10%-& ()-S!'~s' 10%&' ()-S!Ns' 10%{{& ()-S{{\=
| @" 10%2& ()-1109%Z& ()- 10-u 10-u
10- u: 10% u& ()-! @1! 10%m& ()-!1Y1! 10%uvu& ()-H a?{\= ' @]
"10%J& §) - &s10%A81() -The process of claim 180 wherein the carbon support is derived
from natural carbonaceous matter selected from the group consisting of wood,

nut shells, vegetable matter and bones.

182. The process of claim 153 wherein the carbon support is activated.
10
183. The process of claim 182 wherein the carbon support is non-

graphitic.

184. A process for the preparation of an oxidation catalyst from a
15 carbon support having carbon and oxygen at a surface of the carbon support,
the process comprising depositing a noble metal at the surface, and then
exposing the surface to a reducing environment to reduce the surface so that
the ratio of carbon atoms to oxygen atoms at the surface is at least about 30:1
as measured by x-ray photoelectron spectroscopy, wherein
20 the catalyst comprises a promoter, said promoter constituting at least

0.05% by weight of the catalyst.
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109@& () - S109@& ()-!109%&& ()- !!109%Z& ()- laB{\= ! @ $109%& () -,

109@2& ()-! 109@& ()-9109@Z& ()-g "109@8& ()-!; "109& ()-1C3c ?{\=

| @710%2& ()-!;3- 109%@Z& ()-.

109@2& ()-3(1109%Z[ & ()-!13(! 109 ()- & 109&Z& ()-cfghiuk_= '@cY!' 10% & ()-
LY 10%m& ()- ! 10%& ()-y10%& ()- 10Z 10Z 10ZF: 109%& () - D] wU325-SEP 2002

!NG'lO%j&'()-"'XG 109& ()- ' ! G 10%gg& ()- ' ! XG'109%& ()- ' ! KG 109N () -

1tG'10%& ()-"' =185, ! N‘h‘e%rb@&@s 6? cI&erWéi]\W/ereﬁa §aid $8fd 8¥8afbon dtBehsl{ad
109" : 10%g& ()-ING 1

0% 31 NF! 10% () - 3F! 109%& () - 3! ShF! 10%
o ?)FI% \: b ?%%ﬂx?*{%ét '% gﬁ&‘%ﬁ%ﬁ& ()- @0% u(&)() 10 10 -

10910%& ()-I#FI 109& () 3} wuU3~\:
I S*F" 10%KK& () - S! Ds' 10%qq& ()-#!'6s"'10%c& ()-#!;
s' 10%uhu& #! Ds' 10%909& #! Dds' 10%g9& #} 1~ @
O- 186. Tﬁ]w% pr%)cess of claim 1%% wl'(lgreln said ratio of carbon atoms to

5 oxygen atoms is at least about 50:1.

187. The process of claim 184 wherein said ratio of carbon atoms to

oxygen atoms is at least about 60:1.
10 188. The process of claim 184 wherein the ratio of oxygen atoms to
noble metal atoms at the surface is less than 7:1 as measured by x-ray

photoelectron spectroscopy.

189. The process of claim 192 wherein said ratio of oxygen atoms to

15 noble metal atoms is less than about 6:1.

190. The process of claim 192 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 5:1.

20 191. The process of claim 184 wherein the reducing environment

comprises ammonia.
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I S* "1 10% ()-L310% ()- 10-u 10-u 10-u:
10% u& ()-*F'10% & ()-S! @ F" 10%mumu& () - SIW3~_@
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" 109 () - *610%8& (TXhé procddd¥etctaim 184 whepdik thé'ré&é‘in%}eﬂ%bﬁm(eht No@
| #11&10% [ & () 1109 ()- 10< 10< 10<: 10%<& () - 18E10% 10%&' () -

NzX6b@'! ! 1 % 1008 ()- ! @I0% ()- . &10% () - 'F&lO%##& () -
1&10%[& (V- SRR\ = 1115100 ()- 10 10 103Y: 10%: ()-y2 10% ()-!1y2
109 ()-|1&10%A& ()- th\/f\a’7g\— 1111 @10% ()-f10% ()-!10% ()-L

109%&: () - 10%& ()-2z!! SMLO%& () - SM xzX9g\ =

11 F13"10%&' ()- ! DF13" 1 Yy! 1098 (

Yy! 10% () - G Dyy? 51@0/«1352 P&?qesfmf&l@ ﬁ@ whesgindhenpremoteris mage easily

5 oxidized than the noble metal.

194. The process of claim 184 wherein the promoter comprises a metal
selected from the group consisting of tin, bismuth, lead, titanium, antimony,

selenium, iron, rhenium, cerium, zinc, and zirconium.

10
195. The process of claim 184 wherein the promoter comprises a metal
selected from the group consisting of cadmium, magnesium, manganese,
nickel, aluminum and cobalt.
15 196. The process of claim 184 wherein the promoter comprises tin.

197. The process of claim 184 wherein the promoter comprises iron.

198. The process of claim 184 wherein the promoter comprises

20  titanium.
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constituting at least 0.05% by weight of the catalyst.

5 200. The process of claim 199 wherein the promoters comprise iron

and tin.

201. The process of claim 184 wherein noble metal atoms at the
surface are alloyed with the promoter.
10
202. The process of claim 184 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

203. The process of claim 184 wherein substantially all of the noble

15 metals at the surface are alloyed with the promoter.

204. The process of claim 184 wherein noble metal constitutes no

greater than about 7.5% by weight of the catalyst.
20 205. The process of claim 184 wherein the carbon support has a

specific surface area of at least about 500 m?/g, as measured by the Brunauer-

Emmett-Teller method.
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f110988& ()-&3! @"10% (& ()-&10% & ()- 100
specific surface area of at least about 750 m%g, as measured by the Brunauer-

Emmett-Teller method.

208. The process of claim 207 wherein the carbon support has a
10  specific surface area of from about 750 to about 2100 m2/g, as measured by

the Brunauer-Emmett-Teller method.

209. The process of claim 207 wherein the carbon support has a
specific surface area of from about 750 to about 1750 mzlg, as measured by

15 the Brunauer-Emmett-Teller method.

210. The process of claim 184 wherein the carbon support is in the
form of a particulate, the particulate support having a particle size distribution
such that at least about 95% of the particles are from about 2 to about 300 pm

20 in their largest dimension.
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211. The process of claim 210 wherein the particulate support has a
particle size distribution such that at least about 98% of the particles are from

about 2 to about 200 um in their largest dimension.

5 212. The process of claim 211 wherein the particulate support has a
particle size distribution such that at least about 99% of the particles are from
about 2 to about 150 um in their largest dimension and at least about 95% of

the particles are from about 3 to about 100 um in their largest dimension.
10 213. The process of claim 184 wherein the carbon support is derived
from carbonaceous matter selected from the group consisting of wood, nut

shells, vegetable matter, bones, peat, lignite, coal and organic polymers.

214. The process of claim 213 wherein the carbon support is derived
15 from natural carbonaceous matter selected from the group consisting of wood,
nut shells, vegetable matter and bones.

215. The process of claim 184 wherein the carbon support is activated.

20 216. The process of claim 215 wherein the carbon support is non-

graphitic.
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217. A process for the preparation of an oxidation catalyst, the process

comprising depositing a noble metal at a surface of a carbon support, and then
exposing the surface to a reducing environment to reduce the surface so that
less than 0.5 mmole of carbon monoxide per gram of catalyst desorb from the
catalyst when a dry sample of the catalyst in a helium atmosphere is heated
from about 20 to about 900°C at a rate of about 10°C per minute, and then at
about 900°C for about 30 minutes, wherein:

the catalyst comprises a promoter, said promoter constituting at least

0.05% by weight of the catalyst.

218. The process of claim 217 wherein said carbon monoxide yield is

no greater than about 0.3 mmole of carbon monoxide per gram of catalyst.

219. The process of claim 217 wherein the reducing environment

comprises ammonia.

220. The process of claim 217 wherein the reducing environment

comprises NaBHj.

221. The process of claim 217 wherein the promoter is more easily

oxidized than the noble metal.
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222. The process of claim 217 wherein the promoter comprises a metal
selected from the group consisting of tin, bismuth, lead, titanium, antimony,

selenium, iron, rhenium, cerium, zinc, and zirconium.
5 223. The process of claim 217 wherein the promoter comprises a metal
selected from the group consisting of cadmium, magnesium, manganese,

nickel, aluminum and cobalt.

224, The process of claim 217 wherein the promoter comprises tin.

10
225. The process of claim 217 wherein the promoter comprises iron.
226. The process of claim 217 wherein the promoter comprises
titanium.
15
227. The process of claim 217 wherein the catalyst comprises at least
two promoters at the surface of the carbon support, each said promoter
constituting at least 0.05% by weight of the catalyst.
20 228. The process of claim 227 wherein the promoters comprise iron

and tin.
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229. The process of claim 217 wherein noble metal atoms at the

surface are alloyed with the promoter.

230. The process of claim 217 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

231. The process of claim 217 wherein substantially all of the noble

metal atoms at the surface are alloyed with the promoter.

232. The process of claim 217 wherein noble metal constitutes no

greater than about 7.5% by weight of the catalyst.

233. The process of claim 217 wherein the carbon support has a
specific surface area of at least about 500 m?/g, as measured by the Brunauer-

Emmett-Teller method.

234. The process of claim 233 wherein the carbon support has a
specific surface area of from about 500 to about 2100 m?/g, as measured by

the Brunauer-Emmett-Teller method.

235. The process of claim 217 wherein the carbon support has a
specific surface area of at least about 750 m?/g, as measured by the Brunauer-

Emmett-Teller method.
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237. The process of claim 235 wherein the carbon support has a
specific surface area of from about 750 to about 1750 m2/g, as measured by

the Brunauer-Emmett-Teller method.

10 238. The process of claim 217 wherein the carbon support is in the
form of a particulate, the particulate support having a particle size distribution
such that at least about 95% of the patrticles are from about 2 to about 300 um

in their largest dimension.

15 239. The process of claim 238 wherein the particulate support has a
particle size distribution such that at least about 98% of the particles are from

about 2 to about 200 um in their largest dimension.

240. The process of claim 239 wherein the particulate support has a
20 particle size distribution such that at least about 99% of the particles are from
about 2 to about 150 pm in their largest dimension and at least about 95% of

the particles are from about 3 to about 100 ym in their largest dimension.
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247. The process of claim 245 wherein said carbon monoxide yield is

no greater than about 0.7 mmole of carbon monoxide per gram of catalyst.
10 248. The process of claim 245 wherein the mixture is acidic.

249. The process of claim 245 wherein the catalyst further

comprises a promoter at a surface of the carbon support.

15 250. The process of claim 249 wherein the process is conducted in a

continuous reactor system.

251. The process of claim 249 wherein said carbon monoxide yield is
no greater than about 0.7 mmole of carbon monoxide per gram of catalyst.
20
252. The process of claim 249 wherein at least 0.05% by weight of the

catalyst consists of at least one promoter.
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a noble metal, the process comprising contacting the mixture with an oxidation

catalyst in the presence of oxygen, wherein the catalyst:
comprises a carbon support having a noble metal, carbon, and oxygen at
5 asurface of the carbon support; and
is characterized as having a ratio of carbon atoms to oxygen atoms at
the surface which is at least about 20:1 as measured by x-ray photoelectron
spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

10  an oxidant following the heating in the hydrogen atmosphere.

254. The process of claim 253 wherein the process is conducted in a

continuous reactor system.

15 255. The process of claim 253 wherein said ratio of carbon atoms to

oxygen atoms is at least about 30:1.

256. The process of claim 253 wherein the catalyst further
comprises a promoter at a surface of the carbon support.
20
257. The process of claim 256 wherein the process is conducted in a

continuous reactor system.
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oxygen atoms is at least about 30:1.

259. The process of claim 256 wherein at least 0.05% by weight of the

5 catalyst consists of at least one promoter.

260. A process for oxidizing a reagent in a mixture which can solubilize
a noble metal, the process comprising contacting the mixture with an oxidation
catalyst in the presence of oxygen, wherein the catalyst:

10 comprises a carbon support having: (a) a noble metal at a surface of the
carbon support; and (b) a surface layer having a thickness of about 50 A as
measured inwardly from the surface and comprising carbon and oxygen; and

is characterized as having a ratio of carbon atoms to oxygen atoms in
the surface layer of at least about 20:1 as measured by x-ray photoelectron

15 spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

an oxidant following the heating in the hydrogen atmosphere.

261. The process of claim 260 wherein the process is conducted in a

20  continuous reactor system.

262. The process of claim 260 wherein said ratio of carbon atoms to

oxygen atoms is at least about 30:1.
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-3hL, 5f 210% 2; : & ()-f210% 2; : & () -' F"e2f 210% 2; &() £210% 2;

f

210% 2 e234: <BCDCY J*f 210%.2: 0%

S e2f21§3§§ THBPIPSat R ¢S eselfeld 4303 Girpp atoms to
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leowzyg%z\ eM%m%IQast@Rqﬂép;w[NM 10(: (10( (10(: (; <(10%: (& ()-
<(10% & ()- < %0%B& ()-x' >10% & ()- >10% & ()- 7;|[<NA4 10(3 "10% ()-

M8 " 109%®&’ () - Y10%’2;&'()- ) C109R: & ()-' !, 109%R: & ()- 109%R: & ()-:

Qg~] <NA4" 10( L&10%& ()- sF"1098& ()-Y SF"10%& ()-Y 31S 10% & ()-4' 31'S

109%8; & ()-4 3 "1088& (The:drdtess of claim 263 wherein at least 0.05% by weight of the
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catalyst consists of at least one promoter.

267. A process for oxidizing a reagent in a mixture which can solubilize
15 anoble metal, the process comprising:
forming an oxidation catalyst by a process comprising depositing a noble
metal at a surface of a carbon support, and then heating the surface at a
temperature of at least about 400°C; and
contacting the mixture with the oxidation catalyst in the presence of

20  oxygen.

268. The process of claim 267 wherein the mixture is contacted with

the oxidation catalyst in the presence of oxygen in a continuous reactor system.
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|1<NAA° 10( +! 109R; & () -+ 109 ()- + 10%8& ()- L9*109%R; & ()-' L(10%R;& ()-
L&L09R; & ()- jlsvU4d S, f10%89S& ()-& FS10989S& ()-' 03 - 10%89S& () -

Y3 -10% %&' ()-102; 102; 102; :109%; & ()-sv_?vU4" Sh 210%59S& () - h

210989S& ()-h 210%89S& ()-h 210%89S& ()-h 210%89S& ()- 10%89S& ()- ?vU4" Sh
210989S& ()-h 210%89S& ()-h 210989S& ()-h 210%89S& ()-h 210%SSSERP) 2092
210989S& ()-nN. vU4h 210%89S& ()-h 2109%89S& ()-h 210%89S& ()-h 210%89S& ()-h
2109689S&' () - 5VWK%t, 2mvk vU4h 210%89S& ()-h 210%89S& () - h

210989S& () - 5VWK%, 29h 210%89S& ()-h 210%S9S& () - #( - 23FI - vU4h

gigf;gggg g g ) E%‘[’/g%%{?%gfﬁ@&s(amai?rﬂ@é"ﬁ%\%réih'd? | G538 By whight of the

catalyst consists of at least one promoter.

5 270. The process of claim 273 wherein the promoter is more easily

oxidized than the noble metal.

271. The process of claim 269 wherein the promoter comprises a metal
selected from the group consisting of tin, bismuth, lead, titanium, antimony,

10 selenium, iron, rhenium, cerium, zinc, and zirconium.

272. The process of claim 269 wherein the promoter comprises a metal
selected from the group consisting of cadmium, magnesium, manganese,

nickel, aluminum and cobalt.

15
273. The process of claim 269 wherein the promoter comprises tin.
274. The process of claim 269 wherein the promoter comprises iron.
20 275. The process of claim 269 wherein the promoter comprises

titanium.
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210989Sh 210%89S& ()-h 210%89S& ()-h 210%89S& ()-h 210%89S& () - h
210%89S& ()-h 210%89S& () - mst mvk vUsh 210%89S& ()-h 210%89S& () - h

210%89S& ()-h 210%89S& () - 5WKY%4, 2h 210%89S& ()- | - vUsh 210%89S& () - 5WKY%4, 2h
210989S& ()-h 210%89S& () -h 210%89S& ()-h 210%89S&' () - _?vU4h 210%59Sh
210989S& ()-h 210%89S& ()-h 210%89S& ()-h 210%89S& ()-h 210%SISSEP 2002
210%89S&' () - M vU4h 210989S& ()-h 210989S& ()-h 210989S& ()- h

210989S&' () - SVKY7@h ZAE YrScess(of-claifBRbd Wiheid 1 1&23&v0)prBmoters are

deposited at the surface of the carbon support.

277. The process of claim 276 wherein the promoters comprise iron

5 andtin.

278. The process of claim 269 wherein noble metal atoms at the

surface are alloyed with the promoter.

10 279. The process of claim 269 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

280. The process of claim 269 wherein substantially all of the noble
metals at the surface are alloyed with the promoter.
15
281. The process of claim 267 wherein said temperature is at least

about 500°C.

282. The process of claim 267 wherein, before the noble metal
20  deposition, the carbon support has carbon and oxygen at a surface of the
carbon support in amounts such that the ratio of carbon atoms to oxygen atoms
at the surface is at least about 20:1 as measured by x-ray photoelectron

spectroscopy.
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210989S8& () - 5VWK%4, 2h 2109%689S& ()-h 210%89S& () - h
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210%59S& ()-h 210%89S& ()-h 2109B9S& ()-h 210%89S& () - mvk vUSh 210%89S& () -
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h

2109489S& () - 5VWK%t, 2h 210%89S& ()-h 210%89S& ()-h 210%89S& ()-h 210%89S& () -

| [NA4h10: &10: 10: <1 %.10% & ()- S<I %.10% & ()- S?10% & ()- S?° 10% & ()-c
S'10% & ()- , HR6|[: NA4h10 "1098& ()- "10% & ()- S9! 10%s;s& ()- 9! 10%¢;

b 10 ) T MO a2 LTRSSt
S& ()fpStUX@-%%@dgﬁé%%%%oﬁrb\g 010% & ()- 10%.*. L&( )-10s; s10s; s10s; s SS;

10%; s& () - h S 210% & ()- 210% & ()- 210% & () -
5 284. The process of claim 283 wherein the non-oxidizing environment

comprises a reducing environment.

285. The process of claim 284 wherein the reducing environment
comprises H,.
10
286. A process for oxidizing a reagent in a mixture which can solubilize
a noble metal, the process comprising:
forming an oxidation catalyst by a process comprising: (a) depositing a
noble metal at a surface of a carbon support, and (b) exposing the surface to a
15 reducing environment; and
contacting the mixture with the oxidation catalyst in the presence of
oxygen,
wherein, before the noble metal deposition, the carbon support has
carbon and oxygen at the surface of the carbon support in amounts such that
20 the ratio of carbon atoms to oxygen atoms at the surface is at least 20:1 as

measured by x-ray photoelectron spectroscopy.
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210% & ()- 210% & ()- S10% & ()-sS3vU4 210% & ()- 210% & () -
210% & () -/ K+#+2 210% & ()- 210% & ()-$)*=DoS3vi4 210% & () -
210% & ()-/ K+#+2 210% & ()- 210% & ()- 210% & () - DIPW\ bc_/ VUA/ K+#+2
210% & ()- 210% & ()- 210% & ()- 210% & ()- 210% & () - cu] dDvU4/ K+#+2
210% & ()- 210% & ()- 210% & ()- 210% & ()- 210% & ()- 210% & 25 SEB20aY/
210% & ()- 210% & ()- 210% & ()- 210% & () -/ K+#+2 210% & () - 0S3vU4/

& ()-

210% &8Y) - Mrefprdcess of claim 286 wherein the mixture is contacted with

the oxidation catalyst in the presence of oxygen in a continuous reactor system.

288. The process of claim 286 wherein at least 0.05% by weight of the

5 catalyst consists of at least one promoter.

289. The process of claim 288 wherein the promoter is more easily

oxidized than the noble metal.

10 290. The process of claim 288 wherein the promoter comprises a metal
selected from the group consisting of tin, bismuth, lead, titanium, antimony,

selenium, iron, rhenium, cerium, zinc, and zirconium.

291. The process of claim 288 wherein the promoter comprises a metal

15 selected from the group consisting of cadmium, magnesium, manganese,

nickel, aluminum and cobalt.

292. The process of claim 288 wherein the promoter comprises tin.

20 293. The process of claim 288 wherein the promoter comprises iron.

294. The process of claim 288 wherein the promoter comprises

titanium.
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0% & () - $@" 10% 10% & 10% $ 0% 8 $@" 10%
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10

298. The process of claim 288 wherein a majority of the noble metal

atoms at the surface are alloyed with the promoter.

299. The process of claim 288 wherein substantially all of the noble

15  metals at the surface are alloyed with the promoter.

300. A process for the preparation of N-(phosphonomethyl)glycine or a
salt thereof, the process comprising contacting N-
(phosphonomethyl)iminodiacetic acid or a salt thereof with an oxidation catalyst
20 in the presence of oxygen, wherein the catalyst:
comprises a carbon support having a noble metal at a surface of the

carbon support; and
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306. The process of claim 300 wherein the oxidation is conducted in a

solution or slurry, and oxygen is introduced into the solution or slurry at a rate

such that at least about 60% of the oxygen is utilized.

307. The process of claim 300 wherein the oxidation is conducted in a
solution or slurry, and oxygen is introduced into the solution or slurry at a rate

such that at least about 80% of the oxygen is utilized.

308. The process of claim 300 wherein the oxidation is conducted in a
solution or slurry, and oxygen is introduced into the solution or slurry at a rate

such that at least about 90% of the oxygen is utilized.

309. The process of claim 300 wherein the oxidation is conducted in a
solution or slurry, and oxygen is introduced into the solution or siurry at a rate
such that at least about 40% of the oxygen is utilized until at least about 80% of
the reagent has been consumed, and then introduced into the solution or slurry

at a reduced rate to enhance oxidation of formaldehyde in the solution or slurry.

310. The process of claim 300 further comprising introducing a

sacrificial reducing agent into the solution or slurry.
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comprises formaldehyde, formic aC|d, or a combination thereof.

312. A process as set forth in claim 300 comprising:

5 contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
said catalyst and oxygen, thereby producing a used catalyst and a liquid
reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;

separating said liquid reaction product from said used catalyst; and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
10 thereof with said used catalyst and oxygen, thereby producing additional liquid

reaction product comprising N-(phosphonomethyl)glycine or a salt thereof.

313. A process as set forth in claim 312 further comprising:

separating said additional liquid reaction product from said used catalyst.

15
314. A process as set forth in claim 313 further comprising repetitively
contacting said used catalyst with oxygen and further additional N-
(phosphanomethyl)glycine or a salt thereof to produce further additional liquid
reaction product.
20

315. A process as set forth in claim 314 comprising:
initially contacting said catalyst with oxygen and N-

(phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
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s$" 1098& () préduickIdBéel lcatapstlidbiitatliquithVeastod PIgEt E8MbKsing N-
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(phosphonomethyl)glycine or a salt thereof;
separating said first liquid reaction from said used catalyst;
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
5 said used catalyst in another reaction cycle to produce additional liquid reaction
product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said additional liquid reaction product from said used catalyst;
and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
10 thereof in each of a series of further reaction cycles to produce further

additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.

316. A process as set forth in claim 315 wherein said used catalyst is

15 separated from further additional liquid reaction product in each of said cycles.

317. A process as set forth in claim 312 wherein said catalyst
comprises a particulate noble metal on carbon catalyst that is slurried in a liquid
reaction medium comprising N-(phosphonomethyl)iminodiacetic acid, said used

20 catalyst being separated from said liquid reaction product by filtration.

318. A process for the preparation of N-(phosphonomethyl)glycine or a

salt thereof, the process comprising contacting N-
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S$"109& () - s$"10%& ()- s$"10%& ()- RS*chnrnN. NASs$" 109%$& () -
$3" 1098& () {pRespgHERidthyl)ifinddBétid dcid P al8Bferdof with an oxidation catalyst
in the presence of oxygen, wherein the catalyst comprises a carbon support
having a noble metal, carbon, and oxygen at a surface of the carbon support,
said catalyst being characterized as having a ratio of carbon atoms to oxygen
5 atoms of at least about 20:1 at the surface as measured by x-ray photoelectron
spectroscopy after the catalyst is heated at a temperature of about 500°C for
about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

an oxidant following the heating in the hydrogen atmosphere.

10 319. The process of claim 318 wherein the process is conducted in a

continuous reactor system.

320. The process of claim 318 wherein said ratio of carbon atoms to
oxygen atoms is at least about 30:1.
15
321. The process of claim 318 wherein said ratio of carbon atoms to

oxygen atoms is at least about 40:1.

322. The process of claim 318 wherein said ratio of carbon atoms to

20 oxygen atoms is at least about 50:1.

323. The process of claim 318 wherein said ratio of carbon atoms to

oxygen atoms is at least about 60:1.

147



5W}"rw } mMBNASSS$" 10968 () - s$"1096& ()- s$"1098& ()- 5W}"$s$" 10%& () -
S$"109%&' ()- Z: NAS5S$" 10%B&' ()- 5W}"s$" 1098& ()- s$"10%8& ()- s$"10%& ()-
s$"1096& ()- _?NA5S$"1098&' ()- s$"1098& ()- s$"109& ()- s$"1096& () -
5$"1096& ()- 5$"1096& ()- Tni+NA5 | :109%6& ()- 8 10%& ()-1 5 10%
2S1096& ()-s$"1098& ()- SW1I"#vU4 38$10% B' & ()-* U3&$10% ! & 25) SEP%&QIO%
& ()-* 38$10%$& ()-* L!10% e$ & ()-10$10$10$X| [ NA410" e$ 10" e$” 10" e$
910% e$ & ()- 3&$10% " & ()-* 3&$10% & ()-* 3&$10%" & ()-*
gfg(}/ow(' ;&' ()-*2578@ aANA410" e$ 210% & ()-210% & ()-210% & ()- 10% & ()-

5 &

%2‘%2;& ol OgDENQRQf @Iﬂfc&rﬁ%?;lzf °'3'5/B‘ 218, %E’IS%the (U9 P OXNIST BloMB A% () - 210
()~ ho0vs & CpoPmeRl s RIS ddiace oS Baatdot dsnba s SRR 9Y 51005

'()-i¢018", 206 42108 & () - 21008 & () -

c! 8", 2210% Bhpyastes QS%@?&%CI@:@G@M ()- 2+2109% 210% & ()-210% & ()-210% & () -2
109% & ()-2109%6 & ()-210% & () - hH(+210% & ()-210% & ()-210% & ()-210% & ()- 21
0% & ()-5¢! 8,2 "+cG +210% & ()-210% & ()-:

cl 8, 2210% & ()-210% & ()-210% & () - +/ 369<?_2+210% 210% & () - 210% & () - 210%

"8 ()-210% & () - 328% &hk)pradeds & dixin? B ey Ein' A0 Vit &os B10% &
)-210% & ()-;c! 8 2210%8?'-() ej | oruv_#: m 6J o &ofs- 6 & (

c18" 22100 fobks A0S 1A LGOI ()- 210068 (- vdD

cl 8, 2210% & 21006 & () -210% & ()-210% & ()-210% & ()-gC ;
2109 & ()-2109% & ()-210% & ()-:c!8' ,2210% & ()-210% & ()- _7:
2109 210% & () - 210%&() 2109 & ()-210% & ()-210% & ()-210% & ()-"$' - gF%

@ 10% & ()- 10% &' @0% & % & ().5210% -

c! 8', 2- 7BEFGHT pv&@ Qrfe(;%roqq@@@a(é )322 ]}Eﬁ ( d(?t'39§?§329(9[bat8 msi§. (. .
SSL$MLO% (:; & ()-t S>LSMLOYG: 6& ()-t 60S>L$MLO% & () -t p4B|[: vus@ 1 .
FI 1090680 () neble meweaaor(n)swlassibwmogys# rF10%<& ()-# Fl 109Z: & () - #
1}s, 10996& ()-BWUA@ 1 "10%<4& ()- s109%<4& ()- 10memlontemlondeEm

. 109168 ()- s. 10%06ng ()- 3 - 10%eng ()-f|[: v4@

327. The process of claim 324 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 5:1.

15 328. A process as set forth in claim 318 comprising:
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
said catalyst and oxygen, thereby producing a used catalyst and a liquid
reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said liquid reaction product from said used catalyst; and
20 contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
thereof with said used catalyst and oxygen, thereby producing additional liquid

reaction product comprising N-(phosphonomethyl)glycine or a salt thereof.
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"10% =& §) - contmting sgjd usadoatalyst withoxygensmsUudher additional N-

(phosphonomethyl)glycine or a salt thereof to produce further additional liquid

reaction product.

331. A process as set forth in claim 330 comprising:

10 initially contacting said catalyst with oxygen and N-
(phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
produce a used catalyst and a first liquid reaction product comprising N-
(phosphonomethyl)glycine or a salt thereof;

separating said first liquid reaction from said used catalyst;

15 contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
said used catalyst in another reaction cycle to produce additional liquid reaction
product comprising N-(phosphonomethyl)glycine or a salt thereof;

separating said additional liquid reaction product from said used catalyst;
and

20 contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
thereof in each of a series of further reaction cycles to produce further
additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.
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comprises a particulate noble metal on carbon catalyst that is slurried in a liquid

reaction medium comprising N-(phosphonomethyl)iminodiacetic acid, said used

catalyst being separated from said liquid reaction product by filtration.

10 334. A process for the preparation of N-(phosphonomethyl)glycine or a
salt thereof, the process comprising contacting N-
(phosphonomethyl)iminodiacetic acid or a salt thereof with an oxidation catalyst
in the presence of oxygen, wherein the catalyst comprises a carbon support
comprising: (a) a noble metal at a surface of the carbon support; and (b) a

15 surface layer having a thickness of about 50 A as measured inwardly from the
surface and comprising carbon and oxygen, the ratio of carbon atoms to
oxygen atoms in the surface layer being at least about 20:1 as measured by x-
ray photoelectron spectroscopy after the catalyst is heated at a temperature of
about 500°C for about 1 hour in a hydrogen atmosphere and before the catalyst

20 is exposed to an oxidant following heating in the hydrogen atmosphere.

335. The process of claim 334 wherein the process is conducted in a

continuous reactor system.
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340. The process of claim 334 wherein the ratio of oxygen atoms to
15 noble metal atoms in the surface layer is less than about 8:1 as measured by x-

ray photoelectron spectroscopy.

341. The process of claim 340 wherein said ratio of oxygen atoms to
noble metal atoms is less than about 7:1.
20
342. The process of claim 340 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 6:1.
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6210% & ()- _  346. A process as set forth in claim 345 further comprising repetitively

contacting said used catalyst with oxygen and further additional N-
(phosphonomethyl)glycine or a salt thereof to produce further additional liquid
reaction product.
20
347. A process as set forth in claim 346 comprising:
initially contacting said catalyst with oxygen and N-

(phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
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additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.

348. A process as set forth in claim 347 wherein said used catalyst is

15 separated from further additional liquid reaction product in each of said cycles.

349. A process as set forth in claim 344 wherein said catalyst
comprises a particulate noble metal on carbon catalyst that is slurried in a liquid
reaction medium comprising N-(phosphonomethyl)iminodiacetic acid, said used

20 catalyst being separated from said liquid reaction product by filtration.

350. A process for the preparation of N-(phosphonomethyl)glycine or a

salt thereof, the process comprising:
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351. The process of claim 350 wherein the N-
(phosphonomethyl)iminodiacetic acid or a salt thereof is contacted with the
oxidation catalyst in the presence of oxygen in a continuous reactor system.
10

352. The process of claim 350 wherein said temperature is at least

about 500°C.

353. The process of claim 350 wherein said temperature is from about

15 550 to about 1,200°C.

354. The process of claim 350 wherein said temperature is from about

550 to about 900°C.

20 355. The process of claim 350 wherein, before the noble metal
deposition, the carbon support has carbon and oxygen at the surface of the

carbon support in amounts such that the ratio of carbon atoms to oxygen atoms
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10 358. The process of claim 356 wherein said temperature is from about

550 to about 1,200°C.

359. The process of claim 356 wherein the non-oxidizing environment
consists essentially of at least one gas selected from the group consisting of N,

15 and the noble gases.

360. The process of claim 356 wherein, before the noble metal
deposition, the carbon support has carbon and oxygen at the surface of the
carbon support in amounts such that the ratio of carbon atoms to oxygen atoms

20  at the surface before the noble metal deposition is at least about 20:1 as

measured by x-ray photoelectron spectroscopy.
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365. The process of claim 361 wherein, before the noble metal
deposition, the carbon support has carbon and oxygen at the surface of the
15  carbon support in amounts such that the ratio of carbon atoms to oxygen atoms
at the surface before the noble metal deposition is at least about 20:1 as

measured by x-ray photoelectron spectroscopy.

366. A process as set forth in claim 350 comprising:
20 contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
said catalyst and oxygen, thereby producing a used catalyst and a liquid
reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;

separating said liquid reaction product from said used catalyst; and
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contacting said used catalyst with oxygen and further additional N-

10 (phosphonomethyl)glycine or a salt thereof to produce further additional liquid

reaction product.

369. A process as set forth in claim 368 comprising:
initially contacting said catalyst with oxygen and N-

15 (phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
produce a used catalyst and a first liquid reaction product comprising N-
(phosphonomethyl)glycine or a sait thereof;

separating said first liquid reaction from said used catalyst;
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with

20  said used catalyst in another reaction cycle to produce additional liquid reaction

product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said additional liquid reaction product from said used catalyst;

and
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372. A process for the preparation of N-(phosphonomethyl)glycine or a
15  salt thereof, the process comprising:
forming an oxidation catalyst by a process comprising: (a) depositing a
noble metal at a surface of a carbon support, and (b) exposing the surface to a
reducing environment; and
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
20 the oxidation catalyst in the presence of oxygen,
wherein, before the noble metal deposition, the carbon support has

carbon and oxygen at the surface of the carbon support in amounts such that
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oxidation catalyst in the presence of oxygen in a continuous reactor system.

374. The process of claim 372 wherein the reducing environment

comprises ammonia.

10
375. The process of claim 372 wherein the reducing environment
comprises NaBH,.
376. A process as set forth in claim 372 comprising:
15 contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with

said catalyst and oxygen, thereby producing a used catalyst and a liquid
reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said liquid reaction product from said used catalyst; and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
20 thereof with said used catalyst and oxygen, thereby producing additional liquid

reaction product comprising N-(phosphonomethyl)glycine or a salt thereof.

377. A process as set forth in claim 376 further comprising:
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10  (phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
produce a used catalyst and a first liquid reaction product comprising N-
(phosphonomethyl)glycine or a salt thereof;
separating said first liquid reaction from said used catalyst;
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
15 said used catalyst in another reaction cycle to produce additional liquid reaction
product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said additional liquid reaction product from said used catalyst;
and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
20 thereof in each of a series of further reaction cycles to produce further

additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.
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catalyst being separated from said liquid reaction product by filtration.

382. A process for the preparation of N-(phosphonomethyl)glycine or a
10  salt thereof, the process comprising contacting, in the presence of oxygen, N-
(phosphonomethyl)iminodiacetic acid or a salt thereof with a catalyst
comprising a carbon support having a noble metal, a promoter, carbon, and

oxygen at a surface of the carbon support.

15 383. The process of claim 382 wherein the process is contacted in a

continuous reactor system.

384. The process of claim 382 wherein at least 0.05% by weight of the
catalyst consists of at least one promoter.
20
385. The process of claim 382 wherein the promoter is more easily

oxidized than the noble metal.
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The process of claim 382 wherein the promoter comprises a metal

selected from the group consisting of cadmium, magnesium, manganese,

nickel, aluminum and cobalt.

388. The process of claim 382 wherein the promoter comprises tin.

10
389. The process of claim 382 wherein the promoter comprises iron.
390. The process of claim 382 wherein the promoter comprises
titanium.
15
391. The process of claim 382 wherein at least two promoters are at
the surface of the carbon support.
392. The process of claim 391 wherein the promoters comprise iron
20 andtin.

393. The process of claim 382 wherein noble metal atoms at the

surface are alloyed with the promoter.
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396. The process of claim 382 wherein the catalyst is characterized as

having a ratio of carbon atoms to oxygen atoms at the surface which is at least

10 about 20:1 as measured by x-ray photoelectron spectroscopy after the catalyst
is heated at a temperature of about 500°C for about 1 hour in a hydrogen
atmosphere and before the catalyst is exposed to an oxidant following the

heating in the hydrogen atmosphere.

15 397. The process of claim 396 wherein said ratio of carbon atoms to

oxygen atoms is at least about 30:1.

398. The process of claim 396 wherein said ratio of carbon atoms to
oxygen atoms is at least about 40:1.
20
399. The process of claim 396 wherein said ratio of carbon atoms to

oxygen atoms is at least about 50:1.
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temperature of about 500°C for about 1 hour in a hydrogen atmosphere and

before the catalyst is exposed to an oxidant following the heating in the

hydrogen atmosphere.

10
402. The process of claim 401 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 7:1.

403. The process of claim 401 wherein said ratio of oxygen atoms to

15 noble metal atoms is less than about 6:1.

404. The process of claim 401 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 5:1.

20 405. The process of claim 382 wherein the catalyst is characterized as
yielding no more than about 1.2 mmole of carbon monoxide per gram of
catalyst when a dry sample of the catalyst, after being heated at a temperature

of about 500°C for about 1 hour in a hydrogen atmosphere and before being
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no greater than about 0.7 mmole of carbon monoxide per gram of catalyst.

407. The process of claim 405 wherein said carbon monoxide yield is

no greater than about 0.5 mmole of carbon monoxide per gram of catalyst.

10
408. The process of claim 405 wherein said carbon monoxide yield is
no greater than about 0.3 mmole of carbon monoxide per gram of catalyst.
409. A process as set forth in claim 382 comprising:
15 contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with

said catalyst and oxygen, thereby producing a used catalyst and a liquid
reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said liquid reaction product from said used catalyst; and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
20 thereof with said used catalyst and oxygen, thereby producing additional liquid

reaction product comprising N-(phosphonomethyl)glycine or a salt thereof.

410. A process as set forth in claim 409 further comprising:
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412. A process as set forth in claim 411 comprising:
initially contacting said catalyst with oxygen and N-
10  (phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
produce a used catalyst and a first liquid reaction product comprising N-
(phosphonomethyl)glycine or a salt thereof;
separating said first liquid reaction from said used catalyst;
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
15 said used catalyst in another reaction cycle to produce additional liquid reaction
product comprising N-(phosphonomethyl)glycine or a salt thereof;
separating said additional liquid reaction product from said used catalyst;
and
contacting additional N-(phosphonomethyl)iminodiacetic acid or a salt
20  thereof in each of a series of further reaction cycles to produce further

additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.
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10%98: 9& () {phosphonomethyl)iminodiacetic acid or a salt thereof with an oxidation catalyst

in the presence of oxygen, wherein the catalyst comprises a carbon support

having: (a) a noble metal and a promoter at a surface of the carbon support;

and (b) a surface layer having a thickness of about 50 A as measured inwardly

15 from the surface and comprising carbon and oxygen, the catalyst being

characterized as having a ratio of carbon atoms to oxygen atoms in the surface

layer which is at least about 20:1 as measured by x-ray photoelectron

spectroscopy after the catalyst is heated at a temperature of about 500°C for

about 1 hour in a hydrogen atmosphere and before the catalyst is exposed to

20  an oxidant following the heating in the hydrogen atmosphere.

416. The process of claim 415 wherein the process is contacted in a

continuous reactor system.
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15 characterized as having a ratio of oxygen atoms to noble metal atoms in the

surface layer which is less than about 8:1 after the catalyst is heated at a
temperature of about 500°C for about 1 hour in a hydrogen atmosphere and
before the catalyst is exposed to an oxidant following the heating in the
hydrogen atmosphere.
20
422. The process of claim 421 wherein said ratio of oxygen atoms to

noble metal atoms is less than about 7:1.
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oxidized than the noble metal.

427. The process of claim 415 wherein the promoter comprises a metal
selected from the group consisting of tin, bismuth, lead, cadmium, magnesium,
15 manganese, nickel, aluminum, cobalt, titanium, antimony, selenium, iron,

rhenium, cerium, zinc, and zirconium.
428. The process of claim 415 wherein the promoter comprises tin.
20 429. The process of claim 415 wherein the promoter comprises iron.

430. The process of claim 415 wherein the promoter comprises

titanium.
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434. The process of claim 415 wherein a majority of the noble metals

at the surface are alloyed with the promoter.

435. The process of claim 415 wherein substantially all of the noble

15 metal atoms at the surface are alloyed with the promoter.

436. A process as set forth in claim 415 comprising:
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with
said catalyst and oxygen, thereby producing a used catalyst and a liquid
20  reaction product comprising N-(phosphonomethyl)glycine or a salt thereof;

separating said liquid reaction product from said used catalyst; and

170



f guhi kl ) nopg sFuvwry4zh{| #~~" 6KEwW} s v; 2! +FIJw7<C, PLJk/ Pl g=, bAgQRdd nj nM ;

?2JzB"g3!  #$YRD(1)*-,-.1012X4L567[ 99;

; T<=>d@\ CXDEMNGHI i KOM' NKOPQSe UKVWKZ[ | M ° I"#$UR' () *+,-./0123456789: ;
<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #B9& ()*+,-./0123456789: ; 25 SEP 2002

<=>? @ABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

LA () *+, -] Oég%ﬁfggadditional N-(phosphonomethyl)iminodiacetic acid or a salt __
<=>?@\BCDEFGHI JKLMNOPOQRSTUVWKYZ[\ ] ™ " abcdef ghi j KI mopqr st uvwxyz{| } ~6Ti nes

New RomanAr i r%@ﬁég%é& ERglysFahd YOS SPIRLIEY drBducing additional liquid

L"HBUR () *+, -

=>7 MNOP A . -
,< ;$(%B %E%cilghggg@%%ﬁé }\l]-(pho%Bﬁgr?g) Q{Hyiﬁlgm?rpeqcr)rs é g\é?/twt(ﬁ/ezriak}
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~

I"#B9R ()*+,-./0123456789: ;
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

" #3UR' (9 *+, - . /| 043BA58780cess as set forth in claim 436 further comprising:
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kIl mopqr st uvwxyz{| } ~

P HSUR () * +, - . [ 0883dhabing Said additional liquid reaction product from said used catalyst.
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

I"H#S9R () *+,-./0123456789: ;
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\ ] "_" abcdef ghi j kl mopqr st uvwxyz{| } ~

438. A process as set forth in claim 437 further comprising repetitively
contacting said used catalyst with oxygen and further additional N-
10  (phosphonomethyl)glycine or a salt thereof to produce further additional liquid

reaction product.

439. A process as set forth in claim 438 comprising:
initially contacting said catalyst with oxygen and N-

15 (phosphonomethyl)iminodiacetic acid or a salt thereof in a first reaction cycle, to
produce a used catalyst and a first liquid reaction product comprising N-
(phosphonomethyl)glycine or a salt thereof;

separating said first liquid reaction from said used catalyst;
contacting N-(phosphonomethyl)iminodiacetic acid or a salt thereof with

20 said used catalyst in another reaction cycle to produce additional liquid reaction

product comprising N-(phosphonomethyl)glycine or a salit thereof;
separating said additional liquid reaction product from said used catalyst;

and
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contacting additional N-(phosphonomethyl)iminodiacetic acid or a
salt thereof in each of a series of further reaction cycles to produce further
additional liquid reaction product comprising N-(phosphonomethyl)glycine or a

salt thereof in each of said further series of cycles.

440. A process as set forth in claim 439 wherein said used catalyst is

separated from further additional liquid reaction product in each of said cycles.

441. A process as set forth in claim 436 wherein said catalyst
comprises a particulate noble metal on carbon catalyst that is slurried in a liquid
reaction medium comprising N-(phosphonomethyl)iminodiacetic acid, said used

catalyst being separated from said liquid reaction product by filtration.
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