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PREPARATI ON OF PALLADI UM GOLD CATALYSTS FIELD OF THE
I'NVENTION 5 The invention relates to supported ,
pal | adi um gol d catal ysts. Mre particularly, the
invention relates to supported palladi umgold
catal ysts that have increased catalytic activity and
activity stability in acetoxylation. BACKGROUND CF THE
I NVENTI ON %nggzltﬁ_a&im gol d catal ysts are known. They
are used i Oét OSTPARADIUMSE - '
oxi dation of ethylene in the presenc(gﬂg?%f&e\(s.rs
pal | adi um gol d catal yst and acetic acid produces
vinyl acetate, whi chELRCKF TREfiNVERIMOREr for the

~ polynmer industry. Acetoxylation is comonly perforned

by theevi tioh a$§lalclagh | ' | s supported -
R b U ael o ot ats. NePHOUE: peleliERioid neatatysts.  wore

a ' old catal yst.
P %4’% ORe dBventeny Bisise §°a$l@nmm’d/npallaﬂk@1$@%kﬁbatam§% wat h
lnqm&?ﬁﬁjcaialyﬁb‘aeﬁvim&jvng s?agm%xwe‘ of. palladiu Sndrat have
gold salts onto a support” and t ena(feé?iﬁé“ﬁ@-t he
pal | adi um and.gold to netals. - Palladium and gold are

both preci ous NBAGIKGROUNTE R EHETRTEN ,’@ ts have
been made to increase the catal ytic acti y and

r edBakadib® - Wak=10d. GaLal yst  2Q_needed. For exanple, '
sém@G, Oagggtg%éﬁ( é%/\:’ms q@ﬁ’bfcqfﬁi YRpdt imeasetppylstion. For

; |G at . .No. s 9 -
;n:fiﬁgeg}?a?)gag%q ff phiylend; iurtharpfle@}aicd o‘g A bl oh:f’cétaiyst and
G , .3l yst shows I-npr oved . |
prodeca iRy Sac%%gg ?‘?f"ﬁ“}%a Heefh anamen foy the polymer

' ,-nd@ﬁy vity. One challen _ 7
that the supported palladiumgold catalysts are often

deactivated i n-acetoxylation. Thus, it is inportant.to

t hé\Getenda foy- 12 Somenorig INiRafRinBe a‘f;d%%;\}a)f)f)gtgg}%slﬁ" ;q%ﬁgcfm "usi.ng

'é.u_pbbﬂea nasiLAdqoal Ladi um gol.d catal :
iy ’hﬁg%‘lgaé\?zgyﬁtrtgﬁ gs dex sunmoyting palleafiliralgont bXtalysts

- are §RbAnY T Sonaral feeimethont irneted: dgkitin OF T -
' ' CLan i a peling il '?"_’eBEPgﬁgugn and
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- shows improve'd-a'cti'vityi :

h Torp

‘gold SUBENTHLEN ﬁﬁ)p&ﬁadd"fﬁgﬂtr%&%gl éft{agsgg}adi%%aﬁégpmametafs,

supported pall adi um gol ‘ St _

COPRILSIES, Sk fatin titani um di oxi de support. The .

sul f at%‘ ﬁg%'ﬁ%@?[d ?'%g‘?tho%fleﬁ'ioﬁédnetﬁlse ﬁaéréfdﬂe,dhﬁH?%hs have
I Tadi um.

- been mada fo inetrse. thiet baraiysie! kthay é}mﬂhpéiiu%jénlgléaé'ier%'unt of catalyst

needed.  For . ¢ ' : ' ' |
reeded. dor exampfe., U.S. Pat. No. 6,022,823 teaches calcining - the™ support
pregnated with paliadium and gold salts prior to reducing tﬁ._e metals --Thééaiély.st'

cativas e challenge: stil facing the industry is that the supported. palladium gold
ysis are often deactivated in ‘acetoxviati : R

: : i Xylation. Thus, it is import: - L .

o in _ o : ' portant to the industry
crease the activity stability of the supported palladium-gold catalysts. Ideally

- the catalyst would have incres
- : - inCreased activi ivi - .
increased. cost, - oy or productivity: but would ot inour

SUMMARY OF THE INVENTION

The invention is a f :
e ent:oru rs & method for preparing a supported pailadium-goid catalyst.
ST Fompnises sulfating a fitanium dioxide support. The sulfated support s

_ _ - s
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15 By Sg{%? er- slources %
n@ﬁ)l dmean frleg 'ﬂg@ﬁfaé‘,e iﬂi@ Fiteabsing wlidyide: suaﬁdnd Sulfatmg can
' a.f--"be--;dqmrsuﬂe‘rmﬁ e 88inlim aNSa88 ShdduR b Sre

U xtures thereof. Prefera ;o the
the t{% A, & 9§18Pf iﬁr F’(?dﬁc i <!I“ the 5 ?%Pﬁﬁwf@ fégxxge Floecss] trss: may'

20

salt, a gold salt, and -an alkali netal or anmoni um
corrpound The al kall metal or ammoni um conpound
reacts with the palladiumand gold salts during

i mpregnation of the support. The i npr egnat ed support

is calcined to cause partlal deconposition s of the
aIC|ned pr oduct

: I
calc:ﬁ%ﬁ e?g'cl?es %bgj ;gor§ % tthep g%ipmgp PSR lmﬁ"hwt@tb‘ﬁftg & patladium

salt, r?eggjﬁssalt'rhgmawaikah onetahof aa@soril® dbthpEsHd! Mgy Qkah metal or
the ~ nethod of th
o Eh OB SR SR b B S 30 el Ssinadmeregraton
of the guppgrs The lmegmﬂaﬁuppngﬁ?bal{@h@ﬂ?glcﬁﬁﬁé' 2 !aI%f)ﬁ'fp%sitlon
e 0 e al | adl u 0]
of th@“? Fédsu%ﬁé VQ&&& saq@ *F'HSHCQPQP&P@ Bfggg@?auuct;on to

fedu%é@\'ﬁﬂiwgandgdlétonmtaied of the I nvention show
i mproved catalytic.activity stability in

aCBhe T T, THE | NVENTION
setotouET B SRR LA LS LS

' mettht %fn "(YPB‘!&"&e i porantionjalsgyncladas e nge' of tﬁﬁé&ataiyst in

t d t
acetaxytatiod ufdir ngrefpidkihg Ginlyﬂta%efatéé %ﬁ&n@tﬂgf %F%?anl %%P%‘(’Pd? the

n a be done eit her
pa'*a‘%t“*sgf}{é’t‘%é% n'Iso K, i g afe dhe Pﬁ’@ét%memradraccblﬁng to. the

- methpﬂmmeﬁmvekntmu sieovr smpRved chﬂal}‘ti&%ﬁ%)ﬁ %Suﬁy Erﬁg#éf&ylatfon

di.oxi de. process, ~one nay . cont raol "the -ano
sul fate residue-- Alternatively; the sulfating: step-can

“.be done . BETAILED DESCRIPTION OF WHeXNUENTIdN2
sul fating agent. The sul fate-containing titanium.20

direi fiethbaogn @sesﬂbéﬁﬁcﬁ? %%ﬁﬁ%&@*a%gr? Hi rr%‘g%ls lg?xrggasrtljpport

l}% u‘%s?a? r%pgalatﬁ?atfr@na after

contr@tfttgemwrmmselfmtemesmeh amd{e&\étﬁé E@s%%ﬁﬁé%gﬁ be done
h Pr ef bly, th
oy tre%%f‘é at eﬁﬁi"ﬁ} h%§‘ ‘%ﬁ@ %“i‘s E%%‘gﬁﬁéa %&P@feetmﬁammg titanium

""dmxlc@qugqn atsglfeteoﬁtakur%cbéww Iptattest Dr- AP bthep' Hpcad |
“hiot, bb*f@rtﬁéﬂ&ﬂ%?&j tit.ani um di oxi de cont al?#f)ls frrom O. O%Lrbé\’{v[ 05, may, o

to about” 5-wt % of 'S, ‘Most preferably ‘the sulfated

i um di.oxi-de cgntamsfromOlvvt%to about 1.0 :
\I\% u@aqad? sgﬁj @33?%?’3? AMpiyde syiRriciacithinenswfusic atad fard mek Salts,

the Itlden anﬂmqﬂas&s tﬁ'lee@dﬂ‘fﬂ?}‘bférﬁblpriﬁ@%ﬁ%@ agent i is a salt of sulfunc acid
or persulfunc acid. The salts: ar,e more cenvement to hand!e than the acid’ because,
‘ '?they are1ess hazardous .' ' ‘ '

: Preferabiy. the abéve sulfated titamum dsoxrde cantams greater than or equal o

: -to 0.01 wt: % of sulfur {S). - More: preferab!y, the sulfated titanium dioxide contains -

from 0.01 wt % to about 5 wi % of S, Most preferably, the sulfated titanium dioxide |
contalns from 0.1 wt% to about 1.0wt % of S ' |




hydrol ysis of titanium oxychloride or titanyl sulfate,
I s ;nano-structured and is crystalline anatase. The
sul fated titaniumdioxide is then cal cined. The
calcination is perforned by 5 heating the titanium

di oxi de at a tenperature preferably within the range
ef.erably, 600C to 800C, and

f BGO:
o é}db@ A8 Qfan gg@r 1?03? cag uge iy g"pqagpyt trttditmemaisflblﬁb%%:ed by

er aply 6
, hy&FBngiﬁ pg%r@eo)ﬁ@giogdeeowaﬁmsswdt@' s t ﬁﬁ%ﬁﬁgd and
5 is

C*'Ygtaﬂlncraﬁagasea 0.75 cnB/g and surface areas w
range of 0.5 n2lg to 500 ne/g More preferably, the
n the range of 0.10cnB/g to 0.65

po rﬂ‘éf&ugm?@ é@ﬁqﬂ% 'dg Bdhem calcirierh The taRinARAGS Fiferf&'med by

s hesipa. 46 Startomidioxide Mostt e 2
xjde etﬂb@?a?us%ﬁkréﬁrgpﬁdy@m Hievanon af 500°C to

800°
021 %ﬁéf?%b% é@‘?ﬁP&Pf’sG@m mesit gmférwawc to 750°C.
I Nel efases t he acetoxylation activi ty of

01 ggvlé’g ol @7sfgt6 : &%d o emrd@ghggw at eg”rpf'F? Hiifigihe range of
af S(E‘ﬂ%?er |er% ‘%{ﬂé{“fﬁe Rt of 0§ milg to 500 m ]g |

I'S SIn

Morg %(fle ebisu By
erq uﬁ'?tﬁdweaﬁ@&lmmarm@s thegl @%EF ¥ 16&(9%3/5 ] 0.58%ms

10 the mmamm wiligh qh & ‘Ibatzf

gal ci ne uppo glo |299rf§dﬁatM@Et p@a&rab! ,th

e _surfést'gfél%%qg?mﬁb&éﬁr{ﬁw 8Amiahods can be used. ‘For . o

RS |2§@§§§ 3Ut%p@' zat No. 6,022,823 teaches how to :

: ngiyt foen shmocmé Ghd

the: &Mﬁmﬁ%{l?‘{f&f flcce m‘?gfvel 5&% ! rienggcfs R/ﬂ'flﬁ@ﬁ%ca”ﬁy inc!'eases-

T pos MI um_sa " gokth ¢atalysd| ieeparedethatefin. One -
- poss o“lﬂi@{]m fhlérsaﬂmtabimgmg,hedlokﬁgr I%qnat on i's .
5 ;mod;gemé méredpb&t%}h% &%ﬁﬁothﬁ% E@S%if 'ngéct?nc;améi o ﬁ'n@fmg and

- sol uti-ons U fltero dime paRatiig: :

gold liGass ?j% By W@OE@%MWI&IH on of palladium and gol a a?d B

govern
deS|red In the final catalyst product . 25 Sui t abl e

! L paT'l'%d’lﬂlﬂ'ﬁQﬁhlsquonmk uﬂlﬁrgsgﬂalt@fgil A, kg ‘sodj um - ‘
| By Sigble Eopraapaton methoa
n wessenedd glidfe, AR SE it %ﬁ%‘:hi |

, o sul fate,
: - Su_?p rgtl ts i ncI ude auric chlioride, tetrachi oroauric aci
- 9p s%g‘leumtetrachl oroaurate, the like, and mxtures.
' 't @@t}posmmnetsﬁﬁmmbgg a8 and pal | adium | T
salt, é‘r*ﬁ(ﬁdil.%gt cgndsg l.m’] chI 010 '8% ad- ?%S'Ya‘?gt‘fﬁﬁ’éqd demﬂ)nﬁﬁadlum‘
- lmpre X ~alkali-metal or ammonium compiound. Preferab}y, the °
d thQ don, is performed In aqueous sofutrons The concentration of the se!unens o
and the amount of each: solution used L
is governed by the concentrataon f:
and goid desn'ed in the final catalyst product ' ° pa!iaduum

25 Suat b
| pa"ad' able pallad:um_sglts mclude pa!ladlum chlonde sodium ch!nrOpaHadite
3 um: mtrate.‘ palladium sulfate, the like, and mixtures thereof, Suitable gold
- L . gold

- 30
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3 Suitable alkali netal or ammoni um conpounds i ncl ude
al kali nmetal or ammoni um hydroxi des, alkali netal or
amoni um car bonat es, al kali metal or -amoni um
bi car bonat es, al kali nmetal or anmoni um netasilicates,
the like, and mxtures thereof. s One nmethod to
[eglnate t he support involves first treating the
5@ Bhle allel metabquesusnariimt icompatings Mklaki aﬂ{%ha}neta; or

amm@ﬁxu fdak"ﬂé‘so ”QRHP O eoldiCos ré?ﬁlﬁéhruﬁg Inc?agpqﬁq%s,t ﬁ@(ah metal or

gqueous SO

ammcgpiwgq Elq%l{pgﬂat% gl!ﬁabnngtﬂl Yoapourrdumns matesilicztey, skl ke, and

- mixtumgst fheggdfaqueous sol ution cont ai ni ng pal | adi um and gol d

~salts. to In another nmet hod, the inpregnation with the
P qutlons is carried out before :
t réb ’ﬁ%%?d\%ot éﬁ (22 SYPRYT invobiesdirst theatimighthki support with

an agweoas soiut:oammzm HIRBE fES)
D Sl R amiBnlth BoRRRGRY e biigport whicn

has b3GTGBlad s B3 e s eiion qoanine tiaalkaimetal or smmonium

. Oomppmd sdthemcantaged Withali SqueolidRiohaion)
salts. acconpl i shed by dr oppi ng the sol uti o%ﬂt‘@gt gaglﬁm %W gold

until is incipient wetness is achieved. The support
|n’pr%a;nated with the palladiumacid gold, salts is S
_ e methas. the Wﬂpmnamanmthnmeaianamumnmgaﬂ so[utmns i
carried 0G0 ﬂéﬂ)reﬁtrégﬂnﬁéht o g Kﬁl .
nﬁrfth fhel BUOLYGS é@!\fﬂorr]l ﬁ%gﬁﬁd@ alf IrBf.-tal or.

annonluw10%%goun and precious net

amMAAIE SomRay

cal | nat| on; The inpregnated support "i s -cal cined, -
A dhird pgihadl davolyese eivingethe: efiadr at wmemodiani R@mpound and

| breczotl@ md‘talckuﬁh PeurRld PGS rc%nta%icﬁ% %ﬁfﬁb&xg SUE)E g]hc lé:lr;])%}a&x W&P the

f or med .under- such t1on

T “"“p""{‘h‘%epfb ke 900%) AYAAEPRRING 08 Bpraying dhe enlﬁttw@sndo tMa reipport until
20 - '

mqpiept weireabloy byahakingst sileyoph pbWi‘ieP&l %@;ﬂi&ﬂ%ﬂﬁg sgffxlugn

salts are deconposed during the ci'nation
~ The impr egnated catalyst'is preferabiy washed with water. to remove aikait |

" metal salts such as chiondes formed during the impregnation and dried prior to
K calcmahon S : ' IR

The smpregnated support Is ca!cmed i e heated at an e!evated temperature :

ina nen-reducmg atmosphere, Preferably, the: caicmatzan is performed under such
a condltion that a portion of the pa!ladlum and gold saits are decomposed More

-preferably, at least 10% of the pa!lad:um and goid salts are decomposed dunng the
E calclnatton E :

I this pwgegw@pmet absghptivod nepadityvoft het étﬁ)port is ; -
: -essensafbpommpmnelbeﬁi&@%;ﬂb!héj BQ0BMRY s@ﬁlttéﬁ ro&éiﬁgdtbn\e Prrp%i;;to salts '

.' 'TYP*Cé,ilgk 5 % %E iﬂ?heé} ;S’é{mﬂzo i cﬁqluthm ehte: diod sipport until
- dncipienk m& A
ooy o D sloron 'mﬁéﬁ%@%’é‘ﬁﬁ%?’%ﬁ‘wﬁ@ ?O?d

sl ‘?ﬁeﬁed}n g%rl ng ﬁ-‘n@'l 'e'BEg' PHAMERPIN; camRsungt t o
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o ecgmpge;t@@u@m@c@erﬁ Sbtaiz@h;é e N ts i-nclu _
pallatiiRy bAd goRf &ﬁﬂgnae?x H éd‘tﬁgﬂﬁ“‘ Y HPRSIEE I8 dimpregnated with
al d es ?o?fHP nt @derdqxﬂ(ngrgvowed can be _.

1s

=3
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4 Preferably, the calcination of the inpregnated
support is carried out at a tenperature within the
range of about 100C to about 600C. More preferably,
the tenperature is within the range of 100C to 300C.

Most preferably, the tenperature is within the range

of 1geftably, A5 Galchafidht n-reducj ng gases used '
afidh 8 ufe g YEWP%&FHPW'?]QS @ased out at a -

Suc

¢ b ation include 1ner
el ﬁ;t ﬁ/ﬂ*'un ﬁe "AReS 8fakoubI e tnalbeut 8U0°PE0YABre aeferably the

: ter@pewgre i5 theaah < Srefosb
xithim ge oRHBOT: ¢ 6’?@5"&; al?ﬂgpﬂgpfegﬁb‘yg the temperature

is Withkih Pref egably, e
%gi‘alﬁébe&gﬂ; C sﬁhere of nitrogen, oxygen or

carrie
air_or mxtures thereof The degree of deconposrtl on

of SHEaRgINoadiedusing @age*s dsea |ﬁ§r5th@%?d?r‘?a°’u gﬂ{rﬁgge élheﬁ A oxidizing.

ga$ma&mt—a@r@e osited salt,
mﬁ,eql,, %%?' ?’&t 'ée%dﬁtreeem AYJEst axYdem, air, carbon

dioardgx h&’e likeg a@ﬁﬁ&&ﬁiﬁ;@s tiedediarProforbBly] @Wehidy 15\,ﬁ%rg'lllencpout in an

 aitnvedphickd a For
| atnwes phier ﬁfnﬂﬁégﬁrﬁﬁ%?éﬁgp &?ﬁc ?’e%gqer%r%:(mpand gol d

the support | egna
anount of carbon di oxi de (C2) evol ved"

th
carfong Eﬁe a%&omfgs;ﬂgmque. gatladiuecared Q@H'éﬂﬂs%e%@nds on the

can be

tempesatues used LLh
rmeme%uﬁéd isaitr §H&*?ﬁ@' rérfgpgogﬁer  Grsasiied sulfate. |

d lts t
corﬁérhina JHHE ﬂP%ia?&l @fa Fined Ogy:r %ﬁ;g‘te ﬁglowedtﬂ?ﬁ rﬁérﬁeﬁgg%rame

he reduction

ol efins,

- meagireds, car boxyl ic acids, carboxylic acid salts,

carboxylic acid 20 esters, the like, and m xtures :
t h&ololvingHid capaiat gt l-e alkaline. -
ro éwéor rrafa%'é’ﬁ@%g Oﬁ%@ Er"@ﬁé’ﬁﬁ@do convert the

g nd aI k line
A,paliéﬁ‘gﬁ“ragr\cf@%lg %qrr@qp@ndrng metals. th@QEBtr&{ & Gfnerformeci by '

uci ng

“heating in doe e ’ '
ting o e;eqn:ee(ﬁf(%érr%ducfﬂa agdéiper ryege cugg,ggpnts include

ge- from anmbi-en

amrbdifa)
- am &ﬂa E%Pg?ler?ab‘%ﬁ&"twg R l0 Yﬂmﬁmmr&aldﬁﬁwé@lﬂmﬁmg

| “Ydfﬁ'ﬁ'é‘er aﬁgerbfanmee mbeisﬂrcﬁ&ﬁ& MBbx: -
3 fi¢
estersdmet iilgs) &SR the T.a %sﬁt‘,"bf’&y ic acid
- hydrgg’ﬁc {;{]e reducti on ?'é%'lsﬁow s Pﬁg?%ﬂpﬁéﬁ)‘g@w prepytene, atka!me :
| PN i) fermaidsiyde B pretensd ireBubing! tagﬁ cth ylene,.

and bmp'pgeneee pattrbaéﬂylmgg},gdcat al yst made accor
t he nmet hod of the I nventi on Preferably, the supported

| pat érﬁﬁérﬁmrggle%ﬁg}reac; ¥or the reduction can range from ambrent f |
. about 600"0 Preferably, the reductron temperature is within the range of 3001:":3 to-

| 600° C Most preferabiy, the reduct:on temperature is w:thln the range of 450"(3 .

" 550°C. The reduction resuits in a supported pa!ladrum-goid catalyst. ’ t'o .

. ,
he invention includes the supported palfadrum-gold catalyst made accordmg

: 'to th
i e method of the invention, Preferably the supported paltadrum-gold catalyst
. pnses 0.1 wt% to 3wt % of palladrum and 0.7 wt % to 3 wt % of gold, and the
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conprises 0.1 wt %to 3 w %of palladiumand 0.1 w
%o 3w %of gold, and the 30 weight ratio of
‘palladiumto gold is within the range of 511 to 1/3.
‘More-preferably, the, supported palladi um gold

cat al yst conprlses 0.5w %to 1.5 wt %of palladium

2 % 0.0.75 wt %of gold; the weight ratio
and é?gﬁig P4 8|f 9015 the weioht cate of psaligivef t2gd Is Whhin the
rangd $025/1 %wwupport ed pal | adi um gol d catal ysts made

according to the.invention have many uses. It can be

tial dat
e Sy ERr N e G BB o aeenrding ithe éhention have
manys EP%t it éah)‘m ogedafaroexaname; i ﬂ‘?é’bﬁﬁbp BxidefbA! M%drggenatlon

t t
carboIERER! bbfGHiaSHIRICRS <GV biookiaiin, Sacpimiion, cotalyii
combystiom fi eomplede obddatio, dhieen wayl BathRsisO INOR Oreih ) methanol

_synthbéighqfﬁfwgéﬁ“ 96%&’6% t%ﬁﬁﬁ’r%”%eg?gfcg?fogny ll)h.gtqﬂlg!aa%néfand alkyl

aromati cs

tr a“3fie§o ftdative eP@ﬂ@Wlﬂﬁ'ﬂﬂammg 40 oldfnss WaRPdrBfhatics, and the

prepap@tidrodl mBtER lsdbefll RLTEST cfm%efé?\%or ding to the

i nventi.on are particul ar y use for the productions

O | [ -acetate. Various rocesses
f@?é‘( ébB&%‘g @ﬁ'F‘Sﬁ'&‘“@P' ?‘b’siﬁc@ﬁﬁ@ @cgpedling tq/fheamemcm are

particgiady kasfl- foFdhe prosiuatiaes ob)viy Pyt Béétaté\'%%d A aﬁ Aé%:‘e@aqg a\'}anous

S how t ¢
. pruce§s{g 1!—;0&3 B%&éxgﬁ%’l cifg‘f"gr e?%rtéﬁ\r/"l“’?‘% @ﬁﬂggf?&tﬁte? hges Ikr:c)wn For

15

, mstanﬁfaodrb& |F(’ﬁf-s Ns.v B3, e07e atie377e, 2 YdadtC Pl -
acetaUIN bs d,gﬁ,l dadim a ?tr B}ﬁ\lé‘;iar_e vinyl

?gsq d catalyst is preferab
treat ed wth a ot assium conpound such as ' potassium

: ot assi um treatment can -be done by m xing
i Bl figpydind

Pipdurtians of Woyl anetate endt allybatetbtep the supportéd '

N -.;bé"ladfum-cefd nata!swnds d:fruferwblyh@eatté&%ﬁda ;gﬁéﬁe ox.’b%?‘i"b% syh as

20

30

e Vi acetate e nade
o potas&?!“ %‘gt%}te Sn P Eﬁ@’é“%?t %P?@% by amigingHbe catalyst
- with ammﬁ;mrg@cpmeadluimgﬁt@w@abﬁd& ¥isfing Me #baBehilifecan

be nade by a -simlar manner but “usi ng propyl ene” rat her-.

N nh@@netdw eadeté:erdawb% fdly bg%'g% Afiba of hﬁw ar;%%é&?t s

to the 1 nven

' l”""°"*’E‘3ae‘t %I ?V‘? the. ﬁleftpcmesicpai!aghmagmdwatgsysm allivk béstate can
be mad:eé)ym amuamnamrtdmue&s.ﬁblprﬁ& 16K LA Hﬁ%ﬁ cat al yst's
ty w

is that the catal ysts | ose act|V| "SThi s

| n h roblem. .- ' ’

_ 'l %M&ﬁfs'ir@y f&ﬁmdoﬁwgi’ tr%e&tglyétg rgédé) ac(t:o%dltng%thg an%nﬁoh gwe not .
pniy htgh catalyt:c actmty but a!so high actwnty stabahty One problem in the exrstmg
: pail‘adlum-gold catalysts is that the cata!ysts lose activity with trme This invention

provides a solution 1o the problem

The folfowmg examples mereiy illustrate the lnventxon Those skilled in the

art-will recognize many vanat:ons that are within the spirit of the mvention and scope
of the claims,




The followi ng exanples nerely illustrate the
invention. Those skilled in the art will recognize

many variations that are within the spirit of the
invention and scope of the clainms. 30 - -, 6 EXAWVPLE
1 Suifating Titanium D oxide A titanium dioxide (20

granms, GP350 from M I I ennj jcals, prepared from
hydrol ysi s of an aqueous %M‘gﬂof titani um :

SOFAHRALN S 31 xed with 50 mM of 5 a 0.05 nole/l
aqueous f ammoni‘'um persul fate at room
tenperature with stirring for at |east two hours. The

s| ur} fitaniurn; dipgide d 20 agreimsh & Ras FormSmillehRfink %e%g@s,t prepared
s ,

4 o s anjem o
Tdre &ydirolykis t?ifo%r'ti égugq@;%@ﬁfﬂ%ﬁﬁ@g%@&gb%gm ribd MRG0 mi of

ield a su
a )éioga’ﬁ\" RUBAUSesalptions of Batneshilirit wa i.Qxi '
| Uadi S '
stiiploneticais SADRalY Fld olIAYS | FELRRME o Ipperature with
1%f ace area of 3 5 T g4 pliedoramhthertoli ig Giriet figr at teast
el TS PURN BbAtempetue 3059 (hicltie sat bl G Rt Pxive
t hod. ST,

i s measured according to the follow ng ne

Calgining iSQuifetidoRitteumanBke( 0. 5 gram) is mixed with
hydr of l uoric acid in a seal able m crowavabl e
eat ed. under pressure in the

-1e

15

20

25

- Imp

VessRé suﬂﬁeﬁ‘ﬁi{n‘l’ipﬁ: é’%f‘ 16N ﬁz_alciﬂ]etdéqt 72198¢i-fqg$¥x-ihour§ -Ithas a final.

: I%I? crowave unti-
SuUr

TUre8 A58 milgnk porelwolomiezerth BO Ay driy FRARY ERROLor 0.23 |
B Sioupr0.23

wt 8. Tl B@ifut JoRterd'is h epid ] jinductively ct
-plasma  eni ssi o’ﬁﬁsé.lp}?gté Ft%e%pé’grfg?ﬁilqt@ﬁcfﬁ'%"asﬂ@bment |
suf fatd 5"i pregnat i on  NaAuG 4 ( 0.194 gram), Na2PdCl4 - _
. (01_4-9‘% %}*’_Ea'ﬁ?',"* T TSRS Gam ¢ gieetsivith dwarathisfObYRYS miyin
S4Flakl enic(tavable vBBSeSOITHET Afknirs 1 K e\fqﬁ L [P %&grrzs@%ggf\éem o
Lo fornPEessure in the

o iy i taani di oxj.de.(10 grans ‘
mickelaIa5k1 49 shihap! erkcgalmg,\pép,qugmd focb il euitht deonized water.

slurry. The slurry™

Meﬂ%:trgmeemg ndiene asirep asi IR USRS u{n%gtﬁ’e%ec"%ﬁef’ gplasma ,

i.ltere

emissibh R Blretheld - Y réB%ﬁ%ﬁ&éﬁ@e‘ﬂ?Q@fQﬁ) and filteri ng

s washed by mxing- ilt
pa. It is -then dried-in an oven at 105C for at

6 hours. "Cal cining Inpregnated Support

- NaAuCl (0.194 gram), Na,PdCl (0496 grarm), and NaHCO; (0 ﬁsidgféms)
'_i‘".e '-(%iss?ol_Ved‘ in:'water.-"(20 mi). - The solution is mixed with ‘the-'abcli-vé cafcmed '
_._tltampm.d.igxigie (10 =g.r.";\r‘-'\jfs} to-form a stumy. The.'sfurry-,ié kéb't'.overhig-;ﬁ-t to -'élll(w; the -
- rgetai compoun;!s ttj ﬂdegoéi_t-onto the surface of titanium dioxide. ‘fh‘é mlxture "'8 
o ﬁlte'fedf '_fhe_ solid is WGSh‘ed_ by mixing with water-izo 'rx-i'lr) and ﬁ!teizring again. It IS '
- then dried in'an oven at 105°C for at feast 16 hours. SRR

Calgining Impreanated Support

- The above impregnated fitanium dioxide is calcined in a reactor at 200°C in
owin - _ .y - ' - 3
g air for three hqurs to affect a partial decomposition in excess of 10% of the

- deposited precious metal salts. .
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a’“m'“ﬁ*ﬁé‘l’aé‘ﬂffer'ﬁ'@ﬁﬂ@eﬁﬁepﬁeofdmem}lsxraﬁentso niohe adxﬂwe (0-5 gramy) is
- placeddnl £ guaitt RadsRaCRir € The tehiffaips & Fél'seao‘a% 'cr’(f o%lq then the

- cified, times on streamand IS Cca
maten%p's exposed to a gas feed oomposmon of 77% ethylene 11 % helium, 9% .
oxygen and 3% acetic acid at aimosphenc pressure and a gas-hourfly space velocity

20

25

30

‘5°|u“°ﬁo?9§§h%f5§@'éﬁé

25 The above inpregnated titani um dioxide is cal cined
-In a reactor at 200Cin flowng air for three hours
to affect .a partial deconposition in excess of 10% of
the deposited precious netal salts. 7 Reduction
After the above calcination, the reactor is purged

Redué% th nitrogen, and then a mxture of 5% hydrogen In

ogen is introduced into the vessel. The
tenperature is ranped to 500C at a rate of 10C /mn.

PHEer epabore calcinstitn, iheateattur s righd Gith Hitroger, erﬁ:ethen a

t t t d t
iS5 i RodeR s Modeh i i Hhissr otk VS Shpsemperasure i
rampedrior SAANChat a!nratea:gelm"c}lmmn il'heltemgerdtb& t§¢l§lﬂ 8t ths readin ng for

three O3 T oo op B0 BT b S el Fsiitenraaivetis then

cooleqjea egnatemperaturg uaﬁomgmltrdgnmslslpmmcffdilmt R da eTQ?«ashed
to: rengﬁ}e\é)%ggg@rljeéﬁgb nﬁzcﬁclefy %& t\gﬂeﬁr}egawgg lgy 33%&{5} @ﬁﬁﬁq snlver nitrate
fi

zi?ttnrammarerrperature for 10 m nutes.
The mixture is filtered, the potassiumtreated

Potassiamdl restméest dried at 105C in an oven for at least 4
hours. Vinyl Acetate Preparation 15 The *'potassium

| G RN e Gy Bl b o e ancorgess 16 mi

5 wikeranuieoysasplutiens . of Thetassintrurazetdie Saig reoth le‘inderal@:l@%?* 10

mlnutelsﬂ TPhel Ha
T Rte 6 Aol ome aflessliR ARIRT Bl i Sredel s o
anoveg?; Bglela?bﬁh&f”sﬁ% et hyl ene, 11% helium 9%  oxygen
and 3% acet| c acid at atnospheric pressure and a -
L Agestath Rrebaratipace vel ocity 20 of 13;200. The. reactor-
effl uent is anal yzed using a. mass spectrometer The

d 0C
CO oI g%éggﬁgﬁnﬁa{e%e%é@g?gsp@%eggﬁgaf" %’O'Fé o? t?@ rﬁ"h‘”Emt

of 13 200 The reactor efﬂuent is analyzed us:ng a ‘nass spectrometer The

temperature 13 then ramped from 110°C to- 160°C and oeoled again to “Uoc__
i 'qrepeatedly ata rate of 2°C/min. , 3 S '

The performance of the catalyst is’ compared by calculatmg lhe rate as. -
_ mterpolated at 135"0 at specified times on stream and is calculated from the data

taken between 110°C and 160°C. Callbrattons are made by injectmg known

- amounts of. vmyl acetale. The resulls are llsted in Table 1, whtch show that the |

catalyst exhibits high activrty Table 1 also llsts the catalyst activities measured at

sl
-the 1% hour and the 6 hour on stream.” The results show that the catalyst activity

increases with mcreased exposure o reaction conditions.




25 taken between 110C and 160C. Calibrations are made
by injecting known anounts of vinyl acetate. The
results are listed in Table | which show that the
catal yst exhibits high activity. Table | also lists
the catal yst activities neasured at the 1s  hour and
the 6th hour on stream The results show that the
&g%ﬁggqtggi ;;lmtd\y [ ncreab®¥edi th i ncreased exposure

1oty 8o dctivibnStab®ig, 3 Viahl L« t Activity
AT ACTT VI ty—Stabi-H-ty it nyﬁ&%&;@@g@t{?&i on

ExEX Titdhiuph DibRidd 96 9% bef dr tivity at Activitly at
e nd Adiyply e

tigity atour

: re
NoNo SuBppgort | npriggnal he
ufol Do ol s 1| Hob) ds?%lg?éte %.% o 4.theRTdour :
| 63X10- 3 GP350 C2Nor=st-farXe78) . 3 |fumolfsp. 96X10
GPBb6t sulanéd at ed o2t €, 14 W X10"3 3.39X163 4
PherPas0l tated 0] st 0 3 6 105G a2 gABeX 9rh1 |
Cché/PARA;I;I VE EXAWPLCE 2 5 Thefjgenerat—prgcedure of |
“< ExaApiseifatads repoat ed wi th § Reqpyepot i -3 L he
GP2BE50i t ani um pxi de is not |treated w ?%é i'um
peLs I{fat’e._ As shown ‘i n Tabje T, the gatatyst

SighPitidouritel y | paezxtiodn t hgtagydspixanpl e
lpaqd ?fg?efgm ivjity declings fromthe] I8t hour—tp the
' [BT%‘PH - 10 | XAVt The H8@IXA0 pr obadiep@ost |

Ty . Exanpre—i+s—e eated with the exceptipns that th .
SN titani um di oxi de (-DT51, from M I I ennium Chem<cals) is..

made using sul f at COMPARNTIPE S @Aip B33 the titanium
. dioxide is not trgﬁ%ﬁWm—mrpersul fate. The

1975

-5t TREIgEMeFIPrLEET, ins 0. .47 wt . % of sulfur. After
GP3tSBet‘—tt itani uﬁw%q ] ‘-o.xﬁﬁgregf iaés’_a‘mpqe'é}‘ 's repeated with the' exception that the
GP ia_n,lum oxide is not tre‘ated-_wim:ammonium persulfate. As showh in Table -
1, the catalyst activity is significantly lower than that of Example 1, and the activity
declines from'the 1 hour to the 6" hour. B Y |

_h.e g_ene.er‘.;zj: p;oce_du_re.of Example 1.1s repeated with the e,XCé‘;ifioﬁs 't'ﬁ'a't; the
., _t_ltam_um.‘ dioxide (DTS5, from Millennium Chemicalsy -is made using_suifate.
‘ .'prt?(:ur.s-prs and that the titanium dioxide is not treafed wrthammomum pé‘i‘;iﬁfate-
_T_hg. lanium dioxide contains 0.47 Wt % of sulfur. After the itanjum dioxide is
caleined at 700°C, its sulfur content reduces to 0.14 wt %: As shown in Table 1,the
;:1::::;0@3 improveq activity stability qompare;i o the 'cataiygt- 9!’- Compar_éti\ze

EXAMPLE 4

o Th<.a _g‘ene'ral:_ pro'cédure_ :of Example 3 is repeated with the exception that the
. faniumn dioxide is treated with 0.05 molar ammonium persulfate. As shovﬁh in Table
1, the cataly improved activi talyst of Example
' e catalyst shows improved activity Compared to the catalyst of Example 3 and

improved acﬂvity”stabif_ity ';ompared with the catalyst of Comparative Example 2.
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is calcined at 700C, its sulfur content reduces to
0.14 wt- % As shown in Table 1, the catalyst shows

| mpr oved activity stability conpared to the catal yst
of Conparative Exanple 2. EXAM 4 The gener al
procedure.of Exanple 3 is repeated with the exception
that the 20 titaniumdioxide is treated with 0.05
mol ar anmoni um per sul f at dabgs2shown in Table 1, the

catal ys Eff&bpdﬁcal%%ﬁ TR driivhds érg @%@ai}ﬁ% /{Q}lvgy abilit y

cat-alyst Exangple 3 _and "1 nprov
Ex. tr cat al yst of Conpaftative Exanple 2.
N)c; %ﬁ’g‘g ﬁf:'ln ﬁ&%‘?@’fﬁ@ls&ﬁpq?@npe @Itataiﬂknwrﬁﬁaﬁl yst
—HACH P R ey xS EPalen Temperatirg he'T dtoval@mofsyppor|t
5a | Gqtdh t|V|ty at No. Ten‘peratueCaIcmatlonTm
erat uf/"z"i " Houd urmof/s 5a Not cal b#8841071. 53x10' 3
LA

b g,g 700C 190C 3.37x10' 3 5c BU0C TUOPC 3-30%16-3—5
B8& 190C 3,57x1098°C5e 700C 220C - B3.2Fxfo76x10 5f

800C ZZ200C 324103 —59966Cc2206-2—24x10. _EXAMPIE|S

5c |BOBM@ general pjfqogeyre of Exanple gah%f{ﬁpeat ed with
ons—that-tt-he —titani um di oxide i s calcihed

CAbCpL]unq

5d |aboYarious tenp, es (no calcination, 790, 800, Jor
_ 900¢) .and that 1 gb%ﬁ‘pregnat ed sup 37Kk s0

?algi ned at varjous.tenperatures (JI90Cor—2206€—Fhe

5e ffts are shoid207C Tabl e 2, which3.nexrete that the
5f | 800°C '7 o 220°C .. -"3.24x10"3.
159 |eoo’c  losge o l2oax10%

'EXAMPLE 5:

The genera! procedure of Example 3is repeated thh excepnons that the
titanuum dloxu:ie DT51 is ca!clned at varlous temperatures (no calcmation 700 800,

o
or 800°C) and that the lmpregnated support is a!so c:alcmed at various temperaturesr

(o]
(190 C or 220"0) - The results are shown in Table 2; Wthh indicate that the
cafcmat:ons of the tttamum d:ox:de pnor to-and after |mprr'-*gnahon are both rmportant

to achseve hfgh catalyst actw:ty and stabslity

EXAMPLE 6

The catalyst prepared in Example 3 is used to grepare allyl acetate, which

follows the same manner as the vnny! acetate preparation in Example 1 with the |

exception that the gas composution is 29% propylene 60% helium, 7.7% oxygen and

3.3% acetic acid and the gas-hourly space veloc:ty is 12, 40{}(mffm!)fhr The catalyst

has 3
an average rate of 4. 4Bx10 mlcromoiesls measured at the 6™ hour on stream.

10
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aswrrrmsbbgh-catal yst activity and-stability. 0 EXAWPLE 6 The..

calcinations of the titaniumdioxide prior to and :
after inpr'Bgnatlon are both inportant- 10 to achieve -

S
R

catal yst prepared in ExJBBSEEAME: used to prepare = '

i F
T S T R R B

'aIIy[ acetate, which follows the same manner as the
vinyl- acetate preparation in Exanple | Wth the 15
‘exception that the gas ceypgshidpn is 29% propyl ene,

6096 hel i um 7 7% oxygen~and 3. 3% acetic acid and the
- gas- urI ce vel og s 12,400(m /mi Jihr. The
cata fs? rpdiRP E%X'P%f?é‘ isfrepeated, yih 3hepxception that the

empnefius /atewardeataﬁbh ds @andD HomOD {& DI1emdlar 1:9 0.025 molar

Vi 7 The. ceaure
%? @4 15%3 r@(@gp fL’ S havh r?ﬁgﬁgggce'ﬁl"?b %lcﬂtff’t 8\"7’1@" optimum
anﬁmame prys existaatahe @runeriivna tpecvifate somcerdchtibno befveen 0.05
Qnd oML Riaiien 0- 025 nol ar” increnents. The results are
snovvn %Sn 0Ta‘b | e 3, which. indicate that- an opti mum5

performance may - exi st _at ' the amoni um persulfate o
concentrati ons bet weed@¥ed5 and 0: 075-nol-ar: -Tabi e- 3.

_ Hiifsends mwmmtmmm@ommw@hmwnln

» %;ﬁzg;;é‘éﬁgigﬁg i bx%% 1

| NanCEidcak 4 ERHLMBRLY! S &
NO.- SfUr T at e IFEd[ﬂBH[ S. U 10— 31ra91x --02% '
h?OM&lﬁtﬁﬂé@ﬁﬂeﬂt 7ba82Rf0 3: 94x 10} é34;21>9‘£*03 -1d 01075
4-04%x 103 —4—exl0—3 _7an1 ﬂQ1ﬂv1-'\ QnAyu’)"Q' | S
G 3’%‘“
394x1o o 2ci0® .
4.94x10
: Te.. 0.10: A --S.J'Oxl.ﬁ“_’f
i

AMENDED SHEET




CCM SPAMu kdaim_.1. A nmethod for preparing -a
] supported pal l.adi um gol d catal yst having ‘i ncreased )
- =’:7-1_-':.k‘“h’s_,"5"-°£ﬂt.ﬂls-yt| c activity and. 5t abiduidy: I N an acet OXyl at i ON oo mamcremm

sai d method conprisi ng JEEMSBAMBE i ng a titani um e
di oxi de support and introducing from0.1 w%to 1.0 s~~~

i wt %*of sulfur to the support (b) calcining the
. Lesldh-at ed support at a tenperature within the rarige of
6OOC to 900C.- (c) inpregnati ng the cal ci ned sup'port
'qy?oJaad umsalt, 8gldsat andanal
S M?WQ Snveanded paladiym-gald crialysy P increased
' caw:eggtgtgadn%gsgpmfytmahaaetb@ﬁéiehaémumewlebmphmg range .
= t reducin e.c I ne
D SudBbre ebBOAT e deskelsphe a% elfabaipn 0.1 wes o 1.0

+ 5 'v‘p%ldfaullunmglelsﬂppm'al yst 2. The nethod of cl a| rn'i,

. wh t
gt SR LR A S
' _%ébtpé’gﬁ Qsonsn stl ng of sulfuric acid, persul funcam d
Ly sal infproghgling té ool EPBAH witl-a FadiR; Baof gold salt,

im2, wherein the sulfating agent 1S -an anmmoni
per - sul ﬁﬁ‘ﬂé"ag‘él'ﬁﬁl%ﬁfa‘&m%ﬁ@?ﬂﬁ%ﬂd-of claim3,-

e WhEHRIN RGN iMERRRE p%bﬂaaah@ﬁpeamwﬁm%e .Zﬂgeof'
_gé),g:} sﬁggkgentratlon vvlthlnt e range of 0.05 nol/f -

5 The "met’hod of claim4, wherein:the .-

- tergerat tachacmg mtdalainetihempangemﬁ eﬁéi;ﬂ(ﬂ}tm forhOfe sﬁpperted

. The meth . wherei n-the alkali “metal or.
E anmoni- unﬁgﬂgﬁﬁ"ouﬂgh sel ected from the group -

co i sting of hydrOX| des, carbonates, bi carbonat es, SR
.1 Bos Thevmetpd of gam “Inyhereln fheestiiaing isoperformedy rﬁeﬂngdthe
S ) ;gd@nﬁkd‘lﬁted ﬁ&ﬁ&he @fouﬁgfﬁgﬂhﬁﬁ@of r?uléurur
sLSsa carponat nat-e e imet ho
._-"_‘-~"-a&?r5[)ef'§{‘%rﬁ“‘1; “WheET Wéje gthedsqﬁ ﬁ?ﬁ“ nd gol d sai ts:are
selectedfro L -
The methad of cla:m 2 wherem the sulfatmg agent 45 an ammomum persulfate o

soluhon

L 4 The meth of clann 3 whereln the ammonium persulfate aquenus selut:on-_
B ;has a concentration Wlthln the range of 0.05 mol/i to 0. 075 molfl '

. 5. The method ot clalm 4, where:n the temperature is: wrthm the range of 650°C to
L Tes R B

‘ _.-~6;, The method of claim 1 wherem the -alkali metal or ammumum campound is
: ':selected from the group cons:stmg of hydroxades carbonates blcarbonates

2% metasillcates, and m:xtures thereof.

B A The method of c!alm 1 wherem the alkali metal or ammonlum compourid is. a

' carbonate or b|mrbonate

8. The method of clalm 1, wherein the palladaum and gold saﬂs are; selected from
Ny the group’ consmtmg of pallad’ um chlorida, sodlum mrompalladtte palladlum nitrate,

12
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—m=— =4~ pal | ad| um sul f at e,
vtz o @bdeCh SO UM tetrachl oF

El

a0 , szo )

o it hyak

o

BT PY o Gk ot e ot siemporane

* 192 The methor afgisioit, cnboreiy hack
Olard adinBit Pad 17, A'method for preparing .-

_ the group consisting of palladiumchloride, sodi um

chl oropal | adi te; pall adi um ni‘trat e, 12 AVMENDED SHEET
=09M OF't, CEMSPAM -, _ teg-4 .r_-:1.v.- -8:,--6 -
FP TR ride, tetrachloroauric
?’-;

9. The nethod of claim 1. wherein the calcination of
step "(d) is-performed in a ton-reducing atnosphere.
[ﬁll&dlum'&b&temdmdhmhd@ ltetrachiBroatitheacid) rsotfith aetrachioroaurate, and

&ﬁpgmgeg is selected fromthe .group censisting of.
I am m{rogen argon, neon, mtrogen ‘oxi des,

"oxy%j air, _carbon dioxide, -and-nixtures t her eof .

@eﬁmqﬁcp'%m b wharein the\priciaation; ofester @r'é@&ﬁ?ﬁ@f’d ina
;ﬁmbw,-é 12. The nethod- pf clai me1,; vvherel n
the reduction is perforned in hydrogen or a,— o .

508 e Y HBRE, W o810 Siobil B Sl "tgﬁq‘*dém e’

. gEoure pprsisting rad . heliing Initrpged carger greeons r@@@@ﬂt@ﬂ@@ﬂ@(ygm air, -

TR 2 Bk finbieor Wher ei n the reduction is

perforned-at :a tenperature V\Athlntheterrperature

ek e e e g B k. 1 O

pal | adi:umgol d"-catal yst from step (e) Wt h-apot-assi um.

V|nyI acetgte conpr|3|ng OX|d|z|ng ethylene in the

| 'f‘mmmﬁﬂ’gefbbaﬂqb’ﬁdpﬁﬂﬂwg .al |yl “acetate conprising, :

‘-OX|d|Z|ng prapykene . in. the..présence of acetic: aC|d

| AANCrRdBamBRP RS 1Bkha e %ﬂuﬂh&ﬁhfﬁeﬁsﬁnﬁ ach ea.ﬁaemu,e e
o 'ﬂtﬁ'n*ﬁe tempwat&sreso% 450“0 10‘550" EES

L 16 A supperted patlad'um-gold w!atyst prepared by the method of cram T

'17 A method for prepanrrg wnyl aoetala compnsmg oxid‘tzxng -ethylene m the

and  mi xtures ther eof = msa

“thecteduetign|isl pedoregsin hydeqgenent a.

)

Troct 3T

A8 he' methad ef cla;m 1 whlch L"uﬂher mmpnses treatlng the supparted. '
: palladlum' aldcatalyst.from step (e) wrth a potassaum salt :

' preéenoe of acehe acid and the 3upported pa!ladmm-gold catalyst of clasm 1& | S

S TR

' _ ,presence of acetlc ac:d and the supporled palladium-gold catalyst of dalm 16 .

.13

AMENDED SHEET




