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PCT/ US97/. 05718 A TWO STEP GOLD ADDI TI ON NETHOD FOR PREPAR NG A VI NYL
ACETATE -CATALYST RELATI ONSHI P TO PR OR APPLI CATI ONS+5 Thi s application
i's a continuation-in-part to application Serial Nunber 08/633,275, filed
April 16, 199673BMKGROUND OF THE | NVENTI ON The present i wcenissmosrisel at €s
to"a novel nmethod of nmakling a catal yst usefwl for 10 synt hesi zi ng
unsaturated esters by gas phase reactionj In particular, the present

i nventi-on i's directed to a novel nmethod of making a-cat aI yst useful in the
gas phase.formation of viATPWORTR PGGBLDFAOJJ\DII‘KKBMI\MHDDI’FOR‘ et hyl ene, oxygen -
and acetic.acid. It is knownlgt g _ acet ate by '
reacting . et hyI ene.. oxyge \3 A ase and in the -
presence ‘of -~a catal yst conprising pal I adi um gold and an alkali 15 =~ =~

metal acetate supported on certa| n carri-er rraterlals such as-silica. Such
.cat.al yst: -Sf‘stems exhi bi t RELAHONSHIE TOPRIORIAR LONS results utilizing

such Bl | adium A agkihlAltahs “Q%tﬁ‘e‘?%é%ﬁ?‘ﬁ&%ﬁst Mg ObEa s g4

profile. _of’A;,,hlemcag%I yst.. corrponents whi ch are deposited on and in relation’
-to-the c er. For .exanple, ‘when  use-is made - of --t-he-known vi nyl acetate
Stems conprising a porous 20 ~ support wth palladi umand

et al conponents dgnggckem%mmpumth\parrl er interiors or
i ons do not .contribute significant to fhe reaction mechanism
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) '_ examp]e when use is made of the known vmyl acetate catalyst systcms comprising a porous
20 -'-_ support w1th palladium and gold, the metal components dcpos:ted at or about the carrier interiors
" or central regions do not contribute significantly to the reaction mechanism, since the reactants
" _are not readily able to diffuse into the central or inner regions of th'c' porous network of the
. catalyst. More importantly, products of catalyst synthesis formed in t‘te catalyst interior must
: _dtffuse from the interior outward, again coming in contact with thc aeuvc phase in the outer
25 revton of the catalyst. Consequently, these interior-formed products undergo further reaction and
' .":arc often converted to unuseful by-products. The most effective reacttons occur when the
- 'j_'_catalytxc mctal is formed as a thin shell impregnated within the su'face re«.ftom of the catalyst as
, fdtffusmn of reactants and products can be readily achicved to prov:d good product yields and
' '?.-reduced by-product formulation. _ '_
© 30 Various patents have been granted based on the desire to mcr» evenly distribute and

f_chor the gold and palladium catalytic componcnts within a narrow band on the carrier surface

pro\ idea vmyl acetate catalyst having high }te!d good selectmty and long life. Examples of

nsequentty,--t-hese —.. . .. —
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PCT/ US97/ 05718 2 such patents |ncI ude U S Patent Nos 4 087, 622;
4,048,096; 3,822,308: 3.775,342 and British Patent .d,521, 652. The basic
met hod of forming a vinyl acetate catal yst containiing palladiumand gol d
deposi ted tal yst carrier conprises (-1) inpregnati t r| er w| th -
aqueous sﬁ?’?"g?@ of 5 wat er - sol ubl e pal | adi um and gol m%?{%%u
precipitating the water-insol uble pall ? ium and gold conpounds on the

catal yst carrier by contacting the inpregnated catalyst carrier with a .
sol ution_o co ound | I te ¥at, | I adi um
and gol d® ‘t‘fg %Lfg%t) “ﬁ%g%é‘togﬁgting&ﬂ@%% 355'(‘% 5%u§7r57,§t9 % cgerrlrdg%und (3)
- washi ng p&temtlrﬂatsgg catalyst with water to renove ani ons Whl ch are freed =

-fromthelnltlally i npr egnat ed pal.| adi um 10 ~and {9 s during’
pr.eci pi t at i onTherRasicmethed pf dprmingp Yipd %%‘%F“‘WF%B‘?'\H‘BW&%& Gl gol d -
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“U.S. -5, ngdﬂ@g E 102k BELYSEPRAYEY the precious netals by rotating. i mpr egnat ed

ccatalyst -carrjges eMmtnevtdBe uhimﬁﬁgﬁa&emnemepﬂraanmadlgmmsad oh theacafrizact i on
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the carrier
catalysts for preparing vinyl acetate are described in commonly assigned U.S. Patent Nos.

5,314,858 and 5,332,710 both of which are herein incorporated by reference. These two paients
describe processes for improving pailadium and gold distribution on a carrier by mahipu!ating
20 precipitation slep (2)’,‘ the "fixing" of the water soluble precious metal 'compcund,s to the carrier
as water-insoluble compounds. In U.S. 5,314,858, fixing precious metals on the carrier is
achieved utilizing two separate precipitation stages to avoid using lat-ga excesses of "fixing" |
compound. U.S. 5,332,710 deseribcs fixing the precious metals by rotating impregnated catalyst
carriers while the impregnated carriers are immersed ina reaction so.lu_tion' at least during the
25 initial precipitation period. Such roto-immersion procedure has been found to yield catalysts in
which the precipitated carrier metals are more evenly distributed in'a narrow band on the carrier
surface. . ' '
Attempts to improve catalytic activity, usually c\taluated by ih"** space time yield (STY), -
have mvolv.,d usmg catalyst carriers of particular pore size or pa.mcular shapes. Catalyst carriers
uscful for producmg vmyl esters are IVplCdl]V composed of silica, alumma aluminum silicates or

' 'spmels Silica is the prcferred carrier material because silica is porous and is a neutral carncr for

precmus metal deposition. The carriers usuaily shaped as spheres, t_aplcts or cylinders in the
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-surf-ace-~Attenpts to i nprove catalytic activity, -usual l.y-.eval uated by .the ... ..
space tinme yield (STY), have involved using catalyst carriers of particular
por-e size or particular shapes. Catal yst carriers 30 useful for
producing vinyl esters are typically conposed of -silica, alumna, alum num
silicates owoopssveds. Silica is the preferred carrier matpgtgborReaause ..
sillica-is porous and'is a neéutral carrier fok precious netal deposition.

The carriers usually shaped as spheres, gablets or cylinders in the WO
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Unsaturat ed ester. synt hesis, such as vi nyl acetate synthesis, can often -
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from the desired product by distillation, and the bottoms containing the heavy ends collected and-
disposed of by waste site dumping or buming. However, disposal of the heavy ends arc
20 considered toxic orthe burning thereof can cause formation and release of toxic products into the
environment. Pollution laws and guidelines.in many areas of the world strictly limit the ability to
dump toxic solid waste or to burn same. Thus, any reduction in heavy ends formation during
unsaturated ester synthesis is very dcsxraorc
Catalytic acitivity of the vinyl ester synthesis catal)st h.s been improved by increasing
- 25 the relative amount of gold added to the support. It has now been found that increased gold
content ot_’ the viny] ester synthesis catalyst maintains the life of the catalyst and lowers botna CO,
selectivity and heavy ends.
Although there are catalysts and methods for prepaﬁng catalysts with an improved
uniform distribution of palladium and gold metals on 2 catalyst carrier and high caalyst activity.
' _there is still a need for a method of preparing vinyl acetate catalysts having a more umfom
drstnbuuon of palladium :md gold on the carrier surface and pamcularlv for mr.reasxng lhe gold

content of the catalyst Present methods of adding gold to the catalyst do not ﬂcccssanly insure a
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a5 L o SUMMARY OF THE INVENTION

" It has now been fourd that highly active supported catzlysts containing palladium and
gdld useful for the production of vinyl esters from ethylene, lower carboxylic acids with 2-4
carbon atoms and oxygen in the gas phase at elevated temperature and at normal or elevated
‘pressure can be obtained by adding gold to the catalyst carrier in two steps. Typically, the gold
20  component of the vir‘t;'l ester catalyst has been added to the catalyst carriers in a single
ixnprcgnz;tion step and fixed thereon. For example, the gold is impregnated onto the catalytic
carrier as a solution of a water-soluble salt or acid simultaneously with a water-soluble salt of
palladium metal, or alternatively, the gold is added in a step separate from palladium addition.
The impregnated water-soluble palladium and gold compounds are then fixed by forming water-
25 insoluble palladiumn and gold corapounds with an alkaline fixing solution and the. water-insoluble
- ‘paliadium and gold compounds then reduced i~ nalladivm and gold metal. Unfortunately, as
discussed above, addition of gold to & catah's ~ sier in a single step often results in loss of gold
.from the surface of the carrier through Jeaching or abrasion during catalyst preparation. Thus,
':hxgh catalvst activity and high vm)l acctate selectivity can not always be expected.
) To ov ercome. such problems and in accordance with the prcscnt mvenuon. an 1mprovcd
) “vmyl ester catalyst is formed by (1) s:mu)tancously or successively 1mprevnatmg a catalyst -
. camer w:lh aqueous solutions of a water-soluble palladium salt and 2 ﬁrst amount of a water-
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“1Tthas now been found that highly active supported catalysts containing _
pal | adi um and gol d useful for the production of vinyl esters from ethylene,
| ower carboxylic acids with-2-4 carbon atonms and oxygen in the gas phase at
el evated tenperature and at normal or el evated pressure can be obtained by
addi ng gol dwiod7h$mecat al yst carrier in tw steps. Typical kz.l. E%F,glgl d 20,
component of the vinyl ester catalyst has begn added to the catalyst
carriers in a single inpregnation step agd fixed thereon. For exanple, the
gold is inpregnated onto the catalytic carrier as a solution of a .
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In an improved method of preparing a catalyst employed in the synthesis of unsaturated

-esters, gold is added to a catalyst carrier in two separate steps.
- 20 . The carrier.thaterial for the catalyst according to the present invention can be of any
- diverse geometrical shape. For example, the carrier can be shaped as spheres, tablets or |
cylinders. The geometrical dimensions of the carrier material can, in general, be in the range éf
about 1-83 mm. A most suitable geometrical shape is, in particular, the spherical shape, for
example, spheres with diameters in the range of about 4-8 mm. _ _
25 ' ~ The specific surface area of the carrier material can vary within wide limits. For
. example, carrier materials which have an inner surface area of about 50-300 m%g and especiaily
about : . :
- 100-200 mz/g (measurcd according to BET) are suitable.
. Examples of carrier materials which can be used include silica, aluminum oxide,

30 . alummum silicates or spinels. Silica is the preferred carrier material.

~ ST ' accordance with the method of this invention, the catalyst carrier first is 1mpregnated

- .with an aqueous solution coptaining a water-soluble palladium compound and a first amount of a
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‘anount’s” oT “gold~canbe reduced either after. each of the respective fixing
steps aII the gold can be reduced in a final reduct i on step after the
separate fixing of the first and second anobunts of .gol d. Wat has been
found is that catalyst activity with respect to the formation of vinyl

esters suwbsasswe nyl acetate by the process of reactingepgl %ﬁd’s’ | ower
carboxylic acid and oxygen in the gas phase gan be .mai ntaine ang that the
side reaction relative to the formatiog: of carbon dioxide 15 i's

substantially reduced when the catal ysts are for med by the. met hod
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“of:r'a’ PCTFUS97/ 057186 -wat sol-ubl e- gol-d..conpaund.. Separ at e sol uti ons of
‘. the pal Fﬁd"’ %ﬁ*&ﬁ?}? ﬁg %ng?g ARy 6°IE§ﬁPﬂE‘dH§’eﬂ‘dsQFc‘b%§fs§°v’e°Feyg° But Tit s

“1:e5ST copyipk a; ark GixBd mseshmé}a&ha&r-fmmeeauaﬁﬁh{ ﬁﬁ'ow& dokd é}m&ﬂ ghide, sodi um

" pal tadi um- chloride, palladium(Il) nitrate or “pal Tadium (1) ~sul fate
sare exaﬁ‘bl"@§° florsmomamhehmmeweem ghalineselntiond farsrwapipeardeounkneas auric |

- C | Ilf ) ¢ lC{Jhﬁ:rh' cdftafdk aRGT etal ¥ydrddides, ACdidn& A bicarbonates and/or alkali metal carbonates.

Ttis pamcular!y preferred to use agueous solutions of sodium hydroxvde or potassitm hydroxxde

The amount of alkaline compound employed is such that the ratio of alkaline metal to anion from
- the water-soluble precious metal compounds is from about 1:1 to about 2:1, prci'efably from |
_about 1.2:1 to about 1.8:1. By treatment with the alkaline solution, the precious metal water-

- 20 | soluble compounds afe converted to water-insoluble compounds believed to be hydroxides
and/or oxides, at least in the case where the alkaline solution is a solution of sodlun hydroxxde or -
potassxum hydroxide. '

Preferably, the carrier is 1mpre¢nated in the first gold fixing stage by a process designated

“rotation immersion” which is set forth jn U.S. Patent No. 5,332,710 issued July 26, 1994 to

25 Nicolau et al. the entire disclosure of which is hereby incorporated herein in its entirety by

- reference. In this process, the fixed carriers are immersed in the alkaline fixing solution and

tumbled or rotated therein during the ini-tial stages of the precipitation of the water-insoluble
pfccidus metal compbunds The rotation or tumbling of the carrier in the alkalinc fixing solution
- . prefcrably proceeds for at least about 0.5 hour upon the initial treatment and, most preferably, for
30 '.'Wat lcast about 2.5 hours. The rotation 1mmemon treatment can last as long as up to about 4 hours

_ '_before the treated carriers are allowed to stand i in the fixing solution to insure that complctc

- precxpu.mon of the precious metal compounds takes place.
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5 7 pber-used-as-t-he-wat er-sol ubl e gol d conpounds. Activity (I11) acid and
sodi.um pal l adium (11) chloride are preferred because of their good water
sol-ubility. The volume of solution used for inpregnating the carrier with
the precious netals is inportant. For effective deposition, the volune of
the i npregnaoewpsmol ution preferably is fromabout 95 to Q’Q‘q{ﬁss%g% of the
absorptive capacity of the catalyst carrier gnd preferably Tt 7s out °©
98-99% Such inpregnation technique is 16 characterized as the

"incipient. wetness"” nmethod. After inpregnation of the carrier with the

wat er - sol ubl € pady sl of Foraish &hﬁ:.ﬁux{a%ﬁl#?ggfg%&gé ush 8 :H@éwg;ﬁtﬁgkré@'ﬁ gm%%h%ou s

conpounds, the water-sol uble pall adi wat er -
are. fixed Robcrtiral. cWhatiigeritipsl, hawever isnleodxtsnt ef thafoatidg motion dTHes) the oqAUNdsS. .=

The. fi xi ng, sOLuti:0n 4. ane which canprises. an al'kaline solution;:for -
-exanpl e, r{&g}(:]aﬁ 5§J‘§’f§§ol rﬁts‘l?%'\r,\mafgn S“f?ﬁ% g‘f{ﬁ%m%ﬂg@ng fre BN comipaiedxi des
al:kali nmetwith e eleleratiessonioh OThetokdibh pRRily B ALDARBCASugh shih the acual

‘partiqularly preferred to use aqueous sol utions of- sodi um hydroxide or _
‘potas ium?héaﬁaf? _ .W“ﬁ%"*aﬁ@fﬁﬁfg%?“sé‘r%%@"e%%m&?_cemshWéﬂlemtasuch t hat
‘the ratio indolubid doMpolfis Mrade® o MRt MRS NARES RGPS P hEG 1US, Jet al

~&onpounds -i's f rom'.szout'. 11-to -gbo-ut'--z: 1, -_f%)érlef er-a‘gf-t?/a?] 3 ﬁ‘%*lgfggé%c% fi“"éloi to -
_about 1. 8:believeg that somerseall extenhoft dbeasion lofithe nates-inisoluble precionemprbaingisandet al

Swater- 20 > ¢ . onver t.ed wat er - i nsol ubl e  conpounds
Dol eved (B ks B ARG G SRV FONbf G il EomBPuAE LR he
“alkal i ne s:etnmff] swiace. SThe exahutfirowrtiaf prefathiblys Shyolt D dB6utd0 rff A Sseilly vk 0Xi dg{»’ -
TPrefepabl it fe GarTier i &1 mprednar t-i ot he-First=gold fixing, stage bys &
“broec gé s dé’%ﬁh {qgetpglac[mg %R°3tt$eo?§ggr?ﬁ&‘§ﬁ’,tﬁf‘?“d i 1B amQunt gf preciqus pretal 1 bes,  Pat e?ﬁ_ _

“No. .5, 332 défdlitedonihd cariby THe sprib 896e dsed RyariabldNnaRhthlsedepeid ugoll %%&%ﬁﬁs

"'.'ff-—d"i--"fs'(5’]‘"'6’s""l'j"'r'-"-'_'é'-'t“i"flj'f V\:fﬂChISI‘iél’ebf\{ ‘incorporated._herein:ig.its entirety by
: t

~ref-er ence Bgpdy We sizp apgtehage ofithecarrisrdhe tyae pf carrier. anasalilopdings stf..ibut prateradlykal | ne -

Hixing SOlaifsvaRiRN ghialiles ehtssL IR EM NI thafl Urnblfl of Bffadidl] b3l Stages of
the precipitation of .the water-insolu Iae preci ous netal conpounds.  The

‘rot ati on &enefigighlitisgolde be sush that theavatdrinsblubleablopbundeart iastially abedded bfSithe

pr ef gsabl XarBE%?ﬁgﬁ? for at |east about 0.5 hour upon the initial treatnent
and, nost preferably, for 30 at |l east about 2.5 hours. Thé rotation

(i amer si_on "t r eaf\nether rogthod offixingshé pregiourametfls bito deuiriedis BIRIMfifiah Wemebtdre .
Lot oo BRSSO AS S AL Ve, L pg Solul o Lo s hat
R - alkali metal hydroxide. equal to the dry absorbtivity of the carrier is poured onto the porous
supports which have been impregnated with the watcr-solubie precious metal compounds. The
20 treated carriers are allowed to stand until precipitation is complete. When fixing is performed by
the_ incipient wetness method, the impregnated carviers are air dried prior to fixing with the
aqueous metal hydroxide.
Altemnatively, the fixing step can be divided into at least two separate stages of treatment
with the alkaline fixing solution. Such a process is described in U.S. Patent No. 5,314,358,
25 issued May 24, 1994 to Colling the entire disclosure of which is hereby incorporated herein in its
entirety by reference. In cach separate fixing treatment. the a;mount__ of the alkaline reactive
compound is no more than that equal to the molar amount required tt__o react with all of the
précious metal compound which is present on the carrier as a waté:iz-s__olubl'e. compound. No
e;ccéss .'o_f reactive compound is used. Preferably, the amount of f:#_’c_tive compound useﬁ in each
fixing stage is less than the molar amount required to react with all ..c')'f the water soluble precious

o metdl é&npéﬁﬁ'd; ‘Each fixing stage is conducted by impregnating the dried impregnated carrier - - -

e w;th thc a}kalihc fixing solutjon in an amount equal to about the dry.fhbsorbtix'ity of the carrier.
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WO 97/38790~ - : S - _
PCT/ US97/ 05718 7 Any type of rotation or rumbling equi pnent can be used as
t he exact apparatus utilized is not critical. Wuat .is critical, however i S
the extent of the rotating nmotion. Thus, the rotati.on preferably IS

sufficien hat all surfaces of the i npr egnat ed car evenly,
cont act edW#ﬁ’gp e al kaline fixing solution. ¢The rotati oﬂﬁrﬁgsg?%?gsbl y i s not
har sh enough such that actual 5 - abgasion of the water-insoluble

preci ous netal conpounds takes place slich that the water- insol uble

conpoun re abr t he cq rriers b it has -
been_ T ol HBRUBRAT R rmeosiE cehh B3Py tiph BEuth 1af wp Al of

- wat er - i ngehithdf 1Daieh B thewatkr mmwwmsmuabmpommwmmamemwm y
di-stribute the water-insol uble precious netal Lénds og Eeuebl g{rl er

-sur f ace. mqlh@nékﬂt@ﬁ‘ts“@aﬂ@)frai“laéﬁ“‘ﬁr ‘Pé’i‘gabW’aF?tg%gg‘fn 1385 BBEETRC N0 pm and
posst bl Yo oot il ABEH o IEBE A0 atR B 12 103361 1 6A MG Torthe bhaied and

the ano recrous netal eposited-on the carrier. The rpmto be
useds i s fpang ﬁb;t eSubsehuestno ab:smcxdeqnmcdim[ﬁa;mmhge &wena'&f!aemaltsuam glgwed ihe size °
and shape of .the carrier [ o A6 2R Shietq but
~preferabinds for 3 suf ‘?’HPF\“%‘@Q %Bﬁ? étfogé’ge agér\}lﬁasgﬁiﬁ%mﬁ [e a.-small
amunt  ofon@hAdsl e Gariods tia@nﬁﬁ variy it typxt:a]in‘arr!:es froro abet 2 hotrs thatout he

~wat er-i.nsol'ubl e corrpounds are actua abr aded of i er -
..sur_f ace. howrphabere s isgreatef R4y Wit ﬁﬁF‘é’@?S%“’ﬂﬁE%\fm@m ? (1 S%!gé‘(g:n;r rier is

I nc fad 8, (RDRsRddasiorsiarediowad ammdfmgmd :
| #&sﬁ@%?%ﬁﬁgﬁggﬁtloncwﬁs, sé%uelous alkaticmetal ‘E drox dey P}altp

:_juhe dfoy aelessonbadditiangl Dhours: prefexabiy.at lepst abrytif BeRrd IS Hian °§%ppor

“whi'ch "have been inpre 0, t he wat er -sol ubl & -preci ous rret al
"fcnmoundgm'?ﬁ:g’%égpum? ‘ngﬂ%‘%?ri ers—are-attowed to stand.until.

precipi tati onmmm‘mh il the sadbmdfifing stags qasb'pmuim ﬂW"fﬁEﬁFSﬁé'F’%ﬁ ent
~wet ness net hod n dcarrler,s re rioR af h&i NG W|th
the aqueb’ﬂ%‘cWét“’a re“l'ﬁ{fg‘g @ﬁy SASPHIETS AT Peg RS g&:ﬂﬁgkﬁée%mclgn be_ di vi ded
“into at’ hagss alﬁc%e&@ﬁ&h@&@nﬁn&%ﬁm@i vblnmatdsmumn agnmlcth@eralt«@b dne fixi ng
.sol'ution. Such a process is described in %%‘t‘ %lo hedse #ﬁ %e

i ssded Masorbaivity g cf:%meromen*?&dtﬂ&%‘ﬁ"ﬂféc F”é’%“af‘*é" YRR TN reby -

i ncor por ga,%d%mﬁdr%&as bétig naéa %Ea!usﬁwm@egmae&%mm 2boRe.clnchis prpess aheoddexi ng
treat nen nount the al kaline reactive co nor.e .t han

‘fhat equdéiked mztreammmm'ﬂaﬂrm}h% alkdingifixing SP’(S‘“?‘E%'&‘“’Q}F‘FT&:°%ﬂ°fate(51f"g’rﬁ8 dBT'égcl ous

nmet al conp aund the fubRordSous mbel Edmsovhaddse conpound.
No- exces§ Pux?l%%e?oftb?g&@ g’hlc’g&ﬁseélcr %;oél Pabi ; the arr%dgnt of reactive
COWDOUHdd!tSﬁﬂedéhrmCh

. 20 After the ﬁrst amount of water-soluble gold hus been ﬁxcd a second amount of ool:i can
e impregnated and fixed according to the same methods described above for 1mpx_'egnanng ané
fixing the first amount of gold to the carricr. Thus, any of the gold salts described above for use
in the first stage gold addition can be used to add the second amount of gold. Likewise, any of
the fixing methods, such as “rotation immersion", incipient wetness and double fixing methods
25 as described previously can be used to pfcuipi;ate the inscluble gold compound onto the carrier.
| Preferably, the second amount of gold is fixed to the camcr bythe’ 1nc1pxent werms“ method by
* impregnating the carrier with a solution of the second amount of the water-soluble ao‘d
compound and an aqueous alkaline fixing agent or by treaunv the carrier impregnated with the
| second amount of water-soluble gold compound with an aqueous. dlkaline fixing soluuon and
| a]lowmo the mpregnated carne' to stand for up o about 16 hours or more to allow precipitation
of the water-msolublc gold compounds. 'I‘hc volume of ﬁxmg solunon is that equal to the dry
S absorbuv:ty of the carrier and the amount of alkalins compound used is in excesson a molar .
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30~ fixing stage'is less than the nolar anount required.to.react.with. all
of the water soluble precious netal conpound. Each fixing stage is
conducted by inpregnating the dried inpregnated carrier - with the alkaline
fixing solution in an anmpunt equal to about the dry ‘absorbtivity of the
carrier. WED 7837988790 : - PCT/US9705718 -
PCT/ US97/ 05718 8 The anount of the al kaline Qorrpound contained in solution
preferably is such that the ratio of alk#ali netal to anion fromthe water
sol ubl e pr.eci ous netal conpounds be fromabout 0.7'to 1:1 nolar in the
first stadmsiarr fsrequirat muead withab) o0t irhpregriated watersblebls goldiedmgpoungs.

Preferably, th ot al unt .of al kali taI apion ra es fromabqgut 1.2 -
Lo about 1. 6: 1 Sybrearent 5 T iseions metal Gompoyn 1 s Sty B Gt ST T2

treat ment yifh ddihifddkerfié ¥dde Blig@Esuch AECHIGRBIEH, GHIEK dre k) Edntaimddcaussl t o
~stand for.a .sufficient period of time to allow precipitation.of the

Wal Cr - i ns sy andyfress fenss e imBre B RG ERNHIPSS- Whashingd# resingsd untihall etihe 3aioRs but

: ically PO er 2 f, er is
R R e o e e S S
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up to kBt thé®isiieidd o temperdiiRs héraakxeeed abol ¥50€C &ﬂ&ﬁﬁdmﬁnmnﬂgpﬁeﬁagﬁhcan

quivalent” to that 'of the first stage wherein the treated |aIIy -
ced car rasercgn_tarveuq wgpwﬁmdwvahms apﬁgnmsma-gfo ofpedAfich the m@ad&gg @

L

ahjghe: e bie fiked Q118 cAHRl URBaS0] Mct BB sl BBl bF B18 His o
g.-dry-—15- - absorb ivityof the carrier. A ternatlvel% t he carrl er can ’

ThE mpreg madded andBxeskear orpehing Xidsigying erpdbepyriemse secesd t PEPRERHAIS Penat i on
SITTRT ST A3 SR EUSEe e AR Gmed: B BRRE HRIGGRS Snokir aige- Frxed carriers.

sare |rmers I'Xing s fron an ed or rotated-therein
Cduring the H’ll tThalfixed ng&salahemhe’qwmn}pa tedodingrgeft 10 benver therprecious meldl galts
Jpr-eci ous. . metal _conmpo as_di scuss a Aft e first
-ahount  of AR CAMPEY] dﬁ%"ﬁa%“‘ﬁé’éﬁg“‘% {?8'5‘ ﬁée r§'g‘t°8 ?jcag%uﬁf" e4p Seg’glglt‘ﬁc} can be
i-npr egnat asmadishakd; X&ctxaﬁp*emmumsmpmﬁmdm bgﬁﬁemﬂm; fih hedaspiays séar
inpregnating and fixing the first amount of  gol carrier. Th any
of the gol¥ ¥ith ycroRER Y PSR SEoBY SoTreBRmBIE S ey ﬂgrt 13 §amgE pUt “A@a#t ion -

can be usegnkignaf Qy&%éﬁ'ﬁﬁ&d thd PR 19 brefiodnily caHeIﬂQiM £ orrid) Yerfiferature. When

the reduction is carried out in the gas phase, it can be ad»amaveous to carry out the reaction at an

elevated temperature, for examp‘c at about 100-200°C in the case of reduction with ethylene.
© 20 The reducmg agent'is appropriately cmp]oycd in excess to be certain that all of the precious
metal salts and compounds are converted into the metallic form. When hydrazine is employed,
the weight ratio of hydrazine to precious metals ranges from about 10:1 to about 15:1, preferably,
about 12:1. After reducing the pall:tdiuxﬁ and gold water-insoluble '_compounds, the carrier is
dried in an inert atmosphere at about 150°C. As with the washing and drying steps, reduction of
25  the precious metals can be done after each fixing step or reduction can be done after all the _
precidué metals have been fixed to the carrier. Moreover, reduction' can take place either before
or after the catalysts are washed to remove anionic matcnals |
The relative amount of water-soluble gold compound add d in each impre_gnation step is
o not critical. From about 1/2 to about 3/4 of the total gold on the ﬁn_gl catalyst is added during the
ﬁrét iiﬂpremation step, with the balance added in the second imprcgnation step. Preferably, the
B quarmty of palladium and gold compounds employed is such as to provxde about 3 to about 8

- _ grams of palladlum and about 1.5 to about 14 grams of gold per Im.r of finished cata]yst




~t-he- f+ xi-ng -net-heds, such as "rotation i mersion", incipient. wetness..and.. . - ...
doubl e fixing nethods 25 as described previously can be used to

preci pitate the insoluble gold conmpound onto the carrier. Preferably, the
second anpunt of gold is fixed to the carrier-by the "incipient wetness”
met hod bywiosh ﬁ@@ating the carrier with a solution of tgﬁrﬁggﬁgﬁfanpunt,of
the water-soluble gold - conpound and an aqueous al k ng agent
or by treating the carrier.inpregnated with the second anbunt of _
mater'soluble gol d conmpound with an aqueous al kal i ne fixing sol ution, and

d d h :
TTDI’ eto é?megagqr I n?g&eq ¢ o%fer %Iﬁéu%qf él%eoqr?s.'citgxlsnﬂgﬁag 1818!? Yo éﬁpg&%{‘a‘i our S- or
VOl ume Ghn bé uiehq ik Foration 6f VilMA heefiie/BY rebddioh BLethylyneabageindwictse fd ih h e

carrier and-the anmpunt of al kaline conpound used is in excess gn a nolar  °
\WD.97/3 glycgmapor phase as long as the catalyst is formed by the novel method set forth herein. Thus, th
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rrpregnartéedgf\]é1 &']luﬁ]bfle gr:) e%onp%%n%‘ e%qbl?entﬁtto fle ng t'he precious”
met &l- ccpq:faahldsfr@mabmomholaboqt Ithk carrier -is washed with deionized water
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treated e, dhdse datalytg agRINig th theGrédemtiihvention \ﬁﬂildﬁd:dwﬁn sifitacds tieedupgoraind .

- .conpounds whi.ch_ are present into netallic f uction can_be -
“carli ed erial gnd prditives of al@tfﬂ?‘ﬁl‘ ﬁﬁﬂé@%‘"ﬂ’%‘?"“ﬁ%@rﬁb‘?‘gﬁ‘vﬁ ERASHIPE °ﬁydr azine: -

* hydrat e’vxﬁyl acdtite fsBEP Al ¥st§d?c5]§k¢dxﬂﬂa§ui§ﬁ@51ﬁnhlmv@5and‘§él&dmvhy €r :
hydr ocar bons, f-or exanpl e, ethylene. If the reduction is carrie out witha
“sol uti oracetﬁtehydlb}aiqnsélfhydrat e, the reaction is preferably carried out at

normal te rrpe rv@f,é},r\ﬂnyl Vs he is prepared using a catalyst prepared according to the present ..

i

invention, a stream of gas, which contains ethylene, oxygen or air and acetic acid is passed over
20  the catalyst. The corﬁ‘position of the stream of gas can be varied within wide limits, taking into
account the explosive limits. For example, the molar ratio of ethylene to oxygen can be about
80:20 to about 98:2 and the molar ratio of acetic acid to ethylene can be about 100:1 to about
1:100 and the content of gascous alkali metal acetate can be about 2-200 ppm, relative to the
acetic acid employed. The stream of gas also can contain other inert gases, such as nitrogen,
25 carbon dioxide and/or saturated hydrocarbons; Reaction temperatures which can be used are
N elevated tcmperaturss, preferably those in the range of about 100-250°C, preferably, 130-200°C.
'fhe j)ressﬁre employed can be a somewhat reduced pressure, normal pressuré or elevated
pnessure preferably a pressure of up to about 20 atmospheres gauge.
Cata!ysts of the present invention employed to prepare vinyl acetate show an 1mproved

: 30 | space time yield, a reduced carbon dioxide and ethyl acctate selectivity as well as reduced heavy

o snds._;_m-w' )

- The follqwi_né examples are intended to further illustrate the present invention and are not

ave een I xed 't-0 the carrier and again -after-—-the-—-—



the- reduction-+s—carried out in the gas phase, it can be advantageous to
carry out the reaction at an el evated tenperature, for exanple, at abeut
100-200[err]C in the case of reduction with ethylene. 20 The reduci ng
agent is appropriately enployed in excess to be certain that all of the
preci ous newale7setsdbs and conmpounds are converted into- thepagdbidsesf or m,.
Whén hydrazine is enployed, the weight ratio,of hydrazine to precious
netal s ranges from about 10:1 to about 1f:1, preferably, about 12:1. After
reduci ng the palladiumand gotd water-insoluble conpounds, the carrier is
dried 10 afchdNib 1t RERBE & B praiilinekBLer 11C. AS with the washing and
drying steps, reduction o the precious netals can be done aft-er each
fixing step or reduction.can be done after all the precious netals have
been fixed to the carrier. Moreov AMF’E%g‘itﬁ%Lﬁa” take place either before
cor after the catal yst.s.are washeag‘o—r‘errm Ic materials. The relative
armunt -of. wat erFhechtalybts wgre! plepared oo wplibrinal didita cameapdawd@b;e@uh@hannc sfthp i s
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Care advantheaoeunt aheiutigndha sespiisrs wase eapaije of pheerbing fineipientopapass meihor)- e _
unsatr at efc for
oo - (R rechRRb R e ild Gin TanDi AR piatic Yl BRBE.
" pot assi u m sabbleatalis such thati the sieseliiag eatalysts Wbuldi"atceaban'éf Envldfipdiladmra cetahtral or
Ce._SI um aceatb%;[xtetl t‘%‘ﬁ o} d met ?rﬁq:‘.xamp esfhnc? IH, the carriers were impregnated with a

- sufficient amount of palladium and gold water soluble salts such that each catalyst would Ha\.c

|

from.

about 7 gm/] of palladium metal and about 7 g/l of gold metal. In Example I, 4 gnv/l of gold
20 was added during the first impregnation. | | _ _

After impregnation, the carriers were placed in a roto-evaporator (without v..c,uum) and’
trcated with 283 cc of a 50% w/w aqueous solution of sodium hydrexide to fix the water-soluble
salts of palladium and gold to the carriers as watcr-insoluble hydroxide compounds of palladium

~and gold. The amount of sodium hydroxide used was about 120%.0{ the stoichiometric
25 equivalent needed to convert the metal salts to their metal hydroxides. The carriers were
immediately rotated at about 5 rpm for about 2.5 hours. The tempgmmre of the sodium
hydroxide solution was maintained during roto-immersion at about 70°C by rotating in a hot
water bath. | -
- The fixed carriers were drained and placed in 500 ml gradéa:éd cylinders with dip tubes-

- '_30 N and washed for 5 hours with deionized water uatil the effluent from the wash tested negative

T thh silver nitrate; i.e; no silver chloride formation. The washed carriers were then placed in

e __500 ml round botiom flasks and placed in an oven under a contmuons flow of nitrogen to dry



The tatalysts according to the present invention._can_ be used with

part.i cul ar advantage.-in the preparation of vinyl acetate from ethyl ene,
oxygen and-acetic acid in the gas phase. For this purpose, those catalysts
according to the present invention which contain siiliica as the support 15
material g 7;13? ti'ves of alkali netal acetates are partlcul arl% sui t abl e.
I n-the preparation of vinyl acetate, such catalysts are POTAS UL ngui shed
by high activity and selectivity for vinyl acetate and by long l'ife. Wen
vinyl acetate is prepared using a catat9yst prepared according to the
present inventi.on, as whi ch contains eth xygen -or air
and acet9'¢™& td"'r?"?)‘ﬁzggaurév G“iemﬁeﬁ‘é“rﬁa'ﬁﬁnfl'g'tamc ‘E%%%BS ?/gn of the
stream of . JasTHe It EnsofibleSshiliditd iad Eéld@odupdﬁhaﬁon th@diddairttsah@cw@ent t he il
expl osive li-mts. For. exanple, the nolar ratio of ethyl ene:to oxygen can be

“about 80ed@ed t» pabledinmapd 2oldieptal fb theotaper phaseimsthsd tef,cerl.the weabtst & derdafene

can be u 0 t | kal i~ fetal”
acet at eagc;:gn hBI]e QB‘Jh {rggfﬂ%g&mle g? i"%/'gl% '&@'th&afg‘g%bf gtaﬂj:‘lgol%g? et%pl oyed. The
st r-eam a‘émgaatuﬁd rsfmbmarlSﬁdegreasrC deeé}owr maerof dggsﬂﬂendsmhbas Ori scﬁgm 25
car’ ban di-oxi de ,and/ or ur at ed h%dro ar bons. Reagk 3 (gal whi ch
Ca T be. Awesebede %"P%‘\‘r‘?ft é%ﬁ%tr"&t P 582135 WEE POV (TR LRE ?vﬁ ' PRE2TANITGE° of

“about” 10&012§Q.[,@,ﬁrtgng,erm,gferabl y, 130- 200[err]C The- pressure enpl oyed can’ -’
"be-.a . somewhat - reduced pressure, normal pressure. or el evated r sur e,

preferably a Thesswlyses ibExagplesd aaﬂ)gtﬂcf?@%&‘ﬁ‘fs‘b?fé 8 aqpsenysolug PO of the
: d“’rﬁ BF# 3&5&1@0& d(gorﬁ.‘efﬂ etﬂﬂlr %or}i' gwgfﬁxaﬁrﬁ:rpﬁaﬁ‘&‘c&@ss'rﬂaﬁw ﬁﬂ'l 30

) T uced €ar di-oxi ethyl..acet ate. sel ecti vi tﬁa o
el 10 as dr&nluneaurdelzcdylnenﬁsabﬁhéhﬁuﬂdtemungS@Qarrpl es.are intended to further
Ciltustraté t resent l.nvent] 1

T PET ST %7_]: 19 T“f’?#%h& .l((:;il(_){l in ?tﬂ}:ngr&dﬁs%es%ngégabovef }ﬁ?ﬁg‘y gtgzrg%tlixlarr{r ecnml on’
EXAVPL ESwire frlukhcANibrhgdateE withez sohitiah yssoﬂxmmqhmqoammhndrl G5greof <H1% Wi ca
~carriers-provi ded

carrier saqreer‘e serhv H‘F? "E’H’rs@‘é’uﬁ%rfll‘fﬁ that Fﬁfﬁﬁgﬁ‘g‘?g‘f'%ﬁ" agr?ad‘?ﬂq%ﬁ@f'p’e

of gold foratotal of about 7 £/l of gold on the finished catalysts. The amount of sodium | .

- 15 hydrox:dc used corresponded to about 180% of the stoichiometric equivalents nceded to convert
7 the gold salts'to gold metal. The catalysts were allowed to sit in ‘the soluuon ovemxgm ie.,
about 16 hours. The catalysts were then placed in 2 500 ml graduated cylinder with a dip tube
| and washed for 5 hours with deionized water until the effluent from the wash tested negative
wtth silver nitrate.

20 : The washed catalvsts were placcd in 2 500 ml round bottom flask in an oven at about
150°C under a continuous nitrogen flow ovemlght. A blend of 5% ethylene in nitrogen was
passed over the washed and dried catalysts for about 5 hours at about 150°C 1o reduce the gold
salts to gold metal.

After the catalysts were cooled to room temperature, the catalysts wers impregnated with

25 | an aqueous solution of 10 gm of potaSsium acetate(concentration about 40 gm/l). The catalysts
were allowed to stand for about 15 min. then dried in a fluid bed dryer at about 100°C for about
1 hour | ' _ |

“A 30 cc. sample of the catalyst was placed inaplug ﬂow tubular reacior, 3 ft.inle ngth
and with an L D. of 0.75 in. The tube was equipped with an 0.125 i m concentric thermocouple.
.30 Acetic acid cthylenc oxygen, and nitrogen are passed throuOh thc t:obe at a temperature such that
o about 45 percent of the oxygen was converted to a product. The products were analyzed off-lmc
by vapor phase chromatooraphy '

.,

o~



2507 cc each:The catal'ysts in Exanple | were prepared. according to the
standard net hod (descri bed below). The catalysts in Exanple Il were
prepared according to the same nethod as the catalysts in Exanple | except
that an additional amount of ‘gold was added to the:catal ysts. The anount of
gol d was abwotoresyeml to t he‘amount of pal | adi um addéd to pEBuSAhedysts. The.
10° catal ysts of Exanple 111 contained the,same anounts of pal adlun1and
gol d as Exanple Il but were prepared acgprding to the two step gold

addi tion nethod of the present application. Al the carriers were

i mpr egnat ed Wi RésuRfofititlfiotsct Sdlyslsiapd discdoseainTabe: 1S OFHeWebuRadtoadhat Btalysts
tetrachl orate and sodi um tetrachl oroaurate. The volune of sol ution enpl oyed

- was.-equi-vareaed aesording 19 isGWp stsp seld methodishew adovwerrd caghon ﬁWSdGWE'F‘é'VMﬁébI e of .=
absor:bi- nNgs &k?'ng'l e%uct tagﬂ?aiéscr@:hbi%t)fo (*8'% Jx]%]an nc@m ﬁ%ltlhﬁcgrﬁfagt tgF he Were

i npregnat e a su I cl-ent anmo I um .an. wat er - - sol-ubl e
‘salts suchightraarbbhdioxesahd ethg acaatalsglemmtmaﬂddhhhmr &'b’ﬁuf the catnify$ts pleparsd

Fi b \ |-d t I N dIlll, th
TS L R an P piaritte- dafonai R Dbt By 5 MR RRR et AR ol o
r.sol tﬂehﬁdﬁadiﬁedammeidyahdmmm@toabm% M’@bﬂtﬂsthﬁﬁéhv?b@d&toﬂ md Hw tﬁé -
adi um et al and about - i gol-d netal

':‘_g__o| 020, catpss BIABASEH RIPG FAPGEF SR Ws.sg@mf*mhof R0 Byche ?ﬁ&hégﬁfa%qeckm the”

icarpi-ers: m&@oedeﬁﬁﬁﬂmunrm B WS HAP @b i b Bf iEATLYR apBishiibh Cat ed with
83-ct--of a 50% W w aqueous:“sol ution of sodium hydr.oxi de to fix th

_solpw@es@tmprg?e%mﬁla@mm%ﬁgol d to the carriers as "

o ey oo RSB0 ok AR B0 A e s e %@éu%tsaé%m

- neeﬂed to cl&@muaidkelt seel b;fskm “Hal ttmpdmurt:bee:fch Mad wdsynhmedihssa thtweocoaple ater s

' Yﬁﬂﬁe'r o PR i G Bt o R ek BRRi et ke e pIARAR » A ppgetor

170t 0= | M hugd Wik :ahmatme&lh: aﬁ%ﬁeﬂ.‘h@ MHIcH; bﬁa4dwohtmseb HGberddhedrsibRivith o he fi xed-
~carri-ers were drained and placed in graduat ed cyli nders W|th dip

" tubes 30 electhf feakiag magtls. °§ ’Wéﬁ‘l"’s"z\ﬁ?’?‘ﬁ 58@!"6?\"11 Hiess (meered A N-T-PORE ef f 1 uent

fromghe %il@né 8648 0 RGAA! ¥R o%meél Y49 %M@m@ %mgapambwsodam“ de
formation he washed. carriers were en placed In '5 round bottom:

f1 asks anecefif agidova pauged o wayel undee preasumuabm [y smfolsplwe@ ﬁh’nmghr@glebasm dry.
V\D 97/ 387%.9alys:s of the products was ‘accomplished by on-line gas chroma;ographxc anaGIi/s yﬁ% d‘5 / 1._8

- with off-line hquxd product a':al»sxs by cond°nsmg the product strea m at about 10°C to obiajn

optimum analys1s of the end products. _ _ -
.20 . The results of the tcst_s arc shown in Table 2. The tests shoﬁ'a distinct lessening of the
- selectivity to the mnnufacm_ré"o_f by-producté carbon dioxide and ethy! acetate, 9.9 vs. 10.6 for
carbon dioxide selectivity ‘.nd 0.042 vs. 0.048 for ethyl acetate Seigqtivil;/ when compakéd in this
test to the same catalyst whé'n manufactured by the prior art me.hod.'. The amount of heavy cnds
' manufacture was not affecxed and the activity of the catalvst was or'Iy marginally affected by the

25  useofthe catalyst of the prescﬁt invention.




.12 overni-ght, i.e., about 16 hours. The oven tenperature was nmaintai ned at.
about 150[err]C. The water-insol uble palladiumand gold conpounds on the
dried carriers then were reduced to palladiumand gold netal by the vapor
phase method to formthe catalysts. A blend of 5%éthylene in nitrogen was
passed OV 7}3Ft,gocarr| ers in the oven for about 5 hours pirnRefsns -
tenperature 0t “about 150 degrees C. The flowrate of the gas bl end was

~about 0.5 SCFH at .at npbspheric pressung. After reduction, the catalysts were.
renmoved fromthe oven and allowed to cool to roomtenperature. The
catalysts in Exanples | and Il were inpregnated with an aqueous sol ution of
about 10 gm of potassium acetate concentrattion about 40 gml) by the _
i nci pient wetness nethod, and 10 dried in a fluid bed dryer for about 1~

. hour at ‘about “150[err]C. Subsequen& reductlon i n- ethylene as descri'bed”
‘above, the catalysts from Exanple . e. further |npregnated with a

- solution of sodiumtetrachl oroaurate’ and 1. 65 gm of ‘a 50% w w aqueous

“sodi um hydroxi'de fixing sol ution Such t'hat the catalysts woul d haVe an

~-‘addi ti-onal 3 gmi| -of gold:for a total of about Wi of go

“fi'ni shegATAL¥EYSt S.. TheGﬂnDunt of sodi unfeSFLE H@g oxi de’ ugggrﬁﬁl esponded

t=a: about-:180% of the st-oi ehi onet-ri-e- equi-val ents needed to-convert the gald..

~salts to gold metal . Pbe cavial ysts @82% aElHMRd t FEH{MYin the sol uti.on

overnight, i.e., about, 16 hours. The cataﬁﬁgﬁgfmeﬁemﬁhen pl.aced in a 500 m

ﬁﬁgraduated cylinder mnth a dip tube and washed.for 5 hours.w th deionized

‘er until - the effluent from-the wash.tested néegative with silver nitrat

-.--~Ex; ~The  washed cat al yst's “werie.6of Acen4d-n-a 1500w rournt3det t-om fiask -~

oven, a about- 150" C under a.conti-nuous nitragen flom1overn|ght A

_ d ehhylene n ni§rogen masggassedoayer ti8 washed a»d4dri ed

mcatatys §’?%r about—5- hours at—about ~150[ err}€-to- r-educe-the-gol.d--sal-t-s--t 6——-

"gol'd metal, After the catal ysts were. cooled to roomtenperature, the

.catalysts mere'inpregnated with 25 ‘an .aqueous sol ution of 10 gm of
‘pot assi um_ acet at e( concentration about 40 gm'l). The" catalysts were all owed

" tostand for.:about 15 min. then dried ina fluid bed dryer at about-

-100[ err]C for about 1 hour. A 30 cc. sanple of the catalyst was placed in a
plug flow, tubular.reactor, 3 ft. in length and with an 1. D. of 0.75 in.

- The tube was.equi pped with an 0.125 in. cencentric thernocouple. 30
Acetic acid, ethylene, oxygen, and nitrogen are‘passed through the tube at
‘a tenperature such that L :

—~




about 45 percent -of the oxygen was converted to--a-produet - The products were
anal yzed off-1ine by vapor phase chronmat ography. W 97/ 38790

PCT/ US97/ 05718 13 Results of the product analysis. are disclosed in Table 1.
The results show that catalysts prepared according.to the two step gold

met hod showygedgyer ed carbon di oxi de sel ectivity of 5.4°/qpc¢rdsmrmd et hyl -
acetate selectivity of 0.08% and an increasqd STY of 61 1 in contrast to
- the higher carbon dioxide and ethyl acggate. selectivities and the |ower STY
of the catal ysts prepar ed 5 by the standard pr ocedure. Additionally, the
catalysts prepared bé ? two step gold addition nethod had a reduced héavy
ends selectivity of 7% in contrast to heavy ends of 1.26% by the '
catal ysts prepared b th§ standard method with the same ampunt of gold as -
“the catal yst's made byth® two step met hod. Thus, the two step gol d addi tion
rret hod of the presengdapplicationproyi des for i nproved vinyl’ acetate .
~catalysts. 10 - About $0 @ of each type of catal yst prepared as -
~descri bed -above were placed in separate chrome-nickel steel.baskets. The
Lrenper at ur e ‘'of each basket was neasured by a ther: m)coupl e at bot h the top
-ahd t’he bottom of ~each b%sket Each reaction basket-was placed in a Berty
-_-Leactor ~and.-was mai ntai n@ at a tenperatur e whi-ch provi-ded about 45% oxygen -
Tganversion with an el ectEc heating mantle. A gas mxture of about

';‘_n‘orrral liters (me@ur at-: NNT.P.);of 15 . ethylene, about 10 .

nel- liters of OXyg@Rn gEl:j)rrral liters normal liters.af ni trogen and- about
; ._m' of ;acetic acid wasQauses tmtravel under pre'SSUre at- about 12 S
: '_s~pheres through each aske# ) ."‘ Anal'yS| 5 of the products was- gl e

ur-d product anaI ysr s by condensing the pr oduct™ stream at about 10[err]C
0o obtai n: opt i-numr-anal ysizs—of the-end-products 20~ - The- resul-t:.s_of:. .
‘t he tests are shown ign Tél e 2. The tests show a disti nct Iesseni'ng of the
.selectivity to the ndgufagture of by products car bon. di oxi de and. et hyl
: acetate 9.9 vs. 10.6 forPcarbon di oxi de sel ectivity and 0.042 vs. 0. 048
for ethyl acetate selectivity ¥WherQconparedin this test to the sane
..catal yst whenSanuf actured by ¥he Bri df art nethod. The anount of heavy
~ends manufactWle was not >affect ed, and the actrvr ty of t he cat al yst was

only margi nal af fected y:t he ' e
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-“PCT/ Usblmmm"u“m‘mgnpst of the prosent in\éggt-i OnETFNLVD ngEi?/\Y/ggtCETATE

ENDS Exanpfe } ™
g gi Exanpl e || 7 '9?3'6 8'0238 I g;
.. W97 '
Egj US97/ R8T [err] WO 97/ 38?963879'0 \ | FCTUSSTIOSTIS
. .
i~ g?ﬁ?ftggri?néfsuwnsatrulrast Sc_iAl .NFD. 1. ,kn a method for preparing a catal yst
el esters, erein a catalyst carrier is .

gold co

at ed Wlsth a wat er-sol ubl e paI | adi um conpound and a wat er - sol ubl
W&M\%t he wat er-sol ubl e pal | adi um conpound and t he

wat er - sol ubl e gold 5 conpound to the carrier as-a water-insol uble

‘pal'Tadi um conpound and a water-i. ns

water-insol ubil énpatetfpduftrmft?aﬁ%%%a ?(Sb

e

5 A5l C CTBANIE, A0 LS 50 the

vvat er -in bl
S 4’“ e i XIpﬁ%ﬁmﬁg&'aﬂhta@a&?kﬁuﬂ?bﬂladmiﬂ“&mpﬁmmmcrwmh si ng

“inpr egnefft
“wherel n ' goid ¢dnsliouﬁdmixtrtg hd wathlesohﬁﬂ@anﬁfbpﬂﬁp@i”““ an

compound to the camcr as a water-msoluble palladmm compound and a water-insoluble gold

the wat er - sol ubl old comgt&gpcr's&uglegoﬁt eps

| compound and reducing the watcr-msolubl.. palladtum compound to palladxum mctal andthe
water—msolubl" gold ¢ompound to gold metal, the improvement compnsmg tmprematmg and

' ﬁxxng the water-solublc gold compound in two Steps, whercm a ﬁrst amount of the. watcr-solubl_c

15

290

25

30

= gold compound is impregnated on the carrier and then ‘Fixed to the carncr as a first amount of the

atcr-msoluble gold compound fo]lowed by tmprcwnatmg the cam..r w:th a second amount of

the water—solublc gold compound and fixing the second amount of thc water-soluble go‘ld '_

) compound as a second amount of the watcr—msolub‘c gold compound

2. The method of claim !, whercin tbe water-soluble patladtum compourd is fixed 10 the

catalyst carrier prior to impregnating and fixing the catalys' carrier with the t-rct nmount of

water-soluble gold compound. _ : '
3. The method of claim 1, wherein the wa*er-so!ubl» panadtum compound and the first

amount of water-soluble gold compound are impregnated then fixed on the catalyst carrier

: sxmultancously

4. The mcthod of claim 1. wherein the water-insoluble palladium compound and the first
and second amount of water-insoluble gold compound arc reduced to the pa!ludium and gold
metal simultaneously. I

5. The method of claim 2, wherein the ﬁxcd’lpalladium compound and the first amount of
the fixed water-soluble gold compound are reduced to pailadium metal prior 10 impregnating the
catalyst carrier with the second amount of water-soluble g gold compound. - |

6. The method of claim 1, wherein the water-soluble palladtum compound is ttx::d by

“immersing the carrier impregnated with the- water-soluble palladmm compound ma soluno'\

contammg a compound reactive W1th the water-soluble pahadtum compound for about 16 hours

to precipitate a water-insoluble palladtu'n compound on the impregnated carrier.

7. Thc method of claim- 1, wherein the water-soluble Dalladtum tmpregnatcd carrier is

rotatcd in a solution containing a compound reactive w

o complete prec:pttat:on of the water-soluble palladmm compound to a water-insoluble

4,\
—~
.

ith the watcr-solublc palladium compound e



-got d m Mﬂﬂlﬁlmmﬂ gnated on the carrier and then fixed to the.carrier.
as a farst he 10 water-insol uble gold conpound followed by
-inpregnating the carrier with a second anmount of the water-soluble gold
conpound and fixing the second anmount of the water-soluble gol d conpound as
a second anpglbsgby t he water-insol ubl e gold conpound. 2. %9 bbsl of
claiml, wherein the water-sbluble palladi umpconpound is fixed to the
cat al yst carrier prior to inpregnating gnd fixing the catalyst carrier with
the first armunt of 15 water-soluble gold conpound. 3. The nmethod of
claim1, g{ﬁrﬁ tﬂﬁﬁ% y@ter-sol ubl e palladi um conpound and the first anount
of water- u 5 conpound are i npregnated then fixed on the catal yst
carrier siml t&n’ﬂmmét;xod of.claiing. whertio thedtpesigadted carriopisepleied fofeabout 1 10 L=
wat er - i nsi u d and the first 20 and second anount of
wat.er-i nsd %b@rdo&*odmc ?%g]o‘iﬁg@?ﬁ reduced to the palladiumand gold netal
.- si frul t aneous| yg. Phe mkthodsitdhine 1p¥herkiaiie f&st antoanteif mateheolﬁblxguidpaﬂnbmddum
“conpound-and the first amoudnt of "the fixed water-s lg ound are
ifeduced - t UnpragnaldicamieRisreipted 1 fiolytign F?ﬁﬁ“@‘@ﬁéﬁ?'ﬂ@“ﬁ‘ Eea‘&’ﬁ’t"'é’g& 3"55‘ ier with
Jthe. Secongoxezagg&h cQ!fn AR eHAPIAE ec?mtdne@ﬂe%&d-msaﬁme gold com ]PﬁundThe met hod’

€l ai-m- F-ei-n- he_vxat_er- sol.ub al | adi.um.conpound is fixed b :
mrer si ng the t@erheenethmf@MPe‘thm qum%@rﬁagﬁfﬁlﬁ?‘étcéﬁmpﬁrﬁ t€orrpound '

n.a solut ont d reactive with the water-soluble .
Al Hadi up® ﬁ ?qu %b ci%?qgﬂ ours to precipitate a water-insol uble

| adi’ um COqu)urlﬂwlﬂethdnﬁoﬂcmnegnbdrad theaarrieecomprising ke snmnﬁ@moom ofl ai m- 1,

yherern tiewat er=sol-tubj -adi um ated. carrier ted ; n‘?a.r
“ut +8n EBPrEgnARA MRt SO '—E"' £ ':°F’88‘é'14 'gg)ﬁ?c{]ﬂcf’ﬂﬁlcﬁé’f‘&p "“‘6‘? Qf?’é" %gﬁaadl u
seohpound’ §rg°§,g%mt&n{g,5@,§d p| tati on of the water-soluble palladium corrpound
ter—+hsotubte-——-WD-97/.3

- PCT/US97/ 0571812.7Theanetherl ofiH%m r’rf)dfhﬂ‘]‘m the camigr IEAHEITRR 2b9uA 1 19 PO IAPR 1 the

-___'_,_I opr egnat ?%a?Mtaﬁéut'O%Ho% ated from about 1 to about 10 rpm for ‘at | east
_b out O 5

~13. ‘The method of claim 1, whcrem the first amount of the water-soluble gold cc:mnomd

15 1mpregnated on the carrier is fixed by immersing the impregnated carrier in a :oluno'x cont‘.mmo
a compound reactive with the first amount of the water-sojuble gold compound for abou:t 16
hours to precipitate a water-insoluble gold compound of the first amount of the »\(étcr-soluble
gold compound.

14. The mcthod of claim 1, wherein the second amount of f the water-soluble gold

20 eompound impregnated on the carrier is fixed by immersing the impregnated carrier in a solution
contammg a compound reactive with the second amount of water-soluble gold compound for
about 16 hours to precipitate a water-insoluble gold compound from the second amount of water-
soluble gold compound. '

15. The method of claim 1, wherein the carrier xs impregnated with a solution comammg

25 the second amount of the water-soluble gold compound and a fixing compound.

16. The method of claim 1, wherein the water-insoluble palladium compound and the
first and second amount of the water-insoluble gold compound ars reduced to palladinm metal
and to gold metal with a reducing agent comprising ethylene or hydrazine. '

_ 17. The method of claim 16, wherein the reducing agent is hydrazine and a weight ratio

30 of hydrazmc to the palladium and the gold metals is about 12:1. '

s 18 The method of claim 1, wherein the watcr-msolublu patladium compound and the

B fx_rst ampunt _qf the watcr-msolublc gold compound are fixed in two stages, a first fixing stage

. o~

, .
-
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Tw, Rm”“ ym1,. V\/nereln the first anmount of water-soluble gold
corrpou ﬂ'iﬂ carrier is rotated in a sol ution containing a

* conpound reabtﬂles\/\n t*h the water- sol uble gold conmpound to conplete
precipitation of the water-insoluble gold conpound. 10. The nethod of claim
9, wherei @dﬁ:}gg ofPregnated carrier is rotated fromabout 1 to about 10 rpm
for at least about 0.5 hour. 11. The method ¢f clai'm 1, N Bhe carrier
~conprising the second anmpunt of 10 |g?regnat edwat er - sol ubl e gol d conpound
IS rotatedto corrplete preC|p|tat|on the water- - i nsol ubl e gold

conpound, erein th arr I s rot from
o ot SRS B Badve T bt R Rt O™
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{5%) Tide: A TWO STEP GOLD ADDITION METHOD FOR PRESARING A VINYL ACETATE CATALYST
(57) Abstract '

A method for preparing a catalyst wherein a comalytic casvier is impregnatzd with water-solubie patladium and gold compounds
followed by fixing and then reducing the fixed palladivm and gold ccnpa-.nds to palladium and gold metal followed by impregnating the
carrier with a sccond amount gf 2 water-soluble gold compound, The second amount of gold compound is fixed, then reduced to gold
metal. The catalyst then is impregnaed with an alkali meta! acetate such as potassium acstate. The camlyst can be employed to symhwze
unsaturated esters such as vinyl acetate.




