
WO 97/38?90 

.•···: .. 
.. . '.: -: :.:.::_._•: .. 

A TWO STEP GOLD ADDITION METHOD FOR 

PREPARING A VINYL ACETATE CATALYST 

RELA TIONSHTP TO PRIOR APPLICATIONS 

PCT/US97IOS718 

. . : .. '.:-''.'• 

This application is a continuation~n-part to application Serla1Number08/633,275,"filed 
~ :. :< ' • 

. : .. · .·.:AI>rif 16. 1996 . 
. ·~: .. '):.~~: 
--~ ; .. 

. ':: .. :·:::::. 
..... .-.· 

••h ·.·: '· \ BACKGROUND OF THE mvENTION 

.. 

. .-.-=·· 

. .. ·.. · .: : ::.}/fo;~., . · The present invention relates to a novel !ll~~od of making a' catalyst useful for . t1fl 

. "~:~f :~'.T .. :'/ .. :·:-~.Q~'·-.~:-}~~~~·~~izi~~ ~n~atu~~·~~.~~;s b); ·g~· ph.~~ ·~~~~~i~~::·'in partic~i~;'~;~ piesent in~ention ·is·· · .... · -fjl·· .. --

·; ':":·:·'': ·:·> ,:· ··><:cii~cted to a nove1 method of making a catalyst useful in the g~·phase formation of vinyl acetate 
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. ;·>_;,;'/:.:: · . It is known in the an to produce vinyl acetate by .reacting ethylene. oxygen and acetic acid 

· ... -: .. ;:·{~:a gaseous phase·and in the presence of a catalyst comprising palladium; gold and an .a~.k,ali · "·· 

; fuetaJ acetate supported on certain carrier materials such as silica. Such catalyst systems.,exhibi~. 
.. ·. : 

. a high activity. Unfortunately. results utilizing such palladiu~ and gold catalysts have b~n 

· ·.· · .. :~nconsistent. This inconsistency appears to be based somewhat ~o the distribution pattern or 

.. p~ofile of the catalyst ~omponents which a.re deposited on and in rehtion to th~ carrier. For 

example, when use is made of the known vinyl acetate catalyst systems comprising a porous 

20 . support with palladfom and gold, the metal components deposited at or about the. carrier interiors 

or central regions do not contribute significantly to the reaction mech:mism. since the reactants 

are not readily able to diffuse into the central or inner regjons of the porous network of the 

catalyst. More importantly, products of catalyst synthesis formed in the catalyst interior must 

. diffuse from the interi~r outward, again corning in contact with th~· active phase in the outer 

~5 region of the cataly~t. Consequently, these interior-formed products undergo. further reaction and 

30·· 

"are often convened to unuseful by-products. The most effective r~actions occur when the 

:c~talytic metal is formed as a thin shell impregnated within the surface regions of the cataJyst as 

. :diffusion of reactants and products can be readily achieved to provide good product yields and 
·.·· 

· £educed by-product formulation. 

'. t 
Various patents have Qeen granted based on the desire to Ol~te evenly .distribute and 

· .. ,. "":~~cho~.the g~ld and paliadium catalytic coinponencs within a na.rrc?~v band on the carrier ~urface 

"::.·: t?.pmvide a·vinyl.acetate ctitalyst having high yield. good se1ectivity and Jong life. Exa~ples of 
·:~.: 

,· 

:;.··· . 
. , .. ,: 
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such patents include U.S. Patent Nos. 4.087.622; 4.048,096; 3.822.308: 3.775,342 and British 

Palent 1,521,652. 

The basic method of fonning a vinyl acetate catalyst containing palladium and gold 
•. • • • •• • #' 

deposited on a catalyst carrier comprises (1) impregnating the· carrier with aqueous solutions of 

water-soluble palladium and gold compounds, (2) precipitating the water-insoluble palladium 

and gold compounds on the catalyst carrier by contacting the impregnated catalyst carrier with a 
... - . ·- . . .. . .. . . . . . . . . . - '· ~ -- . . .. .. . .. .. . .. . . . . . ..... 

. . . solution of compounds capable of reacting with the water-soluble palladium and gold 

compounds to form the water-insoluble precious metal compounds_ (3) washing the treated 

~-\,;:,.~-L · : ··catalyst. with water to rem9y~ an~~ns which are free? rrom the ini1ia~1y_impregnated palladium 

.: .... ~'.:~~i-;'.:. !~:·.-_ .. -, .. ,.:~~d g~~d ·~ompounds durin~ precipitatio~ and(~} -~o~~~~i~~th~·~;te~~i~~~iuble p~ll~di~~ ~d .. 
... ~.:::-.; .. ~·,· - ....... -.·~. gC?ld conipounds. to the.free.meta~ _by trea.t~ent y.ri~~ _a reducing a~~rit.. ·A final trea~m~nt usually 

. . .. . - . . . ... . . .. _. ..... -- ....... ,~. :~-- ....... " . .. .. .. . . . . . . . 

.. 

involves (5) impregnating the reduced catalyst with an aqueous alkali metal acecate solution and 
••. •·•••• . •¥·•- • 

;-: .•. -

· (6) drying the final catalyst product. 

···Attempts to provide a uniform distribution of the .palladium·a.'ld gold metals on.,the·carricr 

15 has involved manipulation of the above mentioned steps and/or by using ca."Tier.;materials hav!ng 

various specified pore dimensions. Particularly useful irnprovc.ments in preparing highly acriv:e 

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 patents 

describe processes for improving palladium and gold distribution on a carrier by manipulating 

' 20 precipitation step (21, the "fixing" of the water soluble precious metal compoun~s 10 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 large excesses of "fixing" 

compound. U.S. 5,332,710 describes fixing the precious metals by rotating impregnated catalyst 

carriers while the impregnated carriers are immersed in a r:eaction s~lution at ?case during the 

25 initial.precipitation period. Such rot~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. 

30. 

·Attempts to improve catalytic activity, usua1ly evaluated by the space time yield {STY), · · 
. . ' . . ., . 

have invo~ved using catalyst carriers of panicular pore size or panicular shapes. Catalyst carriers 

useful for produCing vinyl esters are typically composed of silica. al_umina. aluminum silicates or 

.splnelS. Silica is the.pref erred ~arrier material be~ause silica is porous .. :ind is a neutral carrier for . 

pre~ious meta~ deposition. The carriers usually shaped as spheres. i~plcts o_r cylinders in the 
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range of 4-8 mm are oftea empl~yed. As the catalytic activity increases it is preferable for the 

purpose of producing an unsaturated ester on an industrial scale. to increase the raw material gas 

vofome comprised of olefin, organic carboxylic acid and oxygen passing across t~,e catalyst. 

~atalyst shape and poi:osity affect gas vo~uml? flow across the catalyst_. One reason to increase 

raw material. gas volume passing across a c:;at3;1yst is to prevent formation of hot spots on the 

·active catalyst. Since formation reactions of unsaturated esters a~ exothermic, an increase in 
·-=-~~.:-~-------·-·· ........... ··-······ ' .... -~ ............... - -· . .. ·-· .. 
.. :>~~:~~;~:. ~-~:·-:'·:: ·· ... . · catalytic activity can excessively heat portions of the catalyst. Inefficient heat distribution on a 
;:: .:. ;.. . :. -~ ....... . . . 

catalyst leads to side reactions such as the formation of carbon diox~de which result.Ii. in less 
•.• ,..:· . ..,-« ........ 
....... -~·····-:: ..... :. ·- ··. :·. 
·:-:::~::~~~-~-;:: ··~ .::": . 

.. 

;'.;.:,~'.?{';~: -_ ___ ._:.~_:}~~~i~~~Y. f~~ _the f~nnation_ of the unsaturated ~s~er ~~ch_ as ~~nyl,~~tatc... ··-· ............. _ 
;~<:'.:~t~;Jo_::::·:--i.-~:~ .· Another problem ac;sociated with increasing activity of the vinyl ester catalysts is the 

. tJ1 .. rs1·· .. ···-· 
... . .· .. .. . . . 

,, ... ~ .. ...::...:. 
··:;.·.·: 

·. ·-·'·-·· .·. 

· ............ , .. . 

. . 

... .-.: ... · ..... · .. 

-~::·~~:: ~-. ~:~.~. 
.··-:-:~.::·J~." .· ... 

·:~::-······=-:-· 
".:- .. ; .. 
.• . ...... . ~ :· ..... .. 

. production of heavy ends during vinyl ester synth~sis. Hea~y end.'> are by-product residi.:es.which 
. . . . . ··········· ····- .. ·· ........ ······--·· ....... . 

--···-~~~;prl~~high m.olecular weight org~ic compounds formed during unsaturated ester synthesis .. 

·.·,Such :heavr ends include, but are not limited to. eta"?ylidene diacetate; l, l-diacetoxy ethylene; cis 

· _. .and.trans-di:icetoxy ethylene; ethylene glyco] diacetale; vinyl-acetoxyace.,ace; vinyl acetoxyac.etic . 

15 . ·.·acid;: ethylene glycol monoacetate; and cyclopropane carboxylic acid. Unsaturated este~. · ; 

synt~esis. such as vinyl acetate synthesis, can often produce a_·heavy ends selectivity_ of up to 

abou~ 2% ba~d on rhe reil:Ctant ethylene. The heavy ends can be .readily removed and seplrated 

from the desired pro~uct by distiUation. and the bottoms containing the heavy ends co!lected and· 

disposed of by waste site dumping or burning. However. disposal of the heavy ends are 

20 considered toxic oPfhe burning thereof can cause fonnation and release of roxic 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 bum same. Thus. any reduction in heavy ends forma~ion during 

unsaturated ester synthesis is very desirabie. 

Catalytic acitivity of the vinyl ester synthesis catalyst has ~een improved by increasing 

25 . the relative amount of gold added to the support. It has now been found that increaited gold 

content of the vinyl ester synthesis catalyst mainuins t.}ie I ife of the catalyst and lowers both CO? 

selectivity and heavy ends. 

Ald1ough there are catalysts and methods for preparing catalysts with an improved 

uniform distribution of palladium and gold metals on a catalyst carrier and high catalyst activity • 

there is still a need for a methof;i·of preparing vinyl acetate catalysts having a more uniform 

distribution of palladium and go1d on the carrier surface and particularly, for increasing the gold 
. .. 

content of the catalyst. Presccnt methods of adding gold to the catalyst do not -necessarily insure a 

.r 
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desired gold content in the finished catalyst due to substantial leaching or abrasion of the gold, or 

......... ·-- . gold s~lts from the catalyst during preparation. _ 

· _ · _ · Acco.rdingly •. it is ~n object of the p~esent invention to provide for a method.of preparing 

a vinyl esti;:r catalyst which has an increased amount of gold metal. 

·5 ...... . Another object of the present invention is to provide a method ·of preparing a vinyl ester 

: .... cataly~tJlav~ng ~n_iijlpr~v~~ selectivity for "vi~yl ester such as vinyl acetate. 
. . . . . . . . . ·~···. . - . . . .. -. .. . . . . .. . . 

A further object of the present invention is to provide a method of preparing a vinyl 
..... ··. -··· . ,, . 
_ _ acet<1le cataly~t having reduced selectivity for c~rbon dioxide and ethyl acetate. 

_,}:.:.-;:·:_:_.~..:-~:.:>·~--~-An. l!<l.?J~i.~~al.E>bject of the present invention -is to provide a vinyl ester cataly~t.having a 
:.<:::\:;:::i·o ·"" '.::;-hi~k ~a~lyst. activity .. ·~-.. . . - . -·-- . ----- . - . ··-· . -··· .. ·-- ···-· . . 

.. :' -·-~· '.::. . . . 
~ .. -~·:-.···.,..,':_~.· '~ ___ '._:· .. _:":~~ .... ·. OJ.ti~LQ.~j~~.~~~.a~~anta8-~s.~f the p~sent inven.ti°.n are set forth i.n th~ desc::_ription .. ·-· 

15 

· which follows and will become apparent to a person of.skill in the art upon practicing the present 

: invention. · · 

SUMMARY OF THE IN'VENTION 

· · It has now been fourid that highly active supported catalysts containing palladium ~d 

gold useful for the produccjon of vinyl esters from ethylene, lower carboxylic aci~s W.ith 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 
' '.!O component of the vinyl ester catalyst has been added to the catalyst carriers in a single 

impregnation step and fixed thereon. For example. the gold is impregnated onto the catalytic 

carrier as ·a solution of a water-soluble salt or acid simult:ineou:>1y with a water-soluble salt of 

palladium metal, or aJternarjvely. the gold is added in a. step separate from palladium addition. 

The impregnaled water-soluble palladium and gold compounds are chen fixed by forming watcr-

25 insoluble palladium and gold compounds with an alkaline fixing solution and the. water-.insoluble 

palladium and gold compounds then reduced Ji" nalladium and gold metal. Unfortu~~tely, as 

30 

discussed above, addition ofgo1d to a catalys·. :ier in a si:lgle step often results in loss of gold 

. from the surface of the carrier through 1~achin5 or abrasion during catalyst preparation. Thus. 

high catalyst activity and high vinyl acetate selectivity can not always be ex~..cted. 

.. ·. -o:-~---:-.. ~ . . .... 
To ove~ome such problems and in accordance with t~e present invention. an imp~oved 

Vinyl ester C·atalyst°is formed by {J) simultaneously or !'UCCCSSive)y impregnating a Catalys~ · 
. . .. . 

carrier with aqueous solutions of a water-soluble palladium salt and a first amount of a water-. .• . . 

· .•. _ .. .,_ .. 

.. 
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soluble gold compound such as sodium-palladium chloride and auric chloride, (2) fixing the 

precious metals on the carrier by precipitating the water-insoluble palladium and gold 

co~pounds by treatment of the i~pregnated ~arriers with a reactive basic solutio~, such as 

. : ... '..~.--- .: - - . -- aqueous sodium_.hydroxide whi~h re~cts with th_~ p~ladium and gold compounds to form .. 

~'.-:· :<;}>~ . _ 5 .: . _":· hydroxides of palladium and gold on the carrier surface, (3) washing with water to remove the 

:'-~>":'.'.·. :·· .. . , . chloride ion (or other anion), and (4) red~cing all the precious nietai hydroxides to free palladium 
--'.~I;f;;i;~~~::_:._~_ .. :·=·:~ .. · ·--~--~~ ~01ci."whe~in the improvementcomprls~·csfi~pregnaiilig the earner with a second amount 

: - ·. :~~.: -
· ,.,. __ ..• , ... :··. · ·· ofa water-soluble gold compound subsequent to fixing a first amount of water-soluble gold 

.· 

:- . 
. ·.·.·-·.·--·-·:·· 

.L;:~:~~-~~,tf'.L~~~ ;,/. :.~g~.n~ and (6) TlXing the s~ond amount of a ~a!e::soluble gold compound. The first and second . .. r.fJ 
:;·_:{F[.-:: iO-::\~-:--~~~~t;-<>i goid:c-a~·be-r~Ciuceei eiiller ·a:rcer.e8t1i0Tt1le-re.s~c;c1iv~:fixin& steps~ or an the gold can r:P · .. ..... _.: .. . ::-:·:···· ..... . 

. ·:;;;:_~-:':;~i£:'::~·: ,: · _ · ... be ~d.uced in _a final reduction step after the separate ·fixing of th.e ·first and second amounts of . 
.... · ~· . ' 

·. . . .. ~ 

.. 
.. . 
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-~~-:-g~id:"Vih~t-h~--b~~-iou~ci is-that.catalyst-activity'with respect" to"tbe fonnatlon of viityl esters ·:· 

such as vinyl acetate by the process of reacting ethylene, lower carboxylic acid and oxygen in the 

·gas phase cari be maintained and that the· side reaction ~lative to the fonnation:of-carbon dioxide . . . . 
is substantially reduced when the catalysts are formed by the method described. 

DET AlLED DESCRJP'rlON OF THE INVENTION 

In an improved method of preparing a catalyst employed in the synthesis of unsaturated 

·esters, gold is added to a cataJyst carrier in two separate steps. 

20 The carrieMnaterial for the catalyst according to the present invention can be of any 

25 

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 of 

about 1-8 mm. A most suitable geometrical shape is, in panicular. the spherical shape, for 

example, spheres with diameters in the range of about 4-8 mm. 

The specific surface area of the carrier material can vary wjthin wide limits. For 

example, carrier materials which have an inner surface area of about 50-300 m2/g and especially 

about 

100-200 m2/g (measured according to BET) are suitable. 

Examples of carrier materials which can.be used include si.lica, aluminum oxide, 

· · · ·· · 30 . aluminum silicates or spinels. _Silica is the preferred carrier materia1. 
.. ~·-- .;··_t: .. · ............ 

In accordance with the method of this invention, the catalyst Carrier first is impregnated 
·-· ·:···~;·····-::·-··. ·-···---· .. ·~-- .. 

with an aqueous sqlution coptaining a w:21er-soluble palladium compound and a first amount of a ... 
: ~<;..:····:_:-- .. :.· .:. ... -- ·/'• . 

. _;, ... 
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water-soluble go1d compound. Separate solutions of the palladium and gold compounds also can 

be used successively,_ but it is less convenient to proceed in that fashion. Palladium (Il) chloride, 

SC?~iu~ palladium (Il) chloride, palladium (Il) nitrate or pall~dium (Il) sulfate are. ex~mples of 
-·· . . . 

suitable water-soluble palladium compounds, whereas auric (ill) chloride or activity (ill) acid can 
. .. : . ~ . . - . -

.· . ,_ 5 ~e ~-ed as _the water-soluble gold compounds. Activity (Ill) acid and sodium pall~iun\ (Il) 
_,:_ ·..:._·~ .: ... :~-~: .. -. -~~JQ~~~~- a~ preferred because of their good water solubility. The volume of soiution us_ed for 
. . ;:_.. . . · i~~i~g~~~ing th~ ~~~r ~ith th~ p~ious metals is important. For e°ffecth~~ ?eposiifori. the·--· 

. . . _-_-_ _v~11:1fu.e of the impregriating solution preferably is from about 95 to about 100_% of the. absorplive 
.· .... ;,: 

.. :~-~ .. :'. .. :,:,;..::,::.~·-·-.·-~--~~p~~j_ty_Qf.the ~atalyst carrier and preferably it is about 98-99%. Such imprc:gnation tec.~mique is 

.. 

·.,·:~-2:~:1'0_:~.·:_"_:_·°' ~~:~#~ie;ii~d as th~ "i~ci~i~nt~~i~~ss',-metho(f ,:. ::...:. ... ··· ···--·····:.·· · ··· ·············· ·· ······--· -~-- ····-·-·- · ··· · 
. ..,,., .. 

tP· -·-
-~·~:~~~::.~l~~--~~:-~:~; __ ,:{'.~_:·:·',_._After imp~egnation of the carrier with the wat~r-soluble palla.dium and the fi;;t· ~m~unt of -· ... - - . . ... - . . - . . . 

. . : . ·. .. -th~ water-sol~bl~ :g~ld·~~;p~~~d~;-tlie-wat~r~soiuble pailaci1urii" ancfihe-w"at:C-r=soltible "gold 

.·.~:.:·: <.··· ··-~· . ·:-compounds are fixed to the carrier as water-insoluble palladium and gold co(npounds. The 
.. .. ··- .. - . . ... · ,. 

·. ·fixing SO)Ution is ·one which comprises an alkaline solution; for example, an aqut:OUS .solution .. . : . . 

·. "15 which contains-alkali metal hydroxides, alkali metal bicarbonates and/or alkali metal cai:bonates .. 

It is particularly preferred to use aqueous solutions of sodium h~drox.ide or potassium h~dr~xide .. . , 

The amount of alkaline compound employed is such that the ratio o_falkaline metal to an,ion_ fr~~ 

the water-soluble precious metal compounds is from about l: 1 to about 2: 1, preferably fron:i 

. abol;lt.1.2: 1 to about 1.8: 1. By treatment with the alkaline SQlution, the precious metal water-

. 20 soluble compounds are converted to water-insoluble compounds believed to be hydroxides 

and/or oxides, at least in che case where the alkaline solution is a solution of sodium hydroxide or ~ 

~otassium hydroxide. 

Preferably. the carrier is impregnated in the first gold fixing stage by a process designated 

"rotation immersion" which is set forth _in 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 fi x.ing solution and 

tumbled or rotated therein during the initial stages of the precipitation of the water-insoluble 

precious metal compounds. The rotation or tumbling of .the carrier in -the alkaline fixing solution 

preferably proceeds for at least about 0.5 hour upon the initial treatment arid, most preferably. for 

30 · at Jea41;t about 2.5 hours. The rotation imI_Tlersion treatment can last as long as up to about 4 hours - -----·-·--·~----:.-----··---···-·-····:.._ 

· ~f 9re the treated carriers are allowed to stand in the fixing solution to insure that complete . 
. ; .. 

.. . _,. preciP,itation of the precious metal compounds takes place . 
. . . ~-

.-.·; 
. ··- ,. -.-. 

........ 
. ,·"' 
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Any type of rota,tion or rumbling equipment can be used as the exact apparatus utilized is 
not ~ritical. .W~at is critical, hO\vever is the extent of the rotating motion. Thus, the rotation 

. preferably is sufficient such that aU surfac~ ~f the impregnated carriers arc evenl_y contacted 
. ~ith the alkaline fi~in~ _sol~tion_. The rotation preferably is not harsh enough such that actual 

: · abruion of the water-insoluble precious metal compounds takes place _such that the water-

. in~olub~_e ~o~p~unds ~- ~b~e~ ~ff_thc carriers surface. On the other hand. it has .been found or 

.• 

. -······-··---··· believed that some small extent of abrasion ~f the water-insoluble precious metal compounds 
. ·. actually works to more evenly distribute the water-insoluble precious metal compound.o;;. on the . . 

· . /;::·~-·: . carrier surface .. The extent of rotation preferably is about 1 to about I 0 rpm and possibly even . ti ·.-,.--, .. , .... , .. , ..... ,, ··-·-- ···.·-·····.·o· ................ ····-· •···' ···--·····-··········- ................................. ,. ·.•··· . ·. • •. . ._ .. . . ··•·• ·····'·. . . . '(fl- tJ ... ·;-.--:-· . 10·. ·. higher depending upon the exact carrier utilized ail(i ihe amount of 'precious 'metai to be' ~-· -·· --.-·· ··-· .. --~----. -. 
::::~~::_·;_ ~--···-··-·--····· --~~E~i-~~:.?~--t.~~--~~1!.!~1: .. :.!h~.JPm to be used is variable and c~·~i~? depend upon the apparatus 

. .. 

... 

15 

. ut~lized, the size and shape of the carrier, the type ofcarrier~ meta.I lOadings~· etc~~ "i)i:ii"prefe'ra.biy"'""""'"·-···---·--·-
' falls within· the· guidelines expressed above that while 3 small amount of abrasion can be 
. ;benefi~ial, it is not to be such that the warer-insoluble:compounds are actually abraded off.L'1e 
carrier surface. 

Another method of fixing the precious metals onto the carrier is the "incipient wetness" 

me~pod whereby as above described, a specified volume of the fixing solution. e.g., aqueous· 
alkaJi metal hydroxide. equal to the dry absorbtivity of the carrier is poured onto t'1e porous 
suppons which have been impregnated with the water-soluble 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 carriers are air dried prior to fixing with the 
aqueous metal hydroxide. 

Alternatively, the fixing step can bC divided into at least two separate stages of treatment 
with the alkaline fixing solution. Such a_process is describe~ in U.S. Patent No. 5,314.358, 

'25 issued May 24, 1994 to Colling che entire disclosure of. which is hereby incorporated herein in its 
entirety by reference. In each separate fixing treatment~ the amountof the alkaline reactive 
compound is no more than that equal to the molar amount required.to react ~ith all of the 

30 

. . 

. 
: . . . . 

precious metal compound which is present on th~ carrier a~ a water soJµble compound. No 
. ~ ·• . 

excess of reactive compound is used. Preferably, the amount of reactive compound used in each 
fixing stage is less than the molar amount required to react with all of the water soluble precious 

. :··· _metafcornpoun·d~- '":Each fixing stage is conducted by impregnating th~ dried impregnated carrier .. 

. : . \\'_ith' the aJkalfo~ fi'\ing sohitj<>n in an ~ount equal to abo~t the dryabsorbtivity of the c~ier . 
··>'"" 

::_ . 
. :·,·· .. ;,..·. 



W097/38790 PCT/US97/0S718 .. 
8 

The amount of the alkaline compound contained in solution preferabiy is such that the ratio of 

alkali ~etal to anion from the water soluble precious me.ta! co~poun$ .be from about O. 7 to I: 1 . -··· 

··-·· ····-···.·· -· ·~· -· . . . : ··:. 

:•· .·:· 
. ~- ... 

·····•· ... · ..... . 
·--·---· ---······ ·' 

... 

~:'.:;~:::.;:'.::·~ 10 ~· 
'::~···.-\.-- .. 

molar in the first stage and from ·about 0.2 to 0.9: 1 molar in the ·second stage. Prefer~bly, the 
·. . ... ':··· . ··'··.· ... ' .. 

total amount of alkali metal to ani.on ranges from about l .~to about 1.6: I .molar for the whole 
. . 

fixing step .. Subsequent to treatment in the first fixing stage. the treated carriers are allo~ed to .·· 

stand for a sufficient period of time to. allow pr~ipi~tion of the watcr-ins~luble precious metal 
. .. ·- - . ·····•· .. - ..... ;. ... :.. .. . ..• . 

co~pounds. The period of time can vary but typically ranges from about 2 h<?urs to about S 

hours before the carrie~ is treated again with the second portion of alkaline fixing solution . 

Subsequent to treatment in the second, fix.il)g stag~.~.-th~-~~~ted carriers ~e allowed to sr:md again 

for at le~t an additional 2 hours, preferably, ·at least abo~~::~·~~~·~~·~d ~~~ ~t~nd ~~ c.or~lpl~te . 
~~ ·. 

--,~-,::.:.:.:::.:.::~_.:;:::· · · precipitation for up to about 16 hours .. ······-· .. __ .. c ..... _: __ : ___ :....... . .. .. . . :· 

. di 

. d'·· . 
. ; 

The treatment in the second fixing stage can be equivalent to ih~i of the firststa~e--.~ . ·--· -... ··-·· ........ . 

wherein th~ treated and partially fixed carriers .are impregnated with the fixing sol~tion at ~he 

desired alkaline concentration and in a total volume solution again equivalent to the dry. . 

15 .absorbtivity of the carrier. Alternatively. the carrier can be impregnated in the second fixing 

stage by a process designated "rotation immersion" as discussed' above. In this process, the once­

fixed Carriers are immersed in the alkaline fixing solution a.,d lUffiQled Of TQtated there~n dur!ng 

the initial stages of the precipitation of the water-insoluble precious metal compounds as 

discussed earlier. 

20 
. . 

I . 

After the first amount of water-soluble gold has been fixed. a second amount of gold can 

be impregnated and fixed according to the same methods described above for impregnating anc! 

fixing the first amount of gold to the carrier. 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 

as described previously can be used to precipit:ite the inse>!uble gold compound onto the c3.ITier. 

Preferably. the second amount of gold is fixed to the carrier by the ''incipient wetness" method by 

· impregnating the carrier with a solucion of the:Second amount of the water-soluble gold 

compound and an aqueous alkaline fixing agent or by treating the carrier.impregnated with the 

.:. ·. second amount of water-soluble gold compound with an aqueo1,1s ~lkaline fixing solution .• and 
... -:· . . 

_"'::.?{·'·: :~-~Q . ... allowing the impregnated earner" to stand for up lO about 16 hours: or more to allow precipitation 

of the ~ater-insoluble gold compounds. The volume of. fixing solution is lh:i.t equal to che dry 

. absorbtivity of the ~rrier and.the amount of alkaline compound used is in excess on a molar 

·'.'. ·.·. ·:~ · . : ...... 
. ::=·. 
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basis that is required to react with all of the impregnated water-soluble gold compounds. 

Subsequent to fixing the preCious metal compounds to the carrier, the carrier is washed 

. with deionized water to remove anions, such as chloride ions. which. are still c~ntained on the 
. . , 

carrier and freed· from .th~ !mpregnating solutions. Washing is continued until all of the anfons 

are removed from the carrier. To ensure substantially complete removal of the anions. such as 

~hloride ion from the catalyst. the wash effiu~nt is tested with silver nitrate until the silver nitrate 

"!-;:~~;:-:--c·-····-:·:···· ----~i~~t·i~ ·~~gative." i.e .• no silver chloride formation. After washing the ions· from the catalyst, the · 
. . ~ :-: .. . •. . . 

.. 

<!-.'·<~:-.. ::·,.:.:. . ... catalyst then is dried at temperatures not to exceed about 150°C under an inert atmosphere such 

;\~~~j(f:';·: .. ··_··as.a continuous niiogen flow. Washing and drying can be performed after the palladium and 

.::·\T:;;: .. : .·-·1 o'~-· ·. ·. · ri~st a~ount or gold have' been fixed-to the· carri~;·:a:nd a.&a.fri ·after the second-amount or gold ha.S ·"OJ 

:'.;~?.:~~) .· ._ ·:c~ -~ ·h~~ added and fixed or ~~hing and dryi~g can be perfonned ·one~ all the precious m~ta1s been 

. :.. . . -···. : .... : ... ·.-:fixed to tl1e carrier. te., subs~q~~~t .to fixi.ng.the second :i..fiount. of"gold: ....... ·'· .......... . 

;;;_·.:· .. 

. · ...... ·~::. ':.- .. 

... ~- . -.:_ .. ·. 
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The fixed material then is .treated with a reducing agent .to convert the precious metal salts 

'···and compounds which are present into metallic Conn. The reduction can be· carried out in the ... 

liquid phase~ for example, with aqueous hydrazine hydrate, or, preferably, in the gas phase, su9h 

as, with hydrogen or hydrocarbons. for example. ethylene. If the reduction is carried out with.a 

solution of hydrazine hydrate. the reaction is preferably c:mfod out at normal temperature. When 
. . .. · 

the reduction is carried out in the gas phase, it can be advantage::>us to cany out the reaction at an 

eJevated temperature, for example. at about 100-200°C in the case of reduction with ethylene. 

20 The reducing agent' is appropriately employed in e:tcess to be cenain that all of the pi:ecious 

metal salts and compounds are converted into the· metallic form. When hydrazine is employed, 

the weight ratio of hydrazine to precious meta!s ranges from about 10:1 to about 15:1, preferably. 

about 12:1. After reducing the p:ill:idium and gold water-insoluble compounds, the carrier is 

dried in an inert atm~sphere at about 150°C. As with the washing and drying steps. reduction of 

25 the precious metals can be done after each fixin~ step or reduction can be done after all the· , 

precious metals have been fixed to the carrier. Moreover, reduction can take place either before 

or after the catalysts are washed to remov~ anioni~ .materials. 

The relative amount of water-soluble gold compound added., in each impregnation step is 

not critical. From about 1/2 to about 3/4 of the total gold on the final catalyst is added during the 

·first impregnation step, with the balance added in the second impregnation step. Pre.f~rably. the 

quantity of palladium and gold compo\mds employed is such as to provide about 3 to ab~ut 8 

g~ams of palladiu~ and ab<?ut 1.5 to about 14 grams of gold per Hter of finishe~ catalyst: 

,. 
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Catalysts containing higher or lower amounts of the precious metals relative to that recited above 

can be .useful in the fonn_ation of vinyl acetate by reaction of ethylene, oxygen and acetic acid in 
. ·. . . 

... the vapor phase as long as ~e catalyst is fonned by the novel method set forth herei.n. Thus, the 

ratic:> of gold/palladium in the finished catalyst can range from about 0.2: 1 to about 2: 1. 

preferably, from about0.4:1toabout1.5:1. 

.. 

:_~,~~--7_-·- -~:~L~-----~-~~--: ........ :P.ep_~_!lding on the u~e for which the catalyst prepared in this way is intended, the catalyst · 

-:.!,;_;",;:·'.:. . . . .... · :aiso can b~ p~~id~~-~iui·-~~~o~~ -adaitiv~~ Th~s~ -for exa~l~ additions. of alk~i met~ : ........... ···-·-- -

·::~~Y ... :·i:~:);~:-.. ~::. _a_cetates are advantaget>us when the catalyst is to be used for the preparation of unsaturated esters· 

, 7:.-::~; /L·:·: .. ~.:· .. from olefins, oxygen and organic acids. In this case, .for example, the catalyst can be 

-~'.t~~·;:;:~·J<»:{~:. :~~;~~~~~~~-~ith ~~ aqu~us s~lutio~ ~f potassium ~~~t~te,.sodi~~ a~~tate, lithiu~ a~et~~~ .... 
:~~~~~.:"':-~~-~:::~: ··;. -_- . · .... 
--·- . ... rubidium acetate or ce.i;ium acetate and then washed and dried. 

--:------ :--·-·-- ·-··· --·-·--·- -----·- -

The catalysts according to the present invention can be used with particular advantage.in 

· the preparation of vinyl acetate from ethylene, oxygen and acetic acid in the gas phase. For this 
-------- ........ ·- . _,. .. 

purpose, those catalysts according to the present invention which contain silica as the SUPP.Ort 

· 15 material and additives of alkali metal acetates are particularly suitable. ~ the pr~parat~o~ of 

vinyl aceta~, such catalysts arc also distinguished by high acti"yity and selectivity for viny.~ 

acetate and by Jong lif~. 

When vinyl acetate is prepared using a catalyst prepared according to the present 

invention, a stream of gas. which contains _ethylene. oxygen or air and acetic acid is passed over 
' 

20 the catalyst. The composition 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: I to about 

1: 100 and the content of gaseous 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, 

2S carbon dioxide and/or saturated hydrocarbons. Reaction temperatures which can be used are 

elevated temperatures, preferably those in the range of about 100-250°C. preferably. 130-200°C. 

The pressure employed can be a somewhat reduced pressure. nonnal pressure or elevated 

pressure, preferably a pressure of up to about 20 atmospheres gauge. 

--
30 

Catalysts of the present invention employed to prepare vinyl acetate show an improved 

space time yield, a reduced carbon dioxide and ethyl acetate selectivity as well as reduc~ heavy · 
·---- ~=---.· . ----endi: ···· -- · · ;_;:, :· 

. ···~ .. ;,· . '• . .. -:, ...... . 

·.·.:_,:~· ......... ,:.;_,, - : ......... : .. --........ •."· 

_:::· ... ··- ·. . .• .. 
Th_e fallowing examplis are intended to further illustrate the present invention and are not 

. · ........... · ...... . 

. ···-~:~~ ;~ .. ·. ·.;~··. r: .. ... ··: ·::-
-.-:·:-·.-·-··· ... ' ...... . 

. --~"---~..:___. _____ ., _________ ,,: .... · ~.-... 
=-... - ................ -~-

.... (/; .':I~~-··· ·- .-. 
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intended to limit the scope of the present invention. 

. : . ... . . . . . ~ .. 

EXAMPLES I. 11 and ill 

. The catalysts were prepared on spherical silica carriers provided by Sud Chemie with 

diameters of about 5 mm. ~he carriers were_ divided into three batches (Examples I. II and ill) of 

.. · 259 cc each. The catalysts in Example I were prepared according to the standard me.~hod 
···•·· - ·--- ··- -. - ... -- -· ·········--·······. ······-·· •.... . .... ... . .. .. . -- ... 

{described be1ow). The catalysts in Example II were prepared according to the same method as· 

:-~ . .- ~·~.-=.:;.,·-... ·: :. . • • 
the catalysts in Example I except that an additional amount of gold was added to the catalysts. 

· ··:;,~~1'.¥F'.. :: ·c · ·:· ·•• .. · The amount of gold was about equal to the amount of palladium added to the catalysts. The 
.-~~-{~£&s:,~·;ri~~~ -.-:._·.:. ~~;tly;t~ ~f E~~;p1~··µ1-~~nmi~ed-th~· sanje a~o~nts of paliadi~mind gol~ as Example. II but 

-~~t:ti~~t:::_:·: ·· .. -:: .. :.were prepared according to th~ ~~o ste~ ~old additi.on method (;f t~e present application~ 
.... . , 

' ... ·: .... ~ .. 
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---··----A.ii~h~~a.;i~rs ;ere i~p~gnated "with" an aqueous solution containing sodiu.m paliadium . 

· ·. ·. tetrachlorate and sodium tetrachloroaurate. ··The· volume of solution·ernployed was equivalent to . . . . . . 

· _ .. · t~e amount of sol_uti_on that the c_arriers were capable of :ibsorbing{incipient wetnes~ method). In 

.. · Example I, the carriers were impregnated with a sufficient amount of palladium_.and gold water~ 

· ~oluble salts such that the resulting catalysts would have about 7 gm/I of palladi~m metal and .- . 

about 4 gm/l of gold metal. In Examples Il and ID. the carriers were impregnatc;td with a, . . . . ~. 

sufficient amount of palJadium and gold water soluble salts such that each catalyst would have 

about 7 gm/l of palladium metal and about 7 grTill of gold rpetal. In Example ID. 4 gm/I of gold 

20 was added duringd1e first impregnation. 

After impregnation, the carriers were placed in a roto-evaporator (without vacuum) and· 

treated with 283 cc of a 50% w/w aqueous solution of sodium hydroxide to fix the water-soluble 

salrs of palladium and gold to the carriers as water-insoluble hydroxide c_ompounds of palladium 

and gold. The amount of sodium hydroxide used was about 120% of the stoichiometric 

25 . equivalent needed to convert th~ metal salts to their metal hydroxides. The carriers were 

30 

immediately rotated at about 5 rpm for about 2.5 hours. The temperature of the sodium 

hydroxide solution was maintained during rote-immersion at about 70:>C by rotating in a hot 

water bath. 

~he fixed carriers were drained and pfaced in 500 ml graduated cylinders with dip tubes 

m.1d washed for 5 hours with cleionized water until the effluent fro_m the wash tested negative 
-·· ........... ..: .:. .... .. :... ...•..... - -·· . . . 
· ::·.-:~·--:· -~ ··· · ··- · · with silver nitrate~ i.e:; no silver chloride formation. The washed carriers were then place.din 

.. /{, ___ \;.;: :_ · : · .... 50~ ml round bottom flasks llnd placed in an oven under a continu9us flow of nitrogen t~ dry 
~-· . ~!j~~·~:~_\._ ~- -~-. ~- ..... .. : . 
···:~ .. ,~r~·-~-··. _· ~- :··· · .. ·:-···_;..... . 

... .;-_ •· ··::_ •. _'.:_ ~-'.'."',.~.> : 
-: . ..... ·. ~-~ :·; . . . . . 
. . . .·. ~-.·_..:: . 

. 'Ti~};1Mt,;:::~rC~,-~~J~{:~;2~: . .-. :: .. -. . 

.. 
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overnight, i.e .• about 16 hours. The oven temperature was maintained at about 150°C. 

.The water-insoluble palladium and gold compounds on the drjed carriers then were ... -.. .. . .. . ...... . .. ,. . 

reduced to palladium and gold metal by the vapor phase method to form the catalys~. A blend of 

· 5% ethylene in nitrogen was passed over the cartjers in the oven for about 5 hours at a 

· · .~. :. :: 5._ · ··~e~p~nlt~r~ of ~~ut 150 degree5 C. The flow rate of the gas ~J·e~d w~ ~bout 0.5 SCFH ac 

___ ::~:·::.:;:~ .... '. .. ~ ·--~tmo.~pheric pressure. After reduction,~~~ catalysts were removed from the oven and allowed to 
: .. :.~~~; .. · . . ·-··· ··-··· -··- .... ···- ......................... --· .. . .. ·.· ....... ---······-······ 

cool fo room te!Ilperature . 

. . _ .. ·The catalysts i-ri Examples I and II were impregnated with an aqueous solution ~f about. 

:;~-:~~':;~~ .. ·:::·,~"·_,· :::~~,i~{g~ ~f p~~~~j_~m acetate ( concentra-tion ab.out 4Q gm/1) by the incipient wetness method._ and \i 

,:::.';::~-,~~\i;- · :.-.:jri_ed ir.i. a fluid, b~~· ~~~~~r~r ~b~~~ ·I-ho~~-~~-ab~~~ .iso°.c~-- -·-··-:.:.:- .. ~~-: --·:-- ......... . -- -.. . :" . . . . . rfJ tJ 

::~:::=.~=:~~~-~~:~-:-.::_/~·::··:'_;,._~.--.§ubsequenc to reduction jn ethylene as described abov~. th~ catalysts from Example m 
. - · \v~re fu~~-~-~~~g~~;6~-~i~~~~l~~i~ri~r-~~j~;-tetrach~~~~·;~t~ ~d i.65 ~of a ~0%.w/~v · 

. ~~~~o~ sodium hydroxid~ fixing solution such that the catalysts would hav~ an additional 3 gm/J. 
. . . 

15 

20 

of gold :for·aiotal of abouf7 -gm/I of gold on the finished catalysts. Tile amount of sodium :. . 

hydroxide used corresponded to about 180% of the stoichiometric equivalents needed to convert 

the gold salts· co gold metal. The catalysts were allowed to sit i~'the solution overnight. i.e .• 

about l 6 hours. The catalysts were then placed in a 500 ml graduated cylinder with a dip t~-~e 

and washed for 5 hours with deionized water until the effluent from the wash tested negative 

with silver nitrate. 
• 

The washed catalysts were placed in a 500 ml round bottom flask in an oven at about 

150°C under a continuous nitrogen flow overnight. A b1end of 5% ethylene in nitrogen was 

passed over the washed and dried catalysts for about 5 hours at about 150°C to reduce the gold 

salts to gold metal. 

After the catalysts were cooled to room temperature, the catalysts we~ impregnated with 

25 an aqueous solution of 10 gm of potassium acetate(concencration about 40 gm/l). The catalysts 

.......... _., 30 

were allowed to stand for about 15 min. then dried in a fluid bed dryer at abou~ 100" C for about 

1 hour. 

A 30 cc. sample of the catalyst was placed in a plug flow, tu.bular reactor, 3 ft. in length 

and with an I. D. of0.75 in. The tube was equipped with an 0.125 i~. concentric thermocouple. 

Acetic acid, ethylene. oxygen, and nitrogen are passed through the tube ac a temperature such tha~ 

about 45· percent. ·of the oxygen was convened to a product. The products were analyzed off-line 

by v~por.phase_chro~atography. 

·' 
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Results of the product analysis are disclosed. in Table l. The results show tha.t catalysts 
.. 

prepared aCC()rding to the l\),10_.step gold method show a lowered c~r:bon dioxide seJecti.vity of 

5.4%·~ a l_owe~~ ethyl acctate-~electivity of 0.08% and an increased.STY of 611 in ~onirast to the · · 

, ... _:_ ·; ., · . higher carbon dioxide and ~~forl acetate selectivities and the Jo wet STY of the catalysts prepared · 

.. 

:, .. '., '.:j~: .. ;/ .. 5 ·:": . · by th~ standard p;ocedure_::::A~(titionaii~. the ~~t~lYsts prepared b}'. th~ two step gold addition · 

··: __ '._·: ·::/~:·=·; --: : .. _. method had a reduced heavy'inds selectivity of o.97% in contrast to heavy ends of l.26C/o by the 

< :.:\::_:;::/:':- ··--.--~···:: ~~~~!;~~ -~re~-;~~d b~ ~h-e ~~;ri~~d--m~fu~d ~i~h- the ~~me amount.o(go!d as the cital y~ts mad~ by--- -----....... · 
.. ··:·; . . . . . . 

.. , . : · · · · · the two seep method.; Thus_~_ cpe two step gold addition method of the present application 
......... .... ... .. . ·.. ,:· .. ' ·.· . . . 

:::o·~l::~Siii:··_t~.:. _. . _· provides for improved viny(aceute catalysts. . ' :. _ . . · · .. , . . _ . . 
... :-.· .. ;':\:.-/'. .... : "'•'.""':-~'." ... _ .. _:'.'.':"'"' "': ........ _ ......... . --: - ..... , .............. ,,,_. ........ : .. ,,. . . • .. • .. .. ..... C.• .. ·•• . .. • • ;: ... : • • " fltl . 
;':-:,.-,_',_·:: .. 10 ._. '_ .·-. ;'.:. About 60 ml of eacJi.i)'pe of c:mi.iyst.'preparecfas describe(fabove were"}:>lated in separarc·QS ...... _ .. ___ .. 
"' ..... ,... ........ ,~ . . . . . . ·,. ' . ' . .. 

-~:.·' .. :_~:\<:/::~-. .. :·: .. ·--:_chrome-nickel steel baskets>Tiie tempe~rc of each basket ~~-ni~asured by a thenn-~c~~ple at.--.· ... 
7

.::-;-~~;:·::·--------------- .. _~b~~-;~-~~~a;;d.· thcb~tt~~~~f-~ch':baskec:~-E3~fi:reictfori tiiikef\ifk·pfaccffin·a Be~y·re:netor--· ··· · · · 

···arid was maintained at a·temper4iture.which .provided about45% oxygen .conversion \\~ith an . . .. . . . . . -
electric-heating mantle. A gas mixture of about 50-r..ormal liters (measured at N.T.P.);of 

· i5 . ·ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen and·about SO gm of . .. . . . :•. 

.20 

. . 

acetic acid·was caused to travel under pressure at about 12 atmospheres through eac~ ·b~kct 

AnalySis of the products was accomplished by on-line gas ch~omatographic analysis combir~d . . ... 

with off-line liquid product analysis by condensing the product stream at about J0°C. to obta1n 
. . . . . . . 

optimum analysis of the end products. 

The results of the tests are shown in Table 2.' The tests show a distinct lessening of the 

selectivity to the manufacture of by-produces carbon dioxide and ethyl acetate. 9.9 vs. 10.6 for 

carbon dioxide selectivity and 0.042 vs. 0.048 for ethyl acetate sel~ctivity when compared in this 

test to the same catalyst whe~ manufactured by the prior :in method·. The amount of heavy ends 

manufac~ure was not affect_ed, and the activity of the catalyst was only_margin:i.lly affected by the 

25 use of th_e catalyst of the present invention . 

. :· .. : .... 
. ·;'u·_.·:. ' 

.. ;. .:::. ... .: .:._:~ . 
. '~· 

···~-~~\~'.:~~:f .... 
.• . .r.· 

... 
:· .... 

;_ >. ·.· ·:::··. 

:;.~. :f ,;_·: ··." . 
······:.-;· ·~·· .· . ~ ; 
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TABLE 1 

.· ... 

. • ·= .... :: 
CATALYST -GIL _- . %_SELECTIVITY . · ACTIVITY . . •, 

·, _.. ' . 

. . .· : 
-· .... ····:·····-- . -·- ..... :······ -- --··· 

C02 · ETHYL HEAVY 
ACETATE ENDS 

PD AU 

. ~--: •:; ,: .... . .... 
.. :.·;:;...::.:·. : ..... 

f::~!t'..:;~t-~:-":'.-;Ei~~pi·~- i' .... -· ·· .... ~r------~-- 1 -------- -- ·· -- - ·10.6~::.Y~~:- o:o4s=:: .... :· ... 151_ -... _:~_~---- :, _____ ! .. 2..39 _______ ._ ______ ·tfl .. '!' .. ____ _ 

~~J~-~- _.Exompl~ l! _ _ __ J_ _ __ _! _ _____ 9:9 _ _ __ ~:04~ 'i.ss. 2.34 
. ··- .. , ... ·- -·-- -· ... ___ : ........... ........ _ ... _:__..:...__ -------· ....... - .. . ----- ·---··~ --... -·----- ·------

·- -

· .. ' 

,• 

· ..... · . .. . ·:. 

_,, 
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CATALYST GIL % SELECTIVITY 

PD AU C02 ETHYL 
ACETATE 

·Examples 1 .7 4 5.8 0.13 0.93 

. ·Examples ll 7 7 5.7 0.12 1.26 

Examples ID 7 7 5.4 0.08 0.97 

,-.1 

····· ; f rif if \Xi,,>: , 

TABLE2. 

STY 

HEAVY GIUHR: 
ENDS 

606 

' 573 i 

611 i 

' ' \ ' I· ,,· 
I . 
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./· .. ,· 

~ . . . 

·i 

;' : 
i 

. i 

%92 

CONVERSION 

45.2 

45.2 

45.J 

. ;;· 
. . ' ~-.:-: . 

'· .. C: : ·=" :~ 

{ 

i ~ 

~ 

i~ 
i 

!' 

i 

' 

' ~~... . .. ; 

REACTION 

TEMP °C 
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137 
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\VT-IA TIS CLAL\1ED: 

. ~ '· In a method for. preparing a catalyst for synthesizing unsaturated esters, wh,erein a 
, ' 

:··. 
. ·····:~.~;.:::.:. ~ ·. ·. -

cataly.st carrier is impregnated with a water-soluble palladium compound 3nd a water-soluble 

· goi.d ·compound, fixing the water-soluble palladiu~ corilpou~d and th~ watcr-solubl~ gold 
; .· ... ·: .. _ 

· . . i· 
·.· ·····- ... ~·-· 

~-.':··.,~·::: -.·- ~-:-.. --~~mP??~_d -~-~~carrier as a water-insoluble palladium compound and a water-insoluble gold 

~-;.::;;s~~j':·L.> · .c~mpound and ieducing ili~ wat~r-insoluble palladium compound to palladium ~~~I ~~d the 

... ~ ; .... ~ . . 
. . . . 

'.:~.::::::~ .. ·:·:· .. ~ :. :- . water-insoluble gold compound to gold metal, the improvement c~rt1p~ising irnpregn~ting and 

_/\)·'.;< _:~_:: . ' ~~ing th~ water-soluble gold compound in two ~-reps, .~herein a first amount of the ~ater~soluble . 

"'--:.-'··,-', .. : .. :- - -'" ,_ .. _,,.. ....... -·--·· ·• . -. '' .. ' . . ' .. . . ' . . ......................... -·.··--·'· . ........... . . ' . ' . t,~ 

::~_·(~~~~~~~~~:~._:,_gold compound is impregnated on the carrier and then .fixed to the caITier al\ a fir~t~o~~t olthe ___ -· tfJ: -c .... 

~-~;-::~:;;:~:·-~'l_o~---'--~~~~~:-j~solub~e gold compound followed by i_111pr~~~~i1:1~ t~-~- ca~i~r. ~ith a second ·;mount ~f 
- .. ·-· -.... --~ ··-·---·----· ····---~-~---

;<:. : __ · ..... ·· - · · ·the water-soluble gold compound and fixing the second amount of the water-soluble gold 

- ··. ·-··.···.···- . . 

•• . 

.. --- ---- ··-· . 
·- - ·compound as a second umount of the water-insoluble gold compound. 

15 

·.2. The method of claim I. wherein the water-soluble palladium compound is fixed to the 

catalyst carrier prior to impregnating and fixing the catalyst carrier with lhe first amount of 
'. 

water-soluble gold compound. 

3. The method of claim l, wherein the water-soluble palladium compound and ~e first 

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

simultaneously. . . 

4. The meth6d of claim 1. wherein the water-insoluble palladium compound and the first 

2 o and second amount of water-insoluble gold compound arc reduced to the palladium and gold 

metal simultaneously. 

5. The method of claim :?. wherein the fixed palladium compound and the first amount of 

t.1le fixed water-soluble gold compound are reduced to palladium met:ll prior to impregnating the 

catalyst carrier with the second amount of water-soluble gold compound. · 

25 6. The method of claim 1, wherein the water-soluble palladium compound is fixed by 

· immersing the carrier impregnated with lhe·water-soluble pall::ldiurp compound in a solutio::i 

containing :i compound reactive with the water-soluble palladium compound for about 16 hours 

to precipitate a water-insoluble palladium compound on the impregnated carrier. 

.... ·- ····-·- 30 

1. The method of claim- i. wherein the water-soluble palladium impregnated carrier is 

'rotated in ·a· solution containing a compound reactive with the water-soluble palladium co~pound 

to complete precipit~tion of the water-soluble palladium compound to a water-insoluble -; . ; ~: . . . · .... 

.... --. ·'· .: . 
·~=~~--·:~ .. ··~· 

: . ;~ -.·~-.... ;.... . .. 
~:.:_~;:.F~:_:··~· ¥.· -
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palladium compound. 

8. T~e met~od_ of c~airn.? •. ~herein the impregnated carrier is rotated from about 1 to . 

aborit 10 rpm for at least about 0.5 hour.· 
,' 

.. 9. The .method of cl_aim 1. w~erein the first amount of water-soluble gold compound 

S . impregnated carrier is rotated in a solution containing a compound reactive with the water-
. . ~ 

. 

soluble gold compound to complete precipitatiOn of the water-insoluble gold compou1_1d. 
'••• ·-••o•OH••• .... OO~Ooo•••oOo ••> ••O ••O ... -- 0 ••·--• 0 O• -· ---·--~ '• O•Oo •••• 0 ''' 0 

10. The method of claim 9. wherein the impregnited. carrier is rotated from about 1 to 

;<;'.iL ". · · ··about. IO rpm for at...least about 0.5 hour . 
.. ,,.".". ·-'·· -- - .. ·-. . . - ~ 

.:':.;'.:·:-: ·;.~ . .. ... _ . . . ·· ·: 11. -The method of claim 1. wherein the c;u:rier comprising the second amount of 

':~<~Ds~;> .- .-1~~----~i~;~~gn;~ ~~~~~;;9i;b1~ g<?ld. ~c;;pount1 js-r:e>~c~~rt<> e:·om1>1ete precipitati~~ ~r"t~e w~~er-
_ .... ·. '~f.~~·:: 

·- ~:·::-~~- ~~:: :::· :·. :.- . . - . . . ins_ol.u~Je gold co~?ound. 
--,.---.,..,...:.;_;_:__ ___ ___;,___: -----.. ----·--·-····· ·-··--· . . . ... " ... '" ............... . 

12. The method of claim 11, wherein the earner is rotated from about I to about 10 rp.m .... <": ... 
. . 

. : . .;::, .. ... 

15 

' for ·at least about 0.5 hour.· 

·· · .. : ..... · 13. 'The method of claim 1,.wherein the first a.mount of the water-soluble gold cc1mf)9und 

impregnated on the carrier is fixed by immersing the impregnated c:i.rrier in a solu~!on contai.ning 

a compound reactive with the first amount of the water-solu~le· gold compound fo~ abou:t 16 

hours to precipitate a water-insoluble gold compound of the first amount of the water-soluble 
. .... . 

gold compound. 

14. The method of claim I. wherein the second am9unt of the water-soluble gold 

20 compound impregnated on th~ carrier is .fixed by immersing the impregnated carrier in a solution 

containing 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 J. wh.erein the carrier is impregnated wilh a solution containing 

2 5 the second amount .of the water-soluble gold compound and a fixing compound. 

16. The method of claim 1. wherein the wacer-insoluble palladium compound and the 

first and seeond amount of.the water-insoluble gold compound are reduced to palladium meul 

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 

3 o of hydrazine to the paJladium and the gold metals is about 12: 1. · 

··-.... ~--·····-··· 
·· -.. -----·: ··· ·: · 18:·-The method of claim I. wherein the water-insoluble pall<idium compound an~ the· 

first amount <>.f the water-in:;blubJc gold compound are fixed in two stages, a first fixing stage 
. . . ·. . ~ . . 

:.o:-. ; .• 
. ··.· .. . : . .. : 

. . 

... ; 
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with a solution containing a compound reactive with the water-soluble palladium compou~d and 

. . 

reactiv~:_with the first am01,m~ <?~ ~.ate~-s_()_luJ>_l_e gol~ compound t? pn~cipitate the water-insoluble . -·· 

-
-·· ·'····· ·····-·· palladium compound and the first amount of the water-insoluble gold compound on the carrier •. 

. . . .· .. .. .. . .. . . . . " 
·•···. :· . . . 

then contacting the carrier v.rith an additional solution containing a compound reactive with the 
.·.. .. . .. . .. 

·· water~solub~e paJladium and gold compound~ in a second fixing step ~o further precipitate. water-

... .::.• .. ; . ."~ .. :·.::::."1" .. -~~··· .... . insolubie palladium. and gold compound~ on the carrier. . 
.,: -~;~ ·.:: .·· .... • • ' ' • 0 •' • .. _, .... "'" ___ ,_, ••o :-••• '''"'" .- ••o ... o ., ...... OMO ''" o -• --·· OO•oo o o -- ··- .................... . 

·· :-:· · · ·:·· 19. The method of claim 1. further comprising im.pregnating the carri~r with an alkali -· 
. . . -. 

metal acetate. 

-~:f:: .. :·~,-~,:~_j:;~;.-.~~~--:_,~: ~--: .. · io .. i'l1e method or claim 19. wh~rei~ the atk~li metal acetate comprises potassium · .. . 

>:>;./'.::~o'. ~ .. · ~etat~· s~~i~~--~~~~~~: ii~hi~~--~~~~a~~;bidi~;-;~~~at~-~r ~~i~~-~cet~t~~ . 

:_:~;~:~:~:-> ::-:~ .: -.·.·. <-_ ·.-.. ·_._:_ _ _?_1: .The method of claim I, fu~her c~~prising was~ing and drying the carrier after each 
·i • .. :.·_: .·. . ...• ··. ---~--·-.·-·-······-···-···-···-----------· ----· ------···· •..••...•.• · ........ , _____ ,..... .. • ... .. - · __ 

. · fixing·step. _ 

,: .·. 

. : ,,. . .·;. ··~ '· 
.. :.;_..···.··.·,:· . . · 

....... 

· ~ 22.· The· method of claim 1. wherein· the ·water-soluble palladium salts· comprise 

palJadium chloride, sodium palladium chloride ·or palladium nitr:ite. 

23. The method of claim 1. wherein the.water-soluble gold compounds comprise auric 

chloride or activity acid. · · 

· · 24. The method of claim 1. wherein the water-soluble pal!a~ium compound and the first 

· · amount of the water-soluble gold compound are fixed to the carrier in a fixing solution 

comprising sodium ions wherein the weight ratio of the sodium ions to any chloride ions from . . 
20 the water-soluble palladium compound and the first amount of the water-soluble gold compo_und 

is about t .2: J. 

25. The method of claim 1, wherein the second water-soluble gold compound is fixed to 

. the ~er in a fixing solution comprising sodium ions wherejn the weight ratio of the sodium 

·ions to any chloride ions from the second amount of the water-soluble gold compound is about 

25 1.8:1. 

. 26. ·'The method of c1aim l, wherein the amount of palladium metal on -the carrier of :the 

catalyst compnses a concentration of about 3 Srntl .to about 8 gm/1 and the amount of gold met:iJ 

. on the carrier of the catalyst comprises a concentration of from about 1.5 gmll to about 14 gm/I. 
. . 

27. the method of claim l, wherein the amount of palladium metal on the catalyst 

.. ,:~~j,,~:~;·.-~Q __ :_ .. : .. ~~mpris~s_about ·7 gm/I and the- amount of gold ·metal on the catalyst comprises about 7 gm/I. 

~_gi;~~~{.:·~;~:~.:·:· ·::~- . . 28. th.e method of ~laiin 1, wherein the catalyst has a gold/palladium weight ratio of. 
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29. The method of claim 1. wherein from about 112 to about 3/4 of the total gold on the 

___ ... _ -·-· :: __ . _____ . catalyst is added during the first impregnation step and the balance is added in the second 

_ - ___ .. _impregnation step. 

·".!·•.:-.-:::~: · .. 
.. :...-:· . . ':· ..... .. :.:::· ......... 
•·. :-;-·· .;. -

.-· ....... "" . ~ ·:i-··"'.' •. :· --· 
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