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A TWO STEP GOLD ADDITION METHOD FOR
PREPARING A vnm ACETATE CATALYST

RELATIONS HTP TO PRIOR APPLICATIO\IS

This apphcanon isa conunuanon-m-part to aoplxcatlon Serml Number 08/633 2275, filed

ril 16, 1996.

| .* . BACKGROUND OF THE INVENTION -
- The present mvenuon re!atcs o2 novel method of makmc a catalyst useful for
thcsxzm g unsaturated esters b) gas phase reacnon In parucular, the present mvenn onis

dxrected to a novel method of makmg a catalyet uceful in the gas phase fo-'nauon of vmyl acetate

: It is known in the art to produce viny} acetate by n:acung e'hv,e'xe oxyge'x and acetic acid

_n ‘a gaseous phase-and in the presence of a catalyst comprising T oalladaum, gold and an ahcdlx '

' _: : J:'ﬁetal acetate supported on certain carrier materials such as sxhca Such cata'i}st systems | exhnbxt
| :_ :-a high activity. Unfortunately. results utilizing such palladxum and go}d catalysts have bccn
'mconsnstent. This mconsxstency appears to be based somew hat on the distribution pattern or
proﬁle of the catalyst components which are deposited on and in relation to the carrier. For
'_ :_examp]e when use is made of the known vmyl acetate catalyst sys‘ems comprising a porous
-'-_ support wnh palladium and gold, the metal components dcposued 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 :h'e' porous network of the
. catalyst. More importantly, products of catalyst synthesis formed in t‘xe catalyst interior must
: _dlffuse from the interior outward, again coming in contact with the aeuve phase in the outer
revlon of the catalyst. Consequently, these interior-formed produc:s undergo further reaction and
' ":are often converted to unuseful by-products. The most effective reacnone occur when the
: 'j_'catalync metal is formed as a thin shell impregnated within the su'face remom of the catalyst as
, fdiffusxon of reactants and products can be readily achicved to prov:d good product yields and

' '?. reduced by-product formulation.

Various patents have been gra.nted based on the desire to mcr» evenly distribute and

chor the gold and palladium catalytic componenrs within a narrow band on the carrier surface

) -t provxde a vmyl acetate catalyst having high }xeld good selecunty and long life. Examples of
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such patents include U.S. Patent Nos. 4,087,622; 4,048,096; 3,822;30.8: 3.775,342 ﬁnd British
Patent 1,521 ,652. ' , S |
Thc basic method of forming a vinyl acetate catalyst comammg palla.dxum and gold
~ deposited on a catalyst carrier comprises (1) impregnating the camcr with aqueous solutions of
5 wat_e;—soluble palladmm and gold compounds, (2) precipitating the w_,ater-msoluble palladium -

_and gold compounds on the catalyst carrier by contacting the impregnated catalyst carrier with a

_ ___éolution of compounds capable of reacting with the watcr—sol\iblc palladium and gold
_ .clzbmpounds to form the water-insoluble precious metal compounds (3) washing the treated
: '.'_ catalyst with water to remove anions which are fr.,ed from the mmally 1mprccn..tcd pal‘admm ' tF'

_ and gold compounds during prcc:pxtanon and (4) comcmno the water-msoluble pallachum and #

' gold compounds to the free metal by treatment with a reducing agent A final treatment usually
involves (5) impregnating the reduced catalyst with an aqueous alkali m°tal acetate sohmon and T
(6) drymg the final catalyst product.

Anempts 10 provide a uniform distribution of the palladium and gold metal; on, lhc cnrncr

15

has involved mampulauon of the above mentioned steps and/or by using carrier materials havmg
various specified pore dimensions. Particularly useful 1mprovqments in preparing highly active
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!a:ing
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 lirg‘e excesses of "fixing" |
compound. U.S. 5,332,710 deséribcs 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\faluated by th° 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

L
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range of 4-3 mm are often employed. As the catalytic activity increases it is p}eferable for the
~ purpose of producing an unsaturated ester on an industrial scale, to increase the raw matenal gas
. volume compnsed of olefin organic carboxyhc acid and oxyccn passmg across the catalyst.
R Catalyst shape and porosuy affect gas vo!um= flow across the catalyst. One reason to ncrease .'
- Taw material gas volume passing across a c¢ta]yst is to prevent formation of hot spots on the |
actxve cata]yst. Smce formation reactions of unsaturated esters are exotherrmc, an increase in
catalyst Jeads to side reactions such as the formation of carbon dioxide which results i in }ess

. selecnv:ty for the fonnanon of the unsaturated ester such as vmyl acetate.

Another problem associated with i increasing activity of the vmyl ester catal}ats is the

“comprise hi gh molecular wewht orgamc compounds fo—mcd dunnv unsnzu'ated esier sxnlhesxs

"~Such :heavy ends include, but are not limited to, ethylidene dxacetate‘ 1,1-diacetoxy ethyiens; cis

--'and.t_raris-diacetoxy ethylene; ethylene glycol diacetate; vinyl acetoxyace:ate; vinyl acetoxyacetic
15 - acid; ethylene glycol monoacetate; and cyclopropane carboxylic acid. Unsatarated ester.” ;

‘ symﬁesis, such as vinyl acetate synthesis, can often produce a heavy ends selectivizy-_of up to
about 2% based on the reactant ethylene. The heavy ends can be readily removed and separated
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 desxraoxe

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 goid
. 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 preparing catalysts with an improved

uniform distribution of palladium and gold metals on 2 eataiyst cmﬁcr and high catalyst activity.
there is still a need for a method of preparing vinyl acetate catalysts having a more umfom
dxstrlbuuon of palladium :md gold on the carrier surface and pamcularlv for nm.reasxng lhe gold

content of the catalyst Present methods of adding gold to the catalyst do not -ncccssanly insure a

—/\
L~

: ‘, catalytxc actmty can excess:vely heat portions of the catalyst. Inefficzent heat dist ribution o ona

producnon of heavy ends dunng vmyl ester synlbeszs Heavy ends are by-nroduct res:dt.es v.h:ch -
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dcs_ired gold contem in the finished catalyst due to substantial leaching or abrasion of the gold, or
: gold sahs from the catalyst during preparation. )
|  Accordingly, it is an object of the present mvenuon to provide for a method, of preparmg

-a vmyl ester catalyst which has an increased amount of gold metal..

Another object of the pr\.sent invention is to provide a method of preparing 2 vinyl ester

o

_____catalyst havmg an xmproved selectivity for unyl ester such as vmyl acetate.
" Afurther object of the present invention is to provide a method of prepanng a vmyl

o ‘acetate catalyst havmg reduced selectivity for carbon dromdc and eth)l acetate.

An addmonal ObjCCI of the present invention xs to pro\ 1de 2 vmyl estcr catalyst havmg a &

- "‘:hwh cata\yst activity. -

_Other objects : and advantages of the pre:ent invention ars set fonh in the descnptlon o

R whxch follows and wxll bccomc apparent to a person of skill in the art upon pracncmg the prcscm

' f'mventron
a5 L SUMMARY OF THE INVENTION

" It has now been fourd that highly active supported catzlysts containing palladium and
gold 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
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 simultaneously with a water-soluble salt of
palladium metal, or alternatively, the gold is added in a step separate from pallaoium 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 1~ nalladivm and goid metal. Unfortunately, as
discussed abovc,' addition of gold to a catalyi ~ 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,
':hig'h' catal vst- activity and high irinyl acctate sclectivity can not always be expected.
To overcome such problems and in accordance with the prcscnt mvenuon. an 1mprovcd
_ 'vmyl ester o'atalyst 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-

L
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soluble gold compound such as sodium-palladium chloride and auric chloride, (2) fixing the
precxous meta]s on the carner by precxpxtattng thc water—msoluble palladtum and gold
- oompounds by treatment of the impregnated carriers with a reactive basic solution such as
agueous sodmm hydroxlde whtch reacts thh thc palladtum and gold compounds to form
E hydroxides of palladium and gold on the carrier surface (3) wa.shmg with water to remove the
' ;._ ch]ortde ion (or other amon) and (4) reducmg all the precious metal hydroxtdes to free palladmm
and gold wherem the i 1mprovcment compnses (5) tmpregnatmg the. carner with a second amount

SaT of a water-soluble gold compound subsequent to ﬁxtng a first amount of water-soluble gold

" agent, and ()] fixmg the second amount of a water-soluble gold compound. The first and second ._ r,"'

amounts of goldmca-n ‘be reduced either after each of the respecuve ﬁxmg steps, or alI the gold can 33

_ 'be reduced ina final reduct:on step after the separate fix xmg of the ﬁrst and second amounts of

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

' :_gas phase can be maintained and that the side reaction relative to the formation:of carbon dioxide

» 15 - | is substantially reduced when the catalysts are formed by the method described.

DETAILED DESCRIPTION OF THE INVENTION

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 of
about 1-83 mm. A most suitable geometrical shape is, in particular, the spherical shape, for
example, spheres with dtameters in the range of about 4-8 mm. _ _
25 ' ~ The specific surface area of the carrier material can vary withiu wide limits. For
. example, carrier materials which have an inner surface area of about 50-300 m%g and especiaily
about _ : :
- 100-200 m¥/g (measured according to BET) are suitable.
. Examples of carrier materials which can be used include silica, aluminum oxide,
' .alummum silicates or spinels. Silica is the preferred carrier material.
ERER ' aecordance with the method of this j invention, the catalyst carrier first is 1mpregnated

~ with an aqueous solution contmmng a water-soluble palladium compound and a first amount of a

e
<~
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water-soluble gold compound. Separate solutions of the palladium and gold compounds also can

be used successwely, but it is lcss convemcnt to procced in that fashion. Palladium (II) chloride,

- sor.hum pallad:um (1II) chloride, palladmm (I nitrate or paIladmm (11) sulfate are examp.cs of
: sultable water-soluble palladium compounds whereas aunc (T) chloride or aczwuy () acid can
. _bc used as the water-soluble gold compounds Actxvxty (III) acid and sodlum palladmm ()

L ___chlonde are prefcrred because of their good water solubxhty The volume of solution used for

. xmp gnatmg the carrier with the precious metals is important. For effective deposxuon, the ™

. 2 _volume of the impregnating solution preferably is from about 95 to about 100% of the absorpuvc

¢ "'ty of the catalyst carrier and preferab!y itis about 98-99%. Suchi 1mpn:gnatxon tccnmoue is

S RTESMR mm e tv w smm st weh n csms mreses s aeees e e —— - ] ub
- charactcnzed as the * mcxpxem wetness” method : ’ ' T &

IS

300

'"_._After 1mpregnanon of the carrier with thc wntcr—soluble palladxum and the first amount of

: -the wat-’r-soluble gold compounds, the water-soluble palladxum and the Watér-soluble gold
o compounds are fixed to the carrier as water-insoluble palladium and gold compounds. The
; "ﬁxxng eolunon is‘'one which comprises an alkaline solutxon for example, an aqucous mlutlm

_ whxch contains.alkali metal hydroxides, alkali metal b1ca.rbonatcs and/or alkali metal carbonates.

Ttis particularly preferred to use aqueous solutions of sodium hydroxide or potassizm hydroxxde_.

The amounf 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, preferably from
_about 1.2:1 to about 1.8:1. By treatment with the alkaline solution, the precious metal water-

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 -

potassium hydroxide. o
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

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 alkalire 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 alkaline fixing solution

o prefefably proceeds for at least about 0.5 hour upon the initial treatment and, most preferably, for

at 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.

o~

.’_"s
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.beheved that some small extent of abrasion of the water—msolub]e preclous metal compounds

i hxgher depending upon the exact carrier uuhzed and the amount of prccxous metaliobe
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Any type of rota,tion or tumbling equipment can be used as the exact apparatus utilized is

_potc crmcal What is crmcal however is the extent of the rotatmg mouon. Thus, thc rotat:on

'prcfcrably is sufficient such that all surfaces of the lmprccnatcd camm arc evenly contactod
- ﬂ_,w:th the alkaline ﬁxmt' solutxon The rotation preferably is not harsh enough such that actual
. 'abrasxon of the water-insoluble precious metal compounds takes place such that the water-

.msolublc compounds are abraded o off the carriers surface. On the other hand it has been found or

.~ actually works 1o morc evenly distribute the water-msolublc preclous metal compounds on the

.camcr surfacc Thc cxtcnt of rotanon preferably is about 1 to about 10 Tpm and possibly ¢ even

: _”__"_deposued on the carrier. Thc Jpm to be used is varizble and can also depend upon the apparatus

utlhzed the size and shape of the carrier, the tyoe of carrier, metal Toadings, eic., but preferably
- falls within the guidelines expressed above that while a small amount of abrasion can be

| :'bcnefi'cial,' it is not to be such that the water-insoluble compounds are actually abraded off the

camer surface. , _

Another method of fixing the precxous metals onto the carrier is the. incipient weiness”
method whcrcby as above described, a specified volume of Lhc fnxmt7 solution, e.g., agueous
alkali metal hydrox:de cqual to the dry absorbtivity of the carrier is poured onto the porous
supports which have been impregnated with the watcr-soluble precious metal compounds. The
treated carriers are allowed to stand until precipitation is complete. When fixing is performed by
the i mcnp:ent wetness method, the 1mpregnated carriers are air dned prior to fixing Whh 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,
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 10 the molar amount requlred 1o react with all of the
prccnous metal compound which is present on the carrier as a watcr so]ubl° compound. No
excess of reactive compound is used. Preferably, the amount of rcactwe compound used in each

ﬁxmg stage is less than the molar amount requxrﬂd to react with all or the water soluble precious

_mctdl compound ‘Each fixing stage is conducted by impregnating the dried impregnated carrier -
L : _thh thc alkahnc fxxmg solutjon in an amount equal to about the dry absorbnv:ty of the carrier.

E* ol
e
.
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The amount of the alkaline compound contained in solution preferably is such that the ratio of
alkali metal to anion from the water soluble precious metal compounds be from about 0.7 to 1:1
molar in the first stage and from about 0.2 10 0.9:1 molar in the sccond stage. Preferably, the

total amount of alkali metal t0 anjon ranges from about 1 210 about 1.6:1 molar for the wnolc

fixin g step. Subsequent to treatment in the first fis xmv stage, the treatcd carriers arc aHowed to
stand for a sufficient pcnod of time to allow precrpnatron of th-‘ watcr—msoluble precmus mewj
compounds The perrod of time can vary but typxcaﬁy ranges from about 2 hours to about S o

| hours before the carritr is treated again with the second portion of alkalmc fixing solution.

- Subsequem to treatment in the second ﬁxmg sta,.c the, trcatcd ca.rncrs are allowed 1 s:and agam @

" for at least an additional 2 hours, preferably, at least about 4 hours and can stand to complctc o 6)

. precrpu.atron for-up to about 16 hours.

. o The treatment in the second fixing stage can bc equva}ent to thal of the ﬁrst staoe
“ whercm the treated and pa’ually ﬁxed carriers are mnreg'lated with the ﬁxmg solufxon at the
desired alkaline conceniration and in a total vo]umc solution again cqurvalent LY thc d'y
15 absorbtivity of the carrier. Alternatively, the carrier can be impregnated in the second ﬁxma
stage by a process designated "roranon immersion” as dxscuased above. In this proccss, the once-
fixed carriers are immersed in the aJLalme fixing solution and tumbled or rotated therein cduring
the initial stages of the prc:pxmtxon of the water-insoluble prﬂcmus metal compounds as
discussed earlier.
'-’.0 After the ﬁrst amount of water-soluble gold hus been ﬁxcd a sccond amount of ool:i can
e impregnated and fixed according to the same methods described above for rmpregn:mnc anc
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
as described previously can be used to p'ccipitate the insoluble gdld 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 rmpregnated carne' to stand for up o about 16 hours o more to allow precipitation
of the water-msolublc gold compounds. 'I‘hc volume of ﬁxmg solunon is that equal to the dry
- absorbuvrty of the carrier and the amount of alkalins compound used is in excesson a molar .

i~
Pl
.
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Basis that is required to react with all of the impregnated water—soluble gold compounds.

Subsequent to fixing the prec:ous metal compounds 1o the camcr, the carrier is washed

w:th dexomzcr.l water to remove anions, such as chlorids ions, whmh are stxll contamcd on the

camer and freed from the Jmprecrnaung solutions. Wasnmg 1S contmucd until all of the anions

' are removed from the carrier. To ensure substantmll} completc removal of the amons such as

chloride i ion from the catalyst the wash effluent is tested with silver mtratc unnl the silver nitrate .

test is ncgatwc i.e., no silver chloride formation. After washing thc ions ftom the catalyst the '

first amount of gold have been fixed 1o the camer and ag..m af tcr the second amount of gold has '

, catalyst then is dried at temperatures not to exceed about 150°C under an mert atmosphere such

as a continuous nitrogen ﬂow Washmg and dr}mg can be performed after the pallad:um and

been added and ﬂxed or washng and drymg can be perfonrcd once all the precious mctals bccn

ﬁxed to the camier, i.c., subsequent 10 ﬁxmg the second amount of gold

The fixed material then is treated with a rcducmg agent o convert the precmus metal salts

*-and compounds which are present into metallic form. The reduction can b_c carried out in the

liquid phase; for example, with aqueous hydrazine hydrate, or, preferably, in the gas phase, such

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

solution of hydrazine hydrate, the reaction is preferably carried out at normal temperature. When

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

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

The reducing agent is appropriate}y employed 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 palladium 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

the precious metals can be done after each fixing 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 remove anionic matenals

The relative amount of water-soluble gold compound added in each xmpregnauon step is

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

first impregnation step, with the balance added in the second imprcgnation step. Preferably, the

quarmty of palladium and gold compounds employed is such as to provxde about 3 10 about 8

grams of palladlum and about 1.5 to about 14 grams of gold per l:tcr of ﬁmshcd catalyst

*

o
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Catalysts containing higher or lower amounts of the precious metals relative to that recited above
_can be useful in the formatxon of vinyl acetate by reaction of ethylene, oxygen and acetic acxd in
_ the vapor phase as long as the catalyst is formed by the novel method set forth herein. Thus the

ratio of gold/palladium in the finished catalyst can range from about 0.2:1 to about 21,

preferably, from about 0.4:1 to about 1.5:1.

“ :also can be prowded with customary additives. Thus, for example., addmons of alkali metal

.acetates are advantageous when the catalyst is to be used for the preparation of unsaturated esters

5 from oleﬁns, oxygen and organic acids. In this case, for example the catalyst can be
B 1mpregnated with an aqueous solution of potassium acetate, sodxum acetate, luhxum acetate,

.rubldxum acetate or cesnum acetate and then washed and dried.

The catalysts according to the present invention can be used w:th partlcular advamage in

-~ Y .purpose those catalysts according to the present invention which contain silica as the support
15 material and additives of alkali metal acetates are particularly suitable. In the preparation of
vmyl acetate, such catalysts are also dxstmgurshed by high actrvny and selectivity for vinyl
acetate and by long life. _
~ When viny] 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 corh‘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 hydroearbons; Reaction temperatures which can be used are
elevated temperatures, preferably those in the ra_nge of about 100-250°C, preferably, 130-200°C.
The j)ressure employed canbe a somewhat_reduced pressure, normal pressure or elevated
ﬁressure, preferably a pressure of up to about 20 atmospheres gauge.

Cata!ysrs of the present invention employed to prepare vinyl acetate show an improved

30 space time yield, a reduced carbon dioxide and ethyl acetate selectivity as well as reduced heavy

- . ends._;_"'f'

- ~the preparauon of vinyl acetate from ethylene, oxygen and acctic acid in the gas phase. Forthis -

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

R . Depending on the use for which the catalyst prepared in this way is intended, the camalyst
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intended to limit the scope of the present invention.

| EXAMPLES L Uand I - ,

The catalysts were prepared on sphencal sxlxca camers prov:ded by Sud Chemxe with
' drarneters of about 5 mm. The carriers were dwrded into three batches (Examples I, Il and TI) of
250ce each The catalysts in Example I were prepared accordma to the standard meshod
| (descnbed below) The catalysts in Example T were prepared according to the same method as
- _'_the catalysts in Example 1 except that an additional amount of gold was added to the catalysts.
| _::_The amount of gold was about equal to the amount of palladium added to the catalysts. The .
: \: _“fwcatalysts of Exarnple Ill contamed the same amounts of palladmm and gold as Example II but i

- were prepared accordmg to the two step gold addition method of the present application.

tetrachlorate and sodium tetrachloroaurate. -The volume of solution- empleyed was cquivalent to

‘_ N htl'_l'e amount of solution that the carriers were capable of absorbing {incipient wetness method). In
15 Example], the carriers were impregnated with a sufficient amount or' palladium and gold water-
~ soluble salts such that the resuliing catalysts would have about 7 gm/] of palladium metal and .

.~ about 4 gm/1 of gold metal. In Examples X and IM, the caniers were impregnated with 2
sufficient amount of palladium and gold water soluble salts such that each catalyst would Have
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 vz Luum) 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 temperature 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 gradtrated cylinders with dip tubes-

'_30 N and washcd for 5 hours with deionized water u'ml the effluent from the wash tested negative

'_ thh silver nitrate; i.e; no silver chlonde formation. The washed carriers were then placed in

" '_500 ml round botiom ﬂasl\s and placed in an oven under a contmuons flow of nitrogen to dry

All the carriers were rmpnegnated with an agueous solution contammg sodiom palladiom =
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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 drted carriers then were

: reduced to palladrum and gold metal by the vapor phase method to form the catalysts. A blend of
: 5% ethylene in mtrogen was passed over the carriers in the oven for about 5 hours at a
- temperature of about 150 degrees C. The flow rate of the gas blend was about 0.5 SCFH at

-atmosphenc pressure. After reduction, the catalysts were removed from the oven and allowed to

The catalysts in Examples Tand T were rmpregnated wrth an aqueous solution of about

lO gm of potassrum acetate (conccntra—tton about 40 gmll) by the mcrpxent wetness metbod ‘and

dncd ina ﬂutd bed dryer for about 1 hour at about 150°C

Subsequent to reduct_ton in cthylene as descnbed above the cataJysts from Examp'e m

15

s :

.30

B ___'__'.'were further impregnated with 2 solution of sodrum tetrachloroaurate and 1.65 gm of 2 50% wlu
- Iaqueous sodium hydroxtde fixing solution:such that the catalysts would ha\e an addmonal 3 cm/l B

' of gold for a‘total of about 7 gm/1 of gold on the finished catalysts. The amount of sodium . .
hydroxrde used corresponded to about 180% of the stoichiometric equivalents nceded to convert

. the gold salts to gold metal. The catalysts were allowed to sit in ‘the soluuon overmght 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.

The washed catalvsts were placed in 2 500 ml round bottom flask in an oven at about
150°C under a continuous nitrogen flow ovemtght. 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
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. | ' T |

“A 30 cc. sample of the catalyst was placed inaplug ﬂow tubular reacior, 3 ft.inle ngth
and with an I D. of 0.75 in. The tube was equipped with an 0.125 i m concentric thermocouple.
Acetic acid, cthylenc oxygen, and nitrogen are passed through the tube at a temperature such that
about 45 percent of the oxygen was converted to a product. The products were analyzed off-lmc
by vapor phase chromatooraphy '

v e

o~
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Results of .the product analysis are disclosed in Table. 1. 'il'hesr.sults show that catalysts
. prepared accordmg to the two step gold method show a Jowered carboa dioxide selectivity of S
- 5 4%, a lowered ethyl acctate selecuv:ty of 0. 08% and an mcreased STY of 611 m contrast 10 thc '

htghcr carbon ledee and ethyl acetate selectw:txes and the Jower STY of the catalysts prepar=d '

by the standard procedure.. Addjtlonally, the catalysts preparcd by the two step gold addition

method had a reduced heavy etlds selecuvtty of 0. 97% in contrast 10 heavy ends of 1 -26% by the
catal ysts prepared by the standard method wzth the same amount of vold as the catalysts made by ™ "

the WO step method: Thus

_e two step g gold addmon method of the present appltcauon -

o - prov:des for 1mproved vnjl acetate catalysts. o ._ _ L _ "
About 60 ml of each type of catalyst prepared as desenbcd abox c were plac.,d ifi separate” 133 B

: chrome-mckel steel baskcts Th" temperature of each basket was measured bya thennocouple at

‘both the top and thc botto'n of each basket. Each reaction basket Was ‘piaced’ini 2 Berty re..ctor

and was maintained at a tempera;ure which provnded about 45% ostygen conversion with an

 electric heating mantle. A g__a:__mtxture of about 50~no_rmal liters (mg.asured at N.T.P.).of

15 .ethylene, 2bout 10 normal hters of oxygert, about 49 normal liters'-of nitrogen and-about 50 gmof
acetic acid'was caused 10 ttaﬁel under pressure at about 12 atmospheres through each basket.
Analys:s of the products was accompltshed by on-line gas chroma;ographxc analysts combined
- with off-line hquxd product a'tal»sxs by cond°nsmg the product strea m at about 10°C to obiajn
optimum analy31s of the end products. _ _ -

.29 . The results of the test_s are shown in Table 2. The tests shotv.'a distinct lessening of the
selectivity to the manufacture"of by-products carbon dioxide and ethy! acetate, 9.9 vs. 10 6 for
carbon dioxide selectivity : nd 0.042 vs. 0.048 for ethyl acetate seiecz;vxt ¥ when compar ed in this
test to the same catalyst when manufactured by the prior art method. The amount of heavy cnds

' manufacture was not affected and the activity of the catalvst was or'ly marginally affected by the

25  useofthe catalyst of the preseat invention.
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TABLE' 1 o

" @ SELECTIVITY. .

' ACETATE ENDS

. " - : 10.6"“’_::"”' 0'048:__.. 1_57 . ..'...'-_.__'..... :.7".. g ... -

99 oo is8

. ACTIVITY

" coz. ETHYL HEAVY
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| WHATIS CLAIMED:

1 In a method for prepanng a catalySt for sy nthcsxzmg unsaturated c:tcrs. wherem a

: catalyst carrier is impregnated with a water-solublc palladium compound and a watcr—wolublc

gold compound fixing the water-soluble palladium compound and the watcr—so!uble gold
_compound to the camcr as a water-xnsoluble palladmm compound and a water-insoluble gold
- compound and reducing the watcr-msolubl.. palladxum compound to palladxum mctal andthe

watcr—xnsolubl° gold ¢ompound to gold metal, the improvement compnsmg xmprcmamg and

i _,_f_)_ watcr-msoluble gold compound fo]lowcd by xmprcwnaung the cam..r w:th a second amount of

the water—soluble gold compound and fixing the second amount of t.he water-soluble go‘ld '_
) compound as a second amount of the water—msolub‘c gold compound
2. The method of claim !, whercin tbe water-soluble paxladmm compound is fixed 10 the

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

Rd

4

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

amount of water-soluble gold compound are impregnated then fixed on the catalyst .carrier
 simultaneously. ' .
4. The method of claim 1. wherein the water-insoluble palladium compound and the first
29  and second amount of water-insoluble gold conpound arc rednced to the pa!lad'um and gold

metal simultaneously.

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 meta) prior to impregnating the
catalyst carrier with the second amount of water-soluble g gold compound. - |

25 6. The method of claim 1, wherein the water-saluble palladxum compound is nx::d by
“immersing the carrier impregnated with the- -water-soluble nalladmm compound na soluno'\
contammg a compound reactive w1th the water-soluble pahadmm compound for about 16 hours
to precipitate a water-insoluble palladxu'n compound on the impregnated carrier.

5 7. Thc method of claim- 1, wherein the water-soluble Dalladlum xmpregnatcd carrier is

_ 30 rotatcd in a solution containing a compound reactive with the watcr-solublc palladium compound

o completc prec:pnanon of the water-soluble palladmm compound toa water—msolub!e

4,\
—~
.

) ﬁxmg the water-soluble gold compound in two steps, whercm a ﬁrst amount of thc watcr-solublc o
B . b )

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

~ 8. The method of c]atm 7 wherem the |mprc°natcd carrier is rotated from about 1 to.

. about 10 rpm for at least about 0.5 hour

9. The method of clalm 1 wherem the first amount of water—tolublc wold compound

1mprcgnated carrier is rotated in a solution contammg a compound reactive with the water-

- .soluble gold compound to complctc prccxpttatnon of the water—tnsolublc gold compound. -

10, Thc . method of claim 9, whcrcm the impregnated carrtcr is rotatcd from about 1 to

' "about 10 pm for at:least about 0.5 hour.

11 The method of cla:m 1, wherein the camcr comprising the second amount of

- irmprcgnatcd water-solublc gold compound is rotatcd 10 comp]ctc pr*crp:tat:on of the water-

" insoluble gold compound

20

25

12. The method of claim 11, wherein the carrier is rotared from about 1 to about 10 rpm STl

- for at least about 0.5 hour

_ ~ 13. ‘The method of claim 1, whcrein the first amount of the water-coiuble gold compound
1mpregnated on the carrier is fixed by immersing the impregnated carrier in a :olutton cont‘.xnmo
a compound reactive with the first amount of the water-sojuble gold compound for about 16
hours to precipitate a water-insoluble gold compound of the first amount of the »udtcr-solublo
gold compound. -

' 14. The mcthod of claim 1, wherein the second amount of f the water-soluble gold
compound 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 contatmng
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 hydrazmc and a weight ratio
of hydrazmc to the palladium and the gold metals is about 12:1. '

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

B fx_rst_ amount_ _of the watcr-msolublc gold compound are fixed in two stages, a first fixing stage

. o~

. o~ . - . 3
. .

¢
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with a solution containing a compound reactive with the water-soluble palladium compound and
- reactive With the first amount of water-soluble oo]'d compound to precipitate the water—insdluble

pa]ladxum compound and the first amount of the water-msoluble gold compound on the carrier,

then contactma the camer with an additional solut:on containing a comnound reactive with the

i _water-soluble pailadium and gold compounds ina second ﬁxmg step to further prec:puate water-

msoluble palladxum and gold componnds on the camer. _

]9 The method of claim 1, forther compnsmg xmpregnatm g tnc cam..r -with an alkah

'mctal acetate

'?0 The method of cla:'n 19 wherein thc alkali mctal acetate comprxscs potassmm

. : acetate sodlum acetate, lxthmm acetate, rub:dxum acetate or ccs:um acetate

21, The rn_eghg_d of claim 1, flmhcr compnsmg washmg and drymb the carrier aftcr cach
- _flxmg Step. . _ -
' _ 2‘7 The method of claxm 1, wherein the water-soluble p..mcm*n sa'ts comprise
: . pa!ladmm chlonde sodinm pa]ladmm chloride or palladium nitrate.
o - 15- - - ' .23. The method of claim 1. wherein the water-soluble gold comoo.mds comprise auric
chioride or actmty acid. y
' © 24. The method of claim 1, wherein the water-solt.ble pal'adzum compound zmd 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 1 any chloride ions from
20  the water-soluble pall‘a‘dium compound and the first amount of the water-soluble gold compound
isabout 1.2:1. _ '
25. The method of claim 1, wherein the second water-soluble gold compound is fixed to
. the carrier in a fixing solution comprising sbdium ions wherein the v}ei ght ratio of the sodium
jons to any chloride ions from the second amount of the water-soluble g.o!d compound is about
25 181 _
o 26. The method of claim 1, wherein the amount of palladium metal on the carrier of the
catalyst comprises a conccntratién 6f about 3 gm/l 1o about 8 gmyl and the amount of gold metal
l on the carrier of the caralyst comprises a concentration of from about 1.5 gm/1 to about 14 gm/l,

27. the method of claim I, wnerem the amouat of pal!.xd:um metal on the catalyst

;__,compnses about 7 gm/l and the amount of gold metal on the catalyst compnses about 7 gm/l
. 28. 'I‘he method of claim 1, whereifi the catalyst has a oold/palladmm weight ratio of

) Efrom about 0.2: l to about 2:1.- )

h
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29. The method of claifn 1. wherein from about 172 to about 3/4 of the total gold on the

| caialyst is added during the first impfcgnation step and the balance is added in the second

impregnation Step. o . R




