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~[IITMITTTTIMIMIMIELT ] ~~~~~ 1~ *@00002* CATALYST

COVPCSI TI ON AND USE THEREOF | N ETHANE OXI DATI ON
REACTI ONS The present invention relates to a ca“"‘lu“mm“"
conposi tion for the oxidation of ethane, and L igisoe

Il
optional ly ethyl ene, to acetic acid and ethyl ene,

ctnytene w1 112ing the aforesatd cat a yst comod AN

Cat al yst conpositions conprising nmol ybdenum vanadi ygg s
and niobiumin 5 conbination with oxygen for use in
processes for the production of acetic acid by the

oxi dation of ethane and/or ethylene are known in the

art from for exanple, US 4,250,346, EP-A-1043064, WO
99/ 20592 and DE 196 30 832. US Patent No. 4, 250, 346

di scl oses the oxidative dehydrogenati on of ethane to

et hyl ene and acetic acid in a gas phase reaction, at a

t enper at UCATHLYSTEOMPOSITION ANDIPEE MHERBOESIN

catal yst a conpositi r el enent s
nol ybdenum X and Y ‘Ef‘l;}l-‘?? d)ilﬂmngggXbY wherein X is

Cr, M, Nb, Ta, Ti, Vand/or W and preferably M,

Nb, \% and/or W Y is Bi Cu, Fe, K Mj, N, P,

Pb, Sb, Si, Sn, TI and/m preferably Sb, Ce

and/ or "[lne paescrs uilyentium mslafds &Ea ctathl)]st Corapuditionifsr the &:8dation of
he proviso that the

g{ﬂ:aﬁ?er cg%og%ﬁly etl?yg?ledg aceﬂc agl:gldlflﬂ, ptthpt]@nq:, and oaprpgessfor the

o psodmom 40820 fHAAd reaiy&heaunz@gather%&@&id QhtalS & BmbbN G/
aceti.c acid from ane, ethylené or

P S LD rofoR B Mobbdfiah veradies Hikmebie ia he

mmﬁ’ﬁﬁ@rﬁmtmf)x €02udd MiProce REPRS He!
0% F{a gf#an}%er\l(d wher Z)ltmn X repr eggﬁugéaginae}ggér&eaglgv g r a?

ang gnd/eg gthyjgne agg knwn i he gyt frony, &sresarmpteUDne

wsosesanah 1@‘43(%4 Wo 9@0592|a£HDEt1v96§U’839d Bi, Ce, Co,
Gs, K, Cs, My, Ca, 'Sr,

glr@ PmB:nf }LJP 4 Zﬁl() 34§||dlsclpsRes [ﬁgy oxgiphvgﬂehy@m gen'ﬁ.tlolanﬁet]minamj
e&ryﬂene Qn@ac@@@gclﬂ f aogag ?:hasg réactibn? a%grép%%ﬂée% le&F gnagl gqui

German patent application
5?% Gusings|agatalyst aammosm@r@mmmstngahe ¢lemerits mhlyhdenhm, X and Y

thhe QatR) 1’@09@‘} @herelg )ﬁﬁ ghlg.g Iﬁ efaa*i’be an%/or V&;I' ang preferabqy %

Nb v and/or W Y 1s B1 Ce Co, Cuy, Fe, K, Mg, Ni, P, Pb, Sb, Si, Sn, Tl and/or U, and
preferably Sb, Ce and/or U, ais 1, b is 0.05 to 1.0 and ¢ is 0 to 2, and preferably 0.05 to
1.0, with the prbviso that the total value of ¢ for Co, Ni and/or Fe is less than 0.5.

WO 99/20592 relates to a method of selectively producing acetic acid from
ethane, ethylene or mixtures thereof and oxygen at high temperature in the presence of a
catalyst composition having the formula Mo,Pd,X.Y4 wherein X represents one or
several of Cr, Mn, Nb, Ta, Ti, V, Teand W; Y represents one or several of B, Al, Ga,
In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, X, Rb, Cs, Mg, Ca, St, Ba,

Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U and a=1,b=0.0001t00.01,c=04to1andd

=0.005to 1.

German patent application DE 196 30 832 Al relates to a similar catalyst
composition in whicha=1,b>0,c>0and d=0 to 2. Preferably, a=1, b =0.0001 to
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The catal yst conpositions of both WD 99/ 20592 and DE
19630832 require the presence of palladium
EP- A- 1043064 di scl oses a catal yst conposition for the
oxi dation of ethane to 5 ethylene and/or acetic acid
and/or for the oxidation of ethylene to acetic acid
whi ch conprises in conbination with oxygen the

d anadi um niobium and gold in
ﬁ)lhsggg[ailztﬂgod%“?’{aw%wum according to the enpirical

f or nulTke cataly¥PeoipisitdaiNDLSth W) 9vdv8HE b IYE 115610352 fegyire the

S selected fromthe group consisting
(Bfese?\?ﬁde%’na Ti, B, A, Ga, In, Pt, Zn, Cd, Bi, Ce,

Co RBP A-1043064 dlé\gosegﬁ catﬂybt cﬁpos{ﬁon?@p thgfbud nﬂg;@rhqne to

gﬂxaleE%lan rr aBetlc(fxmddhd/@r g»ﬁ glefomdétpmgg'@thqunh ¢ aagtiamidtvich
catp@ss B coHBﬁxaﬁbl?WﬁB‘ B?yg%h‘ fH eiegﬁhts ﬁo&é&@n\?ﬂé’énymgﬁaobmm

and a + b =
6t galdin tW?‘UBV‘@:?@ Pé@dmaymrdms tathe amalricst formitposi t i on

thqu\e\;? YI? oxi dation of 15 ethane to acetic
aci d_and he sel ective oxidation of ethylene to

dhereincY ¢ mnq omwmlemm@bcted ﬁmahﬂmbulsﬁﬁmsilsﬂng of: Cr, Mn, Ta,

h h
s, O P O U AEL ot Ee Ak RurOo i B 5 e
St Ser &i Hgmop tHbeSb,lﬁuSn ThIU, RE Ol‘d’amkl&,a AoaXany andNestent the
nore el enents sel ect ed from

%&)‘n aiom 3108 gﬁtge gl(efnﬁﬁts alfch tl@t Oﬂj a<d50 << 1 anda b = 15r10 <c<

®02; (des@,lo<%sl'%&d0':<efaﬁd Re; a, b, c, d, e and f
represent theslggram atomratios of the elenents such

t hat : WO03/033138 digrlgses a eatalyst pempiositing fér th@se]dbtiﬁe?oxi@eﬁ?bﬂzf
Bhar®Ro sechc 288 Gndo8 e ?el%]cuv?io Q%n of ergf {) la%%t%cza}cidgwhich

Sn. Said catal ysts %I ve ect|V|
CHEFRgsifipn e%mSﬁ%ﬁ combipation W@V\wagf:n dnnylerrsels actlybdebym,t 0

obi o et hyl
Rlnh%h & NS obi ﬁ‘ﬁ%‘h& GoRGH fe '&ﬁ%n&gof égﬁ’a s a ﬁqocor tli & S}?pi}l:l%al

the presence of oxygen, to
formyarMpWrAaYeNtZi {Ddesirabl e to provi de an

| t at duct
WAk Bt e SRS sl ronR R e PR S nG ot Ga I,
GgiSd, %lnﬁbe@th)?lt e Fe ﬁmmm gt hape, eta%ﬂfiréi?ése&ﬂﬁéf gr¥m a(tjom ratios
Su uen reacti o 0 Ssal
Folo i o ﬁﬁﬂ%éwe% €0 PRadUEe iy F cadtizade d<2; 0
< dleal dnd 0.0001°H 210,05 3prkfRrABly, 2] €§18g &a‘?al?ﬁ%b?hx gﬁ‘gélg%ny

roduced inthe first step is approximate
tw%wf?lg@mmnmwmnb lay 96@n3sdstimityliosthydae. an

L 9SS PSSl ol O L o e
vanyh aeréate. olnperichlar, itds d@lrabid thirhwﬂem;ntegrdté’d ;&u&seﬂ# eyl
a‘%@cﬁ‘t\é gfoﬁluaﬂm% mtpﬁgmgg ﬂs't ‘s:tef? f:or %eaprr]c()jdu%%lol}/ ofe cetlc ac1d andyelthylene
from ethane and optlonally ethylene followed by subsequent reaction of said acetic
acid and ethylene to produce vinyl acetate. Ideally the molar ratio of ethylene to acetic
acid produced in the first step is approximately 1 : 1.

WO 01/90042 and WO 01/90043 both disclose an integrated process for the
production of vinyl acetate, the first step of which is the oxidation of ethane to acetic
acid and ethylene, with subsequent conversion of the acetic acid and ethylene to vinyl

acetate.
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2 EP-A-0 877 727 discloses an integrated process for
the production of acetic acid and/or vinyl acetate in
any pre-determ ned and variable proportions froma
gaseous feedstock conprising ethyl ene and/ or et hane.
The integrated process conprises a first step wherein
ethyl ene and/or ethane is catalytically oxidized in a

first t to 5. produce af rst product
St 1 oaterem T dh S aled i nieried ey fomie PERHH B S aeai aid
opdicomial] acetatetitn aﬂ}epred&ﬂéﬁmﬂed@ﬂ%hﬂﬂ‘e FOpdrabnsCRIP Y Qaseous
dfﬁ&féio?f The. acesq b)c acid and et hyl ene produced

PRPPIIE FYRe 28Her ethage  Hasinteamted presgss wm@nses a first
ssexporidreire etbylemdand®n ethithe i cAal P8 Bkidized i jna ﬁrst reacltxon gone to
ﬁ’f%‘gﬁ ont ai_ni ng gas in the presence of

Ef‘t RRgWH at CATRLIS g aeskigacid ovaser apid ﬁgl}"lﬁmn ylhd optionally

amhatcerbommosdsmd@&ﬁtdr@axesﬂ@k A8d ARt t
10 There remains a need to devel op- c%@gi%nﬁ p}g&enepmduced

éd Pt IERAkOR generapethen coptacted in afecord leagtion zemmdmth a molecular
QRYgeatBhiadhiri gAY irPBE prebdhc @6 daful ﬁf{og)r&ﬂlge § tSQ:é i{)]rﬁ)w\{\éé%tgeam _

hi gh ‘qveral | selectivity to a acid
SAEPEsREYindagetatsl water; agetioacid arak dpjibeally ethyleneet i ¢ aci d.

Sur prip It und t usi,
cat bl SO ing neOh RO L e S e etk e Suifdionan
§thans, and <i>mloe-'ei}vmtmémeouo aggtichacidbayd) euhyleprn@ htgﬁdwerlﬁ sédeLtiRity
$ sai.d
c%%%g‘g%c?ﬁl on 1 Béﬂ? § g (r:)émgedgléogaraf at&%??%%i’?’i‘??f’ teracefipacigh | g
one o$11rnm1&lymtlaals sowfoeﬁ founnd thék b@fusinEa chRarysadnfpodiab €

and P et hane, and

g%ﬁg onH ‘FJ’ fér‘feﬁ‘“P a‘gﬂ'ﬁy‘“B@“‘Bk Embipation withepyaen, suppgrted
emd sxatabwsemrwmt&wﬂmrgh A edtaldt c%b&mdn\ﬂlﬁ]yertc&nﬁl? &l h c
@tﬁhaéjo xﬂ% th]hc%llene o Advant agequsl vy, been found

{ BY @G 't 7 E A% e c?SfﬁBQi’é’l lof thedieriodlis Tablg of the
Pleesetafi.cl Ov,81 dndPbf hm%rﬂ@g?%n;?%g%zflégé%a@ b@rbqighzed to acetic

pr od be a
%cr“ggn nléy AR 3‘(1&‘3“% Fve b%’éﬁﬂyé'ﬂtto AEHE BGiQ ﬁndl\ﬁtbﬂemy gen to
pr od u«:ce/amagaohsly,qena%men folid (ARG th afllyR UG Rslsion of e

selectivity may_ be achieved in"the su Sta senc

%‘Fsenh%?f@‘)ﬁé‘ieaﬁtso Yipesficasidpr gthatedy prodyced Ingeyi hmppmxmﬂaeely
:2f 1At Yieter@® BT uB&quddt CREEHNG Y ox ggq & §tr°({2§g v%?P RShte.

the pr esent invention provides a C
Baqre.iigh gvsrallisplectisiy drayibe actiéved timthe eubsamdal absence of

ﬁ&‘lé rﬁ&@lk E\Ycheli"s ?8 1SR or %Saq)la@iﬁx%tm thed §‘g’§t Ié%l ene,

cat al APOSI L1 on Compri pport,
an d (chyrdmg gxmﬁﬂsmpwd),rthc pvcstcht mxmem protvhl%s ekanmst s

nd n| opti.onally tungsten
é%gqug%%hﬁ g%{lﬂ%&#% afle,.an %%ona]& gthgf:%e i cgpgacgq and
@)dmg \Iklxcbf:atalh&! cé’tapmsnxchn&oﬁ@ﬁbd”s‘ (19 suppoft R (5), iVEShRhdtion
‘9’] & gnt e? % el sent th ramatomratlos of the
Bt Sy tigsTottels mgloAenym yaagip oad pibium, epgonaly siesten
anfl atcompéivearZ, viki Qb sie &f}ﬂ&t Biredals of Group 14 of the Periodic Table of

Elements; whereina, b, ¢, d and e represent the gram atom ratios of the elements Mo,
W, Z, V and Nb respectively, such that ;

0<a<l;0<b<landa+b=1;
0.05<c<2;
0<d<2;and
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0. 05<c_<<2; 0<d52;and 3 0<eS1l. Preferably a > 0.01,
such as a = 1. Preferably ¢ > 0.1. Preferably, d >_
0.1, such as 0.1 5d 5 0.5. Preferably, e > 0.01.
Preferably, e 5 0.6, such as 0.01 5 e 5 0.6. The
catal yst conpositions according to the present
invention may optionally 5 conprise a further
component, ¥;< lich is one or nore el enents sel ected
fromthe grofipg ‘consisting of Cr, M1, Ta, B, A, Ga,

I n, PPx;eeribly 46 0.0 sucﬁ:ﬁs a CQ %—B&raﬁl)f ¢ SgAggably,ﬂ > 511 such «
% 0. lq%d <L0a5 Prf:fera by, e ;zno OlAlFrefe'mldy,I%ds 0. 6’ swely adl®0 P& e&qm

at a ere|n05f5 2. Preferabl
BOPH LB B Lp ot b o hucne ety aptonatly
ﬁampx@sea furftlter eoppazbaty Apiviich ishe t@a&la}%?émerﬁ&mtéﬂe& tkrBH.]
r.esen i nvention are substanti a Yy
%ﬂig °gﬁs‘s %Féel‘ﬂ‘g 1 § "t’*k Geninakt, g G, BhEep&pi Ridilu G, Ag,
Ry, ps K Riglak Mg, &, N[ S St tyed-f r
%{dop{fton& sti %%Igofal g] & %] > TISUS@ ?E]%ﬂgg'ﬁ%

and Te and is nost preferably seI ected fromTi

and Y magbe prebéht 60 ghiStont RED qs#hérglﬂ o4 f ih ePrﬁ% a%§e¥> 0.01.

inyention conprises a support port
BTGFFIMY,éé%%pWraﬁooélﬁcﬁﬁ@§ silicon carbl de or

, bl | ect f
?nra tagl'N/I%r)%pr = é}ﬂl Sthe F;{taelysg L%rﬂp(}églsogf, ?q%exglgngttfr) ?Qﬂ?gs%ntqgver;ggs are

- qubstantadly dewed efsnobhalmmalaauctedslgmmal hlla@lngsS, zirconia
or ¢ reof uch_as a 20 m xture of
Sili ?g@aﬁﬁwfﬁ’ e?’P‘é’F“é\? reRplectsd drm the group gaesisiok o€ Bi,
€4, 1CenCa, Ky smbat mr as, mfandtmtaadus%@ﬂﬁeﬁkalbl)ﬁéle%féﬂ%gh{ P and
rtain elenments, such as alumnium titanium an

zirconium nmay be present in the catal yst conposition

of tHbe pztﬂsﬂ mbmpmamtdfm pRésefit i RARG ERprRLs 4 Q@P@%‘ PRRY ]E
| oONn"0

ﬁlg(! as ent Y. 25 The cat al yst co

? p’P%Ys‘é%ﬂ “‘1" ‘ﬂ‘ﬁua?% SheHr2s §‘é‘§°nacaduﬂ¢mr@mhlte,zbut 1sWh| ch
pirsferably selectédfrém @he 6emore

tAdva X e%usly, |ft: ha(s) g%%ﬂ%xggar{gkﬁ%%?&{%%ﬂ%&cfﬁ
%?“08‘3 %n alping, alpminegliggtes,zironimor aerbisativns d:euhof;gumas a

mlhmrmt&%ahnd fitaig! nPte@éhedfs‘hﬁrPg;ar 1 3fu'a§ sitifd n9an Wﬁ é?f%é“en of

to.acetic acid produced co
titaniagnd sflica swRpEES-t i on wi t hout corrponent Z The addi tion

of coBRANRMerts, sﬁéﬁ'é‘sea%ntngﬁlm titanium and zirconium, may be present in

the catalyst composition of the present invention as a component of the support and/or
as component Y.

The catalyst composition of the present invention comprises a component, Z,
which is one or more of Ge, Sn and Pb. Preferably Z is Sn. Advantageously, it has been
found that the addition of component Z at the gram atom ratios according to the present
invention, alters the ratio of ethylene to acetic acid produced compared to an equivalent
catalyst composition without component Z. The addition of component Z reduces the
ratio of ethylene to acetic acid produced whilst retaining high overall selectivity to
ethylene and acetic qcid. Thus, by using the catalyst compositions of the present
invention, it is possible to produce a product st_rearﬁ comprising ethylene énd acetic acid

in an approximately 1:1 ratio, which may be subsequently used, without the need for the
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30 ratio of ethylene to acetic acid produced whil st
retaining high overall selectivity to ethylene and
acetic acid. Thus, by using the catal yst conpositions
of the present invention, it is possible to produce a
product stream conprising ethylene and acetic acid in
an approximately 1:1 ratio, which nmay be subsequently
sed, withoyt the need for the 4 further addition of
E’l’ﬁﬁ‘l aé*f%oa ﬁgﬂg}i‘%‘ﬁ aRd gestig aciilsin theeprodustiorc off imyl @etatenBY
forirgatelBY : 17, 33 RIdDeteiR b - ed helLein, s
?ggnt . prﬁoduct_ st reaﬁr??sﬁrh%{a?h%m%%%a |%‘J§f’5h gé\](e: oot
%FEP%I"‘?@O&W“@ iicbeeee 8i8nband 102: B:preferabilybeBvetn 0.9:1 and 1.1: 1.
pr ef ex adebyd Lgting we 1.1 1. A second.aspect .
of the pr eseﬁ,t_ iﬁﬂgggieigeg%m?gﬁgg’ ée;]atf" Do BIPEEL 0L the premprption
#%%EF?WOSIS%Pccardeuttaﬂ;cﬁrst@spupmﬂ thé praseatimoétiong t o
(goﬁgm*gﬁ@sﬁe pget of the present invention, conprising
the steps of. (a) formng a mxture conprising
mo(a) Heretingrp mixtwes domprising roblybdenum, ﬁdmpgeﬁqi,‘ ni_omamlglg s@poft!
a pr copponent and optjonally
tun g;t%&(g%r&? {)]r %J}@JSUO{%E fetsR gré‘i@p‘inﬁ?tz% AP ABHGoRly Wngsten s & o
f or msalutlen;ed solid material; and (c) calcining the
dr ] terial to, formithe catalyst conposition.
Thgs%:é?%{rh gmcq%ﬁﬁrt? ?ﬁrﬂd dﬁﬁﬁﬁ@@éﬂﬂ?ﬁ“\)hﬁﬁ’édi um niobium a
sufspealtinimgfthe drédd solid mated126 BB e dabyse eémpds@izponent Z,

and qptionally tungsten in a solution forned in step

(a) 3?6 F‘Wg"“?ég’ﬂﬁﬂs“g%‘ﬁ%Q’Pdeé‘f‘mtvﬁ’éadﬂrféwhlumm@ppWOmatc@l or

agirenrsopthipreb ComponkehtZ, BEA optfd S8R, t. .
defi goed, V\her_(g;tt ﬁi S i sébgéﬁc%ﬁg%lﬁen fogPe(%'ﬁleStep

revi ousl X 1
@a()?itl'efg‘fo d@éﬁ?ﬁb%fiﬂ_i‘q Ri?ﬁemSHY@Hm may hlso pomprisc@ fomthogor i si ng
compyried € Yy B3 prédibady dfined) 'v@gfel{m%iss%mohe tr('@Eht% rclataaLyt\st or a

recursor thereof, ‘conponent ptional Iy tdAgsten
cgrﬂﬁosbttﬁ"'r onal |y . conponent Y nmay be fornmed by m xing
CONPOuiBEE, (A6 Qtr ‘é&HiEH 1 the .20 netal s
with t he@support ‘rater; gi o?ﬁdgﬁg{é&ag%?lh{ﬁh%l?glgfn’ PPPgrt
mefgriah BF &PIseirgas thereofrempotent fif optibsallyrtadgtealahy optidnelly

it £ iy Sk PRI S R o of By

mpetadividh the seppogmateriabonpeccatsar teebf ihraoitide §0dveh0O0fhe solvent
. P IS Lntrod di th
18 ﬂrﬁfzﬁfa afer, hkeb% ﬁg}eyagg'etﬂé’l i e Iﬂﬁr:q éoZtrt{”cIé?% Ule{e];r ggving ae pH in

m xt uré In t ormo a _ _
theirengsifiom hep2apmfeydbtiafrem 206 8,01t § dtperaede 88 65 20° to 100°C.

oL VBB, o R AR B o A o
aremanipinesaltsmicly bosmoa e ihepemolyBlXd) 8k 6reafit deid\df B8lybdenum,
sulh lay gc%%rt]el'sl: hd 8)?&1']2%5{ %etk?ér compounds of molybdenum which may be used
include, for example, molybdenum oxides, molybdic acid and/or molybdenum
chlorides.

Preferably, the vanadium is introduced in to the mixture in the form of
ammonium salts, such as ammonium metavanadate or ammonium decavanadate, or
organic acids of vanadium, such as acetates and oialates. Other compounds of
vanadium Which may be used include, for example, és vanadium oxides aﬁd sulphates.

Preferably, the niobium is introduced in to the mixture in the form of ammonium

salts, such as ammonium niobium oxalate. Other compounds of niobium, such as

5
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Preferably, the vanadiumis introduced in to the

m xture in the formof ammoniumsalts, such as

amoni um et avanadat e or amoni um decavanadate, or 30
organi c acids of vanadium such as acetates and

oxal ates. O her conpounds of vanadi um whi ch may be
used include, for exanple, as vanadi um oxi des and

: 10 P I ni obi umi s i.ntrodyced in
bRfdos T o ubed, biferbly i v B an oSS o s
sathovilio avid icosimiler coeedinating cdtipoand wOMpesVREGIuBiity)i Obi um
such ' [ chlori.des, al so be used,
pr ef e?%bﬁ%gw crg@r%ﬁg@én & y\%le t“ﬁ“’a}ﬁceg%%%?m& of the mefal qomponents
a4 preformed supbent matnldiuchbs, figh RAAPIOUAGIHCE. SUEROAY omprising
a}ﬁl&%&rl td%ferélx_]hg sugﬁg[et. ]n%t erial maybe introduced to
the mxture ofr RE LS Ighgamels & migureof flagrgndsidica,
glappointroduded as anjxterd ONpraForntelsupor A tErial @ Suchiab bPormed
£ .por(is 9 rising 5 two or nore different support
rra{’)léraf’ prs- 0’%‘1 sé_}?é Pt matsialst dvlismetivaly;tahlenst oamef the support
Biafetigla is inti®YacOEnithY ol UEL&i13Sle ﬁrc%%&ﬂj.ﬁ&‘?&'f fob BXa; é)?]% Iiﬁ:dsi]ica

suggort materials, such as pre-forne I tania

PBrE0e Biradired in the Iormpb asilica spd oee silicastitamia Sepportmiaydiey,  at
in€@a&ice®HhOForinlt? a SHRRE L. kA So.bets b | n
the form of,oa sui t abl _g gE]r ggg{l@%§ﬁf E%ggl(safn?bfdgrg’ulggi%?oé,gel
RrAguced by Davicatd(rase-Dawisedduced in the formof a silica

so] iV &dndsohl ' he 10 introdyced
o ¢ psefeably, drfiohih 10 S URRA o TR lrd b B G
chi@teuerddssiatkioxide Spoxalnteyalt. Oghreo dermulintlyofBaiipGidnt Z which mag'

- i ref: conponent .S i ntroduc
He ds R ref, o] S LR e BIRORT b0 2, bR R e
tH1 Gogypotedsancladedingi1} oxaddte and@niresnivn WpoHneS stafinatn e ent

' - ed | nclude, for exanple, halides and
B ey QR SO o op B3R e i s S50 s,
stabHzed with tétragiethylantmanivnt hydrendiad. at e and anmoni um

hexa tannat e. St referably, tin, where used,

e SRR LR ot e Soad et pFiDE Hvertmminoram 2
comippunds tadthihing et dlélﬁdmtsti@?feﬁif% By §id40NRRE MmtiMA G 8Es of

qeggr al Ly, in sl elgd({],ap)é of the second aspect of the
SPIVE MRS TomparndiRI disnersiste any insplyblecompernda sapaig pravide a
dedifedeydri-atotn i€ PAthE SleRints inSBOLAAIDG c%&é}gggdng %e support

ngqlganii ties of 20 soluble nmetal CTonpo
TR PRRYTSR hersod BrYibe Birediesd atriy swignblesstage dpring nidng but

iCieroferadll @tradtcad Hfer E&tﬂrt%i)a%ftioﬁ Bfa RLTR Tk fhe !rﬁﬁl}gﬂagnum
catal yst conposition. The support material”or .’
VBTAd R, SERDIY RO PIGREY. AREoRa) tungster enil epttional gompérteab e

St aggheliyidabisThebirBfovel Hom s nf? ) ife PP a0uESd

after the preparation of T x%tg{eg’s'o '%{gié’r?%rla g’gﬁﬁ’m"
dwgaén form arinigd selif materinboBlem tirigt soifi material istthepgalchiRd &1fbrm
tHaRbhia ﬂé ReLeRhcaticad. 41 | vept is, then renoved

fr omg{g eonrq#xlt ur ee%)lfllxadt}oél I%Br,e?eﬁsogf R ‘?BX/E‘?BP%V-a
temperature of from 200 to 550°C, suitably in air or oxygen, for a period of from 1
minute to 24 hours.

| The support typically comprises at least about 20% and/or up to about 90% by

weight of the total weight of the catalyst composition. Preferably the support comprises
at least 40wt% of the total weight of the catalyst composition and/or up to 60wt% of the

total weight of the catalyst composition.
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drying, to forma dried solid material. This dried
solid, material is then calcined to form the catal yst
conposition. Calcination is preferably perforned by
heating to a tenperature of from 200 to 550C
suitably in air or oxygen, for a period of from1
ninute to 24 hours. 30 The support typically conprises

o.and/ t 0, about 90% by wei ght
of 1 hg’s% %@g%%“%??ﬁe Pipertinye I APerS b5 PR Rrpasss for the
Prceiﬁletrcabnlfycetuh acigd ampﬂhﬁlerfetﬁ‘ﬁﬂ{ a gRGous MixtuRADMpHSinE e/?hgﬁc and
BE*?%%@%&” Elh t he catal yst conposition and/or up
L %' ich pracegs c%p@s[e[f cqﬂtacfx he 3gs§p1}ssm1xture with a
cwigoolai dmygén céntdimingigdshit Elelva@ANGEperfhiretif fie ?1 &E&E&Qtof a catalyst
invention hergegl s praovided a process o

p?rg%%g‘(of’% o) idescHBsdd and et hyl ene from a gaseous
m xt umﬁafﬁ’@ﬁﬁ’ tHeSphghabEthpBR m& ¥ ch 960155'612 ALYl iy | H}Ilre? or

[ocess conpri.ses contactin gaseous

T‘ﬁe‘%\&lweeq{d?%’ OlgNRsA, TeeibaAng; qar hwg dga@dmd slaeey at thel form
bﬁiﬂ%ﬂf ahithendybelphBeR R BCEn ts2ficfe %{aglllﬁf %%reater than 5 volpme

osition as hereinbefore desetri Rane
B%F?%ﬂfa?ne@f e &y dragene easboniyeones i, CyCsalksibaatd aatehys
WHICE nd of nitro
netchar?glbgg%?e&t)n | oi?%%ﬂntshfgpgﬁtmé’ﬁe lesr§t Weg Y(gprmp ’Fe"t
st earﬁheml@nlamgbecmmgn Basimayrbej aiif orargasIAtter of orer in
o une erc t or one or nore
AR o RG] o AR L O, &1 aos otk B exaimple

%mgn@lbltedmthm:umhblnﬂyudne fqreesanple nitﬂbgé‘ﬂ n or anmounts, for
he nnlecular

examﬂ 1@ l'e? é&flh?%ed in a %gtﬁé{;:e? O}Hlonél eété)geqelaeqi]gye mylecular

q;rorgqneqcontammngdsewatbra(Btemm%sé @ cadithprol @fhe @c‘ﬂ@ém'lxt? to acetic
ag gen. A suitable gas may be, for exanple, oxygen
‘'uted with a suitable diluent, for exanple nitrogen.

It i ghp elefrmdtemipérarufeeﬁ@ suitz{bly?lﬁéiihtth@r@n%@ﬁ'&ﬁ had& s00°C,
%ragﬁ%? d;)\/t iﬁ@"cand t he nol ecul ar _
xyg Gh f gas, water (stean) because this can

i mpr Gheprekb&reﬁrﬁﬁﬁﬁﬁthbly by atin@spheRl brﬁsu égfngyspl%re?lgmi%g%ﬂi&fedm

era ture suitably be in e range
‘%‘o’d éf%?@%ﬁ@prfﬁeamij L W0BC. The pressure may
t H'Bé ro6és ¢ idi
oo O ED ARG Bl AL UEEP 85 eg blorocers,
PF‘%}%‘%I adlyidiggdped proqase process of the thir d as pect may
be aof)br%ﬁ% RRMitiBhs Ad olrdl ﬂgzr%gm?x aﬁsloccagﬁ 3? ?l?ecﬂggé%efpdle rcg ct))} l¥|e

a fluidised bed process era

iyiention ma e fownd lorﬁh@;iqzrbsaubmioe att,(fot éxampty TS Paemaes. af250,886.

Typically, using the catalyst compositions of the present mventmn, the

combined selectivity to acetic acid and ethylene is at least 70mol%, preferably at least
75 mol%, such as at least 80 mol%.

As used herein, sele_ctivity'refers to a percentage that reflects the amount of |
desired acetic acid product produced as compared to the total carbon in the products
formed :-

% selectivity = 100 * Moles of acetic acid produced/ S
wherein S = the molar acid-equivalent sum (carbon basis) of all carbon—containing

products, excluding the alkane in the effluent.
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invention may be found in the aforesaid prior art, for
exanpl e US Patent No. 4, 250,346. 25 Typically, using
the catal yst conpositions of the present invention,
t he conmbi ned selectivity to acetic acid and et hyl ene
is at least 70nol % preferably at least 75 nol% such
as at least 80 nol% As used herein, selectivity
refersg omf%glggzﬁcecpcta %hat re.flegt_s t he anpunt of
desired atetic ac] 85535% tRredustiop o Wnylasetats yhsreinthe frst step
tifhide pilationadethane (optiéaRy RitReMokese), B deqF rodt ic aci
%ﬁbgt%tlkr\{eiégr&n: 19?(')?8* I\ZEI )és of gcet)l C aci déagggﬁogg/eeecfc7ncsa(:ld

eref sredram the ethage axidafion step gt anAppEOKImale FACip O& etbplane to acetic
kaeidlio$ ) : 1@{ncattis is detPAmaRIThY BF SbseReRILstiSn opgégdiéjﬁkd’]a%d

7 I'n an integrated process

tgls.\,] al kape in the sffl uent.
f ePﬁgltBP&f&?Ef? BRduse inyhgaetatee et at e wherein the first
step HerfeliRQ fourttdabéc®in i ' Y i W
thyl ene). Tt is Abechitn f%%“&?%b H6EPV AR ol process
Qrﬁ%}/q REAGIctipmpd Yipd aettafe fremexdaskaus orixtet epmatisiggethane, and
3piinany SBY1End. dhich ppgcegstcg;r;#g&g_ to acetic acid of 1:1
since this is the'optimumratio for subsequent
fidsrntacting. o1 a fiest raaetiaagiote, aigaseBusahixyire semmisidy cthavigend t 0
BhR G in.a fourth aspect, the
pi? es eﬁytee i %{%éh %Vlﬂg Etng(}rl%\‘} 1a4e gr}] IR &P elgygtgigglper@we n
ths@rasensd o€ & Fasalyssfcomposjtionas berainbefbroalts @ibg@ fARLEICT M KT €
kS ..and ..optionall t hyl ene, which
B&%E@éa?g“ﬁ%{r‘?‘ gglg:ac |°)a°1c§l&ﬁ{l ?S\tg{’]]fe’hfeg%n‘fn a first reaction
40 ﬁ?@taﬁllnaa eoGBnAToiore00qaplohst b PErtRhIOARAI cthMncléhd at least a
. Y e, W a ecul ar '

g‘%}%‘gg@é 8ﬁ€°§f°na?éhd§§°d3§m%f"sw@3§e SEraesie ? rolacalar oxyeethe
pbsEng gasaf lavatal einpehufAiBR DrdsbRd ofS chSh& RIS the
gg&crﬁl)rpce)gvhtl)g Ertotdutce 0% first product stream =

onpr i sPng™ A& & ' EFF S eemd\Aredst stigam compyising vinyl
genteact i ng, in a second reaction zone, at |east a,
porti,lglg of g,ai d.ethylene and at |east a portion of
sai d dE8F9°RY KRFP 708518 theprgduption of vl ecetate mephe avfiéd ted

et el 1 fpreferiElg A ﬂhﬁiiﬁem@}e%&? gas at el evated
tenperature in the presence of a catalyst suitable for
the ToFG¥ReRifesH tothespoopt resetianzzone map bprmduiteble osygennd
PhatiE gas tahe GRAVIY 5 &2 i . ate.. Th econd
Beaqti ogn zgnzﬂ?’or th}te pz{rﬁgod\ééa %/lgﬁhegg Fé/?oﬁg/rlm_glc?getcglf’?xﬁﬁ?}’
then air- rJuitalely.heisasmeaychewy gratdilinted pyithfacsuitily didueht, tordk anple,
@8keh 8REINQr carbl id@X ed to.the second reactjian
zons may be “any’ ;sirﬁlgltdg'b F‘%ﬁga}’%%sg?““é ghPYe Rf‘Yﬁj’“d%%sf’g %t:li‘e
arigendesd ably be air or a gas richer or poorer in

mol eqyl g 8&9& Ntream preferably comprises acetic acid and ethylene in an

.approximately 1:1 ratio.

In one embodiment the first product stream may be fed directly to the second
reaction zone. In this embodiment, the ethylene and acetic acid are co-fed to the second
reaction zone.

_Alternatively, the first product stream may be treated, e.g. by conventional’
separation, to produce an ethylene-containing stream and an aceﬁc acid containing
stream from said product stream, and said ethylene and acetic acid containing streams

may be fed separately to the second reaction zone. In particular, the ethylene-

8



10

15

20

25

30

than air. Suitably, the gas may be oxygen diluted with
a suitable diluent, for exanple, nitrogen, argon or
carbon di oxide. Preferably essentially pure oxygen is
used as the oxygen feed. 25 The first product stream
preferably conprises acetic acid and ethylene in an
.approximately 1:1 ratio. In one enbodi nent the first

Rbed e fed directly to the second

r eactﬁiﬁgns %{)ﬁ%?ﬁr}{? ‘?Sles? hé'ﬂ“ﬂ%ﬂﬁ b ,“a{]}ﬁé‘“étfm Yrieayemprise
dhwldne ape ik tere evithont ethmbre of ARrog & ARthand, @ARLG, Rikbbh ibxide
304 AhlfinNad k’)}z[glo){st the first product stream rg% e
treated, e.g. by convemqbmarsof hydiaemCsln olofios praikimese
an et Rifleertbe srootdaiendting z64die @ MuRANREd B 2580 fe Q&Jng acid may be
q:ﬂ'{;btdﬁéeﬁ'iﬁlgth stream I.r 051 sai d product stream an ST
ethyl ene and ‘Gtetit &t Sor@cﬂﬁf‘hY%P\ﬂfgfom-r W thewegorlareaction
fzomt is eﬁaechﬂiedlryactdﬁ tl:teh@he%%@t‘iméilcf i€ gfétférﬁﬁy 1711%8110&&1 Enag? the reactor

‘?r?\yatiﬁr? ar, the ethylene 8 contalning strea
comgPl &%t hyl ene in substantially pure formor may

conpr Tiseeprodichiot 6M8nyAScciardl  Lh.Qpe or more of
ni t rogen, . nmet hane, }gt %age,ﬂgé;%cg%%& r&a%l:g)%] 4e'> H%’ R rout in
P iiutded pestrisacder, mexauitably borperated amr températiysii 616 200 10064,

Ol . W | ti
B Vg H R R S0 o} 1° 2 510" e bemt o6 o),

PreferaddhuG A0 ttlch % HO¥ Paangeqs td 15 barfubsBediAly™ 21099 1.2 x 10° pa
IS a

f.grm .Where the second reacti on Zone
gﬁggytgelgb?@ct or then the acetic acid is preferably

i nt r Citalpsts kriowinGn tHeQrt fBAGE Podudtidn bARAYS R -
cti.on of acet atg{ilrl} the sg on Qﬁ?@\%@%ﬁedmthe

ro i nyl
%S%Hgi,urewg% ZEr }ﬂb@% Calysts aetiva far|thg pipdstiomefivingacétate which
mayybessused A s6cdifd rORALAL ure fr 00 to
409% . 1%%qr of or abl 1%"?&tg°g‘fgggg§ﬁ°g%§an5§%sc§ﬁwéé&? 105
qegeripeg iny éé%é%ig‘ésy 31833820 d ERr V672958 ftteer cmbnteyits &f whik are
lieeeb ifvorpotddddl Rareftpdnge (6 to 15 Barg), especially 7 X
105@11].2 x 106 Pa gauge (7 to 12 barg). Catalysts
kno >t Ocglescribey a eatelysh acstie dori theproparmtionydf vaehate by
thepéadin W By S; tion,zone.. Thus, .

at al ysts el e S SR G R ER T S Ssinge Seentiatipor
(W <atrlyst sipresy hisdng i pattiéln diamstec ofiorh 836 ¥ infth addorB®Yume of

fFRPL | e tal yst I bed B1 -
ERIPLASES gl e TURTR Rl B G RbG65 s8R Emaonpen v o

PRHen 3 &rte 9.00@) alpyllddiimo gpid nHo el stpute@ ey SR8e 158 of 1259
B3I BeSuB SHAL 3L ACtLY e, LOr, Lhe, pr eparall of of
smg.od, tan dalbdingein, the Ay baing byesént @ORSARSUnPEF £5H ¢ th 3! gfams
prf litre of catalyst, and the gold being present in an amount of from 0.5 to 2.25 grams
per litre of catalyst, and (3) from 5 to 60 grams per litre of catalyét of alkali metal
acetate.

US 5,185,308 describes a shell impregnated catalyst active for the production of
vinyl acetate from ethylene, acetic acid and an OXygen containing gas, the catalyst
consisting essentially of: (1) a catalyst support having a particle diameter from about 3
to about 7 mm and a pore volume of 0.2 to 1.5 ml per gram, (2) palladium aﬁd gold
distributed in the outermost 1.0 mm thick layer of the catalyst support particles, and

(3) from about 3.5 to about 9.5% by weight of potassium acetate wherein the gold to

9
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20 (1) a catalyst support having a particle dianeter
of from3 to 7 mmand a pore volune of fromO0.2 to
1.5 mM/g, a 10% by wei ght water suspension of the
catal yst support having a pHfrom3.0 to 9.0, (2) a
pal | adiumgold alloy distributed in a surface |ayer of
the catal yst support the surface | ayer extending
omthe surface of the support, the

gﬁ:fdh} han.gg. g. s 5 A

aF Wiertrat i sayd caiplysis inghpraaget6 td h2an amount  of

f r om EPBA-067285DdegErdies t

téfm k’d hei n dfsesen%) a?gﬁg{]cog%x{ﬁ[%&tagﬁg a%d%t?lré)r?p&rat‘o“ for
5%?%8 541%‘“3']68?5??%0{3%95% catalyst, and (3) from5 to

60 gra;ra‘e - tHelchi 0 alk

?: % U 5 efSé‘E]%gjgltgﬂég)lrr%%&s J“C V"ﬁyﬂ%iﬂg’%%?f‘é’ﬂlses a
104D YAk metal; § Gatalyss Proméerpndnmmmm c@-fpron\ﬁtﬁ‘y WiaeRbAEto the

Gy vaid n axygen cont ai ni ng
b el e R S SRR i o
g’ﬁ@&? palladiamyH phlotidey bodiura Onmtfissmh&etﬁﬂcﬂlﬂﬁip@lladﬁfeogj) about

a2P al 2t

o e OB AT oo

StRbeferrdde metahmayrbe priessht inaycgﬁceﬁfrattdﬂ%f gﬁ%& 3k 09 W&lght
t t 9

ﬁ@fe“dbﬁj ﬁ?atermsossl(/ﬁﬁ?, 5’80 l?aéeqL/J\‘llPQP 6ta v?qxglt ggcpa@plys@ ’Qhe metal

‘i?aFt?nérdilQnmwebegalsﬂ]xghaaMO%,lHyvs@gh@I catalyst is in the
rangg, 0672453 descri bes pal | adi um

co )dnt a| ni ntéonctgg%?fﬂ’ metah diercaghyspwitable G tlﬁemroductxon of
iyl iacktate thap eainptisa ¥ IpraasRératsg t he
&gﬁﬁloy%xu%w %\abl fp gr t he pllrt%PJ?Jlél}sc?t&l§l gﬁﬁc;?é?ﬁ&r@? Cii

conpri ses Lﬁap‘\#elr‘ie REometer lseg%t%lht}bhe splromlifgbld
mmue@olmuorﬂe,abuaamowaaﬁ@mamw 12@ ‘&‘ag*r‘ﬁﬁ?yl gold

et al the preferre

VI
Td%:it? glbﬁm%‘ﬁ?aé’é"ée ?ffgoﬂfh?qc‘aﬁfr e piefast ed geldmafdpatlﬂldélﬁ'H(Alub)‘;
o etad eHayi B o o
e ot R A RN
ﬁ% dost al)ff‘f(ll) nitrate or palladium(l1) sul phate.
The R4 @k e ! :
e @& alﬁﬂ%lt@lﬂe Pd'rQEee;%decH riaotC o ggqtégfnlg? lesg %%Eﬁg%%-

than 02%by wei ght pre erapt
Qi imptRriah 2Satable perpromtens inalailgGtoupfl, GRLANY Bhibadil€or

trﬂﬁlitﬁd & e. as_hi h as 10% by wei ght.
o IS TSR O, Ol pe ot shdumeminarons
Ay And/of lﬂﬂth@m,pvbchjm presenoin thy fifivhedRe@HRE & sTRY . B

@e S Suitabl e pronoters include go
’ &malt %@%rfeﬁ%ﬁ& ran‘%&%ﬁsségmt"ﬁ acefqtg rE?eéiOerrgloter is

Prﬁfe?’?bt I@f esensin gl odtal}@tmc{r]mblﬁoﬁ ﬁlthrc%ﬁ&ngfat(ug]HOAA%) ﬂé 7 5@0@1 de

& chl_or gaur 0| c aci u

wl\lgAu\é,E%ll‘ﬂ%{Aﬂ%eEr& ﬂ@’t% ? P byageighat e, bari um
acet\ghere atiguidncejocid deeatiahsed thEhee f

prSr%BP d i S }%I?ugm The pr om)?)erfarrlrregl %Fée%g‘ag‘%l &pcPesent
I'n- an U Ot 0¥ Wﬁlﬁm@e@e‘flﬁl}’ﬁ)ﬁ/&b%ﬁ%e Vtere nhn atiés

introduced in the vapour phase the co-promoter salt is preferably present in a

concentration up to 11 wt%.

The catalyst suitable for the production of vinyl acetate may be a supported
catalyst. Suitable catalyst supports include porous silica, alumina, silica/alumina,
titania, silica/titania or zirconia. In particular for use in a fluidised bed process, the

support is preferably silica, and, suitably, the support may have a pore volume from 0.2
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finished catal yst. The catal yst suitable for the
production of vinyl acetate may al so conprise a co- 20
pronoter nmaterial. Suitable co-pronoters include G oup
I, Goup Il, lanthanide or transition netals, for
exanpl e cadm um barium potassium sodium manganese,

anti nony, and/or |anthanum which are present in the
d catal gcetate salt. The

t [t .
TAE T R A NN LA

wapnmnuteensit)sofqose,f]eggjﬁ{ly present in the catalyst
conmpasi tio cncentratlon of 0.1 to 15% by 25

wei gh ecff‘tag'étt Syt T O RSrREO e baneefatityy acqta’ce)ma)lbd: prepdredlyy any
il inethéfie Fér Gaallnbﬁlﬂﬂléjca@a‘l"y%t fo? th%%;'rcgduc n Sv%rfy acegat%Ba¥ Be

f trat
r x %Qﬁ?fgﬂ@%&%ggﬁg‘iﬁdgﬁ% 5}067%463 5.5% Were the aC| d
= sty G NS R

salt is preferabl resent 1n a
cppcepfrations of ﬂhﬂe@wafeﬂgo thestdoal k@cﬁmzmae}lgmdn&htrmbn%f

athyRbe (BCRLAhS fPYRE, hg teh Qeegbgd tq'the %f%né‘{eafsﬁjolﬁltaz%gel: ©

catal yst supports inc ude por
apNimizg the sglettivaty to vinylaacktate. Si I i ca/t| tania or zirconia.

I'n PyeLiAW, Ao cpl%eng?tlon € Fﬁg %gﬁgq%gg P{agtcl:qerff;ne Esha?

support 15’ prefera
leaghiomel “rmy thedatal faeqao e S‘éﬁinuﬁ‘&cﬁérpien@fﬁeflgbfyo aﬁeag}z%
5 oar , rface area o
n?(? g’r‘ng]o rgffelagfrg'%?g 68ﬁ"°§2’p SaHEAY, tha gorcairation of Qﬂfylftmeas up
(0 85 o gfmbxotarrfehdaathalsy&hd $éabﬁ&140io%e fﬂ?éfextaﬁlguﬁrt&g#ﬁéé Meast
repare an
"%%J/"EX%?—L ﬁ% ﬁb?se‘yfeﬁét égd’ﬂcﬁ%fgﬁoﬂél%t he production of

Vi nyProacatoatoevmyacb@te RERAEN §kthyIdhel
AShahl &yl B A Q072453 Advant e RRUCE 8 grvgen i
cafeegito theyinyl acetas re?ﬁwervpmcnses lat Ighst 60 mol% is

dexonbefdnh ERI09851650A1,8hdWdnBRAR hidhetk ﬁ elh E—f‘cﬁfﬂ%&?@ y

reaction zone. Hi gh concentrations
€GPSt er than 50 ol % of the total feed) f ed to the

e iG ect
\S/ IGﬁ Sllﬂ daat{:og? gfhg&ﬂ 1?6>%Dgts | z{rm:ﬁ El%ﬁltﬂlpd?el% géﬁ% ?11,3%/ { I;?ptdxpum ratio

for pp tegmated prgeass for e pge@@hm ofetind bomatzone i s at | east

50 NMBYys® to the second reaction

zone, “Bfﬁég‘féart%gﬁ ﬂé\&ghfoég)gg] B SRR oY ?)‘F‘e eytized in an
méqgrqt@agpceg@fonﬁne%o@gmxmﬂemyl sdemtcconcent rat i on of

eth | % 0of the total feed tq the

s ecgjrl1 e?el{'lagtﬁ |Hg ﬁSpeo hgé presee‘}t rfvﬁfﬁ'%? PrPYjdesm intggrgied grocess for
the emdvcnos@fmvpmeme&fbmm kaeosusiinaScoMprisiigethand aHg! % t 0

015%‘3&5%% ]el“%tefé nggg?sgggﬁgns\éi%lenafﬁt ate Dy redction of
@ contactmo in a first reaction zone; a gaseous mixture comprising ethane, and
optionally ethylene, with a molecular OXygen-containing gas at elevated temperature in
the presence of a catalyst composition as hereinbefore described to produce a first
product stream comprising acetic acid and ethylene, and-

(ii) contacting, in a second reaction zone, at least a portion of said ethylene and at least a
portion of said acetic acid from said first product stream, and optionally water, at
elevated temperature in the presence of a catalyst suitable for the production of ethyl

acetate, to produce a second product stream comprising ethyl acetate.
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whi ch the conbined feed to the vinyl acetate reaction
conprises at |least 60 nol%is described in EP 0985
657 A, the contents of which are herein incorporated
by reference. Aratio of ethylene to acetic acid of
approximately 1:1 is also the optimnumratio 20 for an
i ntegrated process for the production of ethyl

acet ate, e‘ghu . thhe cattal%st conposition of the present
i nvent 1 of ey~ al 90 “he 1ok 1Pf Produrtion ofethyliagetalgimeyd 2 fixed bed

praooebst if pieferdbly picidised bedReRforet Nyl acetate. Hence, in
a fi ftl.g g@pec%‘% the present invention provides an

i nt egr At 84" Prowtdrapgyreteraply cpmprsss a¢edin acifl and tiylene in an
apmbeitately DInrAiogaseous m xture conprising et hane, and

25 optionally ethylene, which process conprises: (i)
cont act s gmbpdimgniithe fxst predust stsamanayehe fed giadlp tsthe second
Peakiof 2n6. Ok ShBSHIBEANE l.onalq.y, ethyl epe,
with a nolecul ar oxXygen- cgtrl%?l gll%n?nﬁg%né% Cgltg%foegétt%gw second
B %Pfire in the presence of a catal yst conposition
as heARLARRER! B & ' roduce a first r oduct
stream corrpr&si ﬁg%gg{gtd ?cgg%%ﬁ%dl%%gﬂ té?aﬁe\?ll’ &BdY Cézﬂgeﬂ@enal
fAPRIAUED iR Brediaegn elbilene-setomidg stean dndan 2656 acidlcohtBRily 2

[ . ' ne_and. | east ;a _portion of
ARl i i B Bl Y R o B i 138 i e i i
Bisems may by fﬁﬂi@bmrqtelfito theberoad %ldctto?libﬂ ﬁh l}&ﬁl@icglﬁr, h{beethﬂ?ne-

.yst, sui t.able for the production’o
g{nhiayﬁfiﬂg %&*"8 5?‘8;: °%%"§“%er%‘%i‘/ﬁ?f’§ in, subS{apHAMY PHEHQER OEMAK semprise
thirtpre as amyx@tehyith amet aios: of bitropes, MHAERA8 bikHa CaHRA d
Jn(arwg € %(}ducttj ?n of ethyl acetate may be a fixe ed
react or but s prafer g g mere physragse “lefinstop alkarise
firsrefeuatiycin tad fikiaaspe of €5 pRLA GRBRIISES ARELiAGE
K qlenetfh&/tl epe LN an .approxi mat el% 1:1 ratio. T8 She
eitbodi Pe Rt T e raston 2ona iiat leasty0amel fapf the tatedeed to the
seéand aédction fonkNReB@BIONA leabteBGh ' i o
enbogﬂ' gngr%k:t ﬁe eﬁlhgl ene and a}g‘gﬁ) %g{cgﬁgﬁgl%gt_qoeraollﬁo
the s@ PER I et f05 the praducdomeriethyd heetate ey be nsetl in the
FIfhoEpet ofthé FrRBESIBY LY ion® anventional .
ietg‘ pkiabt ?on, p_l?o spr otdugrg?%lﬁﬁgt ﬂ]'er(%gt-a] oérétagﬁlvﬁi ﬂrgtﬁngpfogg?ﬂm
4 gy Aretateathich mey e usedhinghewenend reditiod pemmdyr @mpsiaé, dor

ekadhSib, RRBPYGE dSLHGAT EBNLoSAl hyLene and. acetic
_aci % confggi ning str earErs?wngi“%lkl)gQ?%ed%ggeBgrogf”gfc@ argherghy
Incemorricd kyreferanfe-zone. I n particul ar, the ethyl ene-

cont 8pIN.06heibE& BABY rd se ethylene_in .

substantial |y pﬁﬁéﬁsﬁpfﬂ%g‘% fcr’rratge RGARHo8 of estgrhby esaefingsing
Phrality plereogitorh se np inoveriesy pthylefie, Prdpy g€ 6 mbirEARGco B AR,
s&ahRA Qli]gﬁaf% Ulj-%4 mono-carboxylic acid in the presence of a heteropolyacid’
catalyst.

The present invention will now be further illustrated by reference to the

following Examples.
CATALYST PREPARATION
Comparative Catalyst A

Moy.00Vo.529Nbo 12405 (=Mogo sV33Nb; 5 Oy on silica

The following three solutions were prepared:

Solution A: 214 g of ammonium heptamolybdate was dissolved in 250 g of water at
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and water in the formof steamor one or nore of
hydrogen, C3/C4 ol efins or alkanes. 15 Preferably, in
the fifth aspect of the present invention, the
concentration of ethylene fed to the second reaction
zone is at |least 50 nol %of the total feed to the
second reaction zone, preferably, at |east 55 nol %

3 bly at | east 60 nol % Catal ysts known in
Fﬁgﬁgﬁgg%gﬁgthe production of ethyl acetate may be

used SelutidneB: 75igf dfamampret mefvini@a@HacERsd R 726 :gg)éavgelr ina

1§ Lnvention. t sts active for the p

B3 Bk i Ratef 40l T Ammgmines menadata i hossomplitely
diesdte. on zone may conprise, for exanple, catalysts as
descr l}etd I n EP-A-0926126, the contents of which are
her eby® U r7g§r°£1a@8105‘ymﬂ§?l§\dfémelateI’Z\ﬁsAdd}QZ@lEGg of water in

al6giterista@fiesd stpél BeB&PardWeatkt M) 43pEIUCLT RN ters.b
ipa plurality of&rga%tstglr%r%l%{w{ﬁ%m?ﬁmlm}{es.

react , ]
seri ei?'&@ﬂrfgw%?e%éalyn@ma and aliiwetlyo digest AEB0EOfordot h a
Abhuses! BolaticdA &ak Blraki pono-carboxylic.acid in
t he pr eserljce of a hedtiéeégo%fohl%ha{g@r’wg“ﬁﬁgfaf/ ns %ffgris
Bioutes gt mediwededton will now be further illustrated by
ref erg3p | anmpl es TALYST = |
PREPARA%E" giq’f%{‘cp)igacsoofrl.rgba*lr]‘g{’tv%i 1\% lgg’f’%@ff‘%?ddﬁgﬁ’ the stirred mixture.
ok et St Ul 168,
A: 514 g%lggﬁrhmﬁliﬁgorﬁpﬁag p W\é\@%ﬂs]@ affgicthesalutinnmeas i n
bpgwgepizd. \Watayrdrag cohaitiéﬁﬁém ahfcmbwgzg égﬂ%]et 28l gltghepo§90°c
; ARl um, et padate was added to g o
lﬁgigﬁi%ﬁ_a %@#FF5F°€§§w@r and heated to 80C. The
amo he patatpst avapasitiohevas calcingd inGa Yo} 1, 5GS R Vatic®
m3h @%&Qegf 74 % of ammn?lumlr?i obi um ?)g?tg?g%v\glsasg%laed
tog go?of/\e/a ir in a 6-liter stainless steel beaker
and WhateatitDsphdyGiried catallyst BMPBELM 0] ' 3
Ngom WEhan & was,. add dct o]y;ol u?igotrll Bﬁagﬁ O&ﬁ?glv\(g#o?%m
otra st e Vgdeilicgrand @t anominalgnetadoadingms Sp%wfshe thahcatalyst
waglied to the m xture, which was then stirred for 15

i putes at medi um heat. 10 638 grans of silica sol
%Y—ségmml) was then added to the stirred m xture.

The chthllyEtB MRS shHNP Q&mn%le%g?)'g)s/igign gso(gonrq?arlgtlfvg rCatalyst A, but

appr o |matel,¥ 2 mnutes.
with the er addition of tin at a gram atom ratio of 0.33.

The catalyst composition was prepared as described for Catalyst A, but Sn02

sol, stabilized with tetramethylammonium hydroxide was used as the tin source.

Catalyst C

Catalyst C has a similar nominal composition as Catalyst B, except that
approximately half of the tin was replaced by titanium, to give a catalyst with a nominal
composition comprising tin and titanium each at a gram atom ratio of 0.165.

The catalyst composition was prepared as described for Catalyst A, but SnO2
sol, stabilized with tetramethylammonium hydroxide was used as the tin source and
titanium isopropoxide was used as the titanium source,

Catalyst D
Catalyst D has a similar nominal composition as Catalyst B, but was supported
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drying was done in a mni-Nro spray-drier imediately
after the solution was honogeni zed. Spray drying
conditions were as follows: an inlet tenperature of
290C inlet and an outlet tenperature of 138C. 15 The
catal yst conposition was calcined in air for 3 hours
at 375C in a static nuffle furnace before use. The

'Oﬁ§l§1htc%1 gg‘n%%{léla/ dri ed catal yst conposition has a

om na "on Md60. 5V32Nb7.50x on silica, and
at a Wmatvdﬂ'st m@'ﬂtlbﬂ’@d* Pepatd é@é&@fbe&hﬁda&?ﬁ B, except that
%%H%Hé’q?a eiﬁ% I ﬁ‘ﬁ Cat al yst B Cat al yst

AP 258w HEPPled &saiVFPrbﬁvawswﬁmsapmwmmcabgm sifica
beltusedin ifataly3eBf ur t her addition of tin at a gram atom

@{ i!o gf 0.33. The catal yst conposition was prepared
i bed for Catalyst A but Sn02 sol, stabilized

W th ¢giva |s R xi:de used.as the tin
sour Ge. ZS%a?élsyst Fébdég%ﬁ%ﬂ@? Egh%sl@}‘&%% P’gtrwq’?éﬁ*?ﬂﬁ’étfzd

B’bﬁﬁ%ﬁeloéﬂﬂ‘a%m’ééﬂkﬁwlwlaswmtsept that ~approxi mat eI y
hal f Bfe by ;tit.an

cat al glsetc %ﬁ}sido%pﬁrgﬁﬁ;%\ggﬁ n%loaé R ?cgﬁ Ac%’%? g‘ﬁ%’ elXF"rPt that
2irfé 4130 & Ae-aehsuprdied Ay Davigrmeamd aabon 4184011 Osilida 501, 16550: M itio

wak ks was prepared as descri bed for
Cat al yst 5 %At%l 852 30 so], stabilized with

i um hydr oxi de was used as the tin

sour 0. um [ so r opoxi. de s used as the

ti ta;(%' ﬁ:i soutra%:éeg ﬂgE%ﬂ%nfé aplysha, bt gyithitheyfurther
addmonalchmrgnmanomamSot@Gﬁl yst B, but was suerorted
13 o3 silica-titania support. The cataly

conposr £ at?)ll’{ SLERTP R Yas o §“’8 @8 descpbsd beGat@aﬁtaﬁ \put titBpium
igopregiide Inant useBiad theditfhm sowese: gel  suppl i ed by Davi son,
m,gsﬁ%ggqt . support in place of the silica so]
i B. 5 Catalyst E Catalyst E has a
si m [Taée ca’tﬂmtﬁ&hpoﬁﬁﬁp%ﬂettés%al i3 feddidlived chtopﬁHdey\ﬂg
| ica and S|f|ca titanra

. ort.e n‘gxture of si
gﬁ‘ﬁﬁ%f}stlg 1c OE%ﬁc F3ralyst imths Jebles belowas prepared as
d es C (Hbs & Hauts Sepdtr@hv Sdel Bsel@&?ﬁﬁ& at =
-9el suppl i ed by Davi son an 1\%#‘@0 Sﬂ%ﬁme‘?%cng
cgrb\fe S191}, ACUC™ aggtic agid,§/a = ethylene/acetic acid ratio)

The catalyst to be used for testing was sieved to obtain a specific particle size
distribution (psd) of 70% 230/325 mesh (50/50), 25% pans (fines) and 5% greater than
170 mesh.

The catalyst (10g) and an inert diluent with the samé particle size distribution (St
Gobain SA 539 alpha alumina, 43g, dehsity 1.27g/ml) were added into a 40 cc fluidised

bed reactor..

The reactions were typically performed at temperatures between 280°C and
320°C and at a reaction pressure of 16 barg. Ethane, ethylene (to mimic a recycle of
ethylene), nitrogen and oxygen mixture was fed to the reactor using Brooks Mass Flow
Controllers. Water was added by vaporisation and mixing with these feed gases prior to
the reaction zone.

The volatile reactor effluent was sampled and analyzed by gas liquid

chromatography whereas water and acetic acid were condensed and analyzed by gas

14
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10 were used as support materials. Conparative
Catalyst F Catalyst F has a simlar nom nal
conposition as Catalyst A but with the further
addition of Ti at a gramatomratio of 0.33. The
catal yst conposition was prepared as described for
Catal yst A but titanium 15 isopropoxi de was used as
t ﬁdtchﬂoﬁﬁ'démp . YST TESTI NG The cat al yst
c 2 Mposi t i R ?E&?Eas‘% gé*tﬁmgefﬁg‘m WisBenifoed bycneing
thegaecople.  conditions indicated for each catal yst in
mﬁm‘g?;}}vg%a@ﬁ! % (HCS = Hours on stream Sel =
Selecrtl ) = Space-Tine Yield, Conv = 20
Ryn Conditions (Peedimot %) acetic acid, e/a =
thyfiggeageticsaei-t+ati-o)—The catalyst to be used
for l?ggti nd weX T TotalFlow [ GHSv, Getspeathi| cHEArft il N,
size distr]ibaCi on (migAh Of RO R307-325—mesh—(56(5)
d teatp

L
25% pans—(firesr—and—5%-gr r than! '170 nesh. The
)

'ta1|\g/st (1IGg) and an inert diluent Wyith the sgne

part1-é2 e sijze28% s{ri BRI on| 3300 [250.69D3] B O 96%I ;;5‘@5

Al UBEag, 43U s@ens i —2Aekai—mer e added Pt a 407
fluidised 3@ed reactor.| PR ([c8R0i[089 Wb | 65 |235

typPedPl y per¥dr npd 462t enpered Ur 6o BEE WEEN5 §80Cs 8535
320 1apd al ogFeactT ptessyretef 16 barg _FEthane -
ethylene (fo mini aupzecv | &Y [ Q%1 BRe , 5fi t|r 6§en23.5
and oxygen m xture was fed to the reactor using Brooks
R&aRks Fl ow 30 Controllers. Water was added by
onor'%ginn and m xing with these feed gases prior to
HQS LMaxi[ofek dne. THe vol &T¥1[e readtor eConumnt Wa$ efa
sanpl edTand anal yzed jby gas |ijqui d {[chrgmat ogr aphy
Wi oSt Lc laci d jwere gondgnsed and
%@ vized tﬁb'as, CPHC | | GRx | Cathar] Aretiod Gty . C;ee |r @act or
bed tlenpernat’ir ¢ wWis - rfopg tjor ed Dy a noviTg
[tEr Tosggt Conppr-ati-y-g EC?L%L\/QI“ A_Run Condi tli ons
(Feed nol |95 HOoS Max | Tt 2F FI o8 GHS ¢2r65 C21- 48 20
¢p4%q 3@ i Bfi h B0L- 221249 7467 FP0U|6H U 5P 5068 5571

487 | 311 | 60 30 10 | 98 105 | 40 8 85 | 2.0
71-92 | 317 | 60 29 10 | 107 | 111 4 9 93 | 2.1

These results show that the Comparative Catalyst A, which contains no
component Z, produces ethylene and acetic acid with good overall selectivity, but at a
high ratio of ethylene to acetic acid (¢/a) of approximately 2:1.

Catalyst B

Run Conditions (Feed mol %)

HOS Max T Total Flow GHSV CZHg CZH4 Hzo 0, l Nz
°C ml/min h™
1-24 295 462 3200 | 60.0 | 5.0 5.0 6.5 | 235
25-47 - 309 462 3200 | 60.0 | 5.0 5.0 6.5 [ 235
49-70 280 462 3200 | 60.0 | 5.0 5.0 6.5 235

15



24-48 302 462 3200 60.0 5.0 5.0 6.5 23.5 49-70 311
462 3200 60.0 5.0 5.0 6.5 23.5 71-92 317 462 3200
60.0 5.0 5.0 6r5 23.5 5 Results HOS Max Sel STY Conv
%ela T Avg C CZH4 Acetic COX CZH4 Acetic C OX C21-16
02 % % % 1-22 289 62 29 10 54 53 21 5 48 2.2 24-48
302 61 30 10 77 81 30 7 68 2.1 49-70 311 60 30 10 98
’&AI¢0 8 85 2.0 71-92 317 60 29 10 107 11.1 4 9 93
2.1 These results show that the Conparative Catalyst
A, which contains no. conponent Z, produces ethyl ene

sel ect VIR AV ut_at :

a C with JUUU T—S€ D
Zﬁégo ﬁﬁdgh ?ﬂ. o of efhyl (=‘n$g?; b acet] c a¢i d’"(’e/? a) of| efa
approki matlely 2: 1. Catal yst B Run Condi tjons (Feg¢ed nol

PRGOS x| G AT Atetll DB BT PRESIPHiGHPO 08 N

A-r-h—h— 105 4621 320

25-47] 309 46é 520({ 60| 0%5/0 5.0 6.5 23.5| 49-70|280

4624 3p@9560.40 5. 045. 0 685|237 5 85 ResgiTs 16 ng( 10

o) n VA n/ a Al C C 4 Acettic O C 24

L3 né& r M )1“32 455 4927 58 B7 33 3b B 1610
70

#9530 b3ay-| 3015 737 pides 108052 8495 M40 1957070

ala 40 lan Z on 2 A 61
280414316 T OoUZ 4—49 110

These results show that the Catalyst B, which contains tin as component Z, produces
ethylene and acetic acid with good overall selectivity and at a ratio of ethylene to acetic
acid of approximately 1:1. Hence, addition of Sn to the catalyst composition has
allowed the ratio of ethylene to acetic acid to be réduced, whilst maintaining high
overall selectivity, compared to the Comparative Catalyst A. -

Catalyst C
Run Conditions (Feed mol %)

HOS Max T [ Total Flow [ GHSY | C,H, | C;H, | H;0 | O, | N,
°C ml/min h™ .
2-29 277 _ 462 3200 | 60.0 | 5.0 5.0 6.5 1235
30-51 296 462 3200 | 60.0 | 5.0 5.0 6.5 {235
. 63-73 325 462 3200 | 60.0 | 5.0 5.0 6.5 | 23.5
Results
HOS | Max | Sel _ STY Conv % ela

AVg °C C2H4 Acetic COx C2H4 Acetic COX C,H; 0,
% % %

2-29 | 277 | 42 42 16 | 21 45 18 3 34 | 1.0
30-51 | 296 | 43 39 19 | 36 70 35 5 57 | 141
53-73 | 325 | 40 39 21 50 102 63 7 93 | 1.0
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These results show that the Catalyst B, which contains
tin as conponent Z, produces 5 ethylene and acetic
acid with good overall selectivity and at a ratio of
ethylene to acetic acid of approximately 1:1. Hence,
addition of Sn to the catalyst conposition has

allowed the ratio of ethylene to acetic acid to be

i nt.aini i Il selectivity,
CCpe KAl Sho ML AL Suerall, el sctivi1y
Rtan1u@oasai compngent Femd‘mak etﬂ@leﬂﬁd N@éﬁc-gm-ﬁ%xttﬂ gdoll gg\é gngV

o min h 2-29 277 462 32
M it e 8 lenc b aliig anmrpvismbty 56 Bioseed
Bdditic. & SAAnd Ti ©3he &tﬁ%ccﬂﬁ%m@&g Qas@@lo@zeé th% r?ﬂoc?f%?i&%g’ to°
STY. Cony % e

%‘*ﬁf F"éé &'ﬁﬁ%ﬁiﬁd Rﬁ@f‘i ‘Ea*@@n"@&lm%%l%lzctz@yzampa@d 4@the
Compdatiee Cafaldta4 1.0 30-51 296 43 39 19 36 70 35 5 57

: 53-73 325 0 39 21 50 102 63 7 93 1.0 16 These
i@é@ﬁ?ﬁ show that the Catal yst C, which contains tin

Riin CofiPidiafs ezdaﬂmggtltanlun1as a conponent Y,

produces et! \/I ene nnrl acetic acid with good overall
sel BOS v t faxX Ay [aTotal Flaw| (GH$Ve=tChbll; E0gH b bgme o, Tcux:;
h 1 nn r\ n

of approxi ey Tniimiderc e atdi-t-on SA—and

t o yf?ern nnelt"on h;% alll oned the|rati¢ of

et hyl enejto 5 adgetic ap!c tp be_redJced vvhllfitjn .
nal Inn ovgsal TS CUT=QIaY5 © e :
ot ve s ﬁ?’ a5 y<~t5¥)L‘:3l L Cordif | hd | 243
(Fe¥e ol AP7HOg Ned2r Tt B9OF| RG HSW0 (2HB9 CPHI3 F2A2 3
225257 M3 n [h 1582285 4380389 55950 P24~ P &3 243
A3
Results

HOS | Max | Sel STY Conv % ela

T
AVg °C CzH4 Acetic COX CzH4 Acetic CO, C,H¢ 0,
% % %

15 285 18 61 22 18 130 49 3 45 | 0.3
19-21 | 297 20 57 23 28 168 72 4 |l 62 | 04
25-37 | 315 23 53 24 | 48 234 114 5- 92 | 05

These results show that the Catalyst D, which contains tin as component Z and
Ti as part of the support, produces ethylene and acetic acid with good overall selectmty
but at a ratio of ethylene to acetic acid of less than 1:1. Hence, addition of Sn and Ti to
the catalyst composition has allowed the ratio of ethylene to acetic acid to be reduced,
whilst maintaining high overall selectivity, compared to the Comparative Catalyst A.

Catalyst E
Run Conditions (Feed mol %)
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19-21 297 432 3190 59.5 4.9 6.3 24.3 25-37 315 432
3190 59.5, 0 4.9 6.3 24.3 10 Results HOS Max Sel STY
Cony %e/la T Avg C CA 4 Acetic CO, CH4 Acetic CO,,
CZHs 02 15 285 18 61 22 18 130 49 3 45 0.3 19-21 297
20 57 23 28 168 72 4 62 0.4 25-37 315 23 533 24 48
234 1 4 5, 2 -0.5 These results show that the Catal yst

D, h N as—conponent 7 and _Ti as part
of tyltlwlde)zs;suppor’fl )r%gﬁggé*’ ,%VenGZ"decz!rbetHao aC|Q1|: Wi Nh
gqod overjal | °Gel ectmvminy Py af a rjattTojof—ethytene
t g—acett+g—actd—of—tess—t 1: 1l Hence, additilon off Sn
and Ti _tqg 15 thejcatal yst{conpogitidgn hag all gwed the
b 221 let B9Bens t oaceT[ GTabTE0D BT TS 57 153
BB sTTHT TTgdE T N TG OV g = v ]
to—the Cdnparative 6tgal 531%) P I§-’s1t E4Run 6.7 |23.3
Conditions (Feed mol %9 20 17 HOS Max T Total FIow
Rk C2H6 C2H4A H20 02 N2 C mi/min h 2-24 293 463 31
60.0 5.1 4.9 6.7 23.3 25-45 315 463 3190 60.0 5.1

4HOS% . ['M2g| 3SelResul t's [HOS [Ny Pel” ISTY COTRGnhk TE 1 ofa
Avg C|C3H4| Acet]jc CO |CZH4 Acelic COK C2kHoe 02 2-24
293 28 51 P1 25196 -43 4 68 0. 25-45 315 32 47 21 |42

b
180967 & 9pCeHi7| Reetic | CO5YIAH, shomtict NeD, | heC, gt al got
E, WA Ch cpngaims ;1 M| ag gonpofie 5—F—as—pat
t hé_ _supbort nrnduL es_et hyl ene angd acgtic acid with
At

nt
Tl

Z1 Aand
Zaht
n

684 hvioral 128l edi vit3f |b@d ht % r htddo of ®thyTeaq 05
ta%-45c 1316 hc3d [of 47€SE Z'ﬂT%ﬂﬂ‘I Wllu noreh=t-e—af—Sa—
t+-o—thelcatalyst conposit ?on ?37 al | o%ed t%ge 0.7

T
altd 1 O L A

ratio of ethylene to aceti c acid to be reduced,
These results show that the Catalyst E, which contains tin as component Z and

5 Tias part of the support, produces ethylene and acetic acid with good overall selectivity
but at a ratio of ethylene to acetic acid of less than 1:1. Hence, addition of Sn and Ti to
the catalyst composition has allowed the ratio of ethylene to acetic acid to be reduced,
whilst maintaining high overall selectivity, compared to the Comparative Catalyst A.

Catalzst F
‘10 Run Conditions (Feed mol %)

- HOS Max T Total Flow GHSV C.H¢ C.H4 H,0 0, N,
°C ml/min h
0-194 310-320 428 3200 | 60.2 | 5.0 5.0 6.5 |23.3
Results
HOS | Max | Sel STY Conv ela
T %

AVg °C CzH4 Acetic CO, CZH4 Acetic COx Csz Oz
% % %

176- | 320 | 6 60 | 33 | 8 | 165 [ 100 5 | 100 |01
194 '
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whi | st mai ntai ning high overall selectivity, conpared
to the Conparative Catalyst A Catalyst F '10 Run
Conditions (Feed mol % HOS Max T Total Flow GHSV C2H6
CHA RO N2 Cm/mn h 0-194 310-320 428 3200
60.2 5.0 5.0 6.5 23.3 Results HOS Max Sel STY Conv
efla T % Avg C E21- 14 AceticCO CAAcetic COX C2H6

100 1 194 18
e L

- wily$t comperzentisut tb¢sant compaie 8 Gréd 1Y pisthl Gﬁ@&&%&@&onﬁ’ﬁi&nuy

t conprise a G oup 14 nmet al produces
predomnantly acetic acid. Conparison of Catalysts B,

D an C\CCEnlsinrsmoﬁMIydtm el £ sWsQhat Hhe eﬁ’iﬁltﬁ)ﬁro'f TPls ;}apt of the

| so i.nfl uences the ratio of

316’8?‘9@‘0 SQ Inthyenges, the cattg o r}ef?aﬂﬁa? rwntlcomctmpachgx s c D and
E wi tConkpasibenef Catdystsd D gt
Mt | atnggs, he efagsz(;:t of Ti a%gg;}? gé’lv?g}\lmaqnl&ldea;gﬂmongf%and“

fngg&ﬁ %eé gctiof Thalgns, alloyingthe gatiyeof etlyildne rt@abctlo acid to be
appedw dPpiRinfadly}:1. 10 15 20 25 30 19 Caims: 1.
A cat al yst corrp05|t| on for the oxidation of ethane,

and optionally ethylene, to acetic acid and ethyl ene,
whi ch catal yst conposition conprises (i) a support,
and (ii), in conbination with oxygen, the elenents
nol ybdenum vanadi um and ni obi um optionally tungsten
and a conponent Z, which is one or nore netals of

G oup 14 of the
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5 Periodic Table of Elenents; wherein a, b, c, d and e
represent the gramatomratios of the elenents M, W
Z, V and Nb respectively, such that : 0<ab1;0:5 b<l
anda+b=1; 0.05 < c <_ 2; 0<d52;and 10 O<e51. 2. A
catal yst conposition according to claim1l wherein
0.0l<a <1, 0.1 c52, 0.1<d52, 0.01l<e<l. 3. A
catal yst conposition according to claim2 wherein 0.1
< d50.5 4. Acatalyst conposition according to
claim2 or claim3 wherein 0.015 e:5 0.6. 15 5. A
catal yst conposition according to any one of the
preceding clains wherein Z is Sn. 6. A catalyst
conmposition according to any one of the preceding
clainms wherein the catalyst conposition conprises a
further conponent, Y, which is one or nore elenents
selected fromthe group consisting of. C, Wi, Ta, B
A, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, 20 Rh, Ir, Cu, Ag,
Fe, Ru, Gs, K Rb, GCs, My, Ca, Sr, Ba, N, P, Sh, Si,
T, U Re, Te, La, Au, Ti, H, Zr and Pd. 7. A
catal yst conposition according to claim6 wherein Y is
selected fromthe 20 group consisting of Bi, Ca, Ce,
Cu, K, P, Sb, La, H, Zr, Ti and Te. 8. A catalyst
%%ﬁ%%sition according to claim7 wherein Y is selected
rom j " -cat al . conmosi.tian
 Coor st colpiceh forthe GiGALELY Shart TR ctyiens oo
aseftfpsid aridethydepe ovltneptal st cdrapasition whrnprises (ysuppes, 484 (ji), in
: ' S onent Y. Ti. 11. A
BRI PED xRN SERen SRaSRIPER Trplumend e bt 7
apgonddly\imepsien andva canpopers Zewhich s ahe@t atvrarhetals of Gréup 14, of the
el : 5 2. .12. A.catal yst conposition _
PARSEE TRl o Elemini wiidin r B fand Sre8oen: e Bgatomgatos of
the Jermnerts Mo, B #p¥sind Nonespeativelgj sugh that any one of t he
precedi ng,cl ai n ich _catal yst conposition is
substanti%fﬁf£ﬂ§€§?ﬁ?6Pdﬁ3&H='nd/or pal | adium 14. A
cat al yst qggpqgiiion according to any one of clains 1
to 13 wherein the support conprises at |east one

met al oxi @€ dsidpodt .

0<ex<l.

2. A catalyst compbsition according to claim 1 wherein 0.01< a < 1,0.1<c<2,

0.1< d<2, 00l<e<l.

3. A catalyst composition according to claim 2 wherein 0.1 < d < 0.5.

4. A catalyst composition according to claim 2 or claim 3 wherein 0.01 <e < 0.6.

5. A catalyst composition according to any one of the preceding claims wherein Z
is Sn.

6. A catalyst composition according to any one of the preceding claims wherein the

catalyst composition comprises a further component, Y, which is one or more elements
selected from the group consisting of: Cr, Mn, Ta, B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co,
Rhb, Ir, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Ni, P, Sb, Si, T1, U, Re, 'Te, La,
Au, Ti, Hf, Zr and Pd.

7. A catalyst composition according to claim 6 wherein Y is selected from the
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15. A catal yst conposition according to claim 14
wherein the netal oxide support is 15 selected from
silica, titania, titanosilicates, alum na,

alum nosilicates, zirconia and mxtures thereof. 16.
A catal yst conposition according to claim15 wherein
the nmetal oxide support is selected fromsilica,

j | ia.and Xt ur silica and titania. 17. A
%}gﬁxg%%s%s%% 1&?4‘%”8&3%& dPrlgn 86 Zinli a8Adecl aims | to
83 wharcatalystich@ipssitiiaictordid td Qaith TRRsOMI YR s§19&?r9frﬁrg HOTi

Q“ncf:%t al yst conposition according to any one o
pre Tedi ng clains in which the support conprises from

Bbout A 26taWkt YoinPostibnwbedbr@ihg t\ailnd Fherdifyofdtrjof the
g tal yst . composition. 19. A catal ysf conposition

cor{iFHalyH §OmPesitian pscafgiag ta ghaimhlewkiok pampriseoSmpandsfasther
ecﬁﬁprfsegggé&nﬂbﬁg{pttygﬂﬁo wt % of the total weight of the
gat al yst conposition. 20. A catalyst conposition
k corAir#gyst sompgsitionacesrdingite apy eveaf aajms 7a6 i whereishy ¢h
. 0. U tifaniumand zirconiumis
%%Sggleﬁt% %nqtgtﬁglq%%%g@eﬁ%ﬁkgs{ Zta conmponent of the
Blppok tatalpd bampdaition abgoediego caimAb-wirdd 00823 4. the
Py epay ati on of a catal yst conposition according to any
Gne dt CAHPSLENBPISINOR atfoFfngioanenaws thtprepedingsdaims which
oyt beRsosiibe issuBimtaly ddvaid drebliB@ofpdTialiut ©
1g"gnprl Si qgﬁlmjl ybdenum vanadi um nioblum a support
t er't QALK comppsiion pcsrding teaap pre ofohpionéte 1 ¥whemid the

SupparoEtadridestad RAS RO me I @(iéé)éugf,é'rﬁni _(b) drying the

m xture to forma dried solid material; and 21 (c)

al ¢ i“nfatalyst pronpesitien aererding tostaim il d whereirf the metahexide support is
cRERH 1ol sPRANASL ki i cess. according to

Sc_I ai m 19 in which t}gd? gsﬁh%ge)s’ %’?‘?’%’eﬁun&’g%ﬁ‘f%ﬁsm onia and
REEStesieofy as defined in any one of clains 6 to 9.

183. A RtPEE 608 SHc0Qi i m 21 wherein the ,
&t Iy R Dt S T Sheatithpral Sice suoport i
speged Semailicatiinippnde nukmrawAficaknd tianiat he sol uti on has

12 pPHaQE ;i?y{&m% \I\ﬁé A praocess accordin o, any one of
12 & s afe{ G iTicepelS BBLo st 1213 gpbide soppon
yan@r-txade wppgt.ecur sor thereof is added to a pre-fornmed
181 Xt yr f. ol bﬁenu vanadi um ni obi um conponent Z,
St i DA SPHREP R A o s phaeseecips clgmas which
thersuppascongeietsdtdngationt Z0myt99 BEI0K 16 bAthETotA Iveldht 8Pthe catalyst
wherein the drying process of step (b) isa
comPosmo& :
Spray-dfyi ng process.
19. A catalyst composition according to claim 18 wherein the support comprises
from 40 wt% to 60 wt% of the total weight of the catalyst composition.
20. A catalyst composition according to any one of the preceding claims in which at
least one of aluminium, titanium and zirconium is present in the composition as a
component of the support and/or as component Y.,
21. A process for the preparation of a catalyst composition according to any one of
the preceding claims which process comprises the steps of:
(a) forming a mixture comprising rrio]ybdenum, vanadium, niobium, a support
material or a precursor thereof, component Z, and optionally tungsten in a solution;

(b) drying the mixture to form a dried solid material; and

21



10

15

20

25

30

27. A process according to any one of clains 21 to 26
wherein the calcining is carried out by heating the
dried solid material to a tenperature of 200 to 550 C
in air or oxygen for 1 mnute to 24 hours. 15 28. A
process for the production of acetic acid and ethyl ene
froma gaseous m xture conprising ethane, and

optlon Ien whi ch process conprises
f)acéfﬂﬁ%g ed SP d patesal to dorm theeata]ust eerpositiont ur e

m th @pmkmwo&rmgwm mmvgffcﬂ uag gagiaimi c algd

Tg1rature in the presence yst conpost tion
neRtees definedip apphencyrf clims oL to 20 or as

WJ epak prbchi¥ 28H0YdI Y8 cQaflmg_ll ?ﬁ‘}hg% 113\#11 }n?xrgre 1%%911ed9 ds oausglutlon in

process according to cl ase
WR%E ur e conpri ses ethane and ethylene 30. A process

%lp g 8 rgl ?{ebgg% thcg)g ag”tb %ﬁu K %Jh@llglﬁxetﬁf so]%fw?nl&s ?)P%%ig do3.
&t _c or/tPregess accardingan ennoneaifaiams 2Btot2d “aﬁrexm@rseapqa)aﬁ@t ic
b Afbyal o) pREHO S Ea LR RS e e oybdemum,
‘tﬁna(ilWﬂBIllﬁbvhmr mmpohém Zy a;ttioﬁaloﬁngatéﬁfahd?olﬂiéhﬂ coRpbidayene

t he rocess

S
38 orpBSs ARGk By nela? afirgs icfors WhoreliBF drsie precess of
%épe(b}aisedprayﬂm;abwse isin the range 200 to 500 C 30
3 rocess %ccord (9 é’? one of clains 28 to 33
vvher OPRRAGPIGEIBLL apssone F‘aé’iﬁs 2140126 Atherginthe sdeipingiin
dah&dfoaﬂ'gﬁhdﬂﬁnglthé Qnépsohaha%al t’%a%rﬂﬁe? e%‘f’ﬁgff £l ﬁg b(%n air or

one_of clainms 28 to wherel n the catal yst
Q¥ TPh1 M PIAROBS. 2 flxed bed or a fl uidi sed bed.

22 36, clai ms 28
55 anrSRs R R praseRhtrathat Bole B0ficR 5 & eioftmishiye
CemRyisiag ethane, apd apHenp{ly ?tbly}mh%hl@l?proo@sqo:rompesss @orotiel ing

rbRti6h @dn@tﬁe%amﬁg Eﬁ{t‘urte t&i}h%"rﬁ&l@én ar%gy%%ﬁt o }.ﬁgrga‘sj‘ﬁglel%/ﬁ@d

| east 75 nol % Focess as
teppesatage ias the srqs@cs vf 3 q:atwﬂt cdbmlmsntioaas tlamqﬂdﬁ tuhOShe® claithel

t&8EL; r@%lag ion of the ethylene is
cont aa% e gqs)gcon %?aenéi% t7 zone with a nol ecul ar
28xy gérprowsi st aniling tgelaimes whmauecgamnmmm c6mpiisel BiBlane

aH&@tﬁ? ce of a catalyst suitable for the production of
Vi ny Acetate to produce vinyl acetate. 39. A process

38s cAgironesh ceordingtawlfh 180r\ohie RO ACRhicE wafek f aWdPresent as a
RHYG0R,AT © Produced

31. A process according to any one of claims 28 to 30 wherein acetic acid and
ethylene are produced in a ratio in the range 0.8 :1 to 1.2 1.

32. A process according to claim 31 wherein the ratio of acetic acid to ethylene is in
therange 0.9:1to 1.1: 1.

33." A process according to any one of claims 28 to 32 wherein the elevated
temperature is in the range 200 to 500° C

34. A process according to any one of claims 28 to 33 wherein the process is carried
out at a pressure in the range of 1 to 50 bar

35. A process according to any one of claims 28 to 34 wherein the catalyst is used in
the form of a fixed bed or a fluidised bed.
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10 in aratio in the range 0.8 :1to 1.2 : 1 and which
are- contacted in a second reaction zone wth a

nol ecul ar oxygen-cont ai ni ng gas at el evated
tenperature in the presence of a catalyst suitable
for the production of vinyl acetate to produce vinyl
acetate. 40. A process according to claim38 or claim

in the s d reaction zone is a fluidised
o "+ BAE DR 5T O SPootaiama s 1 Waweh femnyrsdngeaihity

63 @efiBacl@aidettBTerk s AMMaSIVORho1)caSt @ portion of  the
ot aacid gﬁa,at | east a(bd}tion of the ethylene is

2 ﬁ: Ia PERFessfccprding iy fdpimelotieenin the ovesalhvkeldstinitynslaeleat 35

@meygen- contai ning gas at elevated tenperature in the
resence of a catalyst suitable for the production of

§§-hy| A REQSESH1aE Claigned ip amtencof biyimsa8a0 AT o wHizh atdedat Opdtion of

R ongon b b8 B A P roeion
zopervgthya molecular axygentronthininpazas atrelevate cbmiparaturs 8CBB Bresence of
AR R R L TR SN R
3%i t abprcéssns ¢lhigep iroclaiot 28in wiiicheicktd aciiC@H 3tH§1ene are produced
RIQ9HE R fd Mée A RYS 12a5nd w?ﬁ?chza?e' contacted in a second reaction zone
with a molecular oxygen-containing gas at elevated temperature in the presence of a
catalyst suitable for the production of Viﬂy] acetate to produce vinyl acetate.

40. A process according to claim 38 or claim 39 wherein the second reaction zone is
a fluidised bed reactor.

41. A process as claimed in any one of claims 28 to 37 in which at least a portion of
the acetic acid and at least a portion of the ethylene is contacted in a second reaction
zone with a molecular oxygen-containing gas at elevated temperature in the presence of
a catalyst suitable for the production of ethyl acetate to i)rodﬁce ethyl acetate.

42.  Aprocess as claimed in claim 28 in which acetic 'acid and ethylene are produced
in a ratio in the range 0.8 :1to 1.2 : 1-and which are contacted in a second reaction zone

with a molecular oxygen-containing gas at elevated temperature in the presence of a

catalyst suitable for the production of ethyl acetate to produce ethyl acetate.
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