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WD 2004/ 108277 PCT/ GB2004/ 001813 CATALYST COWPCSI TI ON

AND PROCESS FOR THE SELECTI VE OXI DATI ON OF ETHANE
WQ\DIAD2ETHYLENE TO ACETI C ACI D The present i nRenGBoI04/001813

relates to a catal yst conposition for the selective

oxi dation of ethane to acetic acid and/or for the

sel ective oxidation of ethylene to acetic acid, and

to a process for the production of acetic acid

utilizing the aforesaid catal yst conposition. 5

Cat al yst conpositions conprising nol ybdenum vanadi um

and niobiumin 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

10 ethyl ene and' acetic acid in a gas phase reaction,

at a tenperature of |ess than about 550C using as a

catalyst a conp03|t|on conpr|3|ng t he elenents

ATAENSTH CRMPOSITION AR FROCH SSHEOR YEH¥HY
ﬁrox OfETh: R e IE‘“ C
Pb Th@fpres@ht in®érition kklafd 4 9 E:atblystaﬂﬂlpo@ftﬁ)h%ﬁthle)éelgbuvece
and/or U ais 1, bis 0.05to 0 and c is

oxidapign f ethanels) apetic amd perd/aisfor thy, semlﬁe @ﬁéatmrmﬁ eélavlﬁrrﬁetp acetic
R R e A B

comjposidugi ng acetic acid from ethane, ethylene or
m xt ures thereqof and oxygen at high tenperatyre . in the
pr &Y compasitipny %ﬂ%ﬂ%ﬁﬁlééii?qué‘h VABRAHY PRSI o
|
"%Eﬁ R Yo EEE Ry il HRERTEOCrR o loiof BY ekl obid 1 he
oxidativr vfikthefic &8)d/dd ethytene #20khown 2t the Zrt, fra@al, foBexanGde, 09,

2355546, - Adpasie, o 5Bosgandfe 15 4251 204 (ana

a= ]U S Pailn{390 14 151) M disclGses i ckidaive deRlrfgenatibn P&haf to
1. 1 WO 2004/ 108277 PCI/ GB2004/ 001813 * German pat ent

ethydgrs! andaapctmnacmtlnggasaﬂlamamons e atiemperagirg of lags fhap about
ition i

55 098 6131"_1% asa cﬁangrfsg? 8?}p9051téon_coinpr}§m_g tée Sgglfn% Auly Clgﬁ%enugx 9( and Y

in tkb rhtib OVid, 0, anehéten R id Or, MA) N R, TaahndEér WO ﬁﬂ@‘p‘te‘fdrﬁtﬂ? Mn,
of both WD 99/ 20592 and DE 19630832 require the

Nb,p¥ es#EocW; of ipBi,|GeeCantu, Fe, K, Mg, Ni, P, Pb, b, Si, Sn, Tl and/or U, and
preferably Sb, Ce and/or U,ais 1,bis0.05to 1.0 andcis 0 to‘2, and preferably 0.05 to

1.0, with the proviso 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, Te aﬁd 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, K, Rb, Cs, Mg, Ca, Sr, Ba,
Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U and a=1, b=0.0001 t0 0.01,c=0.4to 1 and d
—0.005t01. | |
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EP- A- 1043064 di scl oses a catal yst conposition for the

oxi dation of ethane to ethylene and/or acetic acid
w@ea40082fDr t he oxidati on of ethyl ene to aceti BCHGBR004/001813

whi ch conprises in conbination with oxygen the

el enments nol ybdenum vanadi um niobium and gold in
t h@emmgepetentcﬂpppaatmdbﬁ iP@3e 88didgelatesithe semgarrqat@é)rst

d\beYs
compfifOh il £ doPeat DA b logh olis Rl AT PR oot o
0.5,6"= 0.Mhe 10and d&0t81.0Al , Ga, In, Pt, Zn Cd, Bl, Ce,

Co, Rh, Ir, Cu, Ag, Fe, Ru, OGs, K Rb, Cs . Ca,
Sr gatapyst cquppospjions reqpgre the
i cupbondt b reagion i todfbsadapge o

pres%ﬂ?e&?all?dluﬁ d, e and f represent the gram atom

e eI enents such that .: 0 <a<_1; 0 < b
< TEPaAdi(@366bdisclbsesleatalyst compositidn for 02 oxidatronyf ethane to
<e<l; and 0<f < 2. The

d deve .
othyleReANJAF aegiifsid Tcer P oR T a5e ot Sosfih g hidh
con?a?ﬂéﬁﬁ C%Wﬂaﬁeﬁ \X;l @ﬁ%@ﬁ ﬁle%@érﬁedfé &Bl%ﬁeﬁhrﬁ 8}apieditM, hbbblum

acetic acid “which noble retals such as
andagotil muhméﬁdncrecnfpaﬁadisenhcc&drrwtpshm@hymcaltfonasl,an ow been

f.ou sing a catal yst conposition 20
M%‘%w% ﬂﬁ ferI bdenum vanadi um ni obi um-and titani um

whérélnop{ming%ﬁ' e WichRnR6¥RERd frofd thaneod endistifE BF! €®/n, Ta,
may be oxidized to acetic acid with increased

Ti, BeAb gia, i, 1By, bZle ChBetGCe GoeRY, hF@lﬂ:tlh%rFr?oRé; OptKh3lk, Grebie, Ca,
s, BRCBSHRONRODRS, 45 A HE ARt PR MO g e

gra@GRdrh Satsiof t d18meERE se@dnseloeh kvi; toy< b t<q gidwiterel; RF <c<
Accordingly, in a first aspect, t he pr esent i nventi on

0.0prloviddel Oe< eatlglagd < £arposi ti on for the oxi dati on of
et hane and/or et hyl gne to acetic ac

| ¢ R CORRSti (2 08\t & EAHE M oD RoRg guidainpof

eth&cQHBRL SthiyRin¥ Bl %Hﬁ@amdv\@l'ﬂﬁﬂl' H @ble&ﬁ\ﬁ@' tdiceitdadid hdinUfhich
according'to the enpirical formula :© MaWTi cVcNbeYf

nobld ne@ snblenePd atyd Ay nepdnerbensed el enents sel ected from

the ]%Rgsqgﬂconﬁl Sti | ffomﬂqa}yhﬁjgggcaépg&%p%%&' n
congt;hsu%smolvgderfﬁ% V@ﬁadlulﬁamozihm difd tlthihlurrﬂ;n donbifltion Siith oxygen

Re, Te, La, Au and Pd; 2 WD 2004/108277
ethpepndize othal e peyPe exidiged o, acgtic acidmathringrepsed Selsetivifydo

aceg <%€1 Q.iig'ug[r%{gﬁéfg??hgg B%%?g@‘@%%% &s?r‘f@th‘é I@Qfalyst Qorﬁp itions of
the present invention, to achieve a high selectivity to acetic acid with reduced selectivity
to ethylene. V

Accordingly, in a first aspect, the present invention provides a catalyst
composition for the oxidation of ethane and/or ethylene to acetic acid, which
composition comprises in combination with oxygen the elements molybdenum,
vanadium, niobium and titanium according to the empirical formula :
Mo, W, Ti.VaNb. Y @
wherein Y is one or more elements selected from the group consisting of : Cr, Mn, Ta,
B, Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr,
Ba, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, T, U, Re, Te, La, Au and Pd;
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O<d<_2; 5 O<e<_l;and O0O_<f < 2. Catalyst conpositions
errbraced W thin the formula (1) include:-

woawhds2ecVdNbeYf MoaTi cVdNbeYf 10 MoaWh Ti ¢ VAMNDEGB2004/001813
MbaTi cVdNbe Preferably a > 0.01. Preferably, d > 0.1.
Preferably, e > 0.01. Preferabl '

a, b,y df @anghf igprepent tl th@glam at@n éqttms&é?tllye elﬁment@ S@ch that :
Prefera e ,_|s sel ected fromthe
group c@nsn s:{i’ﬂ\ghb 1 X de 15 Cu, K, P, Sh, La
and Te. O't')lge<@at2al yst conp03|t| ons accord| ng to the
present Invention conprise a titanium conponent .
Advant afeodisly hi gh selectivities to acetic acid can
be achi eved using the catalyst conpositions of the
present Oim&&dé a¥h in which the catal yst conposition
has a 23Q tantial absence of noble netals. In one
enbodi ment € catal yst conpositions according to the
Pr €8st compadifions ensrecedutigiiatie fathylaqbundlddef nobl e
nmetal s, such as Pd and/or Au. A second aspect of the
present MawWbdid\albe¥i ates to a process for the

prepar a tHe catal yst conpositions according to
the firs &1 \P&\{bg‘f t he present invention, 25

conpri siMgWJE . $MNRs of: (a) formng a mxture
conpri siMr[]g | ybdenum vanadi um ni obium titanium
opti onal S’/JE en and optionally Y, in a solution;

(b i L m h
)c})r%j{a{alb% c!ag)llhgﬁt&%h%ob;f :ae;dé)slo cfg{ ?grl g}b?oﬁi?geﬁéﬁl he
0.5. cpﬁeeérarcﬂy fCoOPOS Prdferably3 0< 8i8. tabl y the mxture
conpri si ng_nol ybdenum vanadi um niobium titaniu
opthrefieablyy Yo ovligs pssscaints sslseted dem {heererny cansistipg ﬁﬁBl 532, Ce,

OMPH ds and/or conpl exes of each of the
C“’né?asg ]lgan a S%I tabl e solvent. -The solvent is

pr efteroablyst v@hpssitichs\Aer28ng/id Gt dseRGH GRROCOMGHE8 23
and nost preferably the mxture is a solution in water
tital g GO i n the range from 1

Advantageously high selectivities to acetic acid can be achieved using the
catalyst compositions of the present invention in which the catalyst composition has a
substantial absence of noble metals.

In one embodiment the catalyst compositions according to the present invention
are substantially devoid of noble metals, such as Pd and/or Au.

A second aspect of the present invention relates to a process for the preparation
of the catalyst compositions according to the first aspect of the present invention,
comprising the steps of:

(a) forming a mixture comprising molybdenum, vanadium, niobium, titanium,
optionally tungsten and optionally Y, in a solution;

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

(c) calcining the dried solid material to form the catalyst composition.

Suitably the mixture comprising molybdenum, vanadium, niobium, titanium,
optionally tungsten and optionally Y may be formed by mixing compounds aﬁd/or

complexes of each of the metals in a suitable solvent. The solvent is preferably water,
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to 12, preferably from2 to 8, at a tenperature of
from20 to 100C. Preferably, the nolybdenumis

WO piogook2ced in to the mxture in the formof BOTGBRWAN01813
salts such as anmmoni um hept anol ybdate, or organic
aci ds of nolybdenum 5 such as acetates and oxal at es.

and Gloleprefetabbpthedsixafre sl sobdemumwalirdavingya i inighe dange from 1

| ncl ud or .ex | e, nol ybdepum oxj.de | ybdi id

to 1 R BB TSR ankt raPIaaE of BPByF dong0 e vanadi um
| S PrdftraBRUER AN IPbdAubd I8 inttodubéEinitd thdWRixt@eTh e form of
ammoni um sal ts, “such as amrmoni um net avanadat e or

amnzoniwn isalts ek av amadaiven heptamalybdate,aiosganit xdoef molybdenum,
vanadi um__such_as tates d r

suctl B altend P s PGR At REs AV AAETm Fhftfmay pejpsed

incleded fRleRample, MdRdAEMTH 0XiddE Snalvisdis ttifhat/es molybdenum
Preferably, the niobiumis introduced in to the

chlogid@$.ure -in the form of amonium salts, such as

o oo : _ - >
STROAT AR GO 5 A1 SRR B ket o
ammorgiiarsald, yudoaspinaredum ihétavmadata batmmoaiubd decavbmadate, or

acid.or siml.ar coordinatin 0 und to inpro
oreai g girigna P e @ﬁ_y,cetftﬁ%%ﬂc ?’gfﬂ?ﬁm%&%%aﬁ@ﬁﬁfg%oft he
Van%ﬁﬁéﬁlf\b’lﬁ{:h &fﬁ%@ %h(fduigeluﬂa TSI A6 viiadit @xTleX hiMd Sulplhtes.

ormor a 'SO [e or rea_ct Ive pr ecur.sor, such as a
halBreferabty, ekuabidm is intmdecqst infte theghixture e thei form jof aumonium

conponent of. t he cat al osSi ti I S L.nt.rod d. t
salf RS AP QPN O PECERA R SR e BoTsdt bl difsas
niotilth@RldHAel, SR ARPYS GRd, FofeRdMeE@hp¥xed WathAh kb, of

c_ongoun_ds contaning the el ements 1s prepared by
carlpixyHonaifl aysigilkef cedrdinatingieompaund 4o gPEFE seINbilEB mpounds

and, di sper si any [ nhsol C as .

or SRS SR LR RO eSS Bl Proed o

the ftetufedib ahe/form of@PRSId draBactiVB @redotsvERuCh & 4 Bathlean afkoride.
the m xture by drying, preferably by spray- drying, to
Moreqrgiceabliy, ithastitgnimbcanapamentnf thergtalyghcoagpogigop é Wﬁpalﬂqeélto

o AR MDA A5 oy SO ot o

t enpareedllyr theahixfure of @GfpdundSeaRinsigithableynents iaprepaned by
. oxygen, _for A I inute to.24 h .
AT o Rt bk B Bl
cor&&up&s% 415 PRR@&J £8esited oRMRBRK Ao oPuid ABhEntS UPPRIchElyst

I'nclude silfca, alumna,” titania, titanosilicates,
conziositoni The s@@etiis rennoved diropi the naimtirerby tupiag posferapty kif spray-

nore thereof, preferab silica...Titanium. €.
dryB‘lgeg’etlﬁfm iarﬁfr) igds E’Efﬁ 8’5"%‘3&3{‘ ? Sa‘%%ﬁétsokg Wg@# ?Sotﬁg% 8%15"15% to,form
the GMBRNQMpRftichh€aleRhby flprefeRABRASIfor@B8d B hefengSteRpor t

and "as a conponent of the support itself, such as a
tempetaane af fram 200 to 550°C, suitably in air or oxygen, for a period of from 1
minute to 24 hours. ’

The catalyst composition of the present invention may be used unsupported or

supported. Suitable supports include silica, alumina, titania, titanosilicates, zirconia,
silicon carbide and mixtures of two or more thereof, preferably silica. Titanium may be

present in a supported catalyst composition both as a component of the catalyst

composition on the support, and as a component of the support itself, such as a titania
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WD 2004/ 108277 PCT/ GB2004/ 001813 support or as part
of a support conprising titanium for exanple as part
w@hooa/1662%e2d support conprising both titania apd/eBRiogao1s13
supports, or as part of a titanosilicate support. Wen
used on a support, the catalyst con‘posilti on typicall
SUPROBIASIAF BEE Ohe SERRPst cOMpBISIE tatEnfyr Grampleras P&H&% £ 836
' f lnel f I :
suppt Ul ¥ing Hodl B dhG N Lor o e R Slosiicicsupport
t havismpped on ABtygyoriathe. cafllyst esrapbsytiort typicaly abmptises at least
osition coppri

CO t ] 40wt % af , t ot.a|
abou Dol WP SERRA b VL ORBEROA gt A SRRy
comBOGi S aldhb Qualﬁgs\ﬂt %itht Rgnditied be @ itBuppbrttitie®a). Profstably
onposi tion the support. Wen used on a support,
the catedyss gppesieoh certyarisgs bt leastdowishiod thentaip! Height éﬁ%ﬁt@é’fab@t

di to th ol Of
comS 08P St B0 S BuhR S oRERRT PRRTEL pR bl
comPBsifbnh Ad Bk sdpfodi.t abl e precursor thereof, such as a

sol, for exanple, a silica sol, to the mxture

cophansisad onslsypeish e supperied camlysiicomposHion may e psspared
optional l tun , ' g )
s ST e BB B LIPS T 3Gy o
a suglbor&ﬂMteﬁui brebhgtabledgecursid eieras, suchas exelyfdresxanipid, agilica sol,
rying, such as after a partial 15 drying,. of the :
to theRixgHe copprsiag Alybdepys, AnBHYR: iR nigp. SRHPYe
S o 0T Spph ShEREHP Gk et g b
addédatrangl waitabie sthege, sugipor for erarepleadurorg dryingadich ap et gastial
thereof during formatjion of the .mixture.in ste a), ..
dryiggicnt et Bred o e RueRr Areegr b Pae BrgnBe Ekpris
intrd RREE RS thE i TR @pri GATRONES theQhixfiRb th SbX D) RobiQroRehblyby
step (a). 20 Further details of a swtabie met hod for
intrpduepay the guppodanatbyaltor suitabdsprecwrorthgrepedurfng fosmption ¢fghe

. exanpl e P- A- 0166438, the contents. gf [
i 01 51 (AT 55 PE Guc Biproraparangs i MtkaP st oms o
conffont IS BAiIB $ERturé FrMBE iPstep tgre i s provided a process

for the selective production of acetic acid froma

gadteier datailsunfa sisable initingl for pesharingaryalysoeomosifioa eay be
i ch _process-g0 - S
foull o oy R L G a: SERP ARl R8 v SPHERHT b i by
refdr@igperature in the presence of a catal yst conposition
as hereinbefore described. The feed gas_ conprises
et Hanehis asnset offthy present ipyeatien theres ereyaded a progessdor the

I ok . .
1 BJ6L BRI RN G CRMB Ry RIS O
ethytetdahieh pecuekssontbrizes centautitlg Wad gaseous mixaure ovith afnolecular

oxyz;%téiné\geég @?B%Haggd %qupg;ceeﬁnlfl@ iilg g)ga(ﬂégs:engggy o ct:a élygt%%mposition
as hereinbefore described.

The feed gas comprises ethane and/or ethylene,\ preferably ethane.

Ethane and/or ethylene may each be used in substantially pure form or admixed
with one or more of nitrogen, methane, carbon dioxide and water in the form of steam,
which may be present in major amounts, for example greater than 5 volume percent or

one or more of hydrogen, carbon monoxide, Cs/C4 alkenes and alkenes, which may be
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one or nore of hydrogen, carbon nonoxide, C3/C4

al kenes and al kenes, which may be 5 WD 2004/ 108277
wOeaABB2004/ 001813 present in mnor anounts, POF/GB2004/001813

exanpl e |l ess than 5 vol une percent. The nol ecul ar

oxygen-contai ning gas may be air or a gas richer or
presgnd o Byngramaowpise forleaample Jese thanhayoliame pefesat. exanpl e

0X . itabl e S . . .

ai 10 By ok oo B Rt oy O Fis B B B S BF5 8 in
molézulal ok geaprtBiredif &6 &@nipteskyden. adgiitablerpat magtbeafoe example,

and/ or ethylene and the nol ecul ar oxygen-containing
oxyggasiiluigdveth ¢ suitadig dibisat frexemple HEASTpr ove the

se .- acl I

o TE et b et B i cthafD Enh PR Rl HETRRTRILA R
oxygenefostaiihy ghy, erad (Gedm) BHeOEe tHiS cdinenproes therseleghiyity to acetic

..Suitably be atnospheric or superatnospheric, for

aCldexanpl e in the range from1l to 50 bar, preferably

fr o et Red EnlitratutBaPiudes8Seah thd@nkdirbeh FBRES00°C,

maybe a fixed bed or & fluidised bed process.
pref@pklydtamg0e trd#iG°Cons and ot her informati on applicable

t h f t ' ti f i .

R T S A R N R
the AngPRoB G0 ShakiSirB@rdbefir6mt doy3otbagonposi tions of the

present invention, a high selectivity to _acetic acid

maylhp progess el thind aspesb meatie@rfixgdted fr pdlyidisad bedyprocess.
sel Lyvit - | p i . i
SRt oft DY SR mroRER et 8omppee of i
invenfibe ialy b tfyurddoin the sforesaid piridr b, for exaasit UBOPaeNo. 4,250,346,
preferably at |east 55n01% and nost preferably at .
| edlsing tho kst crnppgiioaspf Yie PIRSFRIGNY OB a2 Qnggﬁlectwﬁy to

. acetgcgz{ggcg@%% !bQ B&hiQfed! iﬁ?fﬂ?ﬁ)ﬁﬁﬁ@ﬁ vditﬂ‘éqgﬁr'é%@%g,t %c%ity to ethylene.

Ity to et ene 1s less t
Typiual,arsaty the caslyst dvarpodiont &4 thapdesamsinvenpioef e ablegtivigyde
. 9 i
acet%%ﬂ%%%ﬁO&%l%a geggrlélglgﬁ? e:an éh{qq?‘@; gﬁ(f‘ %légttpreferably at least
6onphectivity to acetic acid is at |east 60nol % and the

selectivity to ethylene is less than 10 25 nol% As
us dgpivellpiusingstht eatnlysi coppositions of e prosentgareniigs, thRat

ref.| ect he .anmount af gsired ti.Gyaci poduct
eI TR oD PTG o
prejgfag;wl@gssthaﬁ oomBY,: % selectivity = 100 * Ml es of
acetic acid produced / S ) )

Preferably, using the catalyst compositions of the present invention, the
selectivity to acetic acid is at least 60mol% and the selectivity to ethylene is less than 10
mol%. _

As used herein, selectivity 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.

The process of the invention will now be further illustrated by reference to the
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30 wherein S = the nol ar aci d-equi val ent sum (carbon
basis) of all carbon-containing products, excluding
wo b@saddeane in the effluent. The process of theCT/GB2004/001813
invention will now be further ‘illustrated by reference
to the 6 WO 2004/108277 PCT/ GB2004/ 001813 foll ow ng
foll%@&&ﬁ?ﬁé@}) SSATALYST PREPARATI ON Exanpl es according to

%Elﬁ ﬁggg;ﬁ% @Non Catal yst A :
Auo. ool 2Ti 0. 3310X 5 The fol |l ow ng
Exanipleeacsoldih do shewrresentieyemtiod: Sol ution A1 214 g of
t anpl ybdat e s dissolved in 250 g of
Catg\}é({s'e‘& MIOAQGWW?W%WPW Aep31Bol ution B: 75 g of
Theqmmhgwgaﬁamr@ ph@arcadded to 725 g of water in a
liter beaker and heat ed to 80C. The ammoni um
Sohnmaﬁ\ramd@@@mdmnm heptmpilgidateywali diswived. in 250 g Matirah
45063 lawé%éof ammoni um ni obi um oxal ate was added to 275 ¢
of in a 6-liter stainless steel beaker and

SohRAR Y 5t o fHrhmotiufiPheaPdraBSte Wak Rlde B3O TVSTRUbBFater in a 2-liter
Sol ution C was added to solution B and allowed to

bealgir gad heated @o&.@°€o Thgammionivme Bietavapgdats dd nat ¢amapletebidissolve.

Sohﬁﬂo%ﬁ@ 7t40% gmlill]]p%é ﬁ.l%irgoﬁ’iﬁlm (?Ja&!atté 5 & cff’éﬁckﬁ g #toitf g&é@?{}% Qggﬁter

‘st mnut'es a
stauﬂb%rste)el béuké2 bndheAtdd 3 494 e Atsobformed Q\dﬂlﬁl@?)@ hﬁmitEs S| urry
give a_slurry containing M, V, and. Au,

Sohgroalr{% W addqd; te éO%‘&Pn @r@ﬂ@&owaé MI}%G%@F %0%@;1 3%&@&6% 0
sa&db% I3 C'il[s ”cl?e% agld% [Vthe %h@mn?o%ﬂpﬁggﬁﬂdns}? RLARR s‘%r?red

ripped rnto t rry at cent’ sol i ds
for W\‘Eamlmﬂq:mtrmﬂmm heémé/(glv'éhghﬁ‘r)u 10r42 SvipAuChonarg érenzaddedato the

slur%g@og%gqqu lggyg:aptag)qp ' oK nBt 3 y- %é\n% g?g%ﬁaaqq sal¥ca so}/&ﬁaqco
411ja [ AhBh ¥dRti8 tnd BiBrea ulx‘lty' an 1%@&‘@@&&%@%&9@19& Were

O spray-dried supported’catalyst composition.
dripppd &nfo theyslurgy atddCt iPervsniumbids was edjasted t(D1~3 ﬁ%sThami]urry was
i nl et erature.of 290C inl tan
noniepd ELRSO Gr b @anssgmaldly Eimpfead ol sPhagas camicd out

in aGAANYRLsp W'lﬁlh%la\fﬁ afifl8he SaliGbREs homaddnidedrto form a
hours at 375C in a static nuffle furnace.

he
sprayedyifdt sgpporégst @;almt |cempgamcpo r Feecspeast diying conditions necdoyere as

t al COoNnposi
ron o3 e e oA, T Gl e Bmperguge of 1385, The
sprd’}DJﬂLd?ﬂadupﬁ@&@i cat19dl icomipeditidiiiaotheh bsicinetl ah aie dbrad y@irs at 375°C

ght. The supported catal yst. conposition had a
in assmma@efﬂﬁrf@@a@f The sesuljant saray=rigd suppaytedrcatplyst gprapgsition

(Ca%s@A)f ?1tad @non%’a]t 081%}{831&&9%60,5%M7_5A§0,O79120 Oy onsilica, and ata

nominal metal loading of 44% of the total catalyst weight. The supported catalyst
composition had a surface area of 32m?/g and a density of 1.15g/cm’.
Catalyst B : Mo1.00Vo.529Nbo.124Ti0.3310x

Catalyst B had a similar nominal composition as Catalyst A but without the addition of

A gold. Catalyst B was prepared as described for Catalyst A, but without the addition of

AuCls. The spray-dried supported catalyst composition B had a nominal composition
Mosp.5V32Nb7.5Tiz0Ox on silica, and at a nominal metal loading of 44% of the total

catalyst weight. The supported catalyst composition B had a density of 1.16g/cm’ (and
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Catal yst B had a simlar nom nal conposition as
Catal yst A but wthout the addition of gold. Catalyst
w®2masogarepar ed as descri bed for Catal yst A, bRET/GB2004/001813
wi t hout the addition of 30 AuCl3. The spray-dried
~supported catal yst conposition B had a noni nal
was EXpRsERs tpihave ABBEICE YBR S APEIPK Iy 6 181/g (rod meapiedy. a

' I [ the total catalyst
Exaﬂ%‘ﬂﬁ@ ﬂg&ﬁmﬁ 90%?@&9&5%‘1% ;iﬁléﬁﬁgnonpo& tion B had a
Conijgirativy Catal¥stI6gMOIR V(.25Mb 14,000 2004/ 108277
PCT/ GB2004/ 001813 . was expected to have a E;rfag}gégr ea

Congpratiyg Chalntldiag a§Unﬂ%ZF’Q’H{‘%t°°Wé’8§‘HP’é6‘) (ataygts

{
wiBGERF SRy ) DYGRRTh ST e

desothtd forgfatdly$tadl tart wiithbiitahe adshfioradf At @s titanomm us@pmpomde.

| A d th dd f
S et Serintaprsel e aipt ronodEch badipahingt
comgu§ﬁ61'1 Regl,. I\%Nﬁ%ba b Sliicd arﬁltﬂt aollieMtmdthid oadlfly bf $0v, @f the

C1l3 or titaniumi sopropoxide. The resultant
totakgatalyst dveighd. Euppwperted eyt pempestipnbad ¢ axfasaares of 28 m”/g
andn%réi Sr}ﬁll 1 osi tion Mp60.5V32Nb7.50x on silica, and
3By of etal 1oading of 50%of the -total

Corfipdr@ltive (Ca@lyd MW&W%NB;&@@@%@LySt conposi tion
had a surface area of /g 10 and a densi

of
Compag@tw@,@taly@grﬁﬁiraeﬁamug r@mgﬂf@gﬂp@smon to Catalyst Aybut without the

saaflly o bR O Al S e PR R Bl o &

but Withbeitthe héditiomdftiitahiam iebpropdxads.um Conparati ve
catal yst 2 was prepared as deslcrl bed f.qr }ga {A
butThg rﬁﬁ’é‘iﬁpt OB - Gl SUPBrtesk cafalyst SPIIRPFIEGD %Lw gaal 15
com-cgagitl()ﬁ %60 g %NEP 8 5@ o galﬁ:'z! PR & 8 hohhA Yt loadm'\%of 50% of

a nomnal conposition Mé6o.
the #tad catﬁ@st nght I Theanpmmicd abtalyshoomprsitiondtad|a supfack aga of 36

500 t he gatal yst wei ght. The supported
PQE‘?SIW&%g@g}t‘F’on had a surface area of 36 nR/g

f Mo Pajjyo,Catal yst 3 :
Cmﬁ‘BQ”"““%?"‘é‘%‘ K S R O~ et at i ve

Cormaaramxns@atslyhbﬁh@ %slmlalamorm@ni eeanpastippde iGommaratiye Catalyst 2

exc%ﬁﬁ% 13 Cat %géaentwgﬁ%cf %{?t hat tgfle f?{ )%95 W prepared as

des&i&ﬁ%ﬁ@at@ﬁyst Aesedpt ﬂfadofowmf@ﬁ ;ailmaﬁlnﬁ(m cklptide Imts added
0.0124g al | adi um | oride was added directly
diregfly éftelt the ggﬁn (Y crhlcmdemrldvlﬂwt s @ddition o titangen mrqnozswe
of t I ny
B R e R
conﬁﬁﬂnmll\ﬁb@ ENW%&M%—%&@%GA&ID&E@?G&M atoa/imimal metal bading of

50% og the total categrl]yst}c%!felgnlﬁt Tallle sl;u(]?)ggrlteég catalyst composition had a surface area

of 24 m*/g and a density of 1.23g/cm’. -

CATALYST TESTING

The catalyst to be tested 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. 10 grams

of catalyst and an inert diluent with the same particle size distribution (St Gobain SA

539 alpha alumina, 43g, density 1.27g/ml) were added into a 40 cc fluidised bed reactor.
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50% of the total catal yst weight. The supported
catal yst conposition had a surface area of 24 nR/g
wa@pasaostensi ty of 1.23g/cnB. CATALYST TESTI NG A¢EGB2004/001813
catal yst to be tested was sieved to obtain a specific
particle size distribution (psd) 30 - 70% 230/ 325
The Fraston oy %}callz posforaned af fiut%@rataffdb%%@} P Erandi?g°G ppd at
of
area@ﬁéﬁ‘gre%glrg 'f)f" Eﬁ%@g ¥3fend E@tlﬂﬂmc?‘;&y&@% f’e@lﬁ';‘leﬂ@)ssg

SI ze tr| al n SA

. nltrogblphmi ekygm Im;(tucﬁég'as ftdnis theyredct@rﬁgsﬁlrg Brooks daasfiedv i nt o

O c fluidised bed reactor VO 2004/10827
Confp i raes bym@orlé%tmasﬂwgtw? kPt fped gases prior o
the r@&‘crti‘oﬂrz%ﬁg fhe FolhBRPELR: 'éffﬁ;le%ﬂv\ﬁ@ §ipldd %@Ml}%@@ gy%ﬁﬁ liquid
at a reaction pressure of 16 barg. Ethane,
chro(xtaoogmphyc The mtw ehdaastic ecidyyan eyndensdd m@g?@nlyaﬁr%b)o&%sdmld

xt ur he reactor using B oksl\/lasFIow
chrogg Aoy Che T PG GtY Wy TR PRy Fan R
therfb¥duple. W t h t hese feed gases prior to 5 the reaction
zone. The volatile reactor effluent was sanpl ed and
RESIARTSsed by gas,liquid - chromatography. The water and
aceti,c acid were condensed and anal ysed by gas liquid
tography. The reactor bed tenperature was
Catd R iA whettstel uadérahd sugditidne inDalsle A BeloRESULTS 10
Exanple A Catalyst A was tested under the conditions
in Table A below. Table A Run Conditions (Feed nol %

Pressure Max T % H20 02 N2
Barg Cml/mn EIQE%GR%?\M% 7@5@40 .2 5.25.06.5
P2éssdre 15 Maww Thg Tdisl Flewt| GHSVe| GaH, dlﬁ?sz tHaO pe®p o N,
1 LA

dllrlnn whi-ch flra acetic arwr{ shace-ftire— (STY
aﬂ@”%xygen"@omer%‘i’ﬂﬂﬁ ncrBdsell whi'lst the et hfl ene
STY degreased. [After thijs per{od Catal y3t A Ssettled
down to produce acetic acid and | ow|l evells of

b

0
ety ene31 1B |avenz@ed st | GOt | daRa |bet@eens.5 | 23.3
100-180 hours on streamls presentedinTabl-e-1

oot ot V e

bel ow. 20 Exanple B Catal yst B was tested under the

D\ir@%re}g% Eéﬁgfﬁ%{%@as@ﬁhhﬁiaﬁp%d%ring%&?th@ 2B SR eakt aR 'yield

(STY) and oxygen conversion increased whilst the ethylene STY decreased. After this

Exa

Qo
A3

period Catalyst A settled down to produce acetic acid and low levels of ethylene. The
averaged selectivity data between 100-180 hours on stream is presented in Table 1
below.

Example B
Catalyst B was tested under the conditions in Table B below:

Table B Run Conditions (Feed mol %)
Pressure | Max T | Total Flow | GHSV | C;Hg | C;Hs | H,O 0, N,
Barg °C ml/min h-1

16 310-320 428 3200 | 60.2 | 5.0 5.0 6.5 |23.3
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Pressure Max T Tot al

showed a simlar profile to Catal yst A,
the test there was an

Fl ow GHSV C2H6 C2H4 H20O 02 N2
Barg Cm/mn h-1 16 310-320 428 3200 60.2 5.0 5.0 6.5
WQ@3003/1027WW0 2004/ 108277 PCT/ GB2004/ 001813 Cat B H/€B2(4/001813

itial

int

period durin

Catafygt hoesdh S o GREAls @smhaaﬁww%

it RSP

hat during
whi ch
t there was an

ﬁﬁ@ ﬁm% %cl%%/tgbggl {M\?&ﬁg%& gen conversion

incrpased undnlsaﬂneteﬂql@e |Sd"W\ﬂdcheaeed yftdrovhitle CefatysoB seﬂt]&;lldewa to

progi PG € e

Thivderds oL Eng

ween 10

PEFeEe

Sivivive

ben%aﬂomsm &%@3@1{ flehSs PRI YS ESTb1E @ b@]ower e tested

under simlar conditions to Catal ysts A

and

B. The

thw ty data is presented |nhTab| el
Acet. | Et
coigr@ils ey R0 udp dofre PRl unf il S rlirmnife

TheZ9%agtLadladt

Conparativ
56% 11%

dAda 1
e 32% 58%

ReRted B Bable dHeRRY0
Catal yst 1 Conparative 33%

catal yst 2 Conparative 50% 34% 16%
3 FromTable 1 it can be

10%

( Cat

EEuab g B

al yst B)

cat al yst

(that using the catalyst

conpositions of the presen I nvention, a high

Exfigplect i vi tiyAtaticaral i FEAgiicheray e @Lbélestpdty D
conbi nation with a feduced selectivity to efhylene.
The dat a fpovelecHVdY yst saleddivifis t hat advant agepusly high

Exa‘ Fectiyrti o pcethgoact dcanm Bgsacihieyed using
C yst corrp05|fi ong of t e pr esent i hvent|on in

(CaWhysﬁ:IA)nobl e nmetals such as Pd and An are not| present.
20

Example B 62% 5% 35%

(Catalyst B)

Comparative 32% 58% 10%

Catalyst 1

Comparative 33% 56% 11%

catalyst 2

Comparative 50% 34% 1{6%

catalyst 3

From Table 1 it can be seen that using the catalyst compositions of the present

invention, a high selectivity to acetic acid may be achieved in combination with a

reduced select1v1ty to ethylene The data for Catalyst B shows that advantageously hlgh

selectivities to acetic acid can be achieved using catalyst compositions of the present

invention in which noble metals such as Pd and Au are not present.

10
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10 WD 2004/ 108277 PCT/ GB2004/001813 Cdainms: 1. A
catal yst conposition for the oxidation of ethane
w@naioes82et hyl ene to acetic acid, which conposPe€T/6B2004/001813

conprises in conbination with oxygen the el enents
nol ybdenum  vanadi um ni obi um and titani um accordi ng
to the enpirical formula : MaWTi cVdNoeYf (I) 5
wherein Y is one or nore elenents selected fromthe
group consisting of : C, M1, Ta, B, A, Ga In, Pt,
Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Fe, Ru, Gs, K Rb,
Cs, My, Ca, Sr, Ba, Zr, H, N, P, Pb, Sb, Si, Sn,
TI, U Re, Te, La, Au and Pd; a, b, ¢, d, e and f
represent the gramatomratios of the el enents such
that : 0O<a_1;0 b<l and a+b=1; 10 0.05<c<_2; 0<d<_ 2;
O<e_1; and 0Sf < 2. 2. A catalyst conposition as
claimed in claim1 wherein formula (I) is selected 15
fromthe group consisting of MoaaWTi cVdNbeYf ;
Moa. Ti cVdNbeYf ; MoaWh. Ti cVdNbe and Moa. Ti cVdNbe.
3. A catalyst conposition as clainmed in claim1l or
claim2 wherein 0.01 < a5 1," 0.1 <d< 2 andeis
1.sel_ ected f r o mthe group consisting of 0.01 < e<
Claipsi g 01 <e S 0.5 and 0"< e 5 0.5 and f is sel ected
1. T r omdthiost@oripBsiGon fdrthd HeidXioofEthane fan of eth§lefie td acetic acid,
0.5 207and0.01 <_f <_0.5. 4. A catalyst conposition
whiglscashpasiting dompaises ivreembinatine withewa@pmtheclanenss webbdpppm,

Y. is selec fr.omthe C 1 St .Bi, Ca,
oSS S LR L PO £
Mo MG iGBRE/ 001813 5. Alcatal yst conposition as
claimed in claim1 havi ng he fornula Mi. goVo

whesgin Nbi§. one AATETOYomERSs 89¢¢txd Hpm the group consisting of : Cr, Mn, Ta,

9 124THO. ) j . Sraphu
B, AREa R, S0 PATE ISR Pl dereraiebong cu s
Ba, @) Nif P,d@b, 8bySipRy,ganU, Be, P, £af Alpsd Pdprposi tion
according to clajns 1 to 3 j.n [ ch the cata t 5
2, by 4P FEARTHER the BRBHIRIPHFS SbE Rttt oI et ol .
0<a<l;0<b<landa+b=1; ‘
0.05<c<2;

0<d<2;

0<e<l; aﬁd

0<f<2.
2. A catalyst composition as claimed in claim 1 wherein formula (I) is selected
from the group consisting of Mo, Wy, Ti;VaNbeYs ; Mo, TicVaNbe Yt ; Mo Wy, TicVaNbe
and Mo, TicVaNbe,
3. A catalyst composition as claimed in claim 1 or claim 2 wherein 0.01 <a <1,
0.1 <d <2 and e is selected from the group consisting 0f 0.01 <e <1, 0.01<e<0.5
and 0 < e £ 0.5 and fis selected from the group consisting 0o 0.01 <f <2,0<f <0.5
and 0.01 <f <0.5.
4. A catalyst composition as claimed in any one of the preceding claims wherein Y

is selected from the group consisting of Bi, Ca, Ce, Cu, K, P, Sb, La and Te.

11
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7. A catalyst conposition according to any one of the

precedi ng clainms wherein the catalyst conposition is
w@2@upesart ed catal yst. 8. A catal yst conposi tiPCI/GB2004/001813

accordi ng to claim7 wherein the support is selected

5. 11 ¢ AP RIS EpBR i cleit hfrane s Tormila *
MOS botv% nzgﬁb(l 1tzzﬁélto ‘(?0? %Tlc%é{d: S MOI O?V (! 5%9§\EH(} 1291@{0 @1@ Wﬁeld-?ln X dS a number

m xt Ur es conposition accor
which setisdiesti® vatearies of thh@lemmmmtthe sorspdsaouneidr ﬁxmnn

silica, ,a titanium cont,ai |n .Su t. and res
- ¢ heiaamnRy e Eea R o phuRs T A0S in S T btk R
corﬁ@sﬁioﬂasﬁ@ﬁmﬁl MR RTAOBIeHethg. any one of the
precedi ng clains conprising the steps of: -15 iﬁ
7. or ficaiglyat eanxagitionceegrding thgnyrony preceding sliimawherein the
bi [y tungsten and opti onall
Cat%g'& Cﬁl%gb 31{1{315{1 ﬁn})?%%ocﬁlrtﬁ?'sﬁg %/he mgxture to fgrm a d

8. dri Adatabt cainpoaitihi aabordiptio CRimCakBérsinthe blppotlris 8dected from
solid material .to formthe catal yst conposition. 11. A

the groyperasigineiciling, tlgmina P MaOUTRTOPSIHNG PPPRTLHERE. | s
b [ onplexes of
ttap Qs i i, Mo bR AR B ) 5%
9. pr oﬁmﬁlﬁcmphsngantaccmidmgrm ]:nalm1§ewh¢ra1ntthe sigpovtdntelected from
water. .13. A pr.ocess acc rdin ﬁ im12 wherein the
Slh?ﬁ’ %ttﬁ?f{%“fflscoata §i$4PBATY aﬁ %1?53 H¥Png a pHin the
10.F ang e §deitol tﬁecbr%i%réﬁdbn 0f%h@5£§1§§tscoﬁ%%9ﬁlgh§lgccbﬁﬂlﬁé & 4Ry one
13 erein the p from?2 process
of the prrcading claonc¢cnprish®; te stopapfn 14 wherein the

t erature. of the .solutign is from20 to,100C. 16. A
SR ERBed BP e FETPES R oD e Ty 5 gitan,
\Mpﬁbﬁdl thﬁ@téﬂlfa\ﬁki%neﬁalt}h? in'H sehioR; conpri ses

r ryin A process according to any one

ay-
d hdnyingt mml@tmﬁ@nreadncmolnhn@ﬁenalmgnctonpr| ses 30

|j d. f £ 200
(P Gnb B GIegSPr ragtal o RSB BPoyRBL o
11.18. AArpdeRe e2drdagcordiingl ¢ whéasin e ﬁllﬂfﬂr&lls Foriteed Y thixidg

wherein a support material or 12 WO 2004/ 108277
corppoyndgombiay eoBess op packun{dley metalsiagrsujtablg gefaent: o, t he

12. m ng;rgce'spa&&gﬂncé t%)cleﬂ it &R 1!e1kfl)the }% ?1‘1%1?58&?.3 s for the .
'sel ective pro ion acetic aci roma gaseous
13.m xAytrecessaurprding m@laatrhmmhemd:/ the nextoyd ieasolstionlin water

roce ri ses contacting the gaseous
havi gapfllnthe ange from 1to 12 g g

14.. A process according to claim 13 wherein the pH is from 2 to 8,

15. A process according to claim 13 or claim 14 wherein the temperature of the
solution is from 20° to 100°C.

16. A process according to any one of claims 10 to 15 wherein the drying of the
mixture comprises spray-drying. | .

17. A pfocess according to any one claims 10 to 16 wherein the calcining comprises
heating the dried solid to a temperature of from 200 to 550°C for a period of from 1

minute to 24 hours.

18. A process according to any one of claims 10 to 17 wherein a support material or

12
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m xture wth a nol ecul ar oxygen-contai ni ng gas at
el evated tenperature in the presence 5 of a catal yst
W@ ovpaes2ti on as clained in any one of clains 1PE€DGB2@H/001813
as prepared by the process of any one of clainms 10 to
18. 20. A process according to claim119 in which
precmscbrath@regm a@@ﬁd torilg mjxteey Sepa) o Ste@)(bbll sed to acetic

9. ?ﬁk\dﬂ;‘o&%s {Oﬁ Sy fenive %ﬁggt%nno%. X Eatd %c gz{sg l? s

gaseous™ m X

comﬁﬂ%@&tha{e aﬁﬂ&t@eﬂryﬂ?@latvﬁlléh pl@c@&omlpnté‘s&optaeﬁﬂglm gaﬁeous
wat er. 22. A process accgording one of cli at:hms 19
%1

mixtpgs with w&lw}@r PREESHroREaRNg ga%atr%? étfd tefapergfur gPLssgpce
ofa geﬁglh&r; "8%@%?‘30‘% 3s cAINNOG SRS ofE Spélgfn{wl ™ 8% 288ar8d by the

_ . erein the selectivity to acetic
processiof ang ont of daists 1BGoBl % 15 24. A process according

t I 23 th I
20. ¢ Aftudeets Sesgritoy o o Ty Bck e b i g eB¥lrhg
Odeg@d@ggdquagig to 24 in which ethylene is produced and:

the selectivity to ethylene is less than 30 nol % 26. A
21. pr dgesesssis@ordingty dlaint | Apnelaisn iy whish thresasepusonixgure js

conta&ec? Wh[i{ theenr?lo %ullareg)?ygterq-%gntam?ngzgasqR ltl%) prg?encg’ Qf wgft?ér

22. A process according to any one of claims 19 to 21 wherein the process is a ﬁxed
bed or fluidised bed process.

23. A process according to any one of claims 19 to 21 wherein the selectivity to
acetic acid is at least 50 mol%.

24. A process according to claim 23 wherein the selectivity to acetic acid is at least
60 mol%. -

25. A process according to any one of claims 19 to 24 in which ethylene is produced

and the selectivity to ethylene is less than 30 mol%

26. A process according to claim 25 wherein the selectivity to ethylene is less than
20 mol%. '
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