; @3eHOHL\ 4b6T4<M2 g JUL 2003 OXI DATI ON CATALYST AND PROCESS UTI LI SI NG THE
CATALYST The present invention relates to a catalyst for the oxidation of
et hane jto ethyl ene and/or acetic acid and/or for the oxidation of ethylene
to acetic acid, and to a process for the production of acetic acid and/or
ethylene utilising the aforesaid catal yst. Catal ysts corrpr|2';<?| % bdenum
vanadi um and ni obi um i n conbi natl on with oxygen 5 for use i processes for
t he production of acetic aci wmmatl on of ethane and et hyl ene are
known in the art from for e 4,250, 346. US Patent No. 4,250, 346
di scl oses the oxidative dehydr ogema@oz'on of ethane to ethylene in a gas
phase reaction at relatively high | evels of conversion, selectivity and
productivity at a tenperature |ess than 500C using as catalyst a
conposi tion 10 conprising t | ybdenum X and Y in the ratio
MbaXbY~ wherein X is Cr, mqmmlmmmﬁmllrv and/or W and preferably M, No,
V and/or W Y is Bi, Ce) Co, Cu,ehigee K. My, Ni, P, Pb, Sh, Si, Sn, Tl
and/or U, and preferably Sb, Ce and/or U ais 1) bis 0.05 to 1.0 and ¢ is
O0to 2, and preferably 0.05 to 1.0, with the proviso that the total val ue
of ¢ for Co, N and/or Fe is less than 0.5. 15 WD 991 20592 to Cel anese
relates to a nethod of selectively producing acetic acid from et hane,
et hyl ene or m xtures thereof and oxygen at high tenperature in the presence
of a catalyst having the formula MaPdbX~Yd wherein X represents one or
several of C QXVDATION GAEAM\ISNANIZ@PRGIC@S UTHQSMGH{ECAMS'Eever al of
B, AI, Ga, In,_Pt, Zn, Cd, Bi, ]1 I)le,RuCB,K,
Rb, Cs, My, CaThgpresgg 1m@@t1%rel§ps tq_ﬁcatﬂyst ffn't pgmd%ongﬁ t @ﬁtoﬂhy&z,@g U and
a=1) b=0. , 003
Gorran pat SAT oy pedandior fob depRefi gy dhyierd Jioudciichy, of af*d i faiedafef e
conposi ti ¢ produwkion lof acetit,actd andfbr echyter? wtiliging tive ﬂotc@alacaﬁryef erably, a = 1,
b =0.000l_to 0.5,c=0O,1to |.Qandd=Qtol.O The catalysts of both WD 991 20592
and DE 19638555 ompiisie makybaensis Yapadiemzang a1qbiem imconpngamwsls 0xyaat es t o

ner oot aft e BLORHSBROR M SRTLR of A S0 Bns Bl G fhadd b L oo <

one or Se&m&&he@felﬁ‘d))«vnﬁh thé@t&adu For, ex¥mpB USSR, 350034, or several of V, Nb,
Cr, M) Fe, Sn) Sb) Cu Ni, and Bi and Z represents one or several

of Li, Na, K Paﬁpt@ﬁ) 4@50 3|’Q§ disclpsesghe oBaiatlg;dehyyirqggnatrnn of gthangifo Ru) Os,
Co, Rh, Ir i , ndd s o2.
The cat al y ?IW%hﬁggﬁId%eé r%lg&gelglﬂ %llﬁveﬁg Cﬁaé?f&fr%“ %RECE 3151539

rel ates tﬁro@lu@t@h@l tsltepenanse tdspmaﬁcsoo<t¢las1ﬁ§h§@dmyﬁ a@ohipatitien of et hane
and/or ethylene to acetic acid which conposition conprises in conbination

with 105 exypdsing rh@qém@mtr@whdamg&ané%mﬂhmwema&ﬂs whereieKdprbit s Nb

o Y, Yo 80 2R T S SRl 8 NV WifodP R B S T O
K thb) Cs Fe Mg, M&alNi, ¥, PbB8D, &I Sn, Al andor UPandPrefephbly Sb, C§Hnd/cTt|U dis 1Re iand Pd;

c, d, a and f represent the gram atomrati os of the el enents such
that 0 < 803t01,0 dc isth te 2] arghpreferably 0:051to 1), wifhdhe pry)visothg the togrl< a < 2;
and O

value of ¢ for Co, Ni and/or Fe is less than 0.5.

15 WO 99/20592 to Celanese 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 having the formula Mo,Pd,X Y4 wherein X represents one or
several of Cr, Mn, Nb, Ta, Ti, V, Te and 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,

20 Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U and a=1, b=0.0001 to 0.01,c =0.4to 1 and d
=0.005to 1.



20  <f< 2. There remains a need for catal yst for the oxidation of ethane
to ethyl ene and/or acetic acid and/or for the oxidation of ethylene to
acetic,acid and a process for the production of acetic acid and/or ethylene
enpl oyl ng the catal yst. W have found that oxidation catal y&% SUbo®B} i si ng
nmol ybdenum vanadi um and 25 ni obiumin conbi nati on wi th oxygen whi ch enpl oy
gold as an essential conponent in the absence of palladiumcan fulfil the

need for an Gsifat pAentepplidarioh DIOGEIOEIBA etipledyo AgintAREatalgscor di ngly, the
present invention provides a catalyst conposition for the oxidation of

et hane femeesifjorcinevhipkia&l. biedh Fe Gaidd afdpdr Breferablie agxt.dut PORObLO et hyl ene

to 30 ageti.c C |t|on conprises in conbination with oxygen
t he el eﬁe%f’l S d?ni; ybgqhﬁﬁ] @a%il;g ium niobiumand gold in the absence of

pal | adi um 2 The catalst9 of bbth20030HZEIN A DE 09630832 fagjuirt € pre@nbeiba
MoaVWbAu~VdNbeYf (1) wherein Y is one or nore elenents selected fromthe

group coakadinng of : Cr, I\/h Ta, Ti, B, Al, Ga, In, Pt, Zn Cd) Bi, Ce)

Co) Rh, Ir, Ru . S B Hf , N|) P,
Pb, Sh, Si) %9@%’785&%‘3 pre gsﬁﬁ%ﬁf’g&‘}%“'\gﬁce?m&é %ed f represent
the gragt léﬂ%fﬁﬁktﬁ& Qherédten ﬂ' Qﬁﬁﬁ'}&h&ﬁﬁ HeTaim iz 3 YQZPiﬁ'vale@Xb 1; 10-5 <
c <_ 0. 02@ O<d<_2; 02e<er I;n Y 10 O<_f é;tz Cat al yaslgbs enbr aced V\Athl n the

f or nul ar¢p|r98emmng@eseww&'mde%Na@vﬂ Avb Y, raprexerithend ondoua] oiVANDIIEr, 15 Moa
AN B apLes, o ot A b o) SRR L1e LA 1)t ute
23210 139AH0. M Cy, st, B@(Scwlwonvzr 38 RR00d I \wd, ROBaRy yhehernsy is a
nunber whi ch satisfies the valencies of the el'emenis’in the conposition for
oxygen. GOPPr&fAs anid Te, a ->1 ,.200, c POeinddablyo 2d > 0.1. Preferably, a > 0.01.
Preferably) q‘hétatalyst of WO 98/47850 does not contain molybdenum.
WO 99/51339 relates to a catalyst composition for the selective oxidation of
ethane and/or ethylene to acetic acid which composition comprises in combination with
15  oxygen the elements Mo,WAg IraX.Yrwherein X is the elements Nb and V; Y is one
or more elements selected from the group consisting of Cr, Mn, Ta, Ti, B, Al, Ga, In,
Pt, Zn, Cd, Bi, Ce, Co, Rh, Cu, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hf, Ni, P,
Pb, Sb, Si, Sn, T1, U, Re and Pd; a, b, ¢, d, e and f represent the gram atom ratios of the
elements suchthatO<a<1, O0<b<land a+b=1;0<(c+d)<0.1;0<e<2;and 0
20 <f<2
There remains a need for catalyst for the oxidation of ethane to ethylene and/or
acetic acid and/or for the oxidation of ethylene to acetic acid and a process for the
production of acetic acid and/or ethylene employing the catalyst.
We have found that oxidation catalysts comprising molybdenum, vanadium and
25 niobium in combination with oxygen which employ gold as an essential component in
the absence of palladium can fulfil the need for an oxidation catalyst and process
employing same.
Accordingly, the present invention provides a catalyst composition for the
oxidation of ethane to ethylene and/or acetic acid and/or for the oxidation of ethylene to
30 acetic acid which composition comprises in combination with oxygen the elements

molybdenum, vanadium, niobium and gold in the absence of palladium

2



0.5. Preferably, f > 0.01. Preferably) f < 0.5. Preferably, Y is selected
fromthe group.consisting of Bi, Ca, Ce, Cu, K) P, Sb) La and Te. An
advant age of catal yst conpositions according to the present i ﬁl@‘.i on is
that 25 they can be nore active and sel ective in convening et afi8 or
ethylene to acetic acid and/or ethylene. The catal yst conpositions may be
prepared by any of the nethods conventionally enployed for the preparation
of cat ahoestding Buthé adnbiricahfsrmataal MsfWgray. ValNbgrepar ed from &@)sol uti on of

sol ubl e conpounds and/ or ﬁforrpl exes and/ or. conpounds of 30 each of the

met al s. WHHEINSH I, Pne eresleppeisisigoted from theosreur gasisiing &6 i kg Mnphin t he

f t f | ¥ f 8 20 t
1000 3T BN GoytRORiEaR G AN, Py SO, Bu e Bk SRR RO M g the

el enent Sr, Ba, Bf, effaNe®, Py, §b,sK oS I gU sk, fllec Leahd Baantiti es of sol ubl e
conpounds and di spersing any insol uble conpounds so as to provide a desired

! np
gr ant at &, Eadieangff represeat theessang afom £ahies ehthg ejerperdpsysddhation. The cat al yst

conposition may the s ed renpving the solvent fromthe m xture.
The catal yst may ér}ic‘g?b(i{?ﬁgypdggﬂn%gﬁtQﬁgPto a tenperature of from200 to

550C, suitably iny@fkcofoexygen, for a period of from1l mnute to 24 hours.
Preferably, the air or oxygen is slowy flowi ng. The catal yst may be used
unsupported or supgat£@d. Suitable supports include silica) alum na,
zirconia titania, silicon carbide and m xtures of two or nore thereof. 10
Further details of <& Sdiabl e nethod for preparing a catal yst conposition
may, be found in, {)Qr T(;)éarrpl e, EP-A-0166438. The catal yst may be used in the
formof a fixed o ‘af I“ui di sed bed. | n another enbodi nent the present

invention proYfafl@f emtrhcedssithih &le foRfulR(Ddhtededn of ethyl ene and/or acetic
acid froma gaseous m xture conprising ethane 15 and/ or ethyl ene which

process conpri sesMsaWhastYaNp.¥he gaseous mixture with a nol ecul ar

oxygen- cont ai ni ngwgaa%a‘t( I%vat ed tenperature in the presence of a catalyst
conposi ti on as herernpe 6?% flescri bed. Ethane is oxidised to ethylene

and/ or acetic aci frand/QLvaibyl ene is oxidised to acetic acid. Preferably,
et hane and optional ethylene is oxidised to a m xture conprising 20
et hyf ene and acet Mp.&ai¥laMhi ch may be used with or without the addition or

ol O B SE) R Sy WA SRS SRR o of iyl ccetate
PrOCESS Moy gpVo.25Nbp.12.Aug.010y ; M01.00V0 213Nb0.138AU0.0070y ; M0; 00V 232Nb0.130AU0,0070y 5
and Moy g0 Vo 426Nbg 115AU0,00080y Wherein y is a number which satisfies the valencies
of the elements in the composition for oxygen.
20 Preferably a > 0.01. Preferably, d > 0.1. Preferably, e > 0.01. Preferably, e <
0.5. Preferably, f 2 0.01. Preferably, f <0.5.

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

An advantage of catalyst compositions according to the present invention is that

25 they can be more active and selective in converting ethane and/or ethylene to acetic acid
and/or ethylene.

The catalyst compositions may be prepared by any of the methods
conventionally employed for the preparation of catalysts. Suitably the catalyst may be
prepared from a solution of soluble compounds and/or complexes and/or compounds of

30  each of the metals. The solution is preferably an aqueous system having a pH in the

range from 1 to 12, preferably from 2 to 8, at a temperature of from 20° to 100°C.

3



The feed gas conprises ethane and/ or ethylene, preferably ethane. Ethane
and/ or ethylene may be used in substantially pure formor adm xed with 25
one or, nore of nitrogen, methane, carbon dioxi de and water 280 Juie 29r m of
steam- which may be present in mgjor anounts, for exanple greater than 5
vol une percent or one or nore of hydrogen, carbon nonoxi de, C3/C4 al kenes
and al kenes, which nay be present in mnor anounts, for exanple less than 5

vol ume per ceafénerail}€ a Mk Qe bBIonSPonBconeihiak Md Werdlass Hrefiedby or a gas
richer or poorer i'n 30 nol ecul ar oxygen than air, for exanple oxygen. A

sui t abl dissghdngranffibient quantitigeefisioliblesopaynds nd dispassing avy BelBlsl e di | uent ,
for exanple niitrogen. 4., 2.g.JUL 2003 |t .is preferred.tg f I n addition
o et harEHaRbIC B Rprevies St ene-frrta i uRmERR e i e Vet er

(st eam chEsANDA. ke Ta@RRt EdMFRURNIMS GBh BE biephied blyGedseink Cheddol bnt The

el evated tenperature may suitably be in the range from 200 to 500C) 5

pr efSer afsom the mixt@eo The caahGt maybe galeined by heatingdaiatterppsratyee oft fsers@RBri ¢ or

super at mospheric,. for exanple ip the . .ran froml to bar, preferably

from 1 pﬁ@og’b%t?blfﬂléagé’f g?%%ﬂf‘ @5%’8‘39‘?9@%‘)?‘51 rB’r%‘Fee?oa% "4l ci ned before
use in pREIPGRS GirOf okiRnlifNEWY Mowingal Ci nation may suitably be achi eved
by heating at a tenperature suitably in 10 the range from 250 to 500C in

t he presenceTlnf catalysuyayere used unsuppogedersuppantede Santpble supports@pauds i ng
condi ti ops and .ot her i_nforrr,ati_]gn a‘gglgi cable.to th v?erfor ce pf the
i nvent | HHCaAlPINBa.ZRGARA; tifanigsiligqn, catbidejang mixtures Pft BT BIEHFECUS Pat ent

No. , 250, 34 : t ' ' i | hd | ust r at ed
by 1roéelf er enceﬁ%%h-g?ﬁgﬁ{llgsfp%ﬁl%&}enrg&gg&ngI%i@ﬂ%ﬁét\? TW:PR (%%{Ad'lnpﬁé\}{ !I%(anpl es

accor di foynd @, foveexamgpde HP-Ar016683HN 20 Exanple 1 _ _
(VoI 00V0. 2l N0 L34S 900Xl TSkt bl ORLIFS: PRSHRLGHY i 590! ving 12.71
In another embodiment the present invention provides a process for the
production of ethylene and/or acetic acid from a gaseous mixture comprising ethane
15  and/or ethylene which process comprises contacting the gaseous mixture with a
molecular oxygen-containing gas at elevated temperature in the presence of a catalyst
composition as hereinbefore described.
Ethane is oxidised to ethylene and/or acetic acid and/or ethylene is oxidised to
acetic acid. Preferably, ethane and optional ethylene is oxidised to a mixture comprising
20  ethylene and acetic acid which may be used with or without the addition or removal of
acetic acid and/or ethylene for the production of vinyl acetate by reaction with a
molecular oxygen-containing gas in an integrated process.
The feed gas comprises ethane and/or ethylene, preferably ethane.
Ethane and/or ethylene may be used in substantially pure form or admixed with
25  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, C3/C, alkenes and alkenes, which may be present
in minor amounts, for example less than 5 volume percent.
The molecular oxygen-containing gas may be air or a gas richer or poorer in
30  molecular oxygen than air, for example oxygen. A suitable gas may be, for example,

oxygen diluted with a suitable diluent, for example nitrogen.
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amoni um vanadat e, 2.43 g ni obium chloride, 0.36 g amoni um Au
tetrachloride and 2.03 g oxalic acid in 200 ml water heated to 70C for 15
m nutes, followed by evaporation to dryness over 2 hours. The resulting
catal yst cake was ground then 25 calcined in static air in2dnJ8yeBat 350C
for 5 hours. The conposition of the catal yst as anal ysed by XRF and found
also to contain traces of platinum silver, iridium rhodium and ruthenium
represent ed Hss prefeeredito fexal infaaﬂdtttdnetolbﬁxanom\dbor?aﬂ@)ﬂhm andsheimoberuBro 00003sAgo
00000SE' 0 00000i Rho oooooaRuo o000oo0aOY 2 9 JUL Z003 Exanple 2

(Mol , 00V6/EEBERBBINIRE Pife VLG5 %PWlt‘Hﬁc%Va@HSP\éfp@Fé@eﬁWB’ &t ng 12. 71
g ammnldagn nol ybdate) 2.11 g amoni um vanadate, 2.43 g ni obi um chl ori de,
0.36 g anmoni um Au tetrachloride and 2.03 g oxalic acid in 200 mM water
heated t o 70Thé elevdtdd tempetaste thal duiraslg beyn theawggRat@hi200 té 0@y ness over 2
hours. The resulting catal yst cake was ground then calcined in static air
in ah oP@fFf&QIY@S@CZ‘?Q)PO@OﬁéurS The conposition of the catalyst as anal ysed

PﬁoéfﬁmaQﬁdf?ﬁ?ﬁg%%uﬁ%ﬁa SEPIATP ol RERE Y B hllBherty f Bamrple
ooVﬂ;eaa%?ttﬁ;ma&Alsob@QpPéferaBQQE@ﬁAgesocbaﬂo ~h" 0. ooooooaRho. 000000sRu0. 000
ooa y . |l e 3 (Mol .oooVo. a2sNbo. ii sAuo. ooos~y) A sol ution was

pr epar ed by Eh@ @ztsalvstrc@rrmsmngs prefesehly ﬁﬂ%ﬁ@b@fateeusesn 88 pyocaskohitham

vanadat e b| um mAu tetr |l oride 0 and
203 g Baid” Shfinfiin ey bl s acictpdfs Ao RiRE A KEpAabE BRI 1 o) owed
by ip ewprpang!fréi 250 t&ﬁ@(ﬂ’@sﬁa tﬁé’pfeséi'lcl%ﬂﬁrﬁoxy-@éﬁ-cbﬁﬁmlﬁgQﬁs fotleahmple cake was
ground then calcined in static air in an oven at 400 for 5 hours. The

noni nal aigonposi tion of the catal yst was thus :

Vi Nb El t th tion 20
Compar at 1 ve. PRare SRRE g e B or i e Brriimigtee b8 ar eq by
di ssol Vif@ntlch rhdy Se f6UHAND B dFBre¥Ad phibr b foPelnplRUSPdRaR NI 4/280,846 A

8
second sol ution % was prepared by dissolving 2.11 g ammoni um vanadate in 70
ml wat er heafbelprogessoe thenmyention widl now emfucheridlugirasehbe teference to the

15 following Examples.

CATALYST PREPARATION
Examples according to the present invention

20 Example1 (Mo1.00V0.213Nbg.138A10.0070y)
A solution was prepared by dissolving 12.71 g ammonium molybdate, 2.11 g
ammonium vanadate, 2.43 g niobium chloride, 0.36 g ammonium Au tetrachloride and
2.03 g oxalic acid in 200 ml water heated to 70°C for 15 minutes, followed by
evaporation to dryness over 2 hours. The resulting catalyst cake was ground then
25  calcined in static air in an oven at 350°C for 5 hours. The composition of the catalyst as
analysed by XRF and found also to contain traces of platinum, silver, iridium, rhodium

and ruthenium, represented as an empirical formula :

Mo 00V 213Nbg 138 A0 007Pto 000035 A 80 0000051T0 000001Rho 000002R U0 0000040y -



by dissolving 2.43 g niobiumchloride and 2.02 g oxalic acid in 50 nl water
heated to 25 70C. Next, solution C was added to solution B and the
resultjing mxture heated at 70C for 15 minutes. Solution A was then added
and the final mxture heated at 70C for 15 minutes, before2@wipopgsi ng the
m xture to dryness over not nore than 2 hours. The resulting catal yst cake
was ground then calcined in static air in an oven at 350C for 5 hours. The
nomi nal E&@wptﬁszt(modfomhﬂ»ocaﬁabmﬂy)was thus Mo 1 OOVO 25Nb0 12y 6 2 9

JUL 2003 Co rativ for ¢ r e exanple A

except that nBaS g&oﬂt%ll %)r%’? b)b&g%éwgg\{g"? %%%?‘HSP %%Wg@?tfl of the

cat al yshmwgiunhygnalible, mycg 6¥Mm hIBHRR! @86 tantGHTmEA ttetrachloride and

( Mpi . ooVo. zsNbo. i xpdo. 0i srsﬁ As for conparative exanple A except that 0.23 g
W

Pd acet a8 gv\asalb;ch%bmt?@o atenheared G ori hﬁamn@tﬂﬁpbﬂpwr:@hy of the catal yst

h Vbt 2sNbo. t z,Pd Ex
(Wo13 0o OHAPRLBE 1S USRAE: kg ok Y sk FARDHElst SabERIBBept ¢ hat 0. 36
g of anpnainMRattesAtndVert PSP CHLES HobiB. PR dbin I\{smu{bn of iR W f1ak
conposition of the catal yst was thus Mt ooVo 2sNbo. | 2Ruo. ot 4y 15

Conpar atnalgsetbbadRE aadfourd adsois. @aMimtraces 06 platinyh, sikvef, dridivonpeadiumy e

exanpl e A exce that 0.15 g of Rh éll IIP'x)l hydr oxi de was added to sol ution A
The nonf X‘F&ﬁﬂBs‘FP’iCB‘H‘ ag qpemeingdhfomula s hus Mt 0OVO 2sNb0 12Rh0 Ot ~y
I3 g oV SRy 1P iRl Abodhe T BBl RO R R i d,0aced nto 2

fixed bed reactor nade of Haset I MeNsSi ons "12 nmm
i nt & nal di aneter and Iength 40 cm GI ass beads were used to maintain the

cat al ysbé PF %QMI;Q ntre f the reactor. Above the catal yst, the
glass b % &g Oﬁ 0048 Ad pr e-heating zone for gaseous and 25
I qui d neQ@RdnSwg dr&bb &Eﬂﬂ{hﬂ Y3, 9&% Bf RofBlRe %64 gd at 21 bar with
hel i um to check fsgar?ell) eaksy Cat al gst S re tﬂl(laln activated by heating to
react i oamproassn venaghte52.27 g niobium chloride, 0.0214 g ammonium Au tetrachloride

and 2.43 g oxalic acid in 200 ml water heated to 70°C for 15 minutes, followed by

15  evaporation to dryness over 2 hours. The resulting catalyst cake was ground then
calcined in static air in an oven at 400° C for 5 hours. The nominal composition of the

catalyst was thus : Moy .000V0.426NDo.115A U0 0008Oy.

Examples not according to the invention
20  Comparative Example A. (Mo01.90V0.2sNbg.120y)

A solution A was prepared by dissolving 12.71 g ammonium molybdate in 50 ml
water heated to 70°C. A second solution B was prepared by dissolving 2.11 g
ammonium vanadate in 70 ml water heated to 70°C. Another solution C was prepared
by dissolving 2.43 g niobium chloride and 2.02 g oxalic acid in 50 ml water heated to

25  70°C. Next, solution C was added to solution B and the resulting mixture heated at

70°C for 15 minutes. Solution A was then added and the final mixture heated at 70°C for
15 minutes, before evaporating the mixture to dryness over not more than 2 hours. The
resulting catalyst cake was ground then calcined in static air in an oven at 350°C for 5

hours. The nominal composition of the catalyst was thus Moy 9oV 25Nbog 120y.



Cmnin heliumfor 16 hours, to ensure full deconposition of catalyst
precursors. For Exanples 1 and 2 and the Conparative Experinents, the
required flows of ethane, 20 % oxygen in heliumand water were then
introduced to the reactor, to ensure 30 an inlet conpositiQm g 4% v/ Vv

et hane, 6.6 % oxygen, 25 %v/v heliumand 26.4 %v/v water (as stegn). The
total feed flowrate was nmaintained at a level to ensure a feed 7 2 9 JuL
~pp3 GHEénpparatioe Ex3pld B (Md (dW8s0pse of Exanple 3, performance was
measured with less water in the feed than Exanples 1 and 2, and ethyl ene
was added toAtSrf@f@Wﬁ‘i‘i@t%ﬁ@l’l%ﬁéﬁcﬂ’lﬁﬁtﬂtHﬁs‘i’lgﬁ@l Creaspreppigsbdingi on of 52 %

viv et h%ﬁﬁna 8ggﬁl¥é5YE&ﬁ gfgr/&‘gggta]ly?%\pas‘y&%x,?)g?gvgég)%v/v wat er and bal ance

hel i um was us equil rating M nutes, gas sanples were
taken fromthe outlet streamto calibrate a GC (nodel Uni cam 4400) for
et hane, oxygen and helium Next) the setpoint tenperature of the reactor
was # nc(oamparative Examplef (Mo Yeo¥PugePdweBver si on was achi eved, as

| ndi cated by Jfi6. PSSR dlmbliea@Nbeln boSAB Pl #85al NtRaZp 2 % VIV

oxygen. 10 Fol'l'ow ng an eq ation perro nut es, catal ysts were

t hen evabluabed. The abmser ashyipsditdEofths dathlyensast thiis MIopsIVoQeNIRf, t ypi cal ly 4-5
hours. Exit gas vol une was neasured over the run period by a water-gas

met er. BdguOg products were col | ected and wei ghed after the run peri od.
Composition of gas and liquid products was neasured using GC anal ysi s
(LTni cam 4400 and 4200 fitted with TCD and FID detectors 15 respectively).

Al l 1{)eedg(ﬂﬂpmﬁﬁe@lmhn{?]@y(Nﬁlgwﬁgﬂb@gnﬂgﬁ'(jyj ons were entered into a
o]

spreadsheet, and the |l owi ng paraneters cal cul ated according to the

formul ae in vifencopmamtiwpxendit 4 ejeent that A36¢ ErmmenumdRy hewachlodre) % (g
AcO -17 / litre catal yst -hed / .hqur 20 .conversi on f ethane = (inlet nol
et hane -Wa&?fiﬁ&%cﬁor’?(?fu%@%ﬁérﬁ)f B P“ng“ 2t ﬂg{klg cata%régwsﬁ h(')lﬁygen (: (inlet nol
oxygen M@lLbW)g‘zENﬁﬁ?JzRﬁ??&{O‘?n )/inlet nol oxygen * 100 25 selectivities to

1% _ ( e

AcOH (C-no outlet mol AcCH * 2) / (nol ethane converted * 2) * 100
to ethylene(C-nmol % _ (outlet nol ethylene * 2)/(nol ethane converted * 2)

* 1 tq,CO (C..nol. 9 | e /[ (ol ethane converted * 2) * 100
to 2%2 ?‘1‘;’ ragyy ?@H{H‘fﬁ%w@%bﬁ%ﬁwé& hane converted * 2) * 100 30
to COX = sel eGlfiortdnipdrative@xbfapPA eXeept el 803 & ¥f RY (1D Hyldoxide Wl % 8 2 9
~m Zoo3 Typically, nmass bal ance and carbon bal ance for "a reaction was found
to be 1@dded to seluyton ReJbk Teniihad comipbsitipmgf thalshtalystwanthu® conpare t he

cat al ysé‘/1 er orﬂgnCﬁ of .the above. Each catal yst was eval uated under

st andar ¢1eonde 3NBneRMuPeat ed i n the tabl es, except for 5 the tenperature,

whi ch was varied so as to achieve 70-90 % oxygen conversion, in order to

facilitate conpari son.
20 CATALYST TEST PROCEDURE.

Typically, 5 mls of catalyst was loaded into a fixed bed reactor made of
Hasetelloy grade C276 of dimensions 12 mm internal diameter and length 40 cm. Glass
beads were used to maintain the catalyst in position in the centre of the reactor. Above
the catalyst, the glass beads thus acted as a mixing and pre-heating zone for gaseous and
25  liquid reagents. The test apparatus was then pressure-tested at 21 bar with helium to
check for leaks. Catalysts were then activated by heating to reaction pressure at 5°
C/min in helium for 16 hours, to ensure full decomposition of catalyst precursors.
For Examples 1 and 2 and the Comparative Experiments, the required flows of
ethane, 20 % oxygen in helium and water were then introduced to the reactor, to ensure
30  aninlet composition of 42 % v/v ethane, 6.6 % oxygen, 25 % v/v helium and 26.4 % v/v

water (as steam). The total feed flow rate was maintained at a level to ensure a feed

7



Tabl e 1 Experinent Tenp. of bed CEthane convn %xygen convn %%el. CH4A %
CnolSel COx % Cnol Sel. AcOH % C-nol STY AcOH

g/ 1 -cat/hA3263. 282. 441. 916. 241. 382B3144. 879. 415. 167. 0 7. 820C2533. 976. 80. 036
. 962. 982D2935. 071. 843. 716. 539. 870E3045. 787. 543. 115. 540. 389Ex28n JUt 2003
12757. 488. 738. 19. 148. 6136Exam | e 12859. 2100. 037. 88. 551. 5177Exam | e

129510. 0100. 034. 68. 854. 9203Exam | e 23037. 173. 338. 16. 354. 6142Exam | e

23137. 8GHIBBf diout 360WR InEhacask ef Exaiple 39 gerfatthade Rad méddupédwith ldsons 42 %
v/iv ethane, 6.6 % vVv/v oxygen, 25 %v/v water) Bal ance He) GHSV=2970; 21
bar. T b thedped thae Brranlss Eend e tsdgihyiers Wasaddedso l@&@quxtwemswof

bedAcCH 04 g Lo/ /
330011 . E‘s“g@%g%dg?)@@ga ﬁﬁ&%b ’Qf h%??% @?‘Rﬁ TAYTESY 6.6 %
v/v oxyger% vAOYater andiedl erice hBiiha wes ublai.Oondltlons . 9 bar, GHSV = 3200/ h 10

The results in the Tables illustrate clearly theagrormtlonal effect of gold
on M V-No badtes e@%lla@tleam%ﬁsmuterh&aSrSé@meﬁ yergtakereirgadhe gutdgtso show t hat

(ne per LREIRUE SRl s BRAIR UGG BB L i NGRS
vanadi URetp6oit Wtamm%maétbewmhdreammm 78.% Wedd %askyBen béhvertidnuenced by
t he reactlon conditions. 10
was achieved, as indicated by the presence in the outlet stream of less than 2.2 % v/v
oxygen.
10 Following an equilibration period of 30 minutes, catalysts were then evaluated
under steady state conditions for a period of typically 4-5 hours. Exit gas volume was
measured over the run period by a water-gas meter. Liquid products were collected and
weighed after the run period. Composition of gas and liquid products was measured
using GC analysis (Unicam 4400 and 4200 fitted with TCD and FID detectors
15  respectively).
All feed and product flow rates and compositions were entered into a
spreadsheet, and the following parameters calculated according to the formulae in which
AcOH represents acetic acid :
STY (space time yield) % = (g AcOH) / litre catalyst bed / hour
20
conversions :

of ethane = (inlet mol ethane - outlet mol ethane) / inlet mol ethane * 100

of oxygen = (inlet mol oxygen - outlet mol oxygen )/inlet mol oxygen * 100

25  selectivities :
to AcOH (C-mol %) = (outlet mol AcOH * 2) / (mol ethane converted * 2) * 100
to ethylene(C-mol %) = (outlet mol ethylene * 2)/(mol ethane converted * 2) * 100
to CO (C-mol %) = (outlet mol CO) / (mol ethane converted * 2) * 100
to CO; (C-mol %) = (outlet mol CO,) / (mol ethane converted * 2) * 100

30  to CO = selectivity to CO (C-mol %) + selectivity to CO; (C-mol %)



2 9 JUL Zp03 Clains: 1. A catal yst conposition which conprises in
conbi nation with oxygen the el enents nol ybdenum vanadi um ni obium and gold

in the absence of palladiumaccording to the enpirical
MoaVWbAu~VdNboYf (1) wherein Y is one or

group consi sting of :
Ti,B,Al,Ga, In, Pt,Zn, Cd, Bi, Ce, Co, Rh, I r, Cu, Ag, Fe, Ru, GCs, K, Rb, Cs, My, Ca,
Sr, Ba, ZTyplcally, ritaseibaldhceSandSsartidn, Bdldiee Terandha@ion vas fbundto k2, 108 +ansl %.

represent the

Cr, M,

Ta,

nore el enents se

f

ram atomratios of the elenents such that O<a<l;

AR W e

05b<l andESMES 10' 5<¢50. 02; 0<d<_2; O<e<_ |;and 0< f < 2. 2. A catalyst

conposition Qﬁe?$l
group consi st

I ng

BRR

ot Gt e Bl SFES

b@%fromthe

Au~VdNbe and

Moa Au~Yeddlbcatalyst wascevaRlayesitundenfi@sdatd €ohdaons irdidhs innhe€ tadleR) ekeopt for ai m 2

wherein 0.01< a

sel ecte
11 2

& SEfTb TR,

<1, 0.1 <d 52,0.01 <e50.5 and0.01 <f50.5. 4. A catalyst
conpdsi thedamaeragire, wigh was Yagedhineasde aehieverfQ=8@ &i oreygeh spmeersiprivordey i s

consi sting of Bi,

Ca, Ce, Cu, K, P, Sb, La and Te.
atal yst conposition as clained in claim1 having

the fornmula selected fromthe grouprggsi sting of MJ, opVp, 25~0. 12 Au0. O1L0y

; MOL. QQM0_213~0_138Aun oa7=y - My~ noVp, 232~-0 139Au0. 007Qy_; and
Mol . ooo\MexpeRisinb| Tempup Eshane~) Oxpigere|Sel.\CoHa| SehUbelSeliticOH|satSTSf i gs t he
val encies of the|efbetents in the conposition for oxlygen. 6. AApDHcess for
t he oxigdation of | etlyantcdn®n @ [Yon9h % PRAE-fHol pgeCingolac vaCansl Pik/ifcatmtihe
oxi dati pn Ofy €TNYTg5E [0 RGET[ C g3l O W} G rws%ti ng a
aseousnrxtyre—to e ngoet e ant ethytes \
gxygen- SRR zg‘, ot 1,?35#:: 25'4*:3 ste‘fu édﬁ £ cat al yst
conposition-as c aé Bd inJ-gny ardf.8nf TFQaOpr (‘P}ﬁ-%g cl H28 17 ﬁzpl‘ cess as
claimed in Bl ain629h With et hdhd apnd43ftipnaldy et hy3%he s @Ri difsed to a
m xture| conri si hg3ed hyl ene apdgaset | c4aai dl 8.5.A procwss as ckai ned in
claim7/1n whichjthe nl{xture fonpris|ng ethylene and aceticlacrd, wth or
wi t hout EQ&DBQHI 5% O TEFOVH 8@?7 aregpy a idg.cinu'/ & lyf_ene] 36. s—f urt her
react ed gxu. 2 rlpngE! r:g:“yg,niqn 6‘.t *.E“ng &S *EG. Ottt E— V1Y Jac tate. 9.
A procec_' %{E'pv!la [0 =%'a &hy ohe-g clarime 6 1‘08 LN\ c}Lt he “7ff-\|yst 1S
used i n| Examplgrlm o29% 1 0@ sbglQOy | 134.6a A ASR & IAs 949 AVl A:208 A[[ AH. A9
EzW v Example 2 | 303 7.1 73.3 38.1 6.3 54.6 142
Example 2 | 313 7.8 80.0 38.4 6.1 54.8 158
Example 2 | 323 8.8 92.7 40.8 7.2 51.1 165
Conditions :
42 % v/v ethane, 6.6 % v/v oxygen, 25 % v/v water, Balance He,
GHSV=2970; 21 bar.
Table 2
Experiment | Temp. | Ethane | Oxygen |Sel. C;Hs| Sel CO, |Sel. AcOH| STY
of bed AcOH
°C |convn % |convn % |% C-mol| % C-mol | % C-mol | g/l-cat/h
Example 3 | 300 11.3 71.7 55.8 4.8 39.3 198

10

Feed : 52 % v/v ethane, 5 % v/v ethylene, 6.6 % v/v oxygen, 10
% v/v water, Balance He.
Conditions : 9 bar,
GHSV = 3200/h

The results in the Tables illustrate clearly the promotional effect of gold on Mo-

V-Nb based oxide catalysts. The results in the Tables also show that the performance of

gold promoted catalysts according to the present invention is affected by the molar
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<C=E=Q====k?p?| ??7?"' @EAOatCCDDOEEEFF

FAFFFF} xsmhe~Xkf a\ W ] U] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca]c”a]ca]c
a]J ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca

FFHHE 11 JJJJK@XBKN KKOMVMLNNN, OEOHOFFF} xsmhe Xkf a\ W ] U] ca] ca] ca] cal] ca] ca] ca]
ca] ca] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca EFOb@ D#10%}| 4| & () -y! D#10%| x| & () -y

| #109%&' () -yyl0%| & ()-&10%}H & ()-"10%t| & ()-0%WI[9!\/#10% | & ()-! X #10%& (
)-L"#10%1& ()-!1L' #10% | e| & () - #10%4| & () -y! DH1O%X& ()-y v bC\

109%0& ()- 109%& ()-F1099& ()-"10%& ()- 104| 104| 104|I1: 10%| & ()-

16dELCI\ 10%& ()-t!10%& ()-@ 1099& ()-s10%& ()- 10%& ()-910%& ()-6@
dEbCI\ "10%& ()-!109%& ()-910%& ()-109%& ()-10%& ()-3"109%& () -
VbKJEbC! \ - MLO%T&' () - +MLOYIT &' () - 9*10%& () - (10%& ()-' 109%& () -,

F'10%0& () ->NGJELbCI\ 7! 109%0&' () -&5: 1 10%& ()-3410%0& ()-2 10%& ()-010%& () -
@"1099& ()-GC\ & 10%& ()- & 10%& ()-$10%& ()-3 10T 10T 10T;

S109%0& () - &&910%0& () - AVedEbCI\ f 10%2 &' () - &mML0% &' () -10% &' ()-S10% & () - S10%
z& ()- 10%& ()-odEbC\# 10%& ()- "s!'10%& ()-y 10%& ()

10%& ()-f,10%& ()-f10%& ()-1{(dELCI\-MO%& ()- @ 10%& ()-*10%& ()-(10%
z& ()-& "10%& ()-19%0%& ()-(,dEbC\74"10% & ()-69!10%& ()-14

10% & ()-210%& ()- 110%& ()-y/#10%& ()-)+, -.; WC\M 10%&' () - MSF

109%&' ()-"&10% ()- 10z 10z
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10zf; '

s10% & ()-.910% & ()-WPudEbC \ f &109&' ()-f109%& ()-10% ()- 3@10%& ()-10%& (
)-S10%&' ()-S'rdEbC'\ 3%! 109&' () - yy#109%& ()-!10%& ()-, - 10% ()-"S

109" () - 109%&' () - "B

dEbCI \ s/ #10%&' ()- -10%& ()-y+10%& ()-& 109& ()-1 ( &L0%& ()-2&#{'-&%2003) -

D~ "A"dEDCI\ 9109%&' () - Y7"109%&' ()-510%& ()-4310% ()-f2 10% ()-0

109 ()-~"""a"b"c"p""##bC\ 109%& ()- 10%& ()-y @O% ()-"10% ()- 10 10

10l y; t 109&' () - #h###$_$SdELC \ y! 109&' () -y109%& ()-, 109%& ()-yl0%&' ()- F

10%&' ()-y9 10%&' () - $90d%06 &$S&JIELC! \ s

109 ()-109%&' ()-& ! 10%&k ()- MLO%&' ()-310%&' ()-3"10%& () - $&9&e&&&, ' z' dELC! \ +1
0% ()-*'"1109% ()-1(, 109 ()-s&L0%& ()- y#10%& ()-!10%& ()-z"")((())))dE:/
10 10f; 109%& ()-3 109& ()-S210%& ()-0"!10%& ()-.z#109%&' () -

2109 ()-)))7?))) " *z*xY:/ 10 S 10%& ()-10%& ()- F

110%& ()-10%& ()-m0% & ()-Y" 10%& ()- 10z**, + ++++dE:/ 10

10%" & ()-10%& ()- @0% & ()-10%& ()-'!'10%& ()-& 10%& ()- +z,, -x---dE/
10%Z10% & ()-!'10%& ()-z 10%& ()-L 10%& ()- 10%& ()-

10%& ()--.P...C//dE:/ 10.110%& ()- - 10%& ()-+f 10%& ()- )10%& ()-
F(10%& () - & 10%& ()-//G0000000dYNC 10 10z 10z 10z,

s10% & ClaiBs10% & ()-3f 10%& ()-f2 10%& ()-0!10% & ()-00%n111$2dEYNC 10

s10%& (1) -A tatehyst dompokdidg&viish ddfdses in c@mbitgiion with ¥t pedndhé plements
molybdenum, vanadium, niobium and gold in the absence of palladium according to the
empirical formula : Mo,WyAu,V4Nb,Y; ()]
wherein Y is one or more elements selected from the group consisting of : Cr, Mn, Ta,
Ti, 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, Tl, U, Re, Te and La;
a, b, c, d, e and f represent the gram atom ratios of the elements such that :
0<a<gl;0<b<landa+b=1;
10% < ¢ <0.02;
0<d<2;
0<e<l;and

0<f <2

2. A catalyst composition as claimed in claim 1 wherein formula I is selected from the
group consisting of Mo, WpAu,VaNb.Y¢; Mo, AucVaNb.Y ¢; Mo,Wp AucVygNb, and
Mo, AucVNbe.

3. A catalyst composition as claimed in claim 1 or claim 2 wherein 0.01<a<1,0.1 <d

£2,0.01<e<0.5and 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.
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