Title:- METHOD FOR THE SELECTI VE PRODUCTI ON OF ACETIC ACI D BYﬂI’ﬁé&l C
OXI DATI ON OF ETHANE AND/ OR ETHYLENE Abstract: The inventi egﬂﬂé a
met hod for the selective production of acetic acid froma gas-phase feed of
et hane, ethylene, or mxtures thereof and oxygen at el evated tenperatures.
The gas-phase feed is brought into contact with a catalyst, containing the

el ement gydyy1/db39X and Y in the gramatomratios a: b@ | Lpation wth
oxygen according to fornmula (1): Mo, Pdt XCyd. The s %ﬁ%&%ghg?Y have t he

foll owi ng neanings: X = one or several elenments chosen fromthe group Cr,
M, No, Ta, Ti, V, Te and W Y = one or several elenments chosen fromthe
group B, AIl. G. In, Pt, Zn, Cd, Bi, Ce. Co, Rh, Ir, Cu, Ag, Au, Fe, R,
CGs. K, Rb, C, M, Ca, Sr, Ba, Nb, Zr, Hf, Ni, P. Pb, Sb, Si, Sn, Ti and
U, the PROGESSEHOB, THE SELFQTIVEPRECARATIGN OF AGEHTICTACID Ry cor r espondi ng

el ement ~ O%i5 AP P 1; and d= 0.005 to 1.
The spa%éwyeﬁgl%??%@P@I&%Ogtgggﬂ%ﬁﬁbép&ﬁT%%d acetic acidis 470
kgl(hm ). The selectivity of the oxidative reaction of ethane and/or
et hyl enpeédtigdione acetic acid is, in particular, > 70 mol % X =
preferably Nbo and an ammonium salt of niobiumis used as niobiumsource_ O
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The present invention relates to a.process for the selective preparation of acetic acid

by catalytic gas-phase oxidation of ethane and/or ethylene in the presence of a
molybdenum- and palladium-containing catalyst.

The oxidative dehydrogenation of ethane to ethylene in the gas phase at tempéra—
tures > 500°C is disclosed, for example, in US-A-4,250,346, US-A-4,524,236 and
US-A-4,568,790.

Thus, US-A-4,250,346 describes the use of a catalyst composition comprising the
elements molybdenum, X and Y in the ratio a:b:c for conversion of ethane into
ethylene, where Xis Cr, Mn, Nb, Ta, Ti, V and/or W, and Y is Bi, Ce, Co, Cu, Fe, K,
Mg, Ni, P, Pb, Sb, Si, Sn, Tl andfor U, and ais 1, b is from 0.05 to 1,andcis from 0
to 2. The total value of c for Co, Ni and/or Fe must be less than 0.5.

The reaction is preferably carried out in the presence of added water. The catalysts
disclosed can likewise be used for the oxidation of ethane to acetic acid, the
efficiency of the conversion to acetic acid being about 18%, with an ethane
conversion of 7.5%.

The abovementioned specifications are principally concerned with the preparation of
ethylene, less with the specific preparation of acetic acid.

By contrast, EP-B-0 294 845 describes a process for the selective preparation of
.acetic acid from ethane, ethylene or mixtures thereof with oxygen in the presence of
a catalyst mixture which comprises at least

A.) a calcined catalyst of the formula MoxVy or MoxVyZy, in which Z can be one or
more of the metals Li, Na, Be, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Sc, Y, La, Ce, Al, Ti, Ti,



PROCESS FOR THE SELECTI VE PREPARATI ON OF ACETI C ACI D BY CAT%_\:A,THTEC Zl[]m_
OXI DATI ON OF ETHANE ANDY OR ETHYLENE Description: The present o :
relates to a process for the selective preparation of acetic acid by
catal yti c gas-phase oxidation of ethane and/or ethylene in the presence of
a nolybdenum and pal | adi um contai ni ng catal yst. The oxidative
dehydrogenation of ethane to ethylene '%n t he gas phase at tenpera- tures >
500C i s disclosed, for exanple, in US-“A-4, 250,346, US-A-4,524,236 and
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on use of the catalyst described in the oxidation of ethane to acetic acid are 78%.
Carbon dioxide, carbon monoxide and ethylene are formed as further by-products.

DE 19620542 describes a process for the selective preparation of acetic acid from a
gaseous feed of ethane, ethylene or mixtures thereof and oxygen at elevated
temperature, wherein the gaseous feed is combined with a catalyst which comprises
the elements a:b:c:d:e in combination with oxygen: Mo,PdyRe XsY., where the
symbois X and Y are defined as follows: X = Cr, Mn, Nb, B, Ta, Ti, V and/or W: Y =
Bi, Ce, Co, Cu, Te, Fe, Li, K, Na, Rb, Be, Mg, Ca, St, Ba, Ni, P, Pb, Sb, Si, Sn, TI,
and/or U; the indices a, b, ¢, d and e are the gram-atom ratios of the corresponding
elements, wherea=1,b>0,¢>0,d=0.05102, e = 0 to 3. In the examples given,
ethane conversions of up to 8% and acetic acid selectivities of up to 91% are
achieved at 280°C and 15 bar.

DE 19630832 describes a process for the selective preparation of acetic acid from a
gaseous feed of ethane, ethylene or mixtures thereof and oxygen at elevated
temperature. The feed is combined here with a catalyst which comprises the
elements Mo, Pd, X and Y in combination with oxygen.



m xture described, but not in a single catal yst conprising conponents A and

B. A further process for the preparation of a product conppi iﬁgg?ﬁ“eene
and/or acetic acid is described in EP-B-0 407 091. In thi ﬁ hane

and/ or ethylene and a gas containing nol ecul ar oxygen is brought into
contact at elevated tenperature wth a cat al yst conposition conprising the
elements A, X and Y. A here is I\/bdRe% Xis C, My, Nb, Ta, Ti, V
and/or W and Y is Bi, Ce, Co, Cu, Fe, I\/g Ni, P, Pb, Sb, Si, Sn, TI
and/ or Xhempis mﬁxommreelmemfslstalmed\ﬁmuhthmegmupaﬂmneisadg o Cruvie, Nb t he
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oxygen:c KjaP0bied HdYe=0hRre the synbols X and Y are defined as follows: X
=C, M, Nb, B, Ta, Ti, Vand/or W Y Bi, Ce, Co, Cu, Te, Fe, Li, K Na,

Ro, Be,_ My, Ca, Sr, Ba, Ni, P, Pb, Sb, Si, Sn, TI, and/or U, the indices
a, b, cTheicalalysts describied i i therahovemeationes a]ﬁpitchaon exhﬂﬂmﬂﬂkiﬁmmm ements,
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to 91%Hpe v*%v@eeteaﬁeﬂmmt obagetic a@E prodgegizrerdime ant estalygtr ocess
for thesghghective preparation of acetic acid froma gaseous feed of

et hane, ethylene or m xtures thereof and oxygen at el evated tenperature.
The feed is conbined here with a catal yst which conprises the elenents M,

Pd, X affie Mvéntimowﬂ)mvsﬁow!ammyagpmcesQ?@Eﬁg%hctﬁe p?%[b'tﬂéﬁor'x ®f one or
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and to the catalyst itself.
At 250°C, 15 bar and a residence time of 20 s, an acetic-acid selectivity of 80% was
achieved with an ethane conversion of 10%.

WO 00/14047 relates to a process for the preparation of acetic acid in which ethane
and/or ethylene is reacted with a gas containing molectilar oxygen in a fluidized-bed
reactor in the presence of a microspheroidally fluidized sofid oxidation catalyst,
where at least 90% of said catalyst particles are smaller than 300 ym. The catalyst
described is a compound of the composition Mo,WpAg.lrgXeY:, where X is Nb or V,Y
is one of the elements from the group consisting of Cr, Mn, Ta, Ti, B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Bh, Ir, Cu, Ag, Au, Fe, Ru, Os, K, Rb, Cs, Mg, Ca, Sr, Ba, Zr, Hi,
Ni, P, Pb, Sb, Si, Sn, Tl, U, Re and Pd; a to f are the gram ratios of the elements,
where0<a<1,0<b<1,anda+b=1,0<(c+d)<0.1,0<e<2,and0<f<2.
‘The examples given achieve a maximum space-time yield of acetic acid of 354.4 kg/
(m°h) for the oxidation of ethane to acetic acid and a space-time yield of acetic acid
of 258.52 kg/(m°h) for the oxidation of ethylene to acetic acid.



acetic acid froma gaseous feed of ethane, ethylene or mxtures thereof and
oxygen at elevated tenperature on a catalyst which conpri ;@ﬁWEﬁWMS
W X, Yand Z in the gramatomratios a:b:c:d in conbinati gen
WaxbYczd, in which X is one or nore elenents selected fromthe group

consisting of Pd, Pt, Ag and/or Au, Y is one or nore elenents selected

fromthe group consisting of V, Nb, Cr4 Mh, Fe, Sn, Sb, Cu, Zn, U N
and/or Bi, Z is one or nore el ements sel ected from the group consisting of
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Mo, Pd, X and Y in the gramatomratios a:b:c:d in conbination with

oxygen, aPdbXcYd; and the synmbols X and Y have
y9 Salhé):nvenzl(on ?uﬂhermore relatés to a catalyst for the selective preparation of acetic

acid, comprising the elements Mo, Pd, X and Y in the gram-atom ratios a:b:c:d in
combination with oxygen. Gram-atom ratios a:b:c:d are preferably in the following
~ ranges: a = 1; b =0.0001 to 0.005; ¢ = 0.5 to 0.8, and d = 0.01 to 0.3.

Palladium contents in the catalyst which are above the stated upper limit have an
advantageous effect on the formation of carbon dioxide in the process described in
DE 19745902. Furthermore, higher palladium contents are generally also avoided
because they unnecessarily increase the cost of the catalyst. By contrast, a

preferential action on the formation of ethylene is observed at palladium contents
below the stated limit.

The catalyst used in DE 19745902 preferably comprises, besides the elements
molybdenum and palladium, also vanadium, niobium, antimony and calcium in
combination with oxygen. The gram-atom ratios a:b:c?:d1:d2:d83 for the elements
Mo:Pd:V:Nb:Sb:Ca are preferably as foliows: a (Mo) = 1; b (Pd) = 0.0001 to 0.005, in



the follow ng neanings: X is one or nore elenents selected fromthe group

consisting of Cr;-M, Ta, Ti, V, Te and W in particular V T%ﬁ\?@ one
or nore elenents selected fromthe group consisting of B, @I < Th, Pt,
Zn, Cd, Bi, Ce, Co, Cu, Rh, Ir, Au, Ag, Fe, Ru, Gs, K Rb, GCs, My, Ca, Sr,
Ba, Nbo, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, in particular No, Ca, Sb
and Li. The indices a, b, ¢ and d are the . gramatomratios of the '

correspondi ng el enents, where a =.1, b-$-0.0001 to 0.01, ¢ = 0.4 to 1, and
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i nventi ol é 789kie0-8s to a catal yst for the selective preparation
of acetic acid, conprising the elements My, Pd, X and Y in the gram atom
rati os ash-.C..d 1N - f nat..on. w .~ amatomratios a:b:c:d,are
preferab IT?‘ei Sﬁ%&'@%ﬁﬁ%ﬁﬁﬁ"%ﬁb@gz 1%?/4%%%2 Wd%r @.a*@me { Va5 40 ka/hm’)o. 5 1o
0.8, andal330% 015 bar anda resitbace timecaf@ ents in the catal yst which are
above the stated upper Iimt have an advantageous effect on the formation
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_ An object may therefore be to provide a catalyst and a proce'sé which allow
- ethane and/or ethylene to be oxidized specifically to acetic acid in a simple

- manner and the high selectivity and space-time yield under the mildest possible
. reaction conditions. ‘

One aspect of the present invention provides a continuous process for the
. selective preparation of acetic acid comprising bringing fogether a gaseous feed
of ethane, ethylene or mixtures thereof and oxygen with a catalyst comprising '
- the elements Mo, Pd, X and Y in gram-atom ratios a:b:c:d in combination with ':
o oxygen |
MoaPdpXcYq ()



significantly below this space-tine yield which can be achieved for the

oxi dation of ethylene owng to the greater difficulty in actjvat] t.hane
conpared with ethylene. In DE-A-197 45 902, the greatest spaGe?t‘jﬁ% ﬁﬂﬂlﬁd

of acetic acid achieved hitherto of 470 kgl (nBh) is achieved for the

oxi dation of ethane. Hi gher space-tine yields are .desirable., since this
woul d all ow the size of the reactors a%d the anobunt of circulated gas to
be reduced. An object may therefore be Fo provi de a catal yst and a process
whi ch all ow ethane and/or ethylene to be oxidized specifically to acetic

acid in a si e nner, and the hi selectivity and space-tine yield
under the m%ér&th %El?%?ganldeaﬁ'ie’lac?gd%ggﬁ%ﬁgl?‘gns. One aspect of the present
i nvention prXvs odesoancerdiemerts selpcted dem thegrdupeconsietimrofi GreMp pdriat i on of
acetic acid %O.E%)ri éwg bri ngi ng together a gaseous feed of ethane, '
et hyl ene or m '€Vt her eof and oxygen with a catalyst conprising the

el ement s M, YRlonedrandre¥lémergs aateeitd fronethe gsoum: donsisting of &, gbGadhi P wit h

oxygen MoaPdbX | 04 -,5 ere the. ol apd e as
defined bel och%yéjuBé %%g'%gﬁgﬁﬁré“’e‘f‘%%% %lé'lé%ﬁ'é'%f onit ﬁ'@ Sﬁog'b%%onsisting
of Cr, M, Tbtb,_zrri, HE, N, P, TR, San8i, Bh, W arsl ld),rtmteha!htmratieégemms sel ected from
:[A\ge %Lougeco%'ﬁ@erlgq_,gc%d@@re %’grlwgm’-at%’rat'g}%ndf&%d(':or%?bor%hg %fg:‘ne S, ::.r’ Pgu’
Sb, Si, Sn, Wwhemend U, but shall be at |least Nb; the indices a, b, ¢ and d
are the gramatomratios of the corresponding el enents, where a=1; b =
fromO0.0001 to 0.01; c=from0.4 to 1; and d = from0.005 to 1, at el evated
tenperature, whereilp the catal yst is obtainable by the use of a niobium
ammoni um sal t as. piohi ource, and in which the residence tines and the
conposition of %élrrég‘s%%@] t:rzfl’eogédb"’are selected in such a way that the
space-tine yiel c+fromnk4 txd;demdi on to acetic acid is > 470 kgl (hnB). Anot her
aspect of the present 'Q(yeie%q on provides a catalyst for the selective

oxi dation of ethane,” ethyl ené or m xtures thereof and oxygen, conprising

t he

at elevated temperature, wherein the catalyst is obtainable by the use of a
niobium ammonium salt as niobium source, and in which the residence times
and the composition of the gaseous feed are selected in such a way that the
space-time yield in the oxidation to acetic acid is > 470 kg/(hm?).

Another aspect of the present invention provides a catalyst for the selective
oxidation of ethane, ethylene or mixtures thereof and oxygen, comprising the
elements Mo, 'Pd, X and Y in gram-atom rations a:b:c:d in combination with
oxygen

MoaPdpXcYd )]

where the symbols X and Y are as defined below:

X is one or more elements selected from the group consisting of Cr, Mn, Ta, Ti,
V, Teand W;

Y is one or more elements selected from the group consisting of B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K, Rb, Cs, Mg, Ca, Sr, Ba,
Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, shall be at least Nb;

The indices a, b, ¢ and d are the gram atom ratios of the corresponding
elements, where



el ements Mo, Pd, X and Y in gramatomrations a:b:c:d in conbination V&éh
oxygen MoaPdbXcYd (1) where the synbols X and Y are as defi g% %@vﬁﬂ IS
one or nore elenents selected fromthe group consisting of ) . Ta, Ti,
V, Te and W Y is one or nore elenents selected fromthe group consisting
of B, AI, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, OCs,
Li, K Rb, Cs, Mg, Ca, Sr, Ba, Nb, Zr, H, N, P, Pb, Sb, Si, Sri, Tl and
U, shall be at least Nb; The indices a, b, ¢ and d are the gramatomrati os
of the corresponding elenents, where 025DEC 2004 - 5b a = 1; b = from
0.0001 to 0.01; c=from0.4 to 1; and d = from0.005 to 1, and wherein the
catal yst is obtainable by the use of a niobium amonium salt as niobium
source and the space-fd§e yield in the oxidation reaction is > 470

kgl (hnB). The present invention describes a nodified nethod for the
preparation of catal st Bom@LHite@PTi n DE- A- 197 4,5 902 of similar

conposi tion which. r%s'—ufrémiofhiorm% yed catalytic. properties of the stated
catal ysts. One of the particular features of the present invention is
that, using the cataldsiromds@d5toddantesi des the oxidation of ethylene also
the considerably nore difficult oxidation of ethane under optim zed
reaction conditions results in high ethane conversions, high acetic-acid
sel ecti vi ti es Wherein dhe calelyshis| gbtaiRable diy theaisecofza higbisimemmaniven palkklads
compared W th st PRIRR and the shacdlimé yicld ifXndWa-Aipi rEakBhys!s 48" @
prepared by a conventional proceSs starting froma sfurry, i'n particular
an aqueous solKG{h®n). conprising the individual starting conponents of the
el ements in accordance with their proportions. The starting naterials for

t he indivi dualrhe : - rati.on of the catalyst according 02
DEC -6- to the ﬁ%@%ﬁ%@éﬁ%&@%ﬁi&%&ﬁ%& PiRthod fardhe pesnaatien of calalvsts o
subst ances, sUERCNRRA MBEHA-18Y 451902 ofrsimitart eampesitibrmivich reslk ifeFaproved
hydr oxi des anga Sprobefic8 i ilge 3G ' ' ! into the
cor r espondi ng ?Z%ﬁgp bézewarnlh . g%g%f?na%g 9\?&? ﬂ@?xecp%r}t\{ﬁﬁérefga{ures 0} {he
| P er_l Invention is that, using the catalyst described, besides the oxidation of
.-t_athylene als_o the considerably more difficult oxidation of ethan_e'under optimized
rgactton conditions results in high'ethane conversions, high acetic-acid selectivities
 aind particularly in high acetic-acid space-time yields compared with said patents.

I DE-A-197 45 902, the catalysts were prepared by a conventional process starting
+ from a slurnty, in particular an aquéous solition comprising.the individual sfarting

components -of the elements in accordanqe with their propoﬁions.' The_starting‘

‘materials for the individual components for the preparation of the catalyst according




conponents, aqueous sol utions or suspensions of the netal salts were
prepared. and mixed. In the case of nolybdenum it was recm@%ﬁggm&g
to the conmmercial availability, to enploy the correspondi ng I ates,
such as, for exanple, amoni um nol ybdate, as starting conpounds. The

pal | adi um conpounds enpl oyed were, for exanple, palladium1t) chloride,
pal ladiun(11l) sulfate, palladiun(ll) tetraamne nitrate, palladiun(ll)

nitrate and palladium(Il) acetylacetonate. The present invention describes
the pr efohgtinantion were, besides dhe byides dprfefenabiyt watet-sotiblaisibgantds’ enent

star ti ngs ARrRGAianSsARARIASS & éﬂ’f‘éﬁé?sr hQﬁ@e%mgBFox%és%é‘ ?algsio& or§$ﬁ%eqcéc'£{ﬁn§t ead

of ni obi oxal ate, use jS mm m anmoni um s
ni obi urﬁp’gﬁhﬁﬂﬁﬁ eaesies iRty thecarrespepringseXidemby warming. For mixing of the
X3Nb O GaipSriefttblosguddusGMichs sispensionstbs ﬂ"e et s(aﬁ%wgré }#aer H C

St k tent. of at t 19%

cont enand 11l §AME B3 BBl ALY s Regriasnagdianito dofant s of 11 om
50 L 0. 6EWRIMEraiel zglmlablleulcpenmlmggtmcorteép@&db@&hofy@datlést bath ggqopge of

ni obi i i al ate,. as ni obi um source
resul ??Mgt#er cal% al'yti @d%% ggrsgg ’EH]C%WH) H§aﬂﬁ%8a@§‘§'é'ﬁ‘ts‘?°&?ﬂ"§”“u ds "
attri buereployed avases fos exampie palledium(ll) chioride, palladaen@l) ssifateconpar ed wi t h
DE- A- 1 llaﬂﬁjrﬁ((i’lgieﬂéhrﬁﬂ@'ﬁdr% pRISUGA( v ke RPRAMdiARgR! nod. descr | bed

in DE-A Is al so nod t ha |uma¢$I tate is dissolved
in an & B?eof‘ﬂepartlcul ar in ethanol, and not in acetone. This procedure
also results in inproved catalytic actlvities which is essentially

b d b h whol Th
SR R T AR M MR M @ejind of t he
abovendiingdifferentmtanihg ehatesialsithan rﬂad:ﬂeedéacrbsd gy DE-AL 197 WBQBTTPIﬁhéJ m sal t,

f | b
or exadeh§ c?nwm&h%mr%é‘g haG8 or % rﬁ%ﬁg@?m@m%ﬁ?g gggr(rge rpBlry f fom 5

“resultant. reaction m xt hen stirre
m nut e@‘OQ’BWWmmP@'% havingghe @osmpsdion y renoved, and the catal yst

whi ch €2m)3+ﬁ£N@©(@H)(€at)§)zpﬁrh'e\¥éixe— AF of NI @Qﬁt aﬁf @9&, particul ar

Sub] ec UKD LD B AR G Np 5B of {q%é?ié%”é;awpm,@m@ioé.aiéor%é&‘éﬁPf i
and powddmomi Odati2Py by vatight arehypical oxalate ébrﬁEQst from b0 té 8894 BPURidHoM 100C
oxygen SrPERGH, 1 B Boon BUhE ey 1R ViR o1 pighit i PiBAN A S8 wahaed ot i n
a muff |r@0blmmomun oxalateras wobzurmsamy:ekresutts inrbatter chtdiyte mropeeissondi ng
gas f1 qich can be essentially attributed to a different Nb distribution in the catalyst -

compared with DE-A-197 45 902. In addition, the catalyst preparation method

described in DE-A-197 45 902 is also modified in that palladium acetate is dissoived

in an alcohol, in particuiar in ethanol, and not in acetone. This procedure also results

in improved catalytic activities, which is essentially attributable to improved

distribution of Pd in the mixture as a whole.

The present invention thus also relates to a niobium-containing catalyst of the
abovementioned type which is obtainabie by using a niobium ammonium salt, for
example a niobium ammonium carboxylate, as niobium source.

The resultant reaction mixture is then stirred at from 50 to 100°C for from 5 minutes
to 5 hours. The water is subsequently removed, and the catalyst which remains is
dried at a temperature of from 50 to 150°C, in particular from 80 to 120°C.

In the case where the resuitant catalyst is subsequently subjected to a calcination
process, it is advisable to calcine the dried and powdered catalyst at a temperature



continuously through the catalyst, which in turn results in inproved
honogenei-ty of the catal yst conpared with the catal ysts d%%%@ W
19745902. The calcination duration is from2 to 24 hours. al'yst can
be enpl oyed wi thout a corresponding support material or mxed wth one or
applied to one. Conventional support materials are suitable, such as, for
exanmpl e, porous silicon dioxide, ignited silicon dioxide, kieselguhr,
silica gel, porous or nonporous al ufifium oxi de, titanium di oxi de,
Zi r coniintheirangefront haeiGito 806G , e partiodr i X006 860° ORARAS pf @%éh}‘edeb
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speci f iduratiofh &cieoma? €24 hbargcat al yst can be enpl oyed after shaping as a
regularly or irregularly shaped support elenent, but also in powder form
as het erogeneous oxidation catalyst. The reaction can be carried out in a
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di oxi delioxide, Zinclbritdesbemm oxide HR6N mﬁﬁé\'ﬁbraﬁ cBRi®€ Warbn ﬁﬁ%@ﬁﬁat gtan be air
I n.. ol ecul ar air, for
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vol une glagsgRarbost-ien owielentidani ovesalwmivdrisoreossspondiig ineridiéise t he cost
of work up of the aqueous acetic acid forned for techm cal reasons. For
thisr the steamconcentration in the feed has been reduced further
in the mdssungrort materialebaye aiswiase iasen obiepatian W0 m%/gepmfanpues
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signi fi_cant..cost _acetic ac bet ween
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are hig 1t is

The reaction can be carried out in a fluidized bed or a fixed-bed reactor. For use in a
fluidized bed, the catalyst is prepared by conventional processes, for example
agglomeration, in such a way that a preferred particle size distribution in the range
from 10 to 200 ym can be achieved.

The gaseous feed comprises ethane and/or ethylene, which are fed to the reactor as
pure gases or in the form of a mixture with one or more other gases. Suitable as
such additional or carrier gases are, for example, nitrogen, methane, carbon
monoxide, carbon dioxide, air and/or steam. The gas containing molecular oxygen
can be air or a gas which is richer or poorer in molecular oxygen than air, for
example oxygen. The content of steam can be in the range from 0 to 50% by
volume. Higher steam concentrations would unnecessarily increase the cost of work-
up of the aqueous acetic acid formed for technical reasons. For this reason, the
steam concentration in the feed has been reduced further in the examples of the
present invention compared with the examples indicated in DE 19745902, which



preferred to add oxygen or the gas containing nol ecular oxygen in a
concentration range outside the explosion limts under

conditions, since this sinplifies performnce of the progﬁgg[ﬂagQgggﬁ

is also possible to set the ethane/ethylene to oxygen ratio within the
explosion limts. The reaction is carried out at tenperatures of from 200
to 500C, preferably from 200 to 400C8 The pressure nmay be atnospheric or

super at nospheric, for exanple in thé%ange from1l to 50 bar, preferably
f rom 1 weuldoepat in gsignificaot cost sasimgtie thawurledpmitaceﬁc acid. X’h@ ragd or

fluidi th f tl
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preferably > mol % in particularr > 90 nol %" and the space-tine yield
is > 470 kg/ (hnB), in particular > 500 kg/ (hnB), preferably > 550 kg/ (hnB),
enabl i fheareaction ean dei cartiddoariets fixetsbad oyﬂeid@h%dtlﬁéd)ﬁea%‘féﬂ fygd in a sinple
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Cat al yst ovmn nvvas gared M of

at al
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ol y bdaiceti¢ Hck) is Map@Pated offtde i RsiRitordstdREBY coriieHitigh. Phe remaining

gases are fed back to the reactor inlets, where oxygen or the gas containing
moflecular oxygen and ethane and/or ethylene is metered in.

In a comparison of the catalysts according to the invention with those known from
the prior art, it is found that higher space-time yields and acetic-acid selectivities are
achieved with the present catalysts under identicat reaction conditions (reaction
entry gas, pressure, temperature).

On use of the catalyst according to the invention, the selectivity in the oxidation of
ethane and/or ethylene to acetic acid is = 70 mol%, preferably > 80 mol%, in
particular > 90 mol%, and the space-time yield is > 470 kgl(hm_3), in particular

> 500 kg/(hm3), preferably > 550 kg/(hm3), enabling an increase in the acetic-acid
yields to be achieved in a simpie manner with simultaneous reduction in the amount
of undesired by-products formed by means of the process according to the invention
compared with the prior art.

Exampies

The catalyst composition shown in the example is given in relative atom ratios.



water., Solution 2: 29.4 g of ammoni um net avanadate NH4AVO3 (Ri edﬁtﬁz n)
in 400 M- of water. Solution 3: 19.01 g of ni obi um amoni u& a_x q[ﬂ?c.
Starck), 1.92 g of antinony oxal ate Sh2(C204)3 (Pfaltz & Bauer), 1.34 ¢ of
calciumnitrate Ca(N03)2 x 4H20 (Ri edel -de Haen) in 200 mM of water.
Solution 4: 0.078 g of palladiun(ll) acetate (CH3CO2)2Pd (Al drich) in 200
m of ethanol. Aqueous solutions 1 to are stirred separately at 70C for
15 minutes. The third solution is theh added to the second. The conbi ned
m xt ur eGatatygskpliepagation: 70C for 15 minutes before these are added to .the
first mxture. Solution 4 is then added. The resultant mxture is stirred
at 70C for 15 Sn'nut es and subsequently evaporated to a volune of 800 m.
The m x ﬂpéyqtél'spray-dri ed and calcined in static air at 120C for 2 hours

and at AR@aIysiiof hé lowing bEmpasiabY Slasl SrepARsy-ground slightly in a nortar
and pr@%sed o giye blets. %\;0(598 are crushed over a sieve in order to
obt ai n ¥Cpoaldo.cog7s Ye.ssNDpogsibopy 85 to 0.7 nmm . Method for catal yst
testing: 5 or 10 mM of the catalyst were |oaded into a steel reactor with
an int eg&ahmqlﬁarret er of 14 mm The catal yst was heated to 250C under a
streamof alr. The pressure was subsequently adjusted by neans of a

pr epr es8lg&f payneaitey moljhdatie filil gsMosdDhanétsRy Bistatderiagsn) iRi400UREoMAS

met er edyhfgb 0 an evaporator zone with water, where water was evaporated and
m xed w.th the gases. The reaction tenperature was neasured in the

cat al ysPOEN 851 ng a ther nocoupl e. The reaction gas was anal yzed on-line

), I eyt agonn 8 ARG 308 QB o BT,

[ CH3 j [CO /2 + [C021/2 + [C2HA] + [C2HB] + [CH3000H]) * 100
Et hyl entd.@egedfniabium drifnoniurh GxbkEle (H.C[Staldky, + [C02]/2 + [C2H4] +

[ CH300 * ' i lect ity o(2A = ([CH3COOH]) / ([CO 2 +
[C02]/ (2%? ) 398?'_‘@ F”c?ﬁ (G PRl & %(%”e’):
1.34 g of calcium nitrate Ca(NO3), x 4H,0 (Riedel-de Haen} in 200 mi of water.
Solution 4:
0.078 g of pafladium(ll) acetate (CH3CO,),Pd (Aldrich) in 200 mi of ethanol.

Aqueous solutions 1 to 3 are stirred separately at 70°C for 15 minutes. The third
solution is then added to the second. The combined mixtures are stirred at 70°C for
15 minutes before these are added to the first mixture. Solution 4 is then added. The
resuitant mixture is stirred at 70°C for 15 minutes and subsequently evaporated to a
volume of 800 ml. The mixture is spray-dried and calcined in static air at 120°C for 2
hours and at 300°C for 5 hours. The catalyst is then ground slightly in a mortar and
pressed to give tablets. These are crushed over a sieve in order to obtain a sieve
fraction of from 0.35 to 0.7 mm.

. .Method for catalyst testing:

5 or 10 ml of the catalyst were loaded inio a steel reactor with an internal diameter of
14 mm. The catalyst was heated to 250°C under a stream of air. The pressure was
subsequently adjusted by means of a prepressure regulator. The desired
ethane:oxygen:nitrogen mixture was metered into an evaporator zone with water,
where water was evaporated and mixed with the gases. The reaction temperature
was measured in the catalyst bed using a thermocouple. The reaction gas was
analyzed on-line by gas chromatography.



[ ] =.concentration in nol% and [C21-16] = concentratlon of the unre hﬁd
et hane. The residence tine is defined as: $ (s) bul k vqu é fﬁ
catalyst (m) / volune flow rate of the gas through t he reactor based on
the reaction conditions (m/s), STY denotes space-tine yield in kg of
acetic acid per hour and n8 of catalyst. Performance of the reaction: The
et hane/ oxygen/nitrogen ratio in the rqgctlon gas was 5/1/4. The proportion
of steamin the reaction mxture was Set to values |l ess than or equal to

20% SilidBeErampigmdee follawing terms areddgfinedoar: on the reaction pressure, all
experi ngmb@ﬁagfg,&s %¥\ere carried out at 15 bar for reasons of

iggpg&g?éb&y ﬁgz]é%r@ Lhiw%tlons and results are shown in Table 1.

POk A{[GQle +{GPpke +oﬁCgHua] «!oﬁsz?bG]Hon of

et hane [OH4@@O0H]) a¢00 on catalyst (1) :.." "' ~;3aF f>xTx '-"'5i /r"
‘r'tehsg~ X NOWa - 4t7} .-4t F3 - nd eac ion cti -, Re ult , hK
rpons i ~~ - N 19, ~~RE~~ ~i":tL - yr i i HY 4~~~~, ~~ k"'LSpace e W1011,;
me Ethylene selectivity (%) =

{[CoHgl) / (ICOV2 + [COY2 + [CoHgl + [CH3COOH]) * 100

Acetic-acid selectivity (%) =
([CH3COOH]) / (ICOY2 + [CO)/2 + [CoHy] + {CH3COOH]) * 100

in which
[ ]=concentration in mol%, and
{CoHg] = concentration of the unreacted ethane.

The residence time is defined as:

@ (s) = bulk volume of the catalyst (mi) / volume flow rate of the gas through the
reactor based on the reaction conditions (ml/s),

STY denotes space-time yield in kg of acetic acid per hour and m® of catalyst.

Performance of the reaction:

The ethane/oxygen/nitrogen ratio in the reaction gas was 5/1/4. The proportion of
steam in the reaction mixture was set to values less than or equal to 20%. Since the
space-time yield is dependent on the reaction pressure, all experimental examples
were carried out at 15 bar for reasons of comparability. The reaction conditions and
results are shown in Table 1.
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Table 1

Results of catalytic studies of the oxidation of ethane to acetic acid on catalyst {

1 280 (148 1.0 02 0.8 14 13.3 91.5 0.7 7.8 235.
2 280 174 120 0.4 1.6 2.§ 105 90.4 35 6.0 362
3 300 {7.1 {20 0.4 1.6 29 13.2 89.0 20 9.0 447
4 300 |48 |3.0 0.6 24 43 11.3 B7.2 5.5 7.3 564
5 300 (4.1 |35 0.7 2.8 50 10.2 86.2 7.4 6.4 584
6 300 (3.7 4.0 0.8 32 5.0 9.9 84.1 9.2 6.6 630

Table 1 shows that the reduction in the residence time for the same reaction gas
composition and at a reaction temperature of 280°C results in a negligible decrease
in conversion, constant acetic-acid selectivity, but a one-and-a-half-fold increased
space-time yield (cf. experiments 1 and 2). A further reduction in the residence time
at 300°C (cf. experiments 3 and 4) with comparable conversions and selectivities
results in a further increase in the space-time yield. Compared with experiment 4,
the water content in the starting gas stream is also reduced in experiments 5 and 6
in addition to a further reduction in the residence time. For comparable conversions
and acetic-acid selectivities, it was possibie to further increase the space-time yield
to 630 kg/(hm®). 1t should also be particularly emphasized here that the margina!
reduction in the acetic-acid selectivity compared with experiments 1 and 4 is not
attributabie to increased formation of totaf oxidation products, but instead ethylene is
preferentially formed besides acetic acid owing to the low water content in the feed
and can be circulated as valuable product and further oxidized to acetic acid.
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1 shows,that the reduction-in the residence -tinme for the sane reaction gas
conposition and at a reaction tenperature of 280C results in a negllglble
decr ease |n converS|on constant acetic-acid selectivity, but a

one- and- agyst E)Qgﬁldeﬁcreased space-tine yield (cf. experinments 1 and 2).
A further re i the residence tird€ - at 300C (cf. experinents 3 and
4) with- corrpar abI e conversions and selectivities “results in a further
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| ow wat er content i-n the feed and can be circul ated as .val uabl e product
and further oxidized to acetic acid. 0..2 DEC 2004 PCT/EPO1104987 -12 -

Patent Clains: z . A conti ”“OLl\ﬂ £13 N fo® t he sel ective preparation of
acetic acid conprising bringi %ﬂt% r gaseous feed of ethane,
ethyl ene or mxtures thereof and oxygen with.a catalyst conprising the

el enents Mpher@dhe ¥ ﬁiﬂl@leX'dhd & a:b:c:d in conbination with
oxygen Nba dbXcYd (1) where tn ?@%%bﬁﬁéiﬁ 'Y are as defined below X is
_one or B PB%Eh r‘%@'ﬁg@f‘@o‘seﬂeﬁﬁﬁ frove tog gwplp(mnasms] ofCroMnCTa, ¥, Ta; Ti,
V, TeandW V Teaphw/:or nore el ements sel ected from t he group consi sting of

B. A-, Ga,vyl " Au, Fe, Ru, Os, Li,
5 Ry o Ylsr‘on%gr ng)@ eéeqlené' Seleﬁﬁd F%Fn ﬁgfgrowp coupsrstmg ofsél Alsfia,gh PLri an::i

U but shal lnb@d,&l, Codin, RibIr, ChieAg,li, EesRa, O Li, &, Rixj O3, MgeChhgr, B'aﬂm atom
ratios of. NBezPPrfrmsrﬁqu"ebgs?'s‘?ﬁ?Péﬁuu bl 6ol b33t least Nb;

: ; ' the indices a, b, ¢ and d are the gram-atom ratios of the corresponding elements,
: ' '_ where
a=1;
. b=from 0.0001 t0 0.01;
- ¢=from 0.4 to 1; and
. ~d=from 0.005 to 1, _
: ‘ at elevated temperature, wherein the catalyst.is_ obtainable by {he use of a
: ' hiobium ammonium salt as niobium source, and in which the residence times
~ and the composition of the gaseous feed are selected in such a way that the
o space-ﬁme yield in the oxidation to acetic acid is > 470 kg/(hm®)
2. The process as claimed in claim 1, wherein X andfor Y. are a plurality of

' ",V__elements where, if desired, the indices ¢ and d can adopt different values for
‘ different elements.

L B ‘_‘;3.-' ~The process as claimed in at least one of claims 1 and 2, wherem niobium
: ammomum oxalate is used as niobium source.

e :_f'4. The process as clarmed in at least one of claims 1, 2 and 3, wherem the
- temperature is in the range from 200 to 500°C.
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b =from0.0001 to 0.01; = from0.4 to 1; and d=from 0.005to01, at el evated

tenperature, wherein the catalyst is obtainable by the use ofpagngmm
amoni um salt as ni obium source, and in which the residence t

.conposi:trion of the gaseous feed are selected in such a way that the
.space-tinme yield in the oxidation to acetic acid is > 470 kg/ (hnB) 2. The
process as clainmed in claim1, wherein X and/or Y are a plurality of
, . el ements, where, if desired, the indices ¢ and d can adopt different
.values for different. elenents, The pr1é°’cess as claimed in at |east one 'of
¢l ai ms - 15and - Thevprecessagiclamedrin anieasi e oPERIAS ¢ 163, w&@?elﬁihé‘tfféﬁfti

sour ce. at | east one of clains 3,
' wher ei n t'ﬁ%ﬁe {eH&?oerﬁ% u@%ﬁ?ﬁﬁ?ﬁ"ﬁhgﬁ?éﬁ % om 200 to 500C. AMENDED SHEET 02

DEC 2004 -13- 5.- The process as' clained in at |east one of cI a| ns 1 to 4,
wherei n tgie Prigeshiess t t.Qr ar. 6.
The pressure g [ al rr%‘g%s éﬁn{ eas @I%ér‘t% dr{ééﬂg@hisnﬁ?q% yt e(ﬂ‘fé ®is in
;the randeng¢ ﬁ’f‘bo@@@thQQ?mOl 7. The process as clainmed in at Ieast one

‘of clains 1 to 6, whereln ethane mxed wth at |east one further gas is

_tedtot tor. -- gcess as clainmed in claim?7, wherein the
further das fe qp‘ropgssr]a§p gd in gl legshonersf plainas 1daBovmeneinethane mixedbon
id| oxi de, vatthalleaetmuifwﬂtesgaﬁmfe%to'ihér@aélﬁﬁss as claimed in at |east one
‘of claims 1 to 8, wherein the catalyst is mxed with a support material or
|| mmobi | i zed on a support material. .10. The process as clained in at |east
‘one of cl&ins The progeSMecblmedMGMhétherém thefﬁflrtﬁé't afeddh iPmtrbgagt i on

h
o o o 3GER P, Babchindlislie, Afbd dite el Pcompr i ses

iPd i nt roduced in the formof an al coholic solution of palladium acetate.
{12. ' A ca.al ysthd pfocbb§a§©lmbd\i@at)léa§%h8%f efauﬁé l@gﬂ% déétgetﬂs c3tal tXt ur €s
an
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X and Y are as defined bel OW.

: - 10.  The process as claimed in at least one of clalms 1to 9, wherein the selectivity
- - of the oxidation reaction of ethane and/or ethylene to acetic acid is > 70 mo!%.

11.  The process as claimed in at least one of ¢laims 1 to 10, wherein the catalyst
- comprises Pd introduced in the form of an alcoholic solution of palladium acetate.

12. A catalyst for the selective oxidation of ethane, ethylene or mixtures thereof

and oxygen, comprising the elements Mo, Pd, X and Y in gram-atom ratios a:b:c:d in
combmatlon with oxygen

| MoaPdpXoYy (1)
' where the symbols X and Y are as defined below:
~ Xis one or more elements selected from the group consisting of Cr, Mn, Ta, Ti,
V, Teand W;
.Y is one or more elements selected from the group cons:stmg of B, Al, Ga, In, Pt,
Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au, Fe, Ru, Os, Li, K, Rb, Cs, Mg, Ca, Sr, Ba,
Nb, Zr, Hf, Ni, P, Pb, Sb, Si, Sn, Tl and U, shall be at least Nb;
" “‘the indices a, b, ¢ and d are the gram-atom ratios of the corresponding elements,
- where
a=1;
'b = from 0.0001 10 0.01;
¢ = from 0.4 to 1; and
d’=from 0.005t0 1, and
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X is one or nore elenents selected fromthe group consisting of Cticpbmgqa,
Ti, V, Te and W Y. is one or nore elenments selected fromt e‘ZgB_
consisting:of B., Al, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Jr, Cu, Ag, Au,
Fe, Ru,”'GCs, Li, K Rb, Cs, My, Ca, Sr, Ba, No, Zr, Hf, Ni, P, Pb, Sh, Si,
Sn, Tl and U, shall be at least Nb; the indices a, b, ¢ and d are the
gramatomratios of the corresponding elenents, where a=1;. ,b = from
0.0001.to 0.01; c=fromO0:4tol;and d ={f40m0.005 to 1. and AMENDED SHEET

. - 14- wherwhereinhthecaital3tSé obi Lnabl t he yse of a ni obi um ammoni um

, salt as '[&%2 hi_um souri((:e andf%t[r%lgtezba@%ﬁ?enéf 9iTPRIuM AremenigR; sftason react i on

L is > 470 @Pr('hﬁ%jf.ce £8d the cepegeyiste wisldcinatheeekiation! RiaBlickis Whese ni obi um

. anmoni um kg(@hadll.e i s used as niobiumsource. 14. The catalyst as clained in

. claim 12, where the Pd has been introduced in the .formof an.alcoholic

- sol uti on B pah ratilystas siaioed.in AN whidrE hiobium ammonium oxalate is used

as niobium source.

14, The catalyst as claimed in claim 12, where the Pd has been introduced in the
form of an alcoholic solution of palladiumn acetate. |
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