
;e3emj@dP6THR  WO 02/38526  PCT/EP01 /12001 Process for preparing acetic
acid Description 5 The invention relates to a process for preparing acetic
acid by oxidation of ethane with high selectivity and in high yield in
fludized-bed reactors. The catalytic gas-phase oxidation of ethane to
ethylene and acetic acid has been known for a long time. The reaction is
influenced essentially by the 10 choice of reaction conditions; this is
particularly true of the selectivity of the reaction. In general, acetic
acid is formed only as by-product, while the main product is ethylene which
may, under some circumstances, be oxidized further to carbon dioxide. 15 D
E 196 30 832 A 1, D E 196 20 542 A 1, D E 197 45 902 A 1, W O 98/47850 and
WO 98I47851 describe a process for preparing acetic acid by partial
oxidation of ethane using MoaPdbX~Yd as catalysts in a fixed bed. The
catalyst has a high stability and a high selectivity in the oxidation of
ethane to acetic acid. However, difficulties are presented in the process
by the fact that 20 the oxidation of ethane to acetic acid is strongly
exothermic. Particularly in relatively large fixed-bed reactors, the heat
of reaction can be removed only unsatisfactorily. This results in an
increase in the temperature in the reactor and thus a reduction in the
selectivity of the reaction. 25 To circumvent this problem, attempts have
been made to carry out the reaction in a fluidized catalyst bed as
described, for example, in US 5,300,684, where cooling tubes are located
directly in the fluidized-bed reactor to remove heat. A further development
of the process is described in WO 00/14047. A disadvantage of the
fluidized-bed process as described 30 there has hitherto been that the
oxidation of ethane to acetic acid still     -2 proceeds with a low
selectivity and a lower space-time yield than in a fixedbed reactor. It is
therefore an object of the present invention to provide a process for the 5
oxidation of ethane to acetic acid in a fluidized-bed reactor which can be
operated with higher selectivity and thus with a higher yield than the
processes described hitherto. In the present invention, it has surprisingly
been able to be shown that the 10 selectivity of the oxidation of ethane to
acetic acid depends on the size of the gas bubbles in the fluidize catalyst
bed. In particular, bubble sizes of <12 cm are advantageous. Particular
preference is given to bubbles having a diameter of <5 cm. 15 At a given
average particle size of the catalyst used, the size of the bubbles can be
set by controlling the volume flow of gas. Bubble sizes of <12 cm can only
be achieved by use of catalyst particles having a mean diameter of less
than or equal to 80 Vim. 20 The present invention accordingly provides a
process for the direct catalytic oxidation of ethane to acetic acid in a
fluidized bed comprising up to 70% of catalyst particles having a diameter
of less than or equal to 80 Vim. The fluidized bed preferably additionally
contains smaller particles having a particle size of from 10 to 60
(err)mthe distribution of the particle sizes 



25 should be such that 10-60% of the particles have a diameter of less than
60 (err)micular preference is given to a distribution of the particle sizes
such that catalyst particles are present in a diameter range of 10-40
(err)m a particularly preferred embodiment, the diameter of 20-50% of the
catalyst particles is less than 40 (err)m   -3 The fluidized bed index to
be set (the fluidized bed index is the ratio of gas velocity set to minimum
fluidization velocity) has to be above 1. This means that the fluidized bed
has to be in the fluid state. At a pressure of 16 bar and a temperature of
280C, the minimum fluidization velocity at a particle 5 diameter of 80 ~m
is 5.85 mm/s. The fluidized bed index is preferably in the range from 1 to
12. As catalysts, it is possible to use all catalysts known to those
skilled in the art. Catalysts which have been found to be advantageous are
catalysts of 10 the formula (I): MoaPdbX~Yd (I) where X is one or more
elements selected from the group consisting of Cr, Mn, Nb, B, Ta, Ti, V,
Te, W and Re and Y is one or more elements selected from the group
consisting of B, 15 AI, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au,
Fe, Ru, Cs) Mg, Ca, Sr, Ba, Li, K, Na, Rb, Be, Nb, Zr, Hf, Ni, P, Pb, Sb,
Si, Sn) TI and U. The indices a, b, c and d are the gram atom ratios of the
corresponding elements, where, based on a = 1 20 b is in the range from
0.0001 to 0.01, preferably from 0.0001 to 0.001, c is in the range from 0.1
to 1 and d is in the range from 0 to 1. X and/or Y may also represent a
plurality of elements, in which case the 25 indices c and d may assume
different values for different elements. The catalyst particularly
preferably comprises at least one of the following compositions in
combination with oxygen:   -4 Mol.oPdo.ooo5Vo.25Nbo.12
Mol.ooPdo.oooSVo.aSNbo.osSbo.olCao.o1
Mol.ooPdo.oooSVo.aSNbo.osSbo.olCao.olKo.olS
Mol.ooPdo.ooo~SVo.aSNbo.osSbo.o1 Cao.o1 5 Mol.ooPdo.ooo~5Vo.55Nbo.osSbo.o1
Cao.o1 Mol.ooPdo.ooo~SVo.aSNbo.osSbo.olCao.o1
Mol.ooPdo.oooaVo.55Nbo.osSbo.o1 Cao.o1 Mol.ooPdo.oooa5Vo.55Nbo.osSbo.o1 Cao
01 Mol.ooPdo.ooo~SVo.sSNbo.osSbo.olCao.o1 10
Mol.ooPdo.oooaVo.SONbo.lSTeo.o1 Cao.o1 Mo1.ooPdo.ooo~5Vo.5oNbo osWo.o1
Pdo.ooos Apart from the reaction gases ethane and oxygen, the reaction gas
mixture may further comprise water vapor and inert gases such as nitrogen
or 15 carbon dioxide. It is also possible to employ a reaction gas
composition above the explosive limit in the fluidized-bed reactor.
However, the reactor is preferably operated using an excess of inert gas,
water and/or ethane. Water vapor accelerates the oxidation of ethane to
acetic acid at the expense of the oxidation of ethane to ethylene and thus
results in an 20 increase in the selectivity to acetic acid. 



The process is preferably carried out at low temperatures. Low temperatures
increase the selectivity of the oxidation reaction in favor of acetic acid.
A temperature range of from 100 to 500C at a reactor 25 pressure of from 1
to 50 bar is preferred. The density of the catalyst particles can be in the
range from 500 to 6000 kg/m3. To carry out the process, it is possible to
use) for example, a fluidized-bed reactor as is described in US 5,300,684.
30 The process of the invention has a high selectivity, and increased space
time yields can accordingly be achieved in the oxidation of ethane to
acetic   -5 acid at moderate temperatures in a fluidized-bed reactor.
Furthermore, reduction of the bubble size enables troublesome backmixing of
the reactants in the fluidized bed to be reduced. This likewise leads to an
increased selectivity of the reaction, resulting in an increase in the
spaces time yield of acetic acid. In a particular embodiment, especially
when high ethane conversions are desired, the reaction can be carried out
in a multistage fluidized-bed reactor with dedicated introduction of gas
into each stage. Bubble growth 10 commences afresh in each stage, so that
the bubble size is on average smaller than in a single-stage fluidized bed.
The small bubbles can also be achieved by means of internals, e.g. meshes,
in the fluidized bed. To achieve high ethane conversions at the same time
as a high selectivity to acetic acid, an additional divided introduction of
oxygen into individual 15 stages can be advantageous. The advantageous
bubble sizes in a fluidized bed and the corresponding reaction parameters
were determined from measured results obtained in investigations of the
catalytic gas-phase oxidation of ethane in a fixed bed. 20 The kinetic
parameters determined therefrom for the reactions involved are summarized
in fig.1 a and 1 b. The catalytic gas-phase oxidation of ethane is
catalyzed by two different catalytically active sites Z and X on the
catalyst. Z is a site where all oxidation steps occur, namely the oxidative
dehydrogenation of ethane, the partial and complete oxidations of ethene 25
and of acetic acid. X is a position on the catalyst which becomes active
only in the presence of water. The activated form of X (X-OHOH) leads to
conversion of ethene into acetic acid via a mechanism similar to the Wacker
reaction. The formation of acetic acid thus proceeds via two different
reaction paths - via the partial oxidation of ethene at the position Z 30
(step 2 in fig. 1 a) and via a mechanism similar to the Wacker reaction at
position X (step 3 in fig. 1 a). The necessary kinetic values to the
intermediates at the catalytically active surface in the steady state, viz.
Z,   -6 Z-OH2, Z-O, Z-CH2H4, X-OHOH and X-O, were determined analytically
and are given in table X. The values determined in this way were used to
simulate the fluidized-bed 5 reactor according to the bubble assemblage
model (BAM) (K. Kato, C.H. Wen, Chem. Eng. Sci. 24) 1351-1368 (1969)). The
model describes the fluidized bed as a two-phase system which consists of a
bubble phase which is low in catalyst and a catalyst-rich emulsion phase;
10 the two-phase structure of such a reaction mixture comprising particles
in a fluidized bed with gas being passed through it can be verified with
the naked eye. Since the emulsion phase contains a high proportion of
solid, the 



catalytic reaction takes place there, while virtually no reaction takes
place in the bubble phase owing to the low concentration of the catalytic
material. The 15 model of the fluidized-bed reactor therefore has to
describe the transfer of reactants and products between the bubble phase
and the emulsion phase and at the same time take account of the growth of
the bubbles with increasing distance from the gas distributor, an effect
which is well known from fluidized beds. For this reason, the fluidized bed
was divided into 20 segments with a height corresponding to the local
bubble diameter. The bubble diameter, the velocity of the bubbles, the
expansion of the bed and the local volume fractions of the phases were
calculated by the methods of Werther (J. Werther, Chem. Eng. Sci. 47 (9-11
), 2457-2462 (1992)) and Murray (J.D. Murray, J. Fluid. Mech. 21, 465
(1965)). For both bubble phase 25 and emulsion phase, each segment was
described as an ideal stirred tank. Owing to the good heat removal from
fluidized-bed reactors, approximately isothermal reaction conditions can be
achieved; for this reason, the reactor was regarded as isothermal for the
purposes of modeling.   _7_ The mass equation for the two phases is given
by the following equations: Emulsion phase: "TUmf LCE,r,k-1 CE,t.k ~+
kBE.kVB,k LCB.t.k CE.r.k ~+ ~Vt.JrE.r,k~ I ~mf lPrnrvE,k J 5 Eq.1 Bubble
phase: O - ~umf \uk un~l' ~CB.r.k-1 CB.r,k J kBE.kVB.k LCB.r.k CE.r.k Eq. 2
10 The equations can be solved for each reaction component i and each
segment k, for example by means of the Wegstein method. The mass transfer
between the bubble phase and the emulsion phase, which is expressed by the
coefficient KgE,i,kt can be determined quantitatively by 15 means of a
correlation of Sit and Grace (S.P., Sit, J.R. Grace, Chem. Eng. Sci. 36,
327-335 (1981 )). The minimum fluidization velocity umf is derived as
described in Wen et al (C. Y. Wen, Y. H. Yu, AIChE J. 12, 610 (1966)). The
direct catalytic oxidation of ethane to acetic acid in a fluidized bed can
20 be described to a good degree of accuracy by means of the model
developed here. The results are shown in figs. 2 to 7. ~m in the figures
and tables is the modified space-time given by the quotient of catalyst
mass and volume 25 flow under the respective reaction conditions. Fig. 2
shows the bubble diameter as a function of the height above the gas feed
point for different particle diameters of 60,um and 80 Nm.   _g_ Fig. 3
shows the conversion selectivity curves and fig. 4 shows the yield of
acetic acid as a function of the residence time for various particle and
bubble diameters under the following reaction conditions: T = 260C, Ptat
=16 bar) feed composition C2H6 : 02 : H20 : N2 = 40 : 8 : 20 : 32. 



5 Fig. 5 shows the conversion selectivity curves and fig. 6 the yield of
acetic acid as a function of the residence time for multistage fluidized
beds (see above); the points indicate the composition at the outlet of each
stage (reaction conditions: T = 260C, Pto~ =16 bar, dp = 60 ,um, feed
composition C2H6 : 02 : H20 : N2 = 40 : 8 : 20 : 32 (in the case of divided
introduction of 10 oxygen in the first stage: 40 : 1.6 : 20 : 32)). Fig. 7
shows the conversion selectivity curves and fig. 8 the yield of acetic acid
as a function of the residence time for a fixed bed, single-stage fluidized
bed and 5-stage fluidized bed with divided introduction of oxygen; the
points indicate the composition at the outlet of each stage (reaction 15
conditions: T = 260C, Ptot =16 bar, dp - 60,um, feed composition C2H6 : 02
: H20 : N2 = 40 : 16 : 20 : 32 (in the case of divided introduction of
oxygen in the first stage: 40 : 3.2 : 20 : 32)). Examples 20 The present
calculations were carried out under the assumption of a reactor diameter D;
of 4 m, a particle size of 60 ~m or 80 ~m (according to the Geldart
classification A), a density of the particles of 3100 kg/m3 and a porosity
of the fluidized reactor bed of 0.5 at the minimum fluidization velocity.
The corresponding minimum fluidization velocity was 3.3 m/s 25 (60 Vim) or
5.85 m/s (at 80 wm). To achieve comparable fluid-dynamic conditions in the
reactor in the simulation, the fluidized bed index u/umf in the reactor was
kept constant at 8.0 for all simulation conditions (different temperature,
different composition of the gas stream fed in) by adjusting the gas
velocity at the reactor inlet accordingly in the range from 4.67 mils 30 to
5.40 m3/s. As gas distributor, a nozzle plate distributor having 800
orifices per m2 was assumed.   _g_ In the calculation for the multistage
fluidized-bed reactor without divided introduction of oxygen, each stage
was modeled as an individual fluidizedbed reactor with its own gas
distributor. In the case of a multistage fluidized bed with divided
introduction of oxygen, the same flow of oxygen is added 5 to the gas
stream before each stage. The volume flow thus increases from stage to
stage, so that the fluidized bed index increases slightly from 7.5 to 8.5.
The volume flow was chosen so that the fluidized bed index u/umf in the
middle stage of the fluidized bed is 8. In the figures, the simulation
results for an ideal isothermal fixed-bed 10 reactor under the same
conditions are given for comparison (abbreviation: PLF). The modified
residence time mod specified in the figures and in the appendix is defined
as the mass of catalyst divided by the volume flow at the reactor inlet
under the given reaction conditions. 15 Example 1: Influence of the
particle size Simulation calculations were carried out for two different
particle diameters, viz. 60,um and 80,um. In the case of the 60 Nm
particles) smaller bubbles having a maximum diameter of 4 cm were formed,
while in the case of the 80 Nm particles, bubbles having a diameter of up
to 12 cm are formed. 20 The effect of better mass transfer and reduced
backmixing in the case of small bubbles on the selectivities and the yield
of acetic acid are shown in figures 3 and 4. In addition, figures 3 and 4
show that at a bubble diameter of dB = 1 cm, the achievable yields become
the same as those in the fixed-bed reactor. Furthermore, the results show
that at constant conversion, the selectivity to 25 acetic acid increases
with decreasing bubble sizes. In addition, when the particle diameter
becomes smaller, the yield of acetic acid YHOa~ and also the space-time
yield increase (fig. 4). The example shows that at a maximum bubble size dB
of 1 cm, virtually identical results in respect of the selectivity to
acetic acid and the space-time 30 yield are obtained in the fluidized-bed
reactor and the fixed-bed reactor,   -10 since at this bubble size
virtually no inhibition of mass transfer between bubbles and emulsion phase
occurs and, in addition, backmixing is reduced. It can thus be shown that
the low selectivity and space-time yield is at least partly attributable to
undesirable backmixing in the fluidized bed and to slow 5 mass transfer
between the bubble phase and emulsion phase which leads to oxygen from the
bubbles only slowly getting into the emulsion phase. In addition, a high
oxygen concentration in the bubbles leads to increased carbon dioxide
formation as a result of unselective further oxidation of the acetic acid
and thus to a reduction in the acetic acid selectivity. 10 Example 2:
Multistage fluidized-bed reactor An additional possible way of reducing the
undesirable backmixing in the 



fluidized bed is, apart from a reduction in the particle size, the use of a
multistage fluidized-bed reactor. As a result of the gas distributors at
the 15 beginning of each stage, the average bubble size over the
fluidized-bed reactor is smaller than in a single-stage fluidized bed,
since bubble growth starts afresh in each stage. Figures 5 and 6 show the
results for various multistage fluidized-bed reactors: 20  "3St" - 3-stage
fluidized-bed reactor with 20 t of catalyst/stage, height of the fluidized
bed per stage = 1.04 m  "5St" - 5-stage fluidized-bed reactor with 10 t of
catalyst/stage, height of the fluidized bed per stage = 0.53 m  "SSt,vert"
- 5-stage fluidized-bed reactor with divided introduction of 25 oxygen and
15 t of catalyst/stage, height of the fluidized bed per stage = 0.78 m For
comparison, the results for the single-stage fluidized-bed reactor (BAM)
and the ideal fixed-bed reactor (PLF) are also shown in figures 5 and 6.
_11_ At low ethane conversions, ethylene is formed with significantly
higher selectivity in the 5-stage fluidized bed with divided introduction
of oxygen than in the other fluidized bed reactors. This is attributable to
the low oxygen concentration. In contrast, at higher ethane conversions,
the 5 differences in the selectivities between the various fluidized-bed
reactors are low, (<2%). The highest acetic acid selectivity after the
fixed-bed reactor of SHOe~ = 72.2 % is obtained in the 5-stage fluidized
bed with divided introduction of oxygen (at X~2HS= 8.6 %). At the same
ethane conversion, the selectivity in the fixed-bed reactor is SHOac = 77.5
%. 10 The results in figure 5 show that use of a multistage fluidized bed
enables the space-time yield to be increased significantly compared to a
singestage fluidized bed. On the other hand, the divided introduction of
oxygen leads to a reduction in the space-time yield, since the lower oxygen
partial pressure reduces the reaction rate compared to the other reactors.
15 The simulation of the 5-stage fluidized-bed reactor with divided
introduction of oxygen was repeated for a higher oxygen concentration which
allows a higher ethane conversion and thus a higher acetic acid yield.
Owing to the higher oxygen partial pressure, the reaction rate is
increased. As before, the catalyst mass is 15 tlstage. The results of the
simulation are shown in figures 7 and 8. 20 In contrast to the results
obtained with the low oxygen concentration (figures 5 and 6), the
conversion-selectivity curves in figures 7 and 8 show more significant
differences between the single-stage fluidized-bed reactor and the 5-stage
fluidized-bed reactor. As a result of the divided introduction of oxygen, a
significantly higher selectivity to acetic acid compared to the 25
single-stage fluidized-bed reactor is obtained at the same ethane
conversion (at X~2HS = 16 %: SHOa~,~-St = 65.4 % or SHO8C,5-st = 69.7 %).
The loss of selectivity in the fluidized bed compared to the fixed bed is
relatively small (SHOac,PLF = 73.6 %). As before, the space-time yield
obtained with divided introduction of oxygen is reduced compared to the
fixed-bed 30 reactor; however, it is at the level of the single-stage
fluidized-bed reactor.   -12 The following tables show the data for all
figures. Table 1: Conversion and selectivity data for the influence of the
bubble 



size and the particle diameter (fig. 3 and fig. 4) im / kg~s~rri 3 I XC2H6
I% Xo2 /% I Sc2Ha /% SHOao /% Scot /% Particle diameter = 60 m7
5401.1911.190.2880.3319.3915
0802.2221.290.2278.8020.99301593.8837.990.3076.6723.0360
3185.9258.881.1773.7925.0490 4777.1371.351.7772.2825.94150
7958.5185.522.4770.7826.752261939.3193.752.9169.9627.133015919.6697.303.116
9.6127.27Particle diameter = 80 Nm 4 2500.696.440.3881.2518.378
4991.3112.430.2780.0019.7416 9982.3622.780.2577.9721.7833
9963.6535.941.0174.8924.1050 9954.3743.481.5073.2825.2284
9915.2953.101.9871.6926.33127 4876.0661.142.3070.6627.04169
9826.6467.002.5270.0227.46254 9737.5076.112.8169.2427.95Bubble diameter
limited, dB = 1 cm4 2500.726.590.6981.9917.328 4991.4113.060.4681.7517.7916
9982.7325.550.2781.1218.6033 9965.1148.460.1979.8020.0150
9957.0767.910.2678.5521.1984 9919.4091.071.7275.5522.74127 487i
0.1698.612.5774.1023.33For comarison:
Plu-Flow-Reactor17000.282.482.5281.2116.274 2500.726.540.9882.4816.548
4991.4212.980.5182.5316.96   -13 16 9982.7825.740.2781.9317.7933
9965.2349.220.1880.5219.3050 9957.2469.060.2679.1920.5567
9938.7584.070.9377.5221.5584 9919.6392.701.8275.9722.22127
48710.2899.182.5874.6522.76 Table 2: Multistage fluidized-bed reactors
without side streams (all oxygen is introduced into the first stage) (Fig.
5 and Fig. 6) 5 ,gym / kg's'm 3 IxC2H6 ~%xp2 ~% ISC2H4 ~%SHOac ~%SC02
~%3-sta a fluidized-bed reactorStage 160 3185.9158.881.1773.7925.04Stage
2120 6368.5585.612.0971.8626.06Sta a 3180 9549.4995.222.7170.8226.485-sta a
fluidized-bed reactorStage 130 1593.8837.980.3076.6723.03Stage 260
3186.5665.110.8874.9024.22Stage 390 4778.2381.651.5973.4224.99Stage 4120
6369.1490.642.2072.3625.44Sta a 5150 7959.6295.302.5771.7325.69 Table 3:
Multistage fluidized-bed reactor with divided introduction of oxygen (the
oxygen conversion Xp2 is calculated per stage) 10 (Fig. 5 and Fig. 6) I'Cm
~ ICg'S'n'1 3IXCZH6 ~% xpp ~% ISC2H4 ~% SHOac ~% SC02 ~%low ox en
concentrationStage 145 2391.33 59.3813.49 66.45 20.06Stage 290 4773.02
57.957.90 70.64 21.45Stage 3135 7164.88 57.395.13 72.16 22.71   -14 Stage 4
Sta a 5180 954 226 1936.73 8.6257.06 56.813.62 2.7372.48 72.2223.90
25.05increased oxen concentrationStage 145 2392.4758.475.9972.7721.24Stage
290 4775.6756.382.6673.9823.36Stage 3135 7169.1055.101.4273.0925.49Stage
4180 95412.5654.200.8771.5127.62Sta a 5226 19315.9653.490.6069.6929.72 5
Table 4: Conversion and selectivity data for the increased proportion of
oxygen; as a comparison with the 5-stage fluidized-bed reactor with divided
introduction of oxygen, the fixed-bed reactor and single-stage
fluidized-bed reactor are shown here. (Fig. 7 and Fig. 8) 'Lm l kg~s~m
3XC2H6 ~%X02 ~% ISC2H4 ~%SHOac ~%SC02 ~%sin le-sta a fluidized-bed reactor7
0581.527.250.1679.3320.51141152.9014.180.1177.1522.7428
2315.3326.910.0874.0025.9242 3467.3738.020.0771.8228.1156
4619.0947.560.0770.2929.6484
69211.7162.350.1668.3531.4914115414.8580.110.6366.1733.1921173016.7790.971.
0964.8934.02282 30717.6495.911.3564.2934.36Plu FlowReactor2
8230.612.770.9582.5616.487 0581.587.270.3782.5617.0714
1153.1014.430.1981.8118.0028 2316.0428.640.1080.1019.8056
46111.1854.780.0676.9423.0184 69215.2276.560.0674.3625.58112
92318.0092.000.3272.2827.3914115419.1198.180.9570.8628.19   WO 02/38526 -
15 - PCT/EP01/12001 Claims 1. A process for preparing acetic acid by
oxidation of ethane by means of molecular oxygen in a fluidized bed of
catalyst particles, wherein the bubble diameter in the fluidized-bed
reactor is less than 12 cm. 2. A process as claimed in claim 1, wherein the
bubble diameter of the reaction gas mixture fed in is less than 5 cm. 3. A
process for preparing acetic acid by oxidation of ethane by means of 



molecular oxygen in a fluidized bed of catalyst particles, wherein the
particle diameter of at least 70% of the catalyst particles is less than or
equal to 80 Vim. 4. A process as claimed in claim 3, wherein the particle
diameter of from 10% to 60% of the catalyst particles is less than 60 ~,m.
5. A process as claimed in claim 3 or 4, wherein from 20 to 50% of the
particles have a diameter of less than 40 ~,m. 6. A process as claimed in
any of claims 3 to 5, wherein the catalyst particles are within a particle
diameter range from 10 Nm to 40 wm. 7. A process as claimed in any of the
preceding claims, wherein the fluidized bed index is greater than or equal
to 1.   -16 8. A process as claimed in any of the preceding claims, wherein
the fluidized bed index is in the range of from 1 to 10. 9. A process as
claimed in any of the preceding claims, wherein the density of the catalyst
particles used in the fluidized-bed reactor is in the range from 500 kg/m3
to 6 000 kg/m3. 10. A process as claimed in any of the preceding claims,
wherein the catalyst used has the formula (I), MoaPdbX~Yd (I) where X is
one or more elements selected from the group consisting of Cr, Mn, Nb, Ta,
B, Ti, V, Te, Re and W, Y is one or more elements selected from the group
consisting of B, AI, Ga, In, Pt, Zn, Cd, Bi, Ce, Co, Rh, Ir, Cu, Ag, Au,
Fe, Ru, Cs, Mg, Ca, Sr, Ba, Li, K, Na, Rb, Be, Nb, Zr, Hf, Ni, P, Pb, Sb,
Si, Sn , TI and U and the indices a, b, c and d are the gram atom ratios of
the corresponding elements, where, based on a = 1, b is in the range from
0.0001 to 0.01, c is in the range from 0.1 to 1 and d is in the range from
0 to 1, where X and/or Y may represent a plurality of elements. 11. A
process as claimed in any of the preceding claims, wherein the catalyst is
Mo~,oPdo.ooosVo.25Nbo.12 Mol.ooPdo.ooosVo.asNbo.osSbo.o,Cao.o,
Mol.ooPdo.ooosVo.asNbo.osSbo.o,Cao.o~Ko.o,s
Moi.ooPdo.ooo~sVo.asNbo.o3Sbo.o,Cao.o,
Moi.ooPdo.ooo~sVo.ssNbo.osSbo.oiCao.o, Moi.ooPdo.ooo~sVo.asNbo.osSbo
olCao.o1   -17 Mo~.ooPdo.oooaVo.ssNbo.ossbo.o, Cao.o,
Moi.ooPdo.oooasVo.ssNbo.osSbo.o,Cao.o,
Mop.ooPdo.ooo~sVo.ssNbo.osSbo.o,Cao.o, Mo~.ooPdo.ooosVo.soNbo.,sTeo.o,
Cao.o, Mol.ooPdo.ooo~sVo.soNbo.osWo.o, Pdo.ooos. 12. A process as claimed
in any of the preceding claims, wherein the reaction is carried out at a
temperature in the range from 100 to 500C. 13. A process as claimed in any
of the preceding claims, wherein the reaction is carried out at a reactor
pressure in the range from 1 to 50 bar. 14.A process as claimed in any of
the preceding claims, wherein not only ethane and molecular oxygen but also
an inert gas, carbon dioxide and/or water vapor are present in the reaction
gas mixture. 15. A process as claimed in any of the preceding claims,
wherein the fluidized-bed reactor has a plurality of reaction stages or
reaction zones. 



16. A process as claimed in any of the preceding claims, wherein one or
more reactants or water are fed into various zones or stages of a single
stage or multistage reactor. .An.Ar.A.A?.Ae.A.AE.A.A9.AY.A,.A,.AR.A`".ASl
.A@R.AS @L0z[YO&G@ B
[|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]caU]ca]ca]cTa]ca]ca![dhP-pOoF
#Iu#o}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
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