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Abstract

The conversion of ethane in mixture with oxygen and helium (or air) over@skAl .03 12:88 (w/w) and a YO5-K,0/Al,03 12:6:82
(w/w) catalysts has been studied. Results of co-feed experiments (with ethane—oxygen—He and with ethane—air feeds) and redox experiments
performed feeding pure ethane over fully oxidized catalysts, have been compared. Data concerning propane conversion over the same
catalysts have also been considered. Over the heavily K-doped sample a direct combustion wayam@£to the oxydehydrogenation
way to ethylene is likely to exist. On the contrary, over undoped vanadia-alumina the main combustion way is successive and mainly gives
CO. Similar yields have been obtained but at lower temperatures for co-feed than for redox experiments. However, in similar conditions
the productivities can be definitely higher in redox than in co-feed experiments. Nevertheless the conversion of ethane in the empty reactor
gives rise to definitely higher selectivities and yields, although at very high temperatures, than the catalyzed reactions.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction actor, at quite high temperature and is, in these conditions,
quite highly selective to ethyleng2] and propeng19],

The production of light olefins from alkanes separated respectively. Very active oxidation catalysts, such as man-
from natural gas is a desirable option to limit the depen- ganese and iron oxides, actually allow high selectivities to
dence from oil, and according to the low price of natural gas olefins at low temperatures but only at very low conversion
today. This can be obtained through endothermic reactions[20]. Less active materials (such as vanadium oxides and
such as steam crackiri@] and thermal or catalytic dehy- metal vanadate21]) allow better but still insufficient yields
drogenatior{2], or through an exothermic reaction such as in propene, but at quite high temperatures. In these condi-
oxidative dehydrogenation (ODH). In spite of the hard work tions, gas-phase phenomena also occur, giving rise and to
done in this field by different groupg8-5] no sufficiently thermal dehydrogenatid22] and to cracking of propane to
selective or active catalysts for oxidative dehydrogenation methane plus ethyleri@9]. Propene/ethylene mixtures can
of light alkanes have been developed so far to allow pro- be obtained selectively from propane at high temperatures.
cess commercializatiofs]. Oxide-supported vanadium ox- In previous studies, surface alkoxide species (2-propoxides
ides, in particular YOs/vy-Al O3z, are considered among the from propane and surface ethoxides from etH#rk9]) have
best catalysts and have been tested by several gféupS] been considered to be the surface key intermediates and
K-doping can improve its performances in propane and bu- the possibility of a direct parallel way to GQbesides the
tane ODH[16,17], but it seems that this does not occur in successive one via olefin overoxidation has been evidenced
the case of ethane ODHS]. [13,14,19]

The main by-reaction upon oxidative dehydrogenation is  New processes and reactor designs could allow to enhance
the catalytic combustion. The oxidative dehydrogenation of the performances of catalytic oxidative dehydrogenation: for
ethane and propane can occur thermally, i.e. in an empty re-these reasons vanadia-based catalysts have also been tested

in two-zone fluidized bed reactof23], in membrane reac-
* Corresponding author. Fax:39-10-3536028. tors[24,25] and in monolith-like reactorf25]. The oxida-
E-mail address: guido.busca@unige.it (G. Busca). tive dehydrogenation at short contact time on metal catalysts
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[26,27]is also apparently a promising option. This process recorded after heating in dry oxygen with a Brucker FTS100
is likely constituted by a gas-phase thermal dehydrogenation(Nd-YAG laser) instrument. UV diffuse reflectance spectra
induced by the temperature rise generated by total catalyticwere obtained with a Jasco V-570 spectrophotometer.
combustion. The catalytic tests were carried out at atmospheric pres-

In recent years another type of selective oxidation process,sure in a continuous fixed bed flow tubular quartz reactor.
i.e. the transport bed process has been developed, e.g. foBlank experiments have been performed in the empty
maleic anhydride synthesis frombutane[28]. In this case reactor.
the pure hydrocarbon is converted into the product by the ox- The reactants and the reaction products were analyzed
idized catalyst in an oxygen free atmosphere. The fluidized using a on-line gas chromatograph (HP 5890) equipped with
catalyst, reduced by the hydrocarbon, is continuously trans-a PORAPLOT Q (HP) capillary column, connectedtoa TCD
ported into a regeneration reactor where it is re-oxidized by detector in series with a FID detector. Between them, CO
air. Similar processes could also be proposed for oxidative was reduced to Cldby hydrogen on a nickel catalyst tube
dehydrogenation of alkang¢29]. (HP). A six-port valve with a 0.5 chloop has been used

In the present paper we report on the oxidative conver- for the gas sampling.
sion of ethane on vanadia-alumina-based catalysts. The The reaction products detected and that will be quantified
aim is to compare the results obtained in a typical lab- here are ethane itself, ethene, methane, CO ang OQGe
oratory experiment (packed bed flow reactor co-fed with to the possibility to produce the same product with differ-
ethane—oxygen—helium mixtures below the lower flamma- ent reaction stoichiometries, the selectivities have been cal-
bility limits) with those obtained still in laboratory reactors culated based on carbon atoms according to the following
but in conditions approaching those of possible industrial definition:
processes, i.e. with a packed bed flow reactor co-fed with ¢
ethane-air in the interior of the explosion limits, and in s, = — —A %100,
redox conditions, i.e. by feeding the pure hydrocarbon over 2(N|(5) - lez)
the fully oxidized catalyst. Data obtained with a heav- .
ily K-doped vanadia-alumina catalyst are also reported to whereNL is the number Of moles 0(]; the '?‘ produetthe
check if the quite anomalous behavior of this catalyst ob- NUmber of carbon atoms in A anig — Ng the number

served for propane oxidative conversion also occurs with ©f moles of ethane converted. The contact timeas been
ethane. defined as:

_ Vearr Vear

Vi R

2. Experimental
whereVear is the apparent volume of the catalyst, excluded
The tests below described have been performed with two diluent, andFs the total feed flow. When considering the
vanadia-based alumina-supported catalysts, with composi-thermal reaction we will refer to the residence timecal-
tions V»Os/Al ,03 12:88 (w/w) (VA) and \bO5-K>0/Al>03 culated on the basis of the empty volume of the rea¢tgyct
12:6:82 (w/w) (VKA), prepared with a commerciglAl .03 as below:
support from Akzo (surface area 188y, pore volume Vieact
0.48 ml/g, medium pore radius 85A, Na100ppm, Si TR=—F(—
Fy
<0.2%).
The catalysts have been prepared by sequential impreg- Four types of standard co-feed experiments have been
nation of the alumina supports with NMO3 water solution performed, as summarized able 1 The same two cata-
first and with KNQ water solution later. After each impreg-  lysts have been tested in redox conditions as well, as sum-
nations the catalysts have been dried at 400 K and calcined atmarized too inTable 1 In these experiments the catalyst
773K for 7 h. The surface area of the catalysts is 16Hm was previously oxidized with pure oxygen for 15 min at the
The IR spectra were recorded after activation at 673 K temperature of the experiment in order to reach the highest
with a Nicolet Protégé instrument. Raman spectra were oxidation state of the active phase; later the line was purge

Table 1
Conditions for catalytic experiments

Notation Total flow (ml/min) Feed composition Bed composition 7 (S) Time on stream
Co-feed 1 300 3% ¢Hs, 3% Oy, He balance 0.1¢g- 0.49g quartz 0.02 Steady state
Co-feed 2 100 6% ¢Hg, 6% O, He balance 0.5¢g 0.3 Steady state
Co-feed 3 30 17% gHs, air balance 0.5¢g 1.0 Steady state
Co-feed 4 24 17% €Hg, air balance 19 25 Steady state
Redox 1 48 Pure gHg 29 2.5 1 and 3min
Redox 2 12 Pure £Hg 29 10 1 and 3min
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for 3min with He and later the catalyst was contacted by transition of polymeric metavanadate species. The modifi-
a stream of pure ethane. At each temperature two analysegation induced by K-doping, which accounts for a darker
have been performed at different times of stream &0% color of the undoped sample, can be attributed to a decrease
and 3 min). Sometimes, the carbon balance was not fulfilled of the partial polymerization degree of the surface vanadate
by the gaseous products. Actually coke was formed on the species. The analysis of the spent catalysts shows, in the
catalyst. So, the carbon unbalance was attributed entirely tocase of VA, a little shift down of the absorption edge with,
coke. however, a growth of the absorption in the visible region.
The activation energies were calculated taking into ac- This could agree with a partial reduction of vanadia cen-
count the low-conversion dat& (< 10%), on the assump-  ters and the appearance of absorption associatettalVd
tion that the conditions for a differential reactor are fulfilled. transitions. The spectrum of spent VKA is nearly unchanged
with respect to that of fresh VKA, showing that potassium
doping possibly also stabilizes’V.

3. Results The IR spectra of the fresh VA cataly$tig. 2) show the
V=0 stretching of isolated vanadyl species (1035 ¢jand

3.1. Spectroscopic characterization of its first overtone (2045 cmt). The Raman spectrum of the

vanadium-based catalysts same catalyst after activation also shows tleOvstretch-

ing at 1030 cm®. As discussed elsewhefe1], the IR and

A deep characterization of vanadia-alumina catalysts hasRaman spectra are very likely more sensitive to “isolated”
been already reported by several authors and is beyond theéhan to polymeric surface species. In any case, it is evident
aim of this work. We want here to check on the effect of the that the position of the bands of isolated vanadyls is shifted
heavy potassium doping on the nature of the surface vana-by potassium doping, down to below 980chand to near
dium oxide speciesHjgs. 1 and 2 The UV-Vis spectrum 1850cnt? in the IR spectrum. The Raman spectrum of ac-
of vanadia-aluminaKig. 1) presents an onset at 540 nm and tivated VKA shows two peaks at 930 and 975¢nThe
an absorption increasing by decreasing wavelength down toshift is due to the increase of thee® bond order which re-
near 300 nm where the maximum absorption occurs. Potas-sults from the stronger equatorial-© V bond according to
sium doping causes a shift on the onset down to near 450 nmthe increased basicity of the surface oxide ions in K-doped
whereas the maximum is not shifted. According to previous oxides, as previously discussed for vanadia-titania catalysts
studieq30], and in agreement with previous wdik 14,15] [32]. This perturbation could account for a higher stability
the main absorption centered in the region near 300 nm isof monomeric species with respect to the polymeric ones.
attributed to the & — V>t charge transfer transition of  In conclusions spectroscopic data suggest that VA is essen-
isolated vanadyl species, while the tail at higher wavelengthstially characterized by a higher polymerization degree and
is mainly associated to the?0 — V°* charge transfer  a more reducibility of the V centers with respect to VKA.

fresh catalyst
_______ spent catalyst

KM

Wavelength [nm]

Fig. 1. UV-Vis spectra of VA and VKA catalysts fresh and spent.
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Fig. 2. IR spectra of VA and VKA catalysts.2D stretching of isolated vanadyl species (right) and its first overtone (left).
3.2. Co-feed tests 100 —
00 L\ /ﬁ*\*
In Fig. 3the results of the conversion of ethane in mixture 80 N /

with oxygen and helium in the empty reactor are reported. s ° ~_/ ——02(C)
The residence time is 5.4s. We can evaluate that the resi- § N +282(S(;
dence time in this experiment is similar to the residence time 4518 B e .- v CHA(S)
of the reacting mixture in the empty volume of the catalytic S 20 Va4 —5—C2H4 (S)
reactor. The conversion of ethane is detected well above 0 . ——C2H6 (O)
1000 K giving rise to ethylene as the main product. The con- 10 )/ S
version of oxygen agrees with the occurrence of an oxidative 0 #_Z/gé-—
thydrogen{:\tipn, as f'or the stoichiorr_letry is poncerned. CcoO 600 700 800 900 1000 1100
is produced in increasing amounts by increasing temperature TIK]

whereas CQis produced in traces. Above 1000 K methane
is also observed. A rough evaluation of the apparent activa- FiEIJ- ‘t‘_- :{:gaé')o?o fi‘;‘éh; ;?]”\r’:;'t?gnq ?;ditgznsnacﬂ 22’;9; ?8‘1 th(;f
tion e.nergy gives more than 300kJ/mol in agreement with izt:\fyls\ltl and 0.4g of quartz). Feed,p3:3:94C2H6:02:He; tZtaI flévslg,]
what is expected for a gas-phase phenomenon. The data argyg mymin.

consistent with those reported by Beretta and Forfagj
and by Mulla et al[12] for experiments performed without

. . . by increasing temperature, reaching a maximum (60%) at
catalysts at different residence times. y g b 9 (60%)

) . . . 900 K when oxygen is almost completely converted. Up to
In Fig. 4the behavior of VA catalyst in the conditions of 900K, in presence of oxygen, ethylene is the main prod-

experiment 1 (se&able J is described. In these conditions, uct, whose selectivity decreases from 100 to 45% and re-

the reaction starts at 700 K, conversion of ethane increases, < constant at higher temperatures. In the same range

of temperature selectivity to CO increases reaching a maxi-

100 mum 45% at 900 K; the selectivity to GOdoes not exceed
90 15% at 1030 K. The apparent activation energy measured for
80 ] 2 ethane conversion her&able 9 is 114 kJ/mol, which indi-
< 10 _s_COS) cates that the kinetic regime is limited by a catalytic phe-
K 60 Ty —a—C02(8) nomenon. This apparent activation energy is similar to that
< 50 o —x—CH4 (8)
S 40 —a—C2H4 (S)
© 39 —o— C2H6 (C) Table 2
/r/' Apparent activation energie€d;) and turnover frequencies (TOF) for
fg [ light alkane conversion over VA and VKA
2
0 — Ethane Propane
990 1010 1030 1050 1070 1090 1110 Eat TOFg23k Eat TOFg23k
TIK] (kd/mol) (s (kd/mol) (s
. o . No catalyst >300 293
Fig. 3. Variation of the conversionCj of ethane and oxygen and the VA 114 0.0057 88 0.0130
selectivities §) to the main reaction products in the empty reactor. Feed, ,a 151 0:00016 90 0:00025

6:6:88= C,Hg:0,:He; total flow, 100 ml/min.
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Fig. 5. Variation of the conversionCj of ethane and oxygen and the  Fig. 7. Variation of the conversionCj of ethane and oxygen and the
selectivities §) to the main reaction products on VA catalyst (0.5g of Selectivities § to the main reaction products on VKA catalyst (0.1g

catalyst). Feed, 6:6:88 CyHg:0,:He; total flow, 100 ml/min. of catalyst and 0.4g of quartz). Feed, 3:3:94C;Hg:02:He; total flow,
300 ml/min.
measured on similar catalysts for ethane oxidaftioh4,34] alysts generally retain catalytic activity upon further runs
The turnover frequencies measured compare well with thoseif they have been used at no more than 800 K. At higher
reported for similar catalysts in similar conditiofi5]. temperatures the catalyst lose activity slowly.
In the conditions of experiment Zig. 5), the ethane Comparing the results so obtained it is possible to con-

conversion on VA is significant above 650K reaching a clude the ethane ODH to ethylene is largely predominant
maximum of 55% at 920 K, whereas oxygen conversion is on VA at low contact time and low temperatures, whereas
almost total already at 800 K. On the other hand, ethylene at higher contact times and temperatures the selectivity to
selectivity decreases by increasing temperature at least up taethylene is significantly reduced and an increasing of CO,
temperatures near 800 K. In this range of temperatures COthe main product, and COs observed. The data reported
is produced much more than GQAbove 800K, CQ and here for VA appear to be substantially comparable with those
ethylene selectivities grow and CO selectivity decreases.reported previously by several authors on vanadia-alumina
No production of methane has been observed up to 920 K. catalysts and in similar conditiorjg,8,14,15]

Experiments of ethane conversion in air with= 1 and In the same conditions, experiments have been performed
2.5s have been performed to approach the conditions ofalso over the catalyst denoted as VKA.Hig. 7 results of
a possible commercial process. The results obtained arethe ODH of ethane over VKA catalyst at the lowest contact
similar, seeFig. 6 for experiment 37z = 2.5s. A compar- time (0.02s) are reported. The curves here reported show
ison of the results showing the effect of contact time are that the reaction starts at temperature above 850K, more
reported inTable 2 At these quite high contact times still than 100K higher than the same reaction over VA. Oxygen
the ethane conversion and the selectivity to,(fcrease conversion is total above 1100 K. Ethane reaches the maxi-
with increasing contact time while selectivity to ethylene mum conversion (65%) above 1100 K. The main product is
and CO decrease. We can mention here that the spent cat€O, having a slight increase of selectivity, from 55 to 65%

100 - —

90 v

80 ——02(C)
- ;g —=CO(S)
@ co2(s
@ 50 ‘/ . CH4 (S)
S " — 45//9 —x— . ( ()S)
] —s—C2H4
8 | L T~

30 —— >~ ——C2H6 (C)

|
20 e
18 ,/a//’\
650 700 750 800 850 900
TK]

Fig. 6. Variation of the conversiorC} of ethane and oxygen and the selectiviti€stp the main reaction products on VA catalyst (1 g of catalyst). Feed,
17:17:66= CoHg:02:Ny; total flow, 24 ml/min.
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2 40 7% —CH4 (S)
o
S 4 « 7 —sC2H4 (S)
20 ——C2H6 (C)
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Fig. 8. Variation of the conversiorCjj of ethane and oxygen and the selectiviti€ o the main reaction products on VKA catalyst (1g of catalyst).
Feed, 17:17:66= CoHg:02:Ny; total flow, 24 ml/min.

in the range 850-1020 K, whereas in the same temperatureeactant partial pressure and temperature €&ectivity in-
range CO selectivity shows a slight decrease from 25 to 10%. creases on VA while it is quite constant on VKA.
As for ethylene selectivity, is constant at a little more than  The data recorded at very high temperature for VKA, to
20%. Above 1050 K reactants conversion is significantly en- push conversion, show that a bad catalyst can only appar-
hanced, selectivity to COdecreases drastically, because of ently become a very selective one at very high temperature.
oxygen total conversion, whereas an increase of selectivity In such conditions in fact the gas-phase reaction also starts
to ethylene up to 50% is observed; above 1100K an higherand, as shown iifrig. 3, gas-phase reaction is highly selec-
CO production and methane is detected, indication of the tive to ethylene.
occurrence of gas-phase reactions.

Fig. 8 shows the trend of conversion/selectivity versus 3.3. Redox tests
temperature curves related to the reaction over VKA cata-
lyst att = 2.5s, in air. Over this catalyst, except for very VA and VKA catalysts have been tested also in redox con-
high temperatures, GQs always the predominant product, ditions. As for VA catalyst, irFig. 9aresults of experiment
while selectivity to ethylene is always below 30% also at atr = 2.5s and times on stream (tos) of 1 min are shown. A
very low conversions. The apparent activation energy for decrease of selectivity to ethylene related to an increase of
ethane conversion over VKA has been calculated (taking the selectivity to methane (which is produced in much larger
low-conversion—low-temperature data) in these conditions amounts than for co-feed experiments) and to an increase
to be 151 kJ/molTable 2, i.e. definitely higher than on VA of coke, coating the catalyst surface. CO selectivity shows a
but still typical of catalyzed phenomena. 20% maximum at 923 K, whereas very low g€€oncentra-

The data reported here show again the very different be-tions (less than 10%) have been deteckd. 9bshows the
havior of VKA with respect to VA and most ODH catalysts, trend of the ethylene yields (at= 2.5s) at different tem-
as already noted in the case of propane conveidighbut peratures and 1 and 3min times of stream. Ethane conver-
also in the case of etharj&8]. On VKA in fact the selec-  sion increases by increasing temperature, as expected, and
tivity to ethylene tends to increase with temperature or be by decreasing of time of stream. Selectivity to ethylene in-
nearly constant and COs produced as the predominant creases by increasing tos. However, after 3 min only slight
product also at very low conversions. This is more evidenced deactivation and increase in selectivities are observed.
in Table 3where data taken in air show that €3 certainly Experiments have also been performedzat= 10s
a secondary product on VA while it could be a primary prod- (Fig. 109. Conversion of ethane is definitely higher, while
uct over VKA. In fact by increasing contact time at constant ethylene selectivity is definitely smaller. Additionally, in

-I;?legt ?)f contact time on ethane conversion and product selectivities
Catalyst T (K) 7 (S) C ethane (%) C oxygen (%) S ethylene (%) SCO (%) SCO; (%)
VA 720 1.0 29 66 35 50 15
720 2.5 39 94 28 54 18
VKA 770 1.0 4 15 12 10 78

770 2.5 9 32 13 10 78
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Fig. 9. Redox test over VA catalyst (2 g of catalyst= 2.5s): (a) conversion/selectivity (%) vs. temperature curves=tdsmin; (b) ethylene selectivity
(%) vs. ethane conversion (%).
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—= Y=20%
90 o %07 3 min
80 80
|——a

= 70 = —o— C2H86 (C 70 1
ol A4 = @ g —-— 723K
Q - 2 60 A
3 / Co(s) o
@ 50 et Z -5-773K
E a0 . (S) T 50 4
5 N —+—C02(8) 2 —&— 823K
O 30 \ —&—C2H4 (S) @ 40 1 —— 873K

20 @ 30 A

10 —= 20 1 min

0 _\_‘3>—<___E
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TK 0 T T T T
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(a) (b) conv% ethane

Fig. 10. Redox test over VA catalyst (2 g of catalyst= 105s): (a) conversion/selectivity (%) vs. temperature curves=tasnin; (b) ethylene selectivity
(%) vs. ethane conversion (%).

these conditions the effect of tos is much stronger, with a  The same experiments have been done with VKA. It is
fast deactivation. On the other hand, the ethylene yield is evident that, also in redox conditions, VKA is less active
always below 15% here while with shortetthe yields are than VA (compard-ig. 11awith Fig. 93 andFig. 12awith

between 15 and 20% at 900-1000 K. Fig. 109. However, the selectivities obtained at= 2.5s
100
Y=20%
100 90
90 50 -
b \
8 70
o 70 / —e—C2H6 (C) % _ —4— 873K
= 80 ‘\ —1T —=—CO0 (S) ;s, 60 1 3 min _0-923K
- - 7 | |-—cras T 50 973K
g AL/ —+—C02(3) = 40 —o—1023K
s 40 =
S N 7Y —a—C2H4 (S) & | il
30 & L —+—Coke (S) 30
20 20 - .
1D X_{_\ vARN \\Tln
0 =1 . 10
O T T T T T T T T T

800 850 900 950 1000 1050 1100
0 10 20 30 40 50 60 70 80 90 100

(a) TK (b) Conv % ethane

Fig. 11. Redox test over VKA catalyst (29 of catalyst= 2.5s): (a) conversion/selectivity (%) vs. temperature curves,=tokmin; (b) ethylene
selectivity (%) vs. ethane conversion (%).
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Fig. 12. Redox test over VKA catalyst (2 g of catalyst= 10 s): (a) conversion/selectivity (%) vs. temperature curvesst@snin; (b) ethylene selectivity
(%) vs. ethane conversion (%).

are remarkable and give yields exceeding 20%. Again, how- experiments much lower ethane partial pressure is used. As
ever, this occurs at very high temperatures when gas-phasdor redox experiments, the results taken after to8 min
phenomena likely are also involved. is used. We can likely suppose that two regimes exist, as
determined for propane conversion over the same catalysts
[19]. Below a temperature (870K for co-feed experiments,
4. Conclusions 1000K for redox experiments) true catalysis (or surface
reactions) occur while above these temperatures gas-phase
The data reported here confirm that the undoped VA cat- reactions likely predominate. It is evident that selectivity to
alyst is more active than the heavily K-doped VKA cata- ethylene is better at higher temperatures in the region where
lyst, as previously observed for propafi®] as well as for  gas-phase phenomena occur, both for co-feed and redox
ethane[18] conversion. The activation energies measured experiments. Similar yields are obtained in the “catalytic
for the ethane conversion agree with those reported in theregion” in both experiments (note that the time on stream in
literature for similar catalystf7,14] and also the turnover  the range 1-3 min has not much effect on yields in the case
frequencies roughly agree with those reported by Bafiaresof redox experiments) but at definitely lower temperatures
et al.[15] (Table 3. The comparison with our previous data for co-feed than for redox experiments for both catalysts, in
show that ethane activation is harder than propane activationspite of the definitely higher ethane partial pressure (1 atm)
and that VA is more active than VKA. This higher activity used in the redox experiments.
can be due to the lowered polymerization degree of surface
vanady! species and to the strongly perturbed nature of the
isolated species evidenced by UV-Vis and IR spectroscopies. &0

Although this contradicts the data of Argyle et[@l4], who dmpty reactbr
obtained similar activation energies for ethane and propane 50 5
conversion, the lower apparent activation energies we found
for propane conversion with respect to those for ethane con- § 40 "
version are in line with the bond energies of the weakest £ VA 7| VKA
C-H bonds in the molecules, where carbon is secondary for s 0 e
propane and primary for ethane. 3 20 / VKA _..4'

Also in the case of ethane conversion, like for propane ~ VA ot !
conversion, the different olefin/CCselectivity pattern ob- 10 A/““‘“s/"" f-’ “
served in the two catalysts strongly suggests a quite differ- rd J/’y .
ent reaction path. A direct way burning the alkane to,CO 0 Ll P
without passing through the olefin must occur on VKA, ac- 600 700 800 900 1000 1100 1200
counting for the unusual increasing selectivity to ethylene temperature [K]

with temperature over this catalyst. _ .
In Fig. 13a comparison of co-feed and redox experiments Fig. 13. le_d (%) to ethylene' vs. temperature over VA and VKA catalysts
. . in t f vields i thl Th . (r = 2.55) in co-feed (full lines; feed, 17:17:66 CyHgs:02:Ny; total
!S given, m erms of yields in e _yene' € comparlsor_l flow, 24 ml/min) and redox (broken lines; feed, pure ethane=t@min)
is made with the same contact time (2.55s), although this conditions and in the empty reactor (feed, 6:6:880,Hs:0,:He; total

comparison must be taken with care because for co-feedflow, 100 mi/min).
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Due to the higher ethane flow used in the redox exper-
iment, however, similar yields in ethylene correspond to

189

selective oxidation of ethane. In situ Raman, UV-Vis DRS and
reactivity studies, Catal. Today 61 (2000) 295-301.

much higher productivities in the redox experiments. The [16] J:-M. Lopez Nieto, P. Concepcion, A. Dejoz, F. Melo, H. Knozinger,

ethylene amount per gram of catalyst (productivity) pro-
duced on VA in the experiments in the range 800—900K is
definitely higher for redox (2.4 ml/(min g catalyst) at 873K
at r = 2.5s) than for co-feed experiments (0.49 ml/(ming
catalyst) at 873K at = 2.5s). The productivities obtained

in redox conditions can be also higher than those obtained

on metal catalysts at “short contact times” but using diluted
feeds[27].

M.l. Vazquez, Oxidative dehydrogenation ofbutane and 1-butene
on undoped and K-doped V({@AI,O3 catalysts, Catal. Today 61
(2000) 361-367.

[17] V. Ermini, E. Finocchio, S. Sechi, G. Busca, S. Rossini, Propane

oxydehydrogenation over alumina-supported V-Mn-K oxides, Appl.
Catal. A: Gen. 198 (2000) 67-79.

[18] A. Galli, J.M. Lopez Nieto, A. Dejoz, M.l. Vazquez, Catal. Lett. 34
(1995) 51.

[19] C. Resini, M. Panizza, L. Arrighi, S. Sechi, G. Busca, R. Miglio, S.
Rossini, Chem. Eng. J. 89 (2002) 75-82.

The redox technique, although does not allow to increase [20] M. Baldi, V. Sanchez Escribano, J.M. Gallardo Amores, F. Milella, G.

ethylene yields, allows to avoid explosion problems (ethane
and air are not mixed), to work with undiluted flows and to
obtain high productivities.
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