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Abstract

The influences of the incorporation of copper(ll) cations into M@¥, Mg,V ,0; and MgV ,Og on the catalytic activities and the mobility
of lattice oxygen in those catalysts have been investigated to observe the contribution of lattice oxygen in magnesium vanadates to the oxidative
dehydrogenation of propane. The incorporation of'@uto those magnesium vanadates resulted in the decrease of the selectivity to propylene,
while the evident enhancement of the reaction rate per unit of the surface area was observed. In order to examine the mobility of lattice oxygen
in those Cd&' incorporated catalysts, those magnesium vanadates incorporated Witat@ue atomic ratios of Cu/[Mg + Cu]=0 and 0.10
were employed for the oxidative dehydrogenation in the absence of oxygen for 2.25 h, followed by the addition of gaseous oxygen into the
feed-stream. After the addition of gaseous oxygen under the present conditions, oxygen in the effluent gas was detected at approximately 36,
7 and 2 min with Mg\Og, Mg,V,0; and MgV,0g while no oxygen was detected from those catalysts incorporated withe@en 60 min
after the addition of gaseous oxygen. Therefore, the incorporation @fiGe those magnesium vanadates results in the enhancement of
the abstraction of lattice oxygen from the catalysty. MAS NMR and XPS revealed that redox of vanadium and copper species in those
catalysts contributed to the abstraction of the lattice oxygen from the corresponding catalysts.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the structure of those magnesium vanadfgdattice oxy-
genin MgV207 and MgV 20Og is shared with both the VO
Itis generally accepted that magnesium meta-, pyro-, andtetrahedron and the Mgf@ctahedron, while part of the lattice
ortho-vanadates (Mg0gs, MgoV207 and MgV20g, re- oxygen in Mg\bOg is shared with only V@ octahedron. It
spectively) are active catalysts for the oxidative dehydrogena- should be noted that the lattice oxygen shared with V species
tion of propane to propyleri@—4]. It has been suggested that  is more easily abstracted than that with Mg species siriée V
the V=0 and/or -O-V bonds in those magnesium vana- is more reducible than Mg. As expected from those struc-
dates participate in the activation of propdbes]. Particu- tures, it has been found out that the removal of lattice oxygen
larly, it should be noted that the ease of removal of lattice from MgV,0g is more favorable than that from My,0;
oxygen from those binary oxide catalysts explains the greatand MgV 20g [9]. Furthermore, it has been also reported that
activities for the oxidative dehydrogenatipf8)]. Based on the partial substitution of Mg with C&* in those magne-
sium vanadates results in little effects on the removability in
* Corresponding author. Tel.: +81 88 656 7432; fax: +81 88 655 7025, Meta-vanadates while evident those in both pyro- and ortho-
E-mail addresssugiyama@chem.tokushima-u.ac.jp (S. Sugiyama).  vanadatefl0]. It should be noted that the ionic radius ofCa

1381-1169/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.molcata.2004.10.046



256 S. Sugiyama et al. / Journal of Molecular Catalysis A: Chemical 227 (2005) 255-261

Table 1
Calcination conditions for the preparation of magnesium vanadates incorporated ®ith Cu
Catalyst Calcination temperature

First Second Third Fourth
MgV20s 773K for6h 873K for12h - —
Mgo.95C .05V 206 773K foréh 873K for6h - —
Mgo.90CUo.10V 206 773K for6h 873K for6h - -
Mgz2V 207 823K for6h 973K for17h - -
Mg1.90CUp.10V207 823K for6h 873K for6h 923K for12h -
Mg1.80CU0.20V207 823K for6h 873K for6h 923K for 12h -
MgsV20g 823K for6h 898K for 49h 1023K for 15h 1073Kfor6h
Mg2.85CUp.15V 20s 823K for6h 898K for 26 h 973K for6h 1023K for6h
Mg2.70CUp.30V 208 823K for6h 898K for 26 h 973K for6h 1023K for 6 h

(1_14,&) is different from that of Mg@* (0.86,&), resulting in justed to the atomic ratio of the corresponding catalysts. The
the difficulty of the substitution of M& with Ca2* in those suspension was evaporated to dryness while being stirred and
magnesium vanadates. then finally dried at 383 K. The resulting solid was ground
In the present study, we prepared Cuncorporated into a fine powder and calcined at higher temperatures for dif-
MgV»0s, MgoV207 and MggV20g as the catalysts for the ~ ferentduration. Based on the examination with XRD (Rigaku
oxidative dehydrogenation of propane. lonic radius of'Cu  RINT 2500X using monochromatized Cudtadiation), the
(0.87,&) is essentially identical to that of Mg that may be calcination conditions described Trable 1were employed.
favorable for the substitution of Mg in those magnesium  Each solid was finely ground between calcination. Particles
vanadates with Gif. Furthermore, C# is more reducible ~ 0f 0.85-1.70 mm were employed in a fixed-bed continuous
than Mc?*, probably resulting in the dissimilar redox behav- flow reactor operated at atmospheric pressure. The reactor
iors to those observed on &aincorporated catalysts. Those consisted of a quartz tube, 9mm i.d. and 35 mm length, at-
CU?* incorporated catalysts were employed for the examina- tached ateach endtoa4 mmi.d. quartz tube to produce atotal
tion of the effects of the incorporation of €lon the mobility ~ length of 25 cm. The catalyst was held in place in the enlarged
of the lattice oxygen together with the activities. The catalytic Portion of the reactor by two quartz wool plugs. In all experi-
activities of CyV»07, which is produced from the complete ments, the catalyst (0.5 g) was heated to the reaction temper-
substitution of M@* in Mg,V»07 with CUi2*, for the oxida- ature (723 K) while maintaining a continuous flow of helium
tive dehydrogenation of butarj#1] and propang12] have and was held at this temperature under a 25 mL/min flow of
been already reported. For the oxidative dehydrogenation ofoxygenfor 1 h. The reaction conditions were as follows unless
butane, the activities on GW,0; at 573 and 723K were  Otherwise stated®(CgHg) =14.4kPa,P(Oz) =4.1 or OkPa

higher and lower, respective|y, than those ompMgO7 [11] andF =30 mL/min. No homogeneous oxidation of propane
The influences of the divalent cation on the activities of lattice Was observed under the present conditions. The reaction was
oxygen were suggested for the oxidation orp\Z307 [11]. monitored with an on-stream Shimadzu GC-8APT gas chro-
The oxidative dehydrogenation of propane onZx07 was matograph with a TC detector and integrator (Shimadzu C-
a little bit more selective than that on Mg>07 while no R6A). Two columns, one Porapak Q (608 mm) and the

comments on the role of lattice oxygen were described in other Molecular Sieve 5A (0.2m 3 mm), were employed
the papef12]. The present paper will be particularly con- in the analyses. The conversion of propane was calculated
cerned with the influences of the incorporation ofCinto from the products and from the propane introduced into the
magnesium vanadates on the mobility of lattice oxygen. feed-stream. The selectivities were calculated from the con-
version of propane to each product on a carbon basis. The
carbon mass balances were H08%. The reaction rates per
unit of surface area were estimated as the natd=C oX/W,
2. Experimental in which F, Cp, X and W were flow rate, initial concen-
tration of GHg, conversion of GHg and catalyst weight,
Magnesium meta-, pyro-, and ortho-vanadates incorpo- respectively) per catalyst surface afé&]. For the contin-
rated with C@*, which are denoted as MgyCuV20e, uous analyses of the reaction, an effluent gas from the re-
Mg2_xCw V207 and Mg_xCuVo0g, were prepared from  actor was introduced into the quadrupole mass spectrometer
Mg(OH), (Wako Pure Chemicals, Osaka), Cu(QHiVako) (Pfeiffer-Hakuto OmniStar-s$1V MAS NMR was obtained
and NHVO3 (Wako). The preparation procedure was essen- from a Bruker AVANCE DSX300, with an external refer-
tially identical to that reported by Sam et al. for those parent ence of 0.16 M NaV@ solution at—574 ppm at room tem-
magnesium vanadat¢®,9,10] Fine powders of Mg(Oh) perature and a spinning rate of 25 kHz. X-ray photoelectron
and Cu(OH) were added to 1% ammonia solution of Spectroscopy (XPS, Shimadzu ESCA-1000AX) for the anal-
NH4VO3, in which the amounts of those reagents were ad- Ysis of Cu species used AlKradiation[14,15] The surface
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areas were calculated from adsorption isotherms obtained

eas w _ @  °  Owmgv.o
with a nitrogen adsorption apparatus (Belsorp18 Plus, BEL, - 1
Japan). The apparent densities of the catalysts (particles of I
. o}
0.85-1.70 mm) were determined by the dry mass per apparent . I To o
volume. I
e .T “1 sp ) :Uai.—/ﬂ\. sttty
‘é‘ (B) .Unindentiﬁed‘
3. Results and discussion £ |
=
3.1. Preparation of magnesium vanadates incorporated % I ® ‘ M A 1\.
with CUl#* and the catalytic activities for the oxidation of k= *-r-JwJ SULFVPRLLT WP, NP POV W REIVY
propane 1 (©
It has been already reported tha?€aan be incorporated 1
by 10% (atomic ratio of 10& Ca/[Ca + Mg]) into Mg\LOg, J_u ]
Mg2V207 and MgV,0g. Since ionic radius of Cif is e S, \
smaller than that of & while similar to that of Mg™, itis ex- 5 10 1520 25 30 35 40 45 50 55 60
pected that the incorporation with €tinto those magnesium 2 0 /degrees

vanadates is more favorable than that wittf C&herefore,

Mg1-xCwV20g, Mg2_xCuV207 and Mg_xCuV20s, in Fig. 1. XRD patterns of MgV20g (A), Mg.gsCuly15V20s (B) and
which, the atomic ratios of 100 Cu/[Cu+Mg] were 0, 5 “9276Cto:20V20e ©

and 10%, were prepared as the catalysts in the present study.

XRD patterns of Mg_xCwV20s and Mg_xCuV207, in Since the stable catalytic activities for the oxidative de-
which the atomic ratios were 0, 5 and 10%, were es- hydrogenation of propane on those catalysts were observed
sentially identical to those of MgdOg (JCPDS 45-1050) by 6 h on-stream, the conversion, the selectivity and the re-
and MgV,07 (JCPDS 31-0816), respectively (not shown). action rate per unit surface area at 3 h on-stream were shown
However, XRD patterns of Mg/20g (JCPDS 37-0351), in Table 2 As reported by Sam et aJ2], who suggested
Mg2.85Cuy 15V 208 and Mg 70CuUp 30V 20g reveal that the that great activities on Mgy/ 207 were related to its activi-
intensity of two peaks atf2=26.3 and 28.0 was enhanced ties to stabilize * associated with lattice oxygen, the con-
proportionally with increasing the amount of €uncorpo- version of propane and the reaction rate followed the order
rated Eig. 1(A), (B) and (C), respectively). Those peaks were Mg,V207 >MgV20g > MgsV20g. Upon addition of C&*

not matched with the reference data for Cu (JCPDS 4-0836),into those magnesium vanadates, the selectivitystdg@and
Cw0 (JCPDS 5-0667) and CuO (JCPDS 45-0937). There- the reaction rate were decreased and increased, respectively,
fore, those two peaks were detected probably due to the in-indicating that the formation of CQwas enhanced by the in-
corporation of C&* into MgzV»0Og but not phase separation  troduction of C4*. It should be noted that the effects of the
of other Cu compounds. The apparent density and the surfaceCu?* introduced on meta- and pyro-vanadates were dissimi-
area are summarized fable 2 It is evident that those are  lar to those on ortho-vanadates. With increase in the amount

not correlated with the Cii-contents in those catalysts. of Cu?* in the former two vanadates, the conversion giHg
Table 2
Apparent density, surface area and catalytic activities of magnesium vanadates incorporatedwith Cu
Catalyst AL SAP Conversion (%) Selectivity (%) Rédte
CsHg (07} CsHs CcO cOo
MgV 206 1.15 3.0 119 96 47.4 33 19.1 142 x 1076
Mgo.95CUo.05V 206 1.14 1.6 87 94 39.3 280 33.8 195x 1076
Mdo.00CUp.10V 206 1.14 1.6 B3 96 329 28 38.8 208 x 1076
MgaoV207 0.97 2.8 140 88 51.0 298 19.8 179x 1076
Mg1.90Clo.10V207 1.06 1.7 8 96 34.5 3R 31.3 185x 1076
Mg1.80CUp. 20V 207 1.08 1.3 73 88 32.0 3% 35.5 201 x 1076
MgzV20s 0.97 3.4 e} 21 58.1 18 251 41x10°
Mg2.85CUp.15V 208 1.02 1.6 % 95 10.4 10 88.6 215x 1078
Mg2.70CUg.30V 208 1.03 1.2 37 60 22.0 2 72.8 110x 1076

Reaction conditiond?(C3Hg) = 14.4 kPaP(O,) = 4.1 kPaF = 30 mL/min,W=0.5g andl = 723 K. Data were collected at 3 h on-stream.
a Apparent density (g/ch).
b Surface area (ig).
¢ Reaction rate per unit of catalyst surface area (molthin—2).
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Fig. 2. The conversion of §Hg and the selectivity to §Hg obtained from propane conversion in the absence of oxygen in the feed-stream ofOMgy 2O0s
(A), Mg2_xCuw V207 (B) and Mg_xCuV20s (C). Reaction conditions: the same as those describ&dlile 2exceptP(O;) = 0 kPa.

and the selectivity to §Hg decreased while the selectivity by the nature of Cf incorporated into magnesium vanadates
to CO, increased. The selectivities to CO on those two cata- together with that of vanadium speci@s10].

lysts were rather insensitive to the €tcontents. However,

those trends with CGli-contents were broken with the ortho-

vanadates. On the ortho-vanadates, the conversion and thg.2. Oxidative dehydrogenation of propane in the
selectivities were not related with €ucontent, while the absence of @into the feed-stream

catalysts incorporated with Euseemed to favor the forma-

tion of CO, over CO, which was somewhat contrast to the  The oxidative dehydrogenation of propane on magnesium
other vanadates. Those parent catalysts, that is, magnesiunfanadates proceeds extensively with the abstraction of lat-
meta-, pyro- and ortho-vanadates were well characterizedtice oxygen from the oxide catalysts, when gaseous oxygen
[2]. Magnesium meta-vanadate consists ofgMitahedra is notintroduced into the feed-stream for the oxidaf@jnin
joined by edges and connected together through Mo© our previous paper on the oxidation in the absence of gaseous
tahedra[2,16]. Magnesium pyro-vanadate consists of rows oxygen in the feed-stream on those magnesium vanadates and
of V207 groups with long VO bridges within three groups.  those incorporated with €4, the effects of time-on-stream
Each terminal oxygen atoms of the®> groups are shared  on MgV»0g, MgoV207; and MgV,0g were dissimilar to
with two Mg ions[2,17]. Magnesium ortho-vanadate con- those on the catalysts incorporated wit?CEL0]. In those
sists of nearly cubic closest packing of oxygen atom layers systems, the abstraction of lattice oxygen with the reduction
with the Mg ions in octahedral sites and the V ions in tetra- of V°* to V#* together with the nature of Mg and C&*
hedral sited2,18]. Based on the structural information, it contributed to those reaction behavif®s10]. It should be
may be rather reasonable that the catalytic activities on thosenoted that those 4, Mg?" and C&" cations still bond to
catalysts are related with the amount of*Cafter the ex-  the remained lattice oxygen in those catalysts. Therefore, the
change of Mg* with Cu?* in those catalysts, as observed on nature of those cations should be reflected on the activity
meta- and pyro-vanadates incorporated witd'Cliogether  of the remained lattice oxygen. However, the conversion of
with those effects of the amount of €lin the catalysts, the ~ CzHg and the selectivity to §Hg on MgV, Og after 1.75 h on-
unidentified species detected in the’Cincorporated ortho- stream essentially matched to those ongHE Up 05V 206
catalysts may contribute to the effects of the amount &*Cu  and Ma.90CUp.10V 206 (Fig. 2(A-1) and (A-2)) while after
species on ortho-vanadates. It is generally accepted that cop3 and 6 h on-stream for Mg,CuV»07 (Fig. 2(B-1) and

per shows favorable redox behaviors betweefi*Gund C{ (B-2)) and Mg_xCuV20s (Fig. 2(C-1) and (C-2)) systems.
through Cd, indicating that the incorporation and abstrac- Thus, it was rather strange that the incorporated*Glid

tion of lattice oxygen in the catalysts are strongly influenced not afford any evident influences on the activities on those
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catalysts after the mentioned time-on-stream. It may be rea- [ (B-1) (1)

sonable to suggest that Cu species does not play |mpor:§ 1

tant role on the oxidative dehydrogenation on those catalysts 5 | | | L i L MLl i
when C#* in those catalysts is reduced particularly to®Cu g A7) 2 €2)

since C{ does not bond to the lattice oxygen. Therefore, =

further examination on the redox behaviors of Cu species ‘é e E—)Tk - Erﬂ

together with those of vanadium species is needed to the 8
present catalyst systems. A certain amount of copper in=
those catalysts should be needed for obtaining information 1020 30 40 5060 10 20 30 40 50 60 1020 30 20 30 60

on redox behaviors of Cu species. Therefore, the remain- 20 /degrees 5 MZB/’gegreei/ o (C)Mzﬂ/g:egreesv o
. . . () Q Py 3 2. U (.3
der of this paper will be concerned with MgoCuo 10V 206, (A)MgosCuoi V206 (BIMg15Cu02V207 S
M91.80CU0.20V207 and M@ 70Clo.30V 208 Fig. 3. XRD patterns of MgeoClo. 10V 206 (A), Mg1 80Cl 20V207 (B) and
Fig. 3 shows XRD patterns of fresh MgoCuo.10V 206 Mg2.70CUo.30V20g (C) employed for the observation of redox behaviors. (A-

(A-1), Mg1.80Cug.20V 207 (B-1) and Mg.70Cup 30V 203 (C- 1), (B-1) and (C-1): fresh catalysts; (A-2), (B-2) and (C-2): after employed
1) and thoseHig. 3(A-2), (B-2) and (C-2), respectively) pre-  for obtaining the results shown Fig. 2; (A-3), (B-3) and (C-3): after re-
viously employed for obtaining the results describefim 2 oxidation with oxygen flow (30 mL/min) at. 723K for 2h of the samples
It was evident fronFig. 3that those catalysts were converted SMPloyed for obtaining the results showrfiig. 2

to different phase during the conversion of propane without

gaseous oxygen, probably due to the abstraction from the cor-afford evident NMR signals while paramagneti¢\affords
responding catalysts of lattice oxygen that was supplied asa broad and weak signfd,10]. Furthermore, with regard to
oxidant for the conversion of propane. The abstraction of lat- the redox behaviors of Cu species, it has been reported that
tice oxygen from those catalysts should directly contribute to XPS signal due to Cu 2p from Cu?* species affords a satel-
the reduction of V* and C#* species in Mg goCo.10V20s, lite peak with a great intensity, while no satellite peaks are
Mg1.80CUp.20V207 and Mg .7¢Cug.30V20s. In order to ex- observed from Cliand C specieg14,15] As shown in
amine the reduction behaviors ofVand C#* species in  Fig. 4A-1), (B-1) and (C-1), evideri'VV NMR signals were
those catalysts;’V MAS NMR and XPS were employed, observed from fresh MgsoCuo. 10V 20s, M1 80CU.20V 207
respectively. It should be noted that diamagnefi¢ species and Mg 70Clp 30V 20g, respectively, indicating that¥ was

(A-1) & (B-1) l (c-1) I

1000 0 —1000 ppm —1000 ppm 1000 0 —1000 ppm
(A-2) (B—2) C-2)
1000 —1000 ppm 1000 0 -—1000 ppm 1000 -1000 ppm
(A-3) (B-3) (C-3)
T T T T T T T T T
1000 0 -1000 ppm 1000 0 -1000 ppm 1600 0 -1000 ppm
(A) Mg0.90Cu0.10V206 (B) Mg1.80Cu0.20V207 (C) Mg2.70Cu0.30V208

Fig. 4. 51V MAS NMR of Mg.96CUo.10V20s (A), Mg1.80CUy.20V207 (B) and Mg 7¢Cuo.30V20s (C) employed for the observation of redox behaviors. (A-1),
(B-1) and (C-1): fresh catalysts. (A-2), (B-2) and (C-2): after employed for obtaining the results sheign2n(A-3), (B-3) and (C-3): after re-oxidation with
oxygen flow (30 mL/min) at 723 K for 2 h of the samples employed for obtaining the results shéigm i
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certainly present in those fresh catalysts. However, signalsto Cu 2p2 together with the corresponding satellite peaks
with quite poor S/N ratio were detected from those catalysts were described itfrig. 5. It should be noted that the ratios
used in the conversion of propane in the absence of gaseousf the intensity of the satellite peak against that of Cyg/2p
oxygen in the feed-streantig. 4(A-2), (B-2) and (C-2)). peak were approximately 0.40, 0.36 and 0.43Fay. 5(A-
Thus, the reduction of % to V** together with the evident 1), (B-1) and (C-1), respectively. After those catalysts were
abstraction of lattice oxygen from the corresponding cata- employed for the conversion of propane in the absence of
lysts proceeds easily during the conversion of propane with- gaseous oxygen, the ratios of the satellite peak against that
out gaseous oxygen in the feed-stream. It should be notedof Cu 232 decreased (0.25, 0.17 and 0.21 Fag. 5(A-2),

that the reduction of % to V4" on magnesium vanadates (B-2) and (C-2), respectively), indicating that some ofCu
incorporated with C&" proceeds more extensively than that was reduced during the conversion. Therefore, reduction of
on the corresponding parent catalyf$ and those incor-  Cu?* together with that of V* proceeds upon abstracting the
porated with C&" [10]. Therefore, the introduction of re- lattice oxygen from those catalysts. It is expected that more
ducible C#* into magnesium vanadates may result in the lattice oxygen can be abstracted from the catalysts incorpo-
enhancement of the reduction ofVduring the conver-  rated with C4* than the parer8] and C&*-added catalysts
sion of propane without gaseous oxygen, followed by the [10] since Cé" is easily reducible species.

enhancement of the abstraction of lattice oxygen from the

corresponding catalyst&ig. 5 shows XPS signals due to 3 3 Re-oxidation of the catalysts employed for the

Cu 2py/2 from Mgo.odClo.10V206 (A), Mg1.80C 0,20V 207 conversion of propane in the absence of gaseous oxygen
(B) and Mg .70Cuo.30V20s (C). From those fresh catalysts i, the feed-stream

(Fig. XA-1), (B-1) and (C-1)), the evident satellite peak was
detected between 940 and 948 eV, together with main peak a5 mentioned above. the reduction ofVVand C@*
at approximately 933 eV, indicating that €uwas present in species in Mg.gooClo 10{/206, Mg1 80Clo20V207 and
those catalysts. As shown Fig. XA), (B) and (C), more 14, ,Ciy 30V20g resulted in the formation of oxygen va-
than two kinds of+Cu species may be present. 'ﬁjﬂ ex- cancy due to the abstraction of lattice oxygen from those cata-
changed with M§" that was present on different sites in the |y s¢5 |t was expected that more lattice oxygen was abstracted
unit cell, the results shown in those figures are possible. Sincef.gm those Ca* incorporated catalysts than from MgWs,
the binding energy obtained from Cu-species is rather insen'MgZV207 and MgV,0s. Therefore, the re-oxidation be-
sitive to the valent of Cu-specigs9] and the active sites are  payiors of those reduced catalysts should be dependent on
believed to be the lattice oxygen in those vanad#ies], the presence and absence of?Cin those catalysts. The
those species are not further identified. Although the S'gnalsquadrupole mass spectrometer was employed for the anal-
due to Cu 2p» were also detected, the intensity was rather yses of the oxygen response in the effluent gas from those
weaker than that from Cu 3p. Therefore, the signals due  caalysts that were employed for the conversion of propane
in the absence of gaseous oxygen for 2.25 h on-stream, when
oxygen at 4.1 kPa was introduced into the feed-stream. In

an | (e 2 | len Fig. 6, the oxygen responses after the introduction of gaseous
oxygen on Mg\4Og, Mg2V 207 and MgV 20s, respectively,
were described, and=0min in the figure corresponded to
Z > WY b the above-described 2.25 h on-stream. In our previous papers
5 (A-2) (B-2) (C-2) [9,10], the oxygen responses were monitored by18 min,
E
2
(2}
5 T T T T
EpF— —t— +———+
(A-3) (B-3) (C-3) . Mg, V.0,
) Mg, V.0,
950 940 930 950 940 930 950 940 930 =
(A) (B) © 'z
Binding energy/ eV g
Mg,,Cu, V,0; Mg, ,Cu,.V,0, Mg,,Cu,,V,0, =
MgV,0O,
1 1 1 1
Fig. 5. XPS signals due to Cu 2p of MgogoClo.10V20s (A), 0 12 24 36 48 60
Mg1.80CUp 20V207 (B) and M@ .70Cuo.30V20s (C) employed for the ob- Time/min
servation of redox behaviors. (A-1), (B-1) and (C-1): fresh catalysts. (A-2),
(B-2) and (C-2): after employed for obtaining the results showRin 2 Fig. 6. Oxygen response in the effluent gas from M@¥, Mg,V20; and

(A-3), (B-3) and (C-3): after re-oxidation with oxygen flow (30 mL/min) at Mg3V,QOg. Reaction conditions: before and after0 min, the catalysts were
723K for 2h of the samples employed for obtaining the results shown in exposed to the reactant gas under the same conditions describenlén?
Fig. 2 exceptP(O2) =0 and 4.1 kPa, respectively.
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while t=60min was employed in the present study since dent satellite peaks together with main C2iXPS signals

an excess amount of oxygen may be needed for the suffi-(Fig. 5A-3), (B-3) and (C-3), respectively).

cient oxidation of the corresponding €uadded catalysts.

Although it has been reported in our previous pap@rs0]

that oxygen is not detected by 18 min on Mg, oxy- 4. Conclusion

gen was certainly detected at approximately 36 min in the

present studyKig. 6). The order of the oxygen-effluent The incorporation of Ci into MgV»0e, Mg,2V207 and
time from MgV207 and MgV >0g followed same orderre-  MgsV20s resulted in the enhancement not only of the activ-
ported in our previous papef8,10]. These results revealed ities for the oxidation of propane but also of the formation of
that the number of oxygen vacancy formed during the con- CO species. It may be suggested that the partial oxidation
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