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Relationship between crystal structure of microporous Mo-V-Oxide and
catalytic activity for selective oxidation

Satoshi ISHIKAWA *
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Fig. 1. Structural model and HAADF-STEM images of crystalline Mo;VO,
oxides. Structural units enclosed by solid and dot circles are a

pentagonal {MogO,,}°~ unit and a 7-membered ring, respectively.
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Fig. 2. SEM image of MoVO crystals. (A) Before the grind treatment. (B)
After the ethane oxidation (after the grinding). (C) Histogram of the
diameter (top) and length (bottom) of rod-shaped crystal measured
after the ethane oxidation. Values shown on the histogram repre—

sent the average of 100 crystallites.
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Fig. 3. Ethane (A) and acrolein (B) conversion as a function of the exter—
nal surface area of MoVO catalysts. External surface area before
(open symbols) and after (closed symbols) the reactions are plot—
ted. Reaction condition of ethane oxidation: reaction temperature,
300°C; catalyst amount, 0.50 g; reaction gas, C;Hs/0,/N,=5/5/40
ml min~". Reaction condition of acrolein oxidation: reaction tem-
perature, 220°C; catalyst amount, 0.13 g; reaction gas, C;H,0/0,/
(N,+He)/H,0=2.5/8.0/71.0/18.5 ml min~". Star represents the
catalytic activity of MoVO-SDS, (175, ng). External surface area of
MoVO-SDS, (175, ng) after the reaction was plotted.
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Fig. 4. (A) Crystal structure of MoVO. a oxygen (O) is marked with dot
circle.  oxygen is marked with dot rectangle. (B) Left side: diame—
ters of the heptagonal channel. Diameters were determined on the
basis of the atomic positions of oxygen. Left bar, long axis (0O;—
O3, D1); Right bar, short axis (O;— 0y, D.). Right side: ethane ad—
sorption amount of MoVO with each reduction state measured by
C,Hs adsorption and estimated by the Dubinin-Astakhov (DA)

method (open circle).
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Fig. 5. Relationship between the crystal structure and ethane conversion

measured at 10 min from the start of the reaction.
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Fig. 6. Reaction image of ethane to ethene inside the heptagonal channel.

Oxygen is activated at the a oxygen defect.

5 #
i PE Mo, VO, A B LY (MoVO) D fliir vt & IR ER ki
DOBRIZONT, TOFEMZBERL L7=. MoVO X {MoO, }° SE B
2=y b EEBRBRIZENEROESNC L > THREI L, bR
IZLY, FEREETIISRT AL RN L D) PRDIADDIFED
RESOI 7 0 fALBATERT 5. 2 7 v fiflicid, 5504 RmikHE
NHEETHER IS N Z~v—a=y MBRBEL, Z0a=v NI
MoVO Dt oo E EMEKB LR TE 5. =X %
LSBT, =& 3 7 e flifLHIc D A Ea, ML+
DOEHABICLY C-HBEEGR M 5. FRFC, Xr¥~v—=
= MR DR RGN FIEE A W IIEME R L, TEME S
NEEBFERII=Z b AKFERTFETIEH. 20 L I1Z, MovOo
O TE\OERBESAEIY, S 2 v HIFLIC B U 7= ARBETE I 0N s
FEZJEIIRICERS L T D Z L cliRk L, ZAUT RS E CIICHEE
ICHIE S N7 I K> TR LD TR LBIT B 5. filll®i:
AT L ULVTHMRET 2 2 & T, L0 & E ARG 3 TREIC 2 h
X, 575 EIEE ORI S WTRETH A 5.

il

6. 3R

[1] T.Katou, D. Vitry and W. Ueda, Hydrothermal synthesis of a new Mo~
V-0 complex metal oxide and its catalytic activity for the oxidation of
propane, Chem. Lett., 32, 1028-1029 (2003)



48

[2] W.D.Pyrz, D.A. Blom, M. Sadakane, K, Kodato, W. Ueda, T. Vogt and
D. J. Buttrey, Atomic-scale investigation of two-component MoVO
complex oxide catalysts using Aberration-Corrected High-Angle Annu-
lar Dark-Field imaging, Chem. Mater., 22, 2033-2040 (2010)

[3] T. Lunkenbein, F. Girgsdies, A. Wernbacher, J. Noack, G. Auffermann,
A. Yasuhara, A. K. Hoffmann, W. Ueda, M. Eichelbaum, A. Trunschke,
R. Schlogl and M. G. Willinger, Direct imaging of octahedral distortion in
a complex molybdenum vanadium mixed oxide, Angew. Chem. Int. Ed.
54 6828-6631(2015)

[4] M. Sadakane, K. Kodato, T. Kuranishi, Y. Nodasaka, K. Sugawara, N.
Sakaguchi, T. Nagai, Y. Matsui and W. Ueda, Molybdenum-vanadium-
based molecular sieves with microchannels of seven-membered rings of
corner-sharing metal oxide octahedra, Angew. Chem. Int. Ed., 47, 2493~
2496 (2008)

[5] M. Sadakane, S. Ohmura, K. Kodato, T. Fujisawa, K. Kato, K. Shimid-
zu, T. Murayama and W. Ueda, Redox tunable reversible molecular
sieves: orthorhombic molybdenum vanadium oxide, Chem. Commun.,
47,10812-10814 (2011)

[6] W. Ueda, Establishment of crystalline complex Mo-V-Oxides as se-
lective oxidation catalysts, J. Jpn. Petrol. Inst., 56, 122-132 (2013)

[7] F. Wang and W. Ueda, Aerobic oxidation of alcohols over novel crys-
talline Mo-V -0 oxide, Appl. Catal., A, 346, 155-163 (2008)

[8] N. Watanabe and W. Ueda, Comparative study on the catalytic perfor-
mance of single-phase Mo-V-O-based metal oxide catalysts in propane
ammoxidation to acrylonitrile, Ind. Eng. Chem. Res., 45, 607-614 (2006)

[9] C.Qiu, C. Chen, S. Ishikawa, T. Murayama and W. Ueda, Crystalline
Mo-V-W-mixed oxide with orthorhombic and trigonal structures as
highly efficient oxidation catalysts of acrolein to acrylic acid, Top. Catal.,
57,1163-1170 (2014)

[10] C.Chen, K. Nakatani, T. Murayama and W. Ueda, Single-crystalline-
phase Mo;VO: an efficient catalyst for the partial oxidation of acrolein to
acrylic acid, ChemCatChem., 5, 2869-2873 (2013)

[11] T.Konya, T. Katou, T. Murayama, S. Ishikawa, M. Sadakane, D. But-
trey and W. Ueda, An orthorhombic Mo;VO, catalyst most active for oxi-
dative dehydrogenation of ethane among related complex metal oxides,
Catal. Sci. Technol., 3,380-387 (2013)

[12] M. Sadakane, N. Watanabe, T. Katou, Y. Nodasaka and W. Ueda,
Crystalline Mo; VO, mixed-metal-oxide catalyst with trigonal symmetry,
Angew. Chem., Int. Ed., 46, 1493-1496 (2007)

[13] S. Ishikawa, X. Yi, T. Murayama and W. Ueda, Heptagonal channel
micropore of orthorhombic Mo3VOx as catalysis field for the selective
oxidation of ethane, Appl. Catal., A, 474, 10-17 (2014)

[14] S. Ishikawa, X. Yi, T. Murayama and W. Ueda, Catalysis field in or-
thorhombic Mo;VO, oxide catalyst for the selective oxidation of ethane,
propane and acrolein, Catal. Today, 238, 35-40 (2014)

[15] S. Ishikawa, D. Kobayashi, T. Konya, S. Ohmura, T. Murayama, N.
Yasuda, M. Sadakane and W. Ueda, Redox treatment of orthorhombic
Mo V10112 and relationships between crystal structure, microporosity
and catalytic performance for selective oxidation of ethane, J. Phys.
Chem. C, 119,7195-7206 (2015)

[16] S. Ishikawa and W. Ueda, Microporous crystalline Mo~V mixed ox-
ides for selective oxidations, Catal. Sci. Technol., 6, 617-629 (2016)

[17] S. Ishikawa, T. Murayama, M. Kumaki, M. Tashiro, Z. Zhang, A.
Yoshida and W. Ueda, Synthesis of trigonal Mo-V-M"-0 (M™=Fe,
W) catalysts by using structure-directing agent and catalytic performanc-
es for selective oxidation of ethane. Top. Catal., 59, 1477-1488 (2016)

[18] G. Sastre and A. Corma, The confinement effect in zeolites, J. Mol.
Catal. A -Chem., 305, 3-7 (2009)

[19] C.M. Z. Wilson, A. Corma and P. Viruela, Electronic confinement of
molecules in microscopic pores. A new concept which contributes to the
explanation of the catalytic activity of zeolites. J. Phys. Chem., 98, 10863
-10870 (1994)





