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Selective oxidation of propane to acrylic acid
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Model structure and catalytic property in an in-situ cell

Approach: =Preparation of chemically less complex phase-pure materials
consisting of a Mo;O,,-type phase: MoVW and MoV oxides
#®In-situ studies during activation and propylene oxidation
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Calcination at the Mo K edge: XANES
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®»XANES of the (MoVW)oxide precursor is similar to ammonium
heptamolybdate

®»XANES of the calcined material looks like crystalline
(MoVW).0,,
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Calcination at the V K edge
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Phase formation

(Mog 65V0.23W0.00)5014

Calcination Heating ramp
20% O,/N, He

298 K to 623 K 298 K to 713 K
*10 K/min *10 K/min

21

_ . 800 X
< |
®linkage of precursor units § 4,0x10™| 'Tn‘i;gple;at”re N 600 §
| o 3 2,0x10™F o m/e 44 la00 £
®»growth in domain size 5 e — e e
is detected after < 9001 "
complete decomposition <l N 500l ]
of the counter ions in 2 -
the precursor material. g 300 ]
o

0 | 50 | 100
Time [min]

SR Conyiess on

| epMi?ﬂOi Sapporo,

OO Catalysis =

poro Conventions




Local environment of Mo and W atoms in the crystalline material
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XRD under reaction conditions

(Mog 65V0.23W0.00)5014

5% propene + 10% oxygen in He
Stepwise heating; ramp 10 K/min

10-3 . T T T T T T T

—— m/e 56 acrolein
—— m/e 72 acrylic acid

Normalized ion current
=
o
iy

350 400 450 500 550 600 650 700 750 55 21 22 23 24 25 26 27 28 29 30
Temperature [K] =

l 20[°]
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Redox behaviour of MoVW and MoV
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Realative XPS intensity

Near surface composition and electronic structure
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Electronic structure and near surface composition
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Conclusions @‘mg

1. Phase-pure MoVW oxide and MoV oxide model catalysts consisting
of a Mo;O,,-type phase have been prepared.

2. The model catalysts show catalytic activity in partial oxidation of C3
hydrocarbons. Under conditions of acrolein and acrylic acid
formation the Mo;O, ,-type structure was the only phase observed,
though, direct correlation to catalytic activity remains to be
evidenced.

3. Tungsten stabilizes the Mo:O,,-type structure in MoVW oxide. The
material can be reduced to a monoclinic MoO,-type structure in
propene and reoxidized in oxygen to the initial Mo.O,, structure. The
reduction behaviour of MoV oxide is similar, however, reoxidation
leads to MoO..

4.  The near surface composition of model catalysts and the oxidation
state of the metals strongly depend on temperature and gas phase
composition. The surface is enriched in vanadium.

5.  We find strong evidences for a dynamic nature of the model catalyst
systems.
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