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Introduction

Characterization of molybdates and tungstates

Conclusion

PREMEX autoclave, 
Hastelloy-22 vessel 

140-190°C, 
8-20h,

3,5-13 bar

M(NO3)2 x 4H2O
M = Co, Ni, Mn

M(NO3)2 x 4H2O: 
0,11 – 0,3 mol/L
dissolution T=25°C
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Na2(Mo/W)O4 x 2H2O:
0,11 – 0,3 mol/L
dissolution T=25°C

Na2MO4 x 2H2O / AHM 
M = W, Mo

(pH: 5-7)

stirring
for

30 min
post-treatment of the product:
- washing (water/ethanol) and 
- drying  overnight at 80°C 
(muffle furnace)

General synthesis route

Ni-Co molybdates have been reported to show high selectivities for propene in the oxidative
dehydrogenation of propane [1, 2]. Furthermore transition metal molybdates of the type
(Mn,Co,Ni)MoO4 were also investigated in the selective oxidation of propane to acrylic acid and
acrolein [3] and in the ODH of isobutane.[4] With the addition of Mn, sodium tungstate, which is
structurally related to the corresponding molybdate, also showed considerable activity in the
oxidative coupling of methane [5]. In this work, we have synthesized a series of phase-pure
MMoO4 (M = Co, Ni, Mn) catalysts and a corresponding MnWO4 catalyst via a simple
hydrothermal route [6]. Systematic investigations of the synthesized phases were performed by
means of selective oxidation of propane, ethane and the oxidative coupling of methane. First
results of this work are presented here.
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Propane oxidation

MnMoO4 - system

MnWO4 - system

CoMoO4/ NiMoO4 - system

 three different phases were prepared
in the MnMoO4 system.

 this phases were formed under
hydrothermal conditions by applying
different Mo and Mn concentrations
as well as different temperatures.

 higher concentration of reactants
(nitrates) in solution lead to higher
autogenous pressure in the autoclave
vessel. MnMoO4

.H2O α-MnMoO4 w-MnMoO4

Mo-source AHM Na2MoO4
. 2H2O Na2MoO4

. 2H2O 
c [mol/l Mo] 0.11 0.20 0.30

pH of formed slurry 7 (adjusted with
NH3 solution) 5.5 5.2

T [°C] 140 190 190
p [bar] 3.5 12.5 12.8
SBET [m2/g] - 87.2 5.1

TG
TG of (MnMoO4

.H2O):
m = 50.9 mg
 temperature program:

25°C -> 400°C (5°C/min) 
holding at 400°C for 0.5 h
 gas atmosphere:

21% O2 in Ar 
(flow: 100ml/min)

 formation of α-MnMoO4

NiWO4 (wolframite)-type:

: W
: Ni

SEM and TPR α-MnMoO4-type structure:

: Mo
: Mn

XRF comp. [at.-%]:
α-MnMoO4

Mo:  51.7 
Mn:  47.6
Ni:    0.4
Nb:   0.3

SEM-Images/EDX 
analysis at 1.5kV:

(1)
Mo: 50.7 At.%
Mn: 49.3 At.%

(2)

Mo: 50.4 At.%
Mn: 49.6 At.%

 prodominantly
rod-like
particles
 homogeneous

composition
 particle agglo-

meration into
plates

(3)

Mo: 48.4 At.%
Mn: 51.6 At.%

α-MnMoO4:
 lower temperature of

H2-consumption than
reported in literature

=> enhanced oxygen
mobility

w-MnMoO4:
 much higher onset

temperature of H2-
consumption

=> possible catalyst
for OCM reactions

TPR of α-MnMoO4 and w-MnMoO4:
T [°C]

589

841

635

878

 approach analog to 
molybdate synthesis.
 concentration of W 

corresponds to 
concentration of Mo in
synthesis of α-
MnMoO4.

MnWO4

W-source Na2WO4
. 2H2O 

c [mol/l W] 0.2
T [°C] 190
p  [bar] 12.9
synthesis
time 20h

ABET [m2/g] 28.8

CoMoO4
. xH2O NiMoO4

.H2O
TGTG of (CoMoO4

. XH2O):
m = 11.1 mg
 temperature program:

25°C -> 600°C (5°C/min) 
holding at 600°C for 0.5 h
 gas atmosphere:

21% O2 in Ar 
(flow: 100ml/min)

β-CoMoO4:
α-MnMoO4-

structure

c [mol/l Mo] T [°C] p  [bar] synthesis
time

CoMoO4
. xH2O 0.2 190 12.0 18h

NiMoO4
.H2O 0.2 160 6.4 8h

 a simple hydrothermal synthesis route to transition metal 
molybdates and tungstates is presented here.
 high thermal stabilities, relatively high specific surface 

areas, and partially increased oxygen mobility (concluded 
from TPR measurements) of anhydrous synthesized 
samples suggest the applicability of hydrothermally 
synthesized molybdates and tungstates as catalysts in 
selective oxidation reactions of alkanes and alkenes.

α-MnMoO4 MnWO4pretreatment: 
700°C in synthetic
air for 1h

catalytic testing:
• W/F [ml/gh]: 
6000

• feed: 10/5/85
C3H8/O2/He

• total flow: 
30 mln/min 


