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In this work alkali earth metal molybdate catalysts with Mo:M = 1.0 and 1.1 stoichi-

ometry have been synthesized and tested for the selective oxidation of methanol to 

formaldehyde in a lab scale fixed bed reactor setup. Excess Mo gave better initial 

activity and selectivity but a higher rate of deactivation during 100 h on stream.  

Background 

Formaldehyde is the most significant aldehyde commercially available as it is an irre-

placeable C1 building block for higher-valued products [1]. The annual global produc-

tion of formaldehyde is expected to increase with 4.8-5.8% per year and reach 36.6 

million tons by 2026 [2,3]. Formaldehyde is mainly produced through either the silver 

process (Silver catalyst) or the Formox process (metal oxide catalyst) [1].  

In the Formox process, methanol is selectively oxidized over an iron molybdate cata-

lyst (MoO3/Fe2(MoO4)3), which achieve high selectivities >92 % at conversions larger 

than 99% [1]. The catalyst is however not stable under reaction conditions due to 

formation of volatile molybdenum compounds [4]. The alkali earth metal molybdates 

were reported to have high thermal stability [5], with expected lower volatility of Mo in 

MeOH atmosphere, and their properties as catalysts for selective oxidation of metha-

nol are scarcely investigated in the literature.  

Results and Discussion 

MMoO4 (M = Mg, Ca, Sr, Ba) catalyst samples with stoichiometric amounts and 10 

mol% excess Mo were synthesized by a sol-gel method. The samples with excess 

Mo had superior selectivity compared to the samples with stoichiometric Mo content 

(Figure 1a, the Sr and Ba catalysts were far less active and are not shown here). Fur-

thermore, it can be seen that the Mo:Ca = 1.1 and Mo:Mg = 1.1 samples have the 

same selectivity as function of conversion, both close to the industrial reference. The 

activity of the catalysts with excess Mo was superior to stoichiometric catalysts. This 

shows that the excess Mo has a significant role w.r.t. the activity and selectivity for 



the oxidation of methanol to formaldehyde. The importance of excess Mo has also 

been reported for the industrial iron molybdate catalyst [7]. 

Stability tests for 100 h on stream (Figure 1b) showed that the first order rate con-

stant for methanol oxidation decreased faster for the M:Mo = 1.1 samples, than the 

M:Mo = 1.0 samples. This is probably due to the initial vaporization of the excess Mo. 

This is also indicated by the selectivity of the Mo:Mg = 1.1 being equal to the selectiv-

ity of Mo:Mg = 1.0 after 100 h. None of the alkali metal molybdate catalysts showed 

the reactivation behavior observed for the industrial reference, as discussed in [8], 

and none of the catalysts had activity comparable with the industrial reference after 

100 h on stream (ranged 6-16% of industrial reference after 100 h compared to 24-

118% initially). Furthermore, it was found that the stoichiometric CaMoO4 catalyst 

was significantly more stable than the stoichiometric MgMoO4 catalyst, which might 

be related to the thermal stability, which is reported higher for CaMoO4 than for 

MgMoO4 [5].  
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Figure 1. (a): Reversible products corrected selectivity (DME = 2 MeOH, DMM = 2 MeOH + CH2O, MF = CO + MeOH) towards 

formaldehyde vs. the conversion of methanol achieved at 250 ºC, 300 ºC, 350 ºC and 400 ºC. (b): -ln(1-X) vs. time on stream at 

400 ºC for 100 h. Conditions: Catalyst loading: 25 mg 150-250 µm particles, SiC for dilution 150 mg. Feed: ~5 % MeOH in 127.5 

NmL/min of N2 and 15 NmL/min of O2. 
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