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Introduction 
Formaldehyde is the most important commercially available aldehyde due to its 

high reactivity and usability as a C1 building block [1]. Formaldehyde has been forecasted to 
have an increase in production of near 5 % p.a. and reach 36.6⋅106 tons p.a. by 2026 [2]. For-
maldehyde is primarily produced by the Formox process, where methanol is selectively oxi-
dized over a Fe2(MoO4)3/MoO3 (FeMo) catalyst, at high conversions (>99 %) and high selec-
tivity (92-95 %) [1]. The major problem of the process is the short catalyst lifetime (6-12 
months)[3], due to the MoO3 component forming volatile species with the methanol feed [4], 
which migrate and re-condense downstream in the reactor resulting in selectivity loss and 
increasing pressure drop.  
To mitigate the problem of the short catalyst lifetime, synthesis and investigation of novel 
promising materials is needed. This includes understanding the active phase, deactivation 
phenomena, and the scale-up, when going from catalyst powder to industrial sized pellets. 
These areas have been addressed in this study of novel catalysts composed of MoO3 supported 
on hydroxyapatite. 
 
Materials and Methods 

M5(OH)(PO4)3 (M = Ca or Sr) were synthesized by co-precipitation. M(NO3)2⋅4H2O 
(Sigma-Aldrich) in stoichiometric solution with C6H8O7⋅H2O (Sigma-Aldrich, ≥99.0 %) was 
heated to 75 °C. An aqueous solution of (NH4)2HPO4 was added to a M:P ratio of 1.15, fol-
lowed by addition of 25 wt% NH3 to pH = 9.3. The solution was aged for 20 min, filtered, 
dried and calcined at 600 °C for 4 h. For pellets the dried material was pre-calcined at 400 °C, 
mixed with graphite and dry wax, pelletized and calcined at 600 °C. The support was impreg-
nated with aqueous solutions of (NH4)6Mo7O24⋅4H2O (Merck, 99.3-101.3 %) and calcined at 
500 °C for 4 h. The catalyst samples were tested in a lab-scale fixed bed setup (described in 
detail in [5]), as powder (150-250 µm) or single industrial sized pellets in 5 % MeOH, 10 % O2 
and 85 % N2 with flows of 150 or 300 NmL/min respectively at 350 °C. The effluent was 
analyzed for CH2O, MeOH, CO, CO2, dimethyl ether, dimethoxymethane and methyl formate. 
Fresh and spent samples were characterized using XRD, BET, ICP, CO2-TPD, NH3-TPD, TPR, 
SEM, STEM and Hg-porosimetry. Scor and Xcor are the reversible byproduct corrected selectivi-
ty and conversion respectively.  
 
Results and Discussion 

Catalyst samples with varying loading of MoO3 was prepared on the HAP and 
SrHAP supports and tested. An optimum (~10 wt% MoO3) was found above which the weight 
based activity decreased and the selectivity only slightly increased. After calcination CaMoO4 
and SrMoO4 was found by XRD. 10 wt% MoO3/HAP and 10 wt% MoO3/SrHAP were tested 
on stream for more than 400 h (Figure 1) where it was observed that the samples had selectivi-

ties above 89 % at all times and a slow decrease in activity. In comparison an industrial FeMo 
catalyst deactivated rapidly within 50 h on stream, but maintained selectivity (Scor) above 99 % 
(Xcor from 8.5 % to 46 %). To further investigate the performance of MoO3 on apatite, industri-
al sized pellets were prepared where the support was pressed to different densities and thus 
porosities. The catalytic activity and selectivity was measured at 350 °C (Figure 2).  The pellet 
density had a significant impact on the apparent catalytic performance, as both selectivity, 
activity and conversion increased with decreasing pellet density. However, the selectivity was 
lower than for the powder sample. This indicates that the over-oxidation reaction (formalde-
hyde to CO/CO2) was rate limited in the powder or that the formaldehyde transport out of the 
pellet is now diffusion limited. The selective oxidation of methanol was diffusion limited, 
especially at higher pellet densities.  A 10.6 wt% MoO3/HAP pellet (ρ=1.72 g/cm3) at 350 °C 
had a mass loss of 0.28 % after 118.5 h, where the industrial FeMo pellet had a mass loss of 
7.3 % (corresponding to 2.7 % and 8.8 % of the total amount of Mo), and a factor of 26 in the 
amount of evaporated Mo per mass of catalyst. 
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Figure 1. Reversible byproduct corrected selec-
tivity and conversion vs. time on stream. 25 mg 
catalyst (150-250 µm) diluted in 150 mg SiC.  

Figure 2. Reversible byproduct corrected 
selectivity, conversion and 1st order rate con-
stant as function of pellet density (ρ) in 
g/cm3. 1 pellet (60-97 mg). 

Significance 
This work demonstrates novel HAP based catalysts for selective oxidation of methanol with 
sufficient catalytic activity and selectivity, and superior stability, potentially mitigating the 
problem of MoO3 evaporation and resulting short lifetime of the Formox process.  
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