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oxide catalysts
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Abstract: Selective oxidation of propylene glycol is stud@eer silica-supported Mo-Fe-O catalysts with
different Mo/Fe molar ratio. The catalysts are bgsized by wetness impregnation method and
characterized by XRD, UV-vis, Raman spectrosco@RTand DFT methods. The catalytic properties are
tested under gas phase conditions at 850rhe selectivity towards methylglyoxal formatieshown to be
determined by the Mo/Fe molar ratio. The 67.8% cdlty towards methylglyoxal is achieved at Mo/Fe
molar ratio of 3:1 through O—H activation and C-&h8 scission route. C—C bond cleavage route reisults
predominant formaldehyde formation at the Mo/Feanaddtio of 1:2.
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1. Introduction

Currently, iron-molybdenum catalysts are widelydid due to their industrial application in
formaldehyde manufacturing by methanol oxidatiorspite the fact that iron—-molybdenum catalysts have
long been known, the study of such systems isdtilinportance [1, 2]. At present, in the literatwarious
methods to improve the features of Mo-Fe-O cataliistve been represented, such as effect of theeraftu
precursor and pH of the solution during the preatmn, thermal treatment, effect of Mo/Fe molararan
the catalyst composition, etc. The main attentiothe literature is mainly paid to bulk catalystewever,
in Ref. [3] it is reported that the role of preans of active components determines the extenttefaction
and activity of the supported catalysts in alcaratlation. In some cases, the activity is closéheoone of
industrial catalysts.

The aim of the present work is to synthesize thgpstted Mo-Fe-O/Si@catalysts with different
Mo/Fe ratio and study the influence of the phasemusition on the catalytic properties of the system
the propylene glycol oxidation to methylglyoxal.

2. Experimental

The Mo-Fe-O/SiQ catalysts were synthesized by varying the Mo/Fé&amm@tio from 0.5 to 3.0 (the
Mo content in all samples was 10 wt. %).(M0O,); was prepared as a reference sample accordingto th
procedure described in [2]. The supported sample wwrepared by incipient wetness impregnation of
silica (KSKG, LLC "Salavat Catalyst Plant", withrface area of 345 ffg) with citrate solution containing
ammonium paramolybdate and ferric nitrate as pesear The resulting samples were dried at 120 W an
calcined in air flow at 550 °C.

The catalysts were characterized by XRD, UV-vismBa spectroscopy, TPR and DFT methods. The
catalytic properties of the Mo-Fe-O/SiCatalysts were studied in the gas-phase propygbmel oxidation
to methylglyoxal at 350°C (mixture composition: 3%Hg(OH),, 3.7% Q, 62% N, 30% HO). The major
reaction products were methylglyoxal, formaldehydairoxyacetone, and acetic acid.

3. Results and discussion
No crystalline phases have not been found by XRDBhensurface of Mo-Fe-O/Siatalysts. In the
composition of the reference sample(M®0O,);, the presence of {d&00,) and MoQ phases was shown.



In fig. 1a the Raman spectra for the studied catslgnd supports are presented. On the surfadeeof t
support in silica-supported Mo-Fe-O catalysts thystal structure of the iron molybdate is formedr(® at
785 cni). For the samples with the Mo/Fe ratio below 1h®, presence of absorption bands corresponding
to the individual iron oxidébands at 285 and 218 &nis characteristicAn increase in the Mo/Fe ratio to
up to 3 results in appearance of characteristicidar individual molybdenum oxide (band at 823"¢m
Also using UV-vis and Raman methods, the Mo surfapecies both tetrahedrally and octahedrally
coordinated with oxygen have been fouithe composition of the bulk iron molybdate corresim to
Fe(Mo0QOy); with the addmixture of Mog) which was also confirmed by the data of XRD, U¥-and
Raman spectroscopy.

Hydrogen consumption at 400-5@0for the catalysts with Mo/Fe ratio of 0.5 and Ig.(flc) is
connected with the reduction of ¥eand MJ* oxide species weakly bonded with the support serfé
shifting of T Of hydrogen consumption to up to 560-5%0 as compared to the profile of individual
Fe04/SiO, catalyst (fig. 1b) unambiguously indicates therfation of mixed phase between the supporting
components over the E&Mo0O,); support surface. For the samples with low ironteonthe T« in the TPR
profile is shifted by 15-25C towards higher temperature region as comparecheoTiPR profile of
individual MoGy/SiO, (fig. 1b), which confirms the existence of theenaictions of the supporting
components between themselves and with the Si@ace.

785
a }
f b I 560
c -
590
400 I
= ™ ¥ 60s
& ;o\ 5 ) Ao
" | | P H ~ A b
g E / \,\ 0 g [ASMoFe QS yd /‘/ 640
f :;" I|l NS B Py L
a Q / \" \MoG,/5i0 g IMo-Fe O8I0,  — \<’/t‘s3[]
5 ; i i : )
E = i 7N\ = | 1L5Mo-Fe-0rsio - A
/ e | 2010 Fe <
! A . -
/’ Vi '\l"e_.():."Sl(J: L
/' e A 3Mo-Fe-0/8i0
200 400 00 00 1000 1200 100 200 300 400 500 600 700 BOO 100 200 300 400 SO0 600 T00
Raman shift, cm’' Temperature, °C Temperature, °C

Figure 1. a - Raman spectra of silica-supported Mo-Fe-O ystalith different Mo/Fe molar ratio and bulk,f00,)s;
H,-TPR: b - of individual Fg4/Si0, and MoQ/SiO, catalysts, ¢ - of Mo-Fe-O/Si@atalysts with different Mo/Fe molar ratio.

Investigation of the catalytic properties of Mo-B¢SiO, catalysts was carried out in vapor-phase
oxidation of propylene glycol. Propylene glycol gersion of 7.5% and selectivities towards methylghi
of 67.8% were observed over the catalyst with tlneekt content of iron oxide (Mo/Fe=3). The reduttid
Mo/Fe molar ratio to up to 0.5 led to an increakthe propylene glycol conversion, which is accomipd
by formation of larger amounts of by-products (fafdehyde and acetic acid). This evidences on the
preferable realization of C—C bond cleavage route.

4. Conclusions

The influence of the Mo/Fe ratio in Mo-Fe-O/Si€atalysts on the selectivity of formation of thaim
product, methylglyoxal, was revealed. The surfattess containing tetrahedral and octahedral MoO
stabilized by silanol groups of the support surfacan be active sites for selective formation of
methylglyoxal. The report will present and disctiesresults of Raman spectroscopy of the studitdysas
after catalysis.
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