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FORMATION AND EVOLUTION OF CARBONATE SPECIES IN Na-DOPED 

4 2 Q  AND V205-42Q 
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M. del Arco, E. Hernhndez, C. Martin and V. Rives* 

Dpto. de Quimica Inorginica, Universidad de Salamanca 
Facultad de Farmacia, 37007-Salamanca (SPAIN) 

ABSTRACT 

A study is carried out by FT-IR specmscopy of the carbonate species formed 

upon interaction of C@ with alumina and vanadia-alumina catalysts doped with 

sodium. It is found that the presence of sodium enhances the ability of the catalyst 

surface to adsorb C02, yielding to carbonate formation. The species formed 
changes in the presence of vanadium, shifting the stretching bands towards 

higher wavenumbers than those recorded in Na-Al2Q systems. 
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INTRODUCTION 

DEL ARC0 ET AL. 

Vanadium-containing catalysts are widely used in partial oxidation 

and reduction of nitrogen oxides with ammonia3v4, reaction where V205/Al203 

have proved to be well suited. The surface acid-base properties of these catalysts 

can be modified by adding species such as alkaline metals, sulfate, fluoride, 

phosphates, etc., species that, on the other hand, usually turn up being 

contaminants in industrial catalysts. Several authors5v6 have claimed that addition of 

alkaline metals to alumina leads to deep changes in the physicochemical properties 

of the solid, that depend as well on the calcination temperature to which it has been 

submitted after impregnation. Parera and Figoli7 and Ratnasanyl have suggested 

that addition of sodium to alumina decreases its surface acidity, and Chuang et a19 

have reported, from IR spectroscopy studies, that sodium reacts with the most 

acidic surface sites. 

In the present paper, a study is carried out on the effect of contamination with 
carbon dioxide on the surface properties of alumina doped with sodium, used as a 

support for vanadia catalysts. It has been found that the surface carbonate species 
formed when sodium is present differ when vanadium exists in the catalysts, and 

that CQ seems to react with exposed V=O species. 

EXPERIMENTAL 

Alumina from Degussa (Aluminium Oxid C, batch RVOOOS) was calcined at 
770 K to eliminate adsorbed organic contaminants. The solid was then doped with 

sodium (0, 1, 3 and 6% weight, samples AO, Al ,  A3, and A6, respectively) by 
impregnation with aqueous solutions of NaOH (Panreac, p.a.) in a rotary vacuum 

evaporator (Heidolph VV-60), and finally calcined (Heraeus ROK 3/60 furnace) up 
to 770 K at a heating rate of 10 Wmin (RAX P-C 8601 temperature programmer). 
Incorporation of vanadium was performed by impregnation with aqueous solutions 
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of W V Q  (Panreac, p.a.) containing a small amount of oxalic acid (Panreac, p.a.) 

to easy its dissolution. After stirring at room temperature for 6 h, the solvent was 

evaporated at 380 K and the solid then calcined at 773 K or 973 K in temperature 

programming conditions as above. The amount of vanadium was calculated to yield 

a monolayer of vanadia, from the specific surface area of alumina (ca. 100 m2/g) 

and the surface occupied by a "molecule" of VO2.5. 

The IR spectra were recorded in a FT-IR 1730 Perkin-Elmer instrument, using 

KBr pellets. The resulting spectrum was the sum of 40 spectral scans, and KBr was 

used to substract the background. 

RESULTS AND DISCUSSION 

The IR spectrum of parent alumina displays an absorption band at 1630 cm-1, 

due to the 6 ~ ~ 0  mode of surface water. When doped with sodium up to 3% 

weight, new bands develop, Fig. 1, at 1535-1528 and 1404-1405 cm-1, the band at 

1630 cm-1 remaining almost unchanged. If the sodium content is increased up to 

6% (sample A6), the spectrum is dominated by an intense band at 1447 cm-1, with a 

weak, sharp peak at 1404 cm-1, a band close to 1020 cm-1, due to de u1 mode of 

carbonate species, being also detected. The position of the strongest band coincides 

with that of sodium carbonate (1440 cm-1) due to the u3 mode of free carbonate 

ions. Sodium carbonate displays also IR bands at 877 cm-1 (u2) and 700 cm-1 (uq), 
and the former band can even be recorded in the spectrum of sample A6. These 

results suggest that incorporation of sodium on the surface of alumina strongly 

favours formation of surface carbonate species, enhancing the surface basicity of 

the oxide. The bands at 1535-1528 and 1404-1405 cm-1 can be ascribed to the 

result of the splitting of the u3 mode of carbonate because of the interaction of C02 

with the surface and thereof decreasing its local symmetry, similarly to the splitting 

observed in The positions of these bands do not coincide with those 

reported in the literature for systems similar to those here studied; ParkynsI2 has 

reported bands at, 1640, 1480, and 1233 cm-1 upon adsorption of C02 on alumina, 
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FIG. 1 Infrared spectra of alumina (AO), Na-doped alumina (Al ,  A3, and A6), and 
sodium carbonate. 

that should correspond, according to Hair13, to formation of bridged surface 

carbonate species (uc- modes at 1640 and 1232 cm-I), although, according to 
Kno~inger '~,  they correspond to bicarbonate species. The presence of sodium in 

our samples and the modification of the surface basicity thereof should account for 

the shift in the bands originated by the symmetric and antisymmetric ucoo modes. 

For low sodium content, carbonate should be adsorbed giving rise to bridge units 

between two surface metallic ions, while with the sodium-richest sample unidentate 
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VOI  7 

1020J 

FIG. 2 Infrared spectra of Na-free, V-containing alumina, calcined at 773 
(spectrum VOI7) or 973 K (spectrum V019), and of vanadia. 

species should predominate, accounting for the strong band at 1447 cm-1 due to fEe 

CQ= species. 

Incorporation of vanadium oxide onto the surface of Na-free alumina, 

following the method described above, yields samples named V017 and VOI9. 

According to their X-ray diffraction diagrams, the former contains highly dispersed 

vanadia, while in the second both vanadia and AlVO4 have been formed15. The IR 
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V6I7 

h 
FIG. 3 Infrared spectra of Na-doped (6% weight), V-containing alumina, calcined 
at 773 (spectrum V617) or 973 K (spectrum V619). 

spectrum of sample VOI9, Fig. 2, shows a peak at 1017 cm-1, coinciding with that 

recorded in the spectrum of bulk V205 at 1020 cm-1, due to the VV=O model6; for 

sample VOI7 the band is only recorded as a weak shoulder. Bands due to carbonate 

species are absolutely absent. 

The spectra displayed by samples where vanadium and sodium exist on the 

surface of alumina are very different from those above reported, Fig. 3. While the 

band due to surface water is recorded again at 1635-1633 cm-1, the bands due to 

u r n  modes (q) are recorded at 1558-1557 and 1401-1400 cm-1. In addition, the 
band at 1020 cm-1, recorded in the spectra of V205 and the Na-free, V-containing 
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alumina samples, due to the uv=o mode, is not recorded, while a new band at 

1092-1085 cm-1 develops. Removal of the band at 1020 cm-1 clearly indicates that 

the CO2 molecule interacts with exposed V=O units at the surface of V 2 Q  and/or 

AIVO4 crystallites. On the other hand, the new band at 1092-1085 cm-1 can be 

ascribed to the u1 mode of carbonate that WilS IR-forbidden in  the free carbonate 

ion, but becomes active upon adsorption on the surface (It is also IR-active i n  

aragonite). 

As, under similar conditions, the spectrum o f  bulk vanadia does not show any 

band that  could be ascribed to formation of carbonate species, it could argued that 

the bands at 1558-1557, 1401-1400 and 1092-1085 cni-1 are not originated by COz 

adsorption on vanadiuni sites; however, the absence of the band at 1020 cm-1 (due 

to uv=o mode) can be only explained assuming that interaction of COz with the 

surface is via vanadium sites, i.e., the presence of sodium should enhance thc 

basicity of the vanadium-containing surface, similarly to the role it plays when 

incorporated on the bare surface of alumina. 
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