
  Pol. J. Chem. Tech., Vol. 15, No. 4, 2013 107Polish Journal of Chemical Technology, 15, 4, 107 — 110, 10.2478/pjct-2013-0077

The dependance of an activity of vanadium catalysts on a carrier regenera-
tion method and an active phase composition 
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The results of the research studies concerning the reaction rate of SO2 oxidation on the vanadium catalysts have 
been described. A carrier of the active phase – silica has been regenerated from spent vanadium mass by leaching 
with H2SO4 solution. The dependence of the oxidation reaction rate on the method of treating a catalyst carrier 
as well as the composition of an active phase of the new catalyst systems has been also presented.
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INTRODUCTION

   The catalysts working under industrial conditions un-
dergo deactivation caused by changes in the structure 
and texture of a catalyst, and the changes are the result 
of loss of homogeneity of the active phase melt. One 
of the main reasons of these changes are iron compo-
unds, which form with active phase components (type 
KV(SO4)2 or K3V(SO4)3) compounds of KV1–xFex(SO4)2 
and K3V1–xFex(SO4)3 type with a melting point increasing 
when mole fraction of iron increases1,2. The fi nal stage 
of these phase transformation are inactive systems of 
KFe(SO4)2 and K3Fe(SO4)3 type.

A defi ning of adverse impact of iron compounds, being 
the components of a process gas or corrosion products, 
on the operating properties of vanadium catalysts3–5 
as well as an explanation of the mechanism of phase 
changes are important factors for the use of components 
recovered from the spent vanadium masses to produce 
fresh catalyst.

The research studies on the technology of the active 
phase components and silica recovery from spent va-
nadium catalysts by washing with concentrated acidic 
solutions (H2SO4, H2C2O4 and CO(NH2)2)6–13 demon-
strated the possibility of reuse of K2O and V2O5 to 
produce fresh vanadium catalyst. During acidic leaching, 
not only vanadium and potassium compounds but also 
iron ones are transferred into a solution. An absence of 
iron is benefi cial for the silica properties and it allows a 
reuse of the catalyst for the production of fresh ones7,8. 
The studies have demonstrated that recovered silica can 
be applied if only iron content in the catalyst is below 
0.5% of Fe2O3

14.
The paper describes the results of test studies of SO2 

oxidation rate on vanadium catalysts produced from silica 

after spent vanadium mass regeneration with 5% H2SO4 
solution derived from a sulfuric acid plant.

EXPERIMENTAL 

Spent vanadium mass grains were ground to a plura-
lity of 0.16–0.75 mm, and then subjected to leaching of 
vanadium compounds, potassium and iron by 5% H2SO4 
solution. The mass ratio of the catalyst to the volume 
of washing solution S/L was 1:15 kg/dm3. The process 
was carried out at 323K for 4 hours15. The solution was 
separated from the silica. The silica recovered from 
spent vanadium mass was fi ltered, washed with distilled 
water until pH 7.0, dried at 120°C. Part of the silica has 
undergone a process of heat treatment by roasting at 
400°C in air. The prepared catalyst samples in a form 
of Raschig rings have been characterized by f12/5 mm 
diameters; 5, 6 or 7% of V2O5 with equal molar ratios 
of active phase components (K2O/V2O5) amounting to 
2/1, 2.5/1 and 3.0/1. The samples have been obtained by 
“dry” mixing of silica with different amounts of vana-
dium pentaoxide and potassium carbonate. Vanadium 
pentaoxide of technical grade, having 96% of V2O5, and 
technical potassium carbonate (97% of K2CO3) have 
been used as the active phase components.

Catalysts P(11–P33) have been produced on a carrier 
after drying in 120°C (Table 1), while catalysts P(41–
P63) – after heat treatment (Table 2). Catalyst samples 
were also prepared on the basis of natural silica from 
Piotrowice (82% SiO2) as well as vanadium pentaoxide 
and potassium carbonate of technical grade (P01–P09), 
used in amounts that ensure the same composition as 
the active phase of catalysts prepared on the basis of 
regenerated silica – Table 3.

The produced catalysts were dried in 120°C for 4 h, 
roasted in 400°C for further 4h and subjected to a process 

Table 1. The chemical composition and the catalyst activity prepared with dried SiO2 
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where: Dr – the decrease of reaction rate (%), r0 – the 
reaction rate at the reference catalyst (mol SO3/gch), rp 
– the reaction rate at the catalyst based on regenerated 
silica (mol SO3/gch).

Results and discussion 
The infl uence of a treating method of silica after rege-

neration of spent vanadium mass with 5% sulfuric acid 
solution and the active phase composition of catalysts 
on the reaction rate of SO2 oxidation (Tables 1, 2) in 
comparison with the activity of the catalyst based on 
natural silica have been studied (Table 3).

The studies have shown that the catalysts based on 
recovered silica were characterized by similar activity. 
The reaction rate in 420°C in the presence of the cata-
lyst containing 5% V2O5 and 7.7% K2O (sample P13) 
was 0.01549 mol SO3/gch, while in case of roasted silica 
(catalyst P43) it was only slightly higher (0.01555 mol 
SO3/gch). Similarly, the reaction rate of SO2 oxidation in 
480°C was 0.02785 mol SO3/gch and 0.02801 mol SO3/gch 
respectively. In case of the catalyst containing 6% V2O5 
and 9.1% K2O (catalyst P23) the reaction rate in 420°C 
was 0.01661 mol SO3/gch and catalyst P53 – 0.01668 
mol SO3/gch, while the respective rates in 480°C were 
as follows: 0.02948 mol SO3/gch and 0.02959 mol SO3/
gch – Tables 1, 2. In case of the catalysts containing 7% 
of V2O5, the difference in the reaction rates in both 
temperatures was also insignifi cant and independent on 
the active phase composition. 

The studies have demonstrated the correlation between 
the reaction rate and vanadium content as well as the 
active phase composition. The reaction rate increased 
as the vanadium content in the catalysts increased, but 
the nature of this increase was dependant on the active 
phase composition (volume) – Tables 1–3. In case of the 
catalysts containing 5% and 6% of V2O5, the reaction 
rate increased as K2O/V2O5 ratio increased from 2 to 3, 
independently on silica treatment, while for the catalyst 
having 7% of V2O5 the optimal ratio (the active phase 
volume) was 2.0/1. At higher K2O/V2O5 ratio, the re-
action rate decreased as an effect of too high volume 
of the active phase in relation to the properties of an 
applied carrier.

of chemical forming in 420°C for 6h by a gas mixture 
(2% SO2, 15% O2 and 79% N2) until no weight growth, 
in order to obtain a specifi c structure of the active pha-
se. In catalysts formed, V2O5 content was determined 
by manganometric method, K2O – photometric method 
and iron content by ASA16 – Tables 1–3. The reaction 
rate of SO2 to SO3 oxidation in 420°C and 480°C was 
adopted as a measure of a catalytic activity, while the 
decrease of reaction rate in comparison with a reference 
catalyst – as a measure of an industrial usefulness of the 
catalysts based on recovered silica. 

The kinetic studies were carried out in a specialized 
bench for a catalyst sample of 40.0±0.1 g; gas compo-
sition as follows 10.5% of SO2, 10.5% of O2 and 79% 
of N2, and linear fl ow rate of gas 0.4 Nm/s calculated 
for an empty section of the reactor16.

Sulfur dioxide concentration in the gas before and after 
passing the reactor was determined by microcoulometric 
method with MKSO2 analyzer. A measurement error 
of SO2 concentration was ±0.1%. On the basis of SO2 
concentration in the gas, the degree of conversion was 
determined according to equation (1):

 (1)

where: xt – the degree of SO2 conversion in temperature 
t (%), c1 – SO2 concentration before the reactor (%), 
c2 – SO2 concentration after passing the reactor (%).

The reaction rate of SO2 oxidation was calculated 
from equation (2):

 (2)

where: r –the reaction rate (mol SO3/gch), VSO2 – SO2 
fl ow rate (Ndm3/h), xt – the degree of SO2 conversion 
in temperature t (%), mk – the catalyst mass (g), 21,89 
–SO3 molar volume (Ndm3/mol).

The decrease of the reaction rate in the catalysts 
based on the regenerated silica was calculated from 
equation (3): 

 (3)

Table 2. The chemical composition and the catalyst activity prepared with roasted SiO2

Table 3. The chemical composition and the catalyst activity prepared with natural silica from Piotrowice 
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The studies have shown the necessity to optimize the 
active phase composition of the catalysts based on reco-
vered silica by elution with 5% H2SO4 solution, taking 
into consideration porous properties of silica. The active 
phase volume should be fi tted to vanadium content and 
the active phase composition. Too high volume can im-
pair the catalytic properties. These parameters must be 
taken into consideration during a production technology 
development of catalysts based on recovered components.

The studies have demonstrated a negligible impact of 
a carrier treatment method on the catalytic activity of 
products based on silica recovered by elution of active 
components with 5% sulfuric acid solution. The maximal 
decrease of the reaction rate on the catalyst prepared on 
dried silica was about 5.7%, while in case of the optimal 
active phase composition was lower – only 0.8%. The 
parameters for roasted silica were as follows: maximal 

decrease – 5.5% and the lowest one – 0.7% for the 
optimal active phase composition – Figure 2.

CONCLUSIONS

The regeneration method of silica recovered from spent 
vanadium masses by leaching with 5% H2SO4 solution 
has insignifi cant impact on the catalytic activity in the 
studied temperatures.

In the case of such recovered material, silica roasting 
is not necessary.

The active phase composition has an infl uence on a 
catalytic activity of the catalysts prepared by the descri-
bed method and it must be optimally matched to the 
silica properties.

The authors would like to thank The National Science 
Center of Poland for fi nancial support.
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