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The applicability of MgF, as a support for vanadium catalysts of SOy
oxidation has been studied. Catalysts were prepared by mixing the active
components and the support as well as by impregnation of the latter. The
mixed catalysts were found to have an enhanced activity, and the impreg-
nated catalysts show a high mechanical strength.

Busla M3yueHa BO3MOXHOCTH NPHMEeHEeHHs OTOpMOa MAarHHs B kauecrae
HOCHTEJIA BAHAOMEBOro KAaTaslH3aTopa OKMCJIEHHA NBYOKHUCH ceph. KaTa-
NK3ATOPH OHJIK [OJIYYEHH CMemeHHeM KaTaJIMTHYEeCKH AKTHBHHX KOMMOo-
HEHTOB C HOCHTeJIeM, a TakKkxe MNPOIHTKON HOocCHUTeNnA. HamneHo, uTO
CMeulaHHHEe KaTanH3aTopH 6o0Jlee aKTHUBHH a NMPONHTAaHHHE KaTaJIM3aTOPH
o6naganT MOBHMEHHOA MeXaHUYeCKOR YyCTORYUBOCTHI.

Extensive research aimed at the improvement of catalysts for the oxidation of
SO2 has led to the evolution of preparations with very high activities; Their resistive
capacity to mechanical damage, however, continues to pose a problem to the in-
tensification of the output of sulfuric acid. Silica supports, though permitting to
obtain highly active catalysts, fail to ensure the mechanical strength required in
the highly efficient fluid process. Hence the search is continuing for a new support
to meet the requirements of a fluid layer. Results obtained in this Laboratory on the
properties of magnesium fluoride suggest it as a possible catalyst support. The high

mechanical strength of the preparations obtained (6 on Mohs' scale) as well as their
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thermal stability make it feasible to producé catalysts with the necessary properties.
On the basis of earlier work /1/, we chose magnesium fluoride preparations with
vanadium deposited on them in the form of various compounds by mixing with gels
or by impregnation of pre-sintered grains. As promoter, potassium was used in the
form of sulfate or carbonate. In order to permit a comparison of the activities of
the catalysts obtained with industrial silica catalysts, wé have assumed the amount
of vanadium introduced to be approximately 10% V,O.. With regard to available
results /2/ concerning the influence of the amount of K,Oon the activity of silica

catalysts we have assumed that the optimum K20/ V5O ratio is about 3. 5.

EXPERIMENTAL

Magnesium fluoride for use as support for the vanadium catalysts studied was
prepared as in Ref. /1/, by interacting hydrofluoric acid with a solution of magne-
sium sulfate. The white jelly thus obtained was rinsed with distilled and, subsequent-
ly, redistilled water to pH=4. The sample (labelled MF7) was then divided into two
portions, one of which was left in the state of gel, and the other dried at 105 °C
and calcined at 550 °C for 5 hrs. The MgF, thus obtained (grain size 1-2 nm) was
repeatedly subjected to impregnation with an aqueous solution of potassium sulfate
and, subsequently, potassium vanadate or vanadyl sulfate. The composition of the
solutions used is given in Table 1. The catalysts were then dried at 105°C and acti-
vated at 550 ©C for 5 his,

Another group of catalysts was obtained by mixing a wet MgF, gel with the
respective compounds of vanadium and potassiumm /Table 1/. The products were then
dried and subjected to activation as above.

230



WOJCIECHOWSKA et al. : MAGNESIUM FLUORIDE AS A SUPPORT

Table 1

Preparation of vanadium catalysts supported

on magnesium fluoride

Components of solutions used in impregnation
(per 100 g of support)

Type of
o C_O K SO KCO HO
Symbol  pratyse VOSC04 KVO Vy05 HC0, K5O, KOG Hy
(8 (® (8 (8 €9 (® (8
MF7VZ/1 mixed 35 - - - (] - 830
MF7VZ/2 mixed - 30 - - 60 - 700
MF7VZ/3 mixed - - 20 41 - 53 680
MF7V/1 impreg-
nated 23 - - - 18 - 150
MF7V/2 impreg-
nated - 23 - - 18 - 150

The V, O content of the catalysts was determined after Machovka /3/. The

activity of the vanadium catalysts supported on magnesium fluoride was measured

in sulfur dioxide pxidation in a typical flow device of the kind described by Malin

et al /4/.

RESULTS AND DISCUSSION

The present paper is concerned with a study of the applicability of magnesium

fluoride as a support for vanadium catalysts for the oxidation of §0,. For this

purpose, various potassium and vanadium compounds were deposited onto the sup-

port. Two groups of vanadium catalysts (mixed and impregnated) were obtained.
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Table 2

Chemical analysis of the catalysts obtained by mixing
the active components with MgF, gel

Content
Symbol V.0 K O/V_O
y 256 K20 2 / 25
(%) (%)
MF7VZ/1 9.9 17.8 3.5
ME7VZ/2 9.6 18.3 3.7
MF7VZ/3 9.5 16.6 3.4
Table 38
Chemical analysis of vanadium catalysts deposited
on MgF2 by impregnation
Content subse-  Content subse-  Content subse- KQO/ v 2O
quent to 1st quent to 2nd quent to 3rd ratio
impregnation impr t i
Symbol mpreg impregnation impregnation .aftgr 3dr
impregna -
o) 0 (0] (0] (o) 0
(%) (%) (%) (%) (%) (%)
MF,7V/1 3.2 6.2 6.7 13.1 10.1 19.3 3.6
MF7V/2 3.4 6.6 7.0 13.8 10.5  20.4 3.8

Their composition is given in Tables 2 and 3. The mole ratio of the active com-
ponents differed but insignificantly from the theoretically proposed value, and a-

mounted to:
KQO
3.8> —m >3.4

V2O5
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Table 4

Activity of vanadium catalysts in terms of maximum
degree of conversion in the reaction of SO, oxidation

Temperature of maximum  Degree of

Symbol degree of conversion conversion
(°C) %)
MF,VZ/1 550 79.0
MF7VZ/2 550 75.3
MF7VZ/3 550 67.4
MF7V/1 580 60. 5
MF7V/2 580 59,0

The percentage of Vo Oy lay in the range:
10.5 > %V2O5 > 9.5

The preparation of catalysts with the intended composition from a MgF2 gel
presented no difficulties, but the introduction of the active components by impreg-
nation of the calcined support was difficult. It will be noted from the results of the
chemical analyses in Table 3 that three impregnations are needed to introduce the
appropriate amounts of active components. This difficultly is presumably a result
of the small surface area of the support (of the order 30 m3/ g)

v The catalysts were investigated in the reaction of SO, oxidation in the tem-
perature range of 450-600 °C. The more active catalysts were those obtained by
mixing vanadium and potassium salt solutions with a wet MgF,, gel (Table 4,

catalysts: MF7VZ/1, /2, /8). The mixed catalysts give a maximum degree of

conversion at 550 °C, whereas the impregnated catalysts show maximum conver-
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Fig. 1. Activity of vanadium catalysts deposited onto MgF,, gel vs. the tempera-
ture of measurement in the reaction of SO, oxidation. 1 - MF;VZ/1;
2 - MF7VZ/2; 3~ MF,7VZ/3
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Fig. 2. Activity of vanadium catalysts, obtained by impregnation of MgF, vs. the

temperature of measurement in the reaction of SO, oxidation.
1- MF,7V/1; 2-MF7V/2

sion at 580 °C. The differences between the two groups are more apparent on the
graphs showing the dependence of their catalytic activity on the temperature of
measurement (Figs. 1 and 2). A particularly high activity was exhibited by the cat-
alyst MF7VZ/1 prepared by mixing a MgE, gel with solutions of VOsO, and KZSO A
Its activity expressed in per cent conversion amounted to 7% at 550 °C, a Polish
catalyst tested under identical conditions yielded 96% conversion at 500 °C. The
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catalysts impregnated with solutions of VOSO, and KVO, yield lower degrees of
conversion (about 60%) but at the same time prove to be much more resistant me-
chanically than the catalysts deposited on a Mng gel. Assessment of mechanical

strength led to the following sequence:

MF7V/1
MF,7V/2

>MF7VZ/1.> MF,VZ/3 > MF_VZ/2

Generally, the catalysts obtained by impregnation have much more advantageous

mechanical properties than those obtained by mixing with a gel. Presumably, the
introduction of active components into a MgF, gel affects the MgF, structure ad-

versely, thus causing a decrease in mechanical strength in comparison with that of
the support MF7.

A comparative study of activity and mechanical strength permits to divide the
catalysts into two groups:

(1) Catalysts with a relatively high activity and low mechanical strength: MF,VZ/1,
MF7VZ/2', MF7VZ/3;

(2) Catalysts of lower activity but of considerable mechanical strength: MF,7 /1,
MF7V/2.

Hence the work aimed at the improvement of the catalysts under investigation
shouid continue in the direction of raising the mechanical strength of preparations
obtained with the gel or of raising the activity of those obtained by impregnation.
The factor decisive for the activity may well prove to be the K 20 : V205 ratio.
The mechanical strength can be enhanced by thermal processing /5/; preliminary

attempts in our Laboratory show that this should prove effective.

235



WOJCIECHOWSKA et al, ; MAGNESIUM FLUORIDE AS A SUPPORT

It should be noted that magnesium fluoride is a novel support still under testing,
of which we have but limited knowledge, and the search to establishthe optimum
conditions with regard to preparative procedures, thermal processing, as well as the
choice and amounts of active components still continues. It is our belief that further
work on these interesting vanadium catalysts obtained on magnesium fluoride, will

permit to develop a catalyst of very high quality.
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