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The titania supported V-Mo-O prepared from VOCl; and Mo(CO)g
was found to be very active for the simultaneous removal of SO,
and NO. It was shown that the V-Mo-0 oxide was supported as an
amorphous phase and formed a surface compound similar to vanadium

oxysulfate at a steady working state.

For removing sulfur oxides (SOx) and nitrogen oxides (NOx) from the flue
gases emitted from stationary sources, the conventional systems adopt two consecu-
tive processes; a dry process in which NO is reduced with NH; to N, and a wet
process in which SO, is fixed as sulfates. For the exhaust produced from sulfur
rich fuels, however, development of new removal processes to treat SOx and NOx
simultaneously is awaited. One of such processes appears to be catalytic removal

of SO, and NO in one reactor. For example, CuO-TiO, based oxides!r2)

3)

and V,05-
loaded activated carbon were reported to show catalytic activity for simultane-
ous removal of S0, and NO, in which SO, was fixed as CuSO,4 and H,50, adsorbed on
activated carbon, respectively, and the regeneration process of catalysts was
required. We have been investigating new solid catalysts on which NO is reduced
with NH3 to N, and SO, is oxidized to SO3 to be removed as ammonium sulfates
simultaneously and stationarily.4) It has turned out that, of the two catalytic
reactions, the oxidation of S0, is more difficult and need development of new
active catalysts and that the V-Mo-0O mixed oxide catalysts supported on Ti02
prepared from aqueous solutions are most active for SO, oxidation among the oxide

catalysts tested.?)

Subsequent study has revealed that preparation from VOClj; and
Mo(CO)g dissolved in CCl, gives more active supported V-Mo-O0 catalysts with excel-
lent reproducibility as reported in this letter.

The support TiO, (anatase type) was prepared from TiCl, as described be-
fore.4) Resulting oxide calcined at 450 °C for 6 h had a specific surface area of
ca. 100 m2/g. V-Mo-0 oxide was supported on TiO, by the following two methods.
Type A catalysts were prepared by the conventional impregnation method. The sup-
port was impregnated with an aqueous solution containing (NH4)6M07024, NH,VO4 and
oxalic acid, and after evaporation it was dried at 150 °C for 24 h. Calcination
in air was carried out either in two consecutive steps at 300 °C for 2 h.and at

450 °C for 5 h (catalyst A-I), or in one step at 450 °C for 5 h (catalyst A-II).
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The atomic ratio of V/Mo was set at 83/17 and the loaded amount of V-Mo-0 oxide
was fixed at 20 wt% (V/Mo/Ti=14/3/83 in atomic ratio). BET surface area of sup-
ported catalysts thus prepared was ca. 60 m2/g. Type B catalysts were prepared by
a sort of surface fixation method. The support was immersed in a CCl, solution of
Mo(CO)6 for 0.5 h at room temperature and, after -evaporating CCl,, it was sub-
jected to the same two step calcination as done for catalyst A-I. The calcined
sample was again immersed in a CCl, solution containing VOCl3 for 0.5 h at room
temperature. After decantation, remaining CCl, was evaporated from the solid
phase. The obtained sample was then hydrolyzed in a moist air stream for 1 h at
120 °C, followed by the same two-step calcination as above. Although the concen-
tration of the solutions was regulated to obtain a catalyst with a composition
V/Mo/Ti=14/3/87, chemical analysis showed that the catalysts prepared in this way
contained about 0.5 mmol of wvanadium ions per gram catalysts, giving rise to the
V/Mo atomic ratio of 59/41 and the loaded V-Mo-O amount of 9.4 wt% (V/Mo/Ti=4/3/
93). BET surface area was ca. 70 mz/g. Catalytic activity was tested in a con-
ventional fixed bed reactor. A gaseous mixture of S0, (500 ppm), NHj (1000 or
1250 ppm), O, (5%), H,0 (10%), and N, (balance) was fed with or without NO (250
ppm) at a space velocity 12000 h“1. The amount of NH, supplied was set at the
same and twice amount of NO and S0,, respectively, on the basis of the following
equations; NO + NH3 + 1/4 0, + N, + 3/2 H,0 and SO, + 2 NH3 + 1/2 0, + H,0~>
(NH4)ZSO4. NO and SO, were analyzed by a chemiluminescence NO/NOx meter (Yanagi-
moto, ECL-77A) and iodometry, respectively.

Figure 1 shows the time course of the conversion of S0, at 350 °C over types
A and B catalysts in the absence of NO. The initial conversions were all appar-
ently high, because the adsorption of SO, was counted. After this adsorption,
type A catalysts either went down to a modest steady conversion level below 60%
(A-I), or fell down rapidly to a very low activity level (A-II). It was found
that, even when the same preparation method was applied, the activities of A-I
catalysts were dispersed rather widely. On the other hand, type B catalyst tended
to increase activities for an initial short period (induction period) and reached
a steady conversion level as high as 83%. Moreover, reproducibility of the cata-
lyst preparation was satisfactory
for type B catalysts. 100
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The infrared spectra of fresh and used catalysts are shown in Fig. 4.

state activity of a type B catalyst for
the simultaneous removal of S0, and NO.
Feed: S0,(500 ppm)+NO(250 ppm) +NH3 (1250
ppm)+02(5%)+H20(11%)+N2(balance).

marked difference between types A and B
as stated below.

Type A

catalyst (both A-I and A-II) showed a band near 1013 cem™! , which was ascribable to
V=0 stretching vibration, and no significant changes were observed between the
fresh and used catalysts. In type B catalyst, the V=0 band was not visible as a
peak, probably because it shifted to lower wave number to become a shoulder

overlapping with the strong absorption of TiO,. In the used catalyst, new bands
2

appeared at 1046, 1136,and 1400 cm~!. The last band disappeared after evacuation
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at 300 °C for 1 h, and was assigned to
The other two bands

are in the wave number regions corre-

adsorbed NH,* ion.

sponding to the stretching vibration
modes of S=0 and S-0, and in fact they
coincided fairly well with the spectrum
of VOSO, as shown in the same figure.
We consider therefore that SO, mole-
cules are adsorbed oxidatively to form

a surface compound very similar to

vanadium oxysulfate which may be re-

sponsible for the steady-state activity

of a type B catalyst. As stated above,

Transmittance

the induction periods were observed
only for type B catalysts irrespective
to the presence and absence of NO,
though it was more conspicuous in the

presence of NO. Taking IR results into

991
133~ 1049
1

account, the induction period observed
over type B catalysts seem to be a time
the catalyst
and the

coexistance of NO impedes the formation

necessary to activate
surface to the oxysulfate,
of oxysulfate. Anyway, type B cata-
lysts have a steady surface state quite

different from that of type A cata-

lysts, and this difference in surface'
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Fig. 4. Infrared spectra of V-Mo-0/

1. Fresh type A (I and

TiO, catalysts.
II) catalyst, 2. Used type A (I and II)
catalyst, 3. Fresh type B catalyst, 4.
Used type B catalyst, 5. Used type B
catalyst after evacuation at 300 °C
for 1 h, 6. VOSO, (reference).

state may explain the high and stable
catalytic activity of type B catalysts, although the roles of the oxysulfate in
the catalysis are not clear at present.

In summary, V—Mo-O/T102 catalysts prepared from VOClj3 and Mo(CO)g dissolved
in C€Cl, were found to show high activity for both the reactions of NO and SO,
removal. Although the problems such as the removal of ammonium sulfate and the
prevention of ammonia leakage from the system remain unresolved, the present
results show the possibility of removing SO, and NO simultaniously in one reactor

using a solid catalyst.
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