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abstract: The mechano-topochemical method for preparation of Bi-Mo-O and Bi-Mo-Fe-O
catalysts improved the activity and selectivity in oxidative dehydrogenation of n-butenes,
compared with the catalysts prepared by classical methods. Addition of Fe,O; to the binary
catalytic system increases the catalytic performances of Bi-Mo-O oxides. Between the textural
characteristics of catalysts and kinetic parameters of oxidative dehydrogenation reaction there
are some correlations, which could be taken in consideration for selecting such catalysts.
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Introduction

Oxidative dehydrogenation of n-butenes to butadiene is now an industrial process, which
has replaced entirely the classical process of dehydrogenation. This one because the
introduction in system of an hydrogen acceptor, which is oxygen, displaces so strongly the
reaction equilibrium, that practically the conversion might not be related to equilibrium
conditions. Therefore, the butadiene yield increases to about 65-70% and selectivity to 90-
95%, per run, at 400-460°C. Since the reaction is highly exothermic, a great deal of
conventional fuel is saved [1-3].

The importance of the problem for the industrial practice, the diversity of literature
concerning the catalytic systems and preparation methods have conducted to a large
number of researches regarding correlations between the nature of active phases, catalyst
composition, textural parameters and activity in oxidative dehydrogenation of n-butenes in
butadiene [4-7].

In this paper, the activity and selectivity of catalytic systems Bi,O3;-MoO; (Bi/Mo =
0.5:1.0) and Bi,0;-M00;-Fe;,0O;3 (Bi/Mo/Fe = 0.5:1.0:1.2) are compared, and some

correlations between textural parameters and the absolute rate of oxidative dehydrogenation
over both systems are established.
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Experimental

Catalysts Bi,03-MoO; (Bi/Mo = 0.5:1.0) and Bi,05-Mo00O3-Fe,O3 (Bi/Mo/Fe = 0.5:1.0:1.2)
were prepared and characterized [8].

Catalysts were prepared by ,,mechano-topochemical” method, which consists in a
mechanical mixing of components (in solid phase, as crystals-hydrates) with an alkaline
component — ammonium carbonate, also in solid state. We used bismuth nitrate,
Bi(NOs);:4H,0, ammonium paramolibdate (NH4)s(M0;0,4)-4H,O and respectively
FG(N03)3’9H20.

The solid-solid interface reaction took place in a dense fluid medium made up of crystal
water according to a topochemical reaction mechanism [9].

Catalytic tests of oxidative dehydrogenation of n-butenes were carried out in a dinamic
reactor in fixed bed of catalyst. n-Butenes used were 97.8% purity, with 61.4% 1-butene
and 36.4% 2-butenes. The hydrogen acceptor was atmospheric oxygen and the diluent was
steam.

The activity and selectivity of both catalysts were determined under the following
conditions : temperature 400-520°C ; volumetric flow rate 600h™ for n-butenes ; molar ratio
n-butene : air : steam=1:3.5:7.5.

The textural properties of catalyst were determined.

Results and discussion

The ,,mechano-topochemical” method, in this case, allowed us to obtain catalytic systems
more active than the same ones prepared by other methods. Therefore, in the case of Bi,Os-
MoOs-Fe,05 (Bi/Mo/Fe = 0.5:1.0:1.2) catalyst, in table 1 comparative results obtained for
the three different methods of preparation are presented.

A - mechano-topochemical method;

B — mixing equivalent quantities of oxide components, in order to obtain the desired atomic
ratio, followed by thermal treatment;

C — mixing equivalent quantities of some metallic compounds (bismuth nitrate, iron nitrate,
molybdenic acid), followed by thermal treatment.

Table 1. The influence of preparation method on activity of ternary system Bi/Mo/Fe =0.5:1.0 : 1.2.
Reaction temperature 440°C; volumetric flow rate of n-butenes 600 h'; molar ratio n-butenes : air : steam

=1.0:35:75.
Preparation method  n-Butenes conversion (wt %)  Butadiene yield (wt %)  Butadiene selectivity (wt %)
A 494 42.6 86.2
B 56.2 49.8 88.4

C 67.2 62.0 923
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In the following experiments, we used only catalysts prepared by mechano-topochemical
method.

By comparing the binary and ternary systems, the introduction of iron shifts the optimum
range reaction temperature to smaller values.

In fig. 1, we present comparatively the two catalysts. In the case of binary catalyst, activity
increases with increasing temperature up to 480°C, at higher values the butadiene yield
being practically constant. The selectivity to butadiene decreases, but until 480°C it is over
90% [9].
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Fig. 1. The activity and selectivity of Bi/Mo and Bi/Mo/Fe catalysts as a function of reaction temperature; 1,2 —
yields; 3,4 — selectivities.

For the ternary system, optimum of reaction temperature is 440°C, where the yield to
butadiene is over 60%, but above this temperature, it decreases. In the same time, the
selectivity to butadiene is over 90% until 480°C. Notice that for the ternary system the best
results are obtained between 420 and 440°C.

For establishing the optimum contact time for oxydehydrogenation reaction, the volumetric
flow rate of n-butenes varied between 200 and 1200 h'l, and a total flow rate between 2400
and 14400 h'. This means that the contact time for n-butenes was from 18 to 3 seconds,
and for the whole mixture between 1.5 and 0.25 s.

Figure 2 shows the variation of catalyst performances versus volumetric flow rate of n-
butenes, for the ternary catalyst. It can be seen that oxydehydrogenation reaction takes
place with increasing reaction rates in the range of 400-900 h'.
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Fig. 2. The Influence of volumetric flow rate on the oxydehydrogenation in the case of ternary catalyst Bi/Mo/Fe
=05:10:12.

The main textural characteristics for the binary and ternary catalysts are shown in table 2.

Table 2. The main textural characteristics for the binary and ternary catalysts.

Real Apparent Surface Total pore Macropores
Catalytic system density density area volume volume R (A)
(g/em’)  (g/em’) (m?/g) (cm’/g) (em’/g)
Bi/Mo=0.5:1.0 5.81 3.58 24 0.13545 0.12155 3400
Bi/Mo/Fe=0.5:1.0:1.2 5.40 2.90 3.4 0.1604 0.1474 400 and

25000

Figure 3 shows pores distribution by radius for the binary Bi/Mo = 0.5 : 1.0 and ternary
Bi/Mo/Fe = 0.5 : 1.0 : 1.2 systems. Fe,O3 addition changes the distribution of the medium
pores and of the macropores. The ternary catalyst Bi/Mo/Fe = 0.5 : 1.0 : 1.2 exhibits a
heterogeneous porous structure with medium pores and macropores having radii of 400
and, respectively, 25000 A.

Now we intend to set out some correlations between activity, expressed as local reaction
rate, and the textural parameters of catalysts, such as macroporosity, the pore radius,
retention time of the reactant inside the macropores [10].

It is known that in general reaction rate equation, the retention time d7 of the reactant flow
rate ¥, (cm®/s) within the reactor volume dV, (reactor cross section infinitely small) is given
by:
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Fig. 3. Pore distribution by the radius, 1 - Bi/Mo = 0.5 : 1.0; 2 - Bi/Mo/Fe = 0.5 : 1.0 : 1.2.

By the substitution of the term that stands for the reaction volume, dV, , with the
macropores volume V), granting that the reactant flows through them, one obtains:

dv V
dr=——L="""=¢,
FAo F,

2V
Sy = M
Py
=Ty :FAO 'XA
' ' _l"A
Fy=-ray; Fy=—""Vy
Ay

where: F, — feeding flow rate (mol/gs);
X4 — moles butenes transformed per second and gram of catalyst;
7y — retention time of the reactants in the macropores;
Sy — internal surface area of the macropores;

ry — mean radius of macropores;
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Fy — moles butenes transformed as a function of retention time inside the
macropores

r4 — total reaction rate (moles/g's).

Figure 4 shows the variation of the apparent reaction rate with the feeding rate for the
catalysts Bi,03-MoO; (Bi/Mo = 0.5:1.0) and Bi,0;-Mo00s-Fe,0; (Bi/Mo/Fe = 0.5:1.0:1.2),
taking into account the global flow rate of the reactants.

5F

Fig. 4. Variation of the apparent reaction rate with reactant flow at reaction temperature of 440°C;

1-Bi/Mo=0.5:10;2-Bi/Mo/Fe=10.5:10:1.2.

We notice a linear dependence between the reaction rate and the reactant flow rate up to a
certain value. The linear range corresponds to our experiment conditions. Apparent reaction
order calculated from slope, has fractionary values close to zero, which show that the
mechanism is more complex when reaction mixtures of 1- and 2-butenes are used.

Figure 5 shows the flow rate of reaction products plotted against the retention time of the
reactants inside the macropores, for the same catalysts. In both cases a linear dependence is
noticed up to retention time ranging from 1.0 to 1.5 s. These experimental data suggest
certain dependences between the kinetic parameters of the reaction and some textural
characteristics of the catalysts that could be meaningful when criteria for selecting the
catalysts are involved.
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Fig. 5.Variation of the reaction products flow with the retention time of the reactants inside the macropores.
Reaction temperature 4400C. 1 - Bi/Mo = 0.5 : 1.0; 2 - Bi/lMo/Fe = 0.5 : 1.0 : 1.2

In conclusion, the new mechano-topochemical method for catalyst preparation highly
improves the activity and selectivity against the same catalysts prepared by classical
methods. The interface reaction of the solid hydrated particles provides a better interaction
among the components of the reaction mixture, thus favoring the formation of active
catalyst phases. Addition of Fe,O; to the binary catalytic system Bi-Mo-O substantially
increases their activity. There are some interdependences between the kinetic parameters of
reaction and some textural characteristics of the catalysts, which could be considered as
criteria for selecting a particular catalyst.
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