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Through experimental measurements of the intrinsic kinetics of sulfur dioxide (SO,) oxidation on
two types of vanadium catalysts and from studies of their thermal and electrical behaviors and the
distribution of active components, the reaction rate of SO, oxidation has been shown to be discon-
tinuous due to a phase transformation of the active components of the catalysts. Accordingly, there
appear to be two different temperature ranges in which the reaction takes place: the lower tempera-
ture range (LTR) and the higher temperature range (HTR). This phenomenon can be further
explained with the idea that the self-poisoning of the catalyst is characterized by a reversible
temporality, which comes into effect only at the LTR. © 1985 Academic Press, Inc.

INTRODUCTION

Catalytic oxidation of sulfur dioxide on
vanadium catalysts has been the subject of
a wealth of catalytic studies and an impor-
tant reaction in the industrial production of
H,SO;. A generalization can be made from
the more than five dozen intrinsic kinetic
equations for vanadium catalysts published
up to 1984 (1-56) with the following two
expressions;

r = kfp)(1 — p") (1

and

r =k, D1 - '), @)

where r is the reaction rate of SO, oxidation
(the conversion rate of SO,), & is the reac-
tion rate constant, p; is the partial pressure
of reaction component i, T is the reaction
temperature, f is a function based upon the
law of mass action and others, s is a stoi-
chiometric number for rate-determining
step, if existing, and B is defined by

_ Psoy/Kp

~ pso,pl;
in which Kj, is the equilibrium constant.

3
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Equations (1) and (2) are commonly used
to express reaction rates in heterogeneous
catalysis. If k can be described with any
accuracy by the Arrhenius equation

k = ko exp(—E/RT), 4

where E, the activation energy of reactions,
is a constant within the reaction tempera-
ture range, Eqgs. (1) and (2) will be valid in
continuous description of the reaction rate
of each catalyst examined.

However, there is no commonly ac-
cepted rate expression (5, 8, 9) consistent
with Egs. (1) or (2) with the capability of
describing the SO, oxidation rate over a
wide range of conversions and tempera-
tures. There are two possible reasons for
this: first, no ultimate and unambiguous
scheme has yet been developed for the
mechanism of the chemical reaction on va-
nadium catalyst (6); and second, no agree-
ment has been reached concerning the rate
of change of k with temperature. Boreskov
et al. (10, 55) and Kovenklioglu and De-
Lancey (9) found a hysteresis phenomenon
in the plane of k versus the reaction temper-
ature and of outlet conversion versus the
average feed temperature, respectively.
Boreskov et al. (2), Ivanenko et al. (11),
and Kubota er al. (12) also reported an
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abrupt change in E in the temperature range
400-470°C. Moreover, some researchers
(1, 5, 13-23) have noted that a discontinu-
ity exists in the rate of change of k with
reaction temperature. Namely, E has two
(5,9, 13, 14, 16, 17, 21, 22) or more than
two (19) differing values in the range of
360-620°C within which the kinetics of the
reaction were investigated. But the others
(4, 24-56), including Mars and Maessen
(24) and Simecek (25)—who had reported,
respectively, that E changes from 43 to 19
kcal/mol in the range 397-600°C (/) and
from 52 to 19 kcal/mol in the range of 460—
520°C (21, 22)—did not observe any irreg-
ular behavior over the same range of tem-
perature.

Therefore, a further test for the discon-
tinuity or the continuity is necessary. The
search for a generalized form of the rela-
tionship between the reaction rate, the re-
actant concentration, and the temperature
for each catalyst examined should be one of
the most important objectives of studies on
the kinetics of oxidation of SO, on vana-
dium catalysts. Catalyst properties were
implicitly contained in the rate constant
which reflects the discontinuous or continu-
ous behavior of the rate of SO, oxidation.
Thus, in the study reported here, not only
kinetic experiments were carried out, but
the physical and chemical properties of the
vanadium catalysts were also investigated
by means of thermogravimetric and differ-
ential thermal analysis, as well as analysis
of electric conductivity, X-ray diffraction,
and scanning electron microscopy. From
these results, we can determine whether or
not the kinetic rate discontinuity exists and,
if it does, why?

EXPERIMENTAL

The reactor system. The circulation-flow
method, which is regarded as a method that
affords data corresponding to differential
measurement conditions (6, 57) is adopted
here. The reactor is the internal recircula-
tion type, driven by a pair of magnets
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F1G. 1. Reactor and centrifugal impeller.

mounted on the motor shaft and stirring
shaft. There is no concentration and tem-
perature gradient in the reaction chamber,
so the reactor may be used for measure-
ments of SO, oxidation rate on the vana-
dium catalysts in the temperature range of
350-600°C.

The reaction chamber is shown in Fig. 1.
Feed gases were prepared by the simulta-
neous mixing of pure nitrogen, oxygen, and
sulfur dioxide gases, then the mixed gases
were fed into the reaction chamber at a con-
stant rate (1 atm). The flow rate of nitrogen
and oxygen was measured with a mass flow
meter and controlled by step-control
valves. The flow rate of SO, was deter-
mined by chemical analysis and a thermal
conductivity cell. The control of reaction
temperature was achieved to 0.5°C/100°C
with a temperature-controlling device. The
impeller speed (motor revolutions) was de-
termined with a numerical revolution me-
ter.

The effects of interphase and intraparti-
cle transport restrictions have been investi-
gated by changing the flow rate (using dif-
ferent impeller speeds for a constant feed
rate) and by variation of the catalyst parti-
cle size under well-defined external condi-
tions, respectively. Under the following
conditions, the interphase (a) and intrapar-
ticle (b) transport restriction should have
no effect on the measured conversion rate:

(a) Impeller speed > 3400 rpm (linear ve-
locity of 0.24 m/sec).

(b) Average particle size < 0.3 mm.
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TABLE 1
Properties of the Vanadium Catalysts Used

Property Type A Type B

Percentage

V4,05 7.6 6.5

K,0 18.3-23.0 16.0

Na;O 0 9.0
Support Diatomaceous Diatomaceous

silica silica

Initial shape Cylindrical Cylindrical
Initial size (mm) 5 x 10-15 5 x 10-15
Shape of sample Irregular Irregular
Examined Particle Particle
Particle size (um) 370-246 370-246
Bulk density of

particle (g/ml) 0.50 0.55
Ignition temperature

(°C) 390-400 365-375

Catalyst preparation. Two types of the
samples examined, Type A as a K,SO,
V.05 catalyst and Type B as a K;SOx
Na,;S04V,0s catalyst, were prepared from
corresponding commercial vanadium cata-
lysts provided by Nanjing Chemical Indus-
trial Company, Nanjing, People’s Republic
of China. The properties of these catalysts
are listed in Table 1.

The cylindrical catalysts were first
ground to smaller particles in a porcelain
mortar. The particles were then sorted us-
ing the Tyler Standard screen scale. The
samples used were limited to a particle size
of ca. 300 um. They were divided into six
parts for use in kinetic measurement, ther-
mogravimetric, differential thermal, elec-
tric conductivity, X-ray diffraction, and
scanning electron microscopy analysis. A
sample of the catalyst was carefully
weighed before measurement and analysis.

Kinetic studies. Nine runs of experi-
ments for the reaction rate of SO, oxidation
have been performed on each type of cata-
lyst by changing feed composition and
space velocity (SV) under the conditions
shown in Table 2. When steady conditions
were achieved (ca. 5 h), the conversion of
SO, to SO; is obtained with the equation
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~ a1 — 0.015a,)’

where x is the conversion of SO, to SO;,
and ap and a are the concentration of SO, in
the feed and outlet, respectively. A modi-
fied iodimetry chemical analysis was used
to measure SO, in the feed and outlet gases.
The reaction rate of SO, oxidation is calcu-
lated from the equation

&)

X

agQox
oW’

where r is the reaction rate of SO, oxida-
tion, Qo is the feed flow rate, W is the
weight of loaded catalyst sample, and ¢ is a
volume correction and obtained from

r=744x 1077 (6

aogx

Thermogravimetric analysis (TGA). The
change in weight of the catalyst samples in
a thermogravimetric reactor was deter-
mined under different working conditions
with a Type TGR-1 thermogravimetric bal-
ance. Two parts of the analysis were per-
formed. One is the measurement of the re-
lation between the weight increase and the
reaction temperature which was varied
stepwise from the low temperature to the
high temperature using a temperature con-
troller. Another one in the measurement of
the weight increase of catalyst samples ver-

TABLE 2
Reactive Conditions Studied in Kinetic
Measurements
Type A Type B

Sample volume (ml) 1.6 1.6
Reaction temperature (°C) 380-580 370-550
Feed gas composition (%)

SO, 5-15

0, 7-30

N, Remainder
Maximum flow of feed gas

at STP (ml/min) 310
Impeller speed (rpm) 3400




326

-11-0 T T

In
[

-120 F .

130 + 4

-140 | -

-15-0 . L
1-2 13 1-4 I-5
1 3
T x10° K

F1G. 2. Dependence of In(r/1 — B8) on 1/T for Type A
catalyst.

sus the reaction time at certain tempera-
tures.

Differential thermal analysis (DTA). The
thermal behavior of the vanadium cata-
lysts, Types A and B, for SO, oxidation has
been studied in working state with gas-flow
differential thermal analysis (gas-flow
DTA). The DTA apparatus permits the
same gases to flow simultaneously over ref-
erence test particles (a-Al,Os;) and working
samples. The reaction temperature was
varied stepwise using the same temperature
controller with that in TGA.

Electric conductivity analysis (ECA).
The electrical conductivity of the catalyst
samples at various temperatures was mea-
sured with ECA apparatus consisting of
ECA cells containing two electrodes. Elec-
trical conductivity was measured for the
samples in air and under reaction condition
(SO, + 0y).

X-Ray diffraction (XRD) analysis. The
chemical composition change of Types A
and B in the SO, oxidation was qualita-
tively studied by means of an X-ray diffrac-
tometry instrument to acquire more infor-
mation on the reaction mechanism. A
constant scan of 2°/min was used for the 26
range from 10° to 50°. The X-ray diffraction
measurements were performed on the sam-
ples of Types A and B which were fresh and
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used in the kinetic studies of the reaction.

Scanning electron microscopy (SEM)
analysis. In order to obtain a clear view of
the distribution of composition and its
change, fresh and used samples were exam-
ined with a JEOL JSM-35C electron micro-
scope. The results (Fig. 9) show that the
distribution of the active catalyst compo-
nents has changed.

RESULTS
Kinetic Results

From Figs. 2 and 3, it can be seen that
there is an abrupt change in the reaction
rate in the temperature range of 420-480°C
for each type of catalyst in all runs. The
turning points at which the reaction rate
changes sharply with temperature under
given conditions are shown in Tables 3 and
4. If the kinetic data could be described by
Eq. (1) activation energies could be calcu-
lated from Figs. 2 and 3. However, the
results of the analysis of the data indicates
that Eq. (1) cannot accurately describe the
data, since the function f contains tempera-
ture (Eq. (2)) (64). Therefore, the intrinsic
activation energies can not be accurately
calculated from Figs. 2 and 3. Neverthe-
less, an abrupt turn in the activation ener-
gies is very clear and definite.

-13.0

-14-0

-15-0

-3 1-4 -5
! 3
T 107K

F16. 3. Dependence of In(r/1 — 8) on 1/T for Type B
catalyst.
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TABLE 3

Turning Points under the Same SV but with
Different Feed Composition

Pso0 Type A Type B
Poy0
6,000 12,000 6,000¢ 12,0004
0.37 459.4(x) 462.1(A) 426.1(X) 446.2(A)
0.64 462.1(+) 464.8(0) 431.0(+) 448.2(0)
0.82 473.1(@) 478.7(0) 441. (@) 461.0(00)
1.00 480.0(W) 451.4(m)
a8V (h7Y).
TGA Results

The experimental results for the TGA are
shown in Figs. 4 and 5. From the figures, it
can be seen that there is a maximum value
of AW/W, which can be called weight in-
crease of samples and which is dependent
on the reaction time = and varies with tem-
perature.

DTA Results

From the results (Fig. 6), it can be seen
that the exothermic peaks appear clearly at
about 445°C in the DTA curve of Type A
and about 430°C in the curve of Type B.

ECA Results

From the results (Fig. 7), it can be seen
that there is a sharp turn in the curves of
both Types A and B.
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FIG. 4. Relation between weight increase and reac-
tion temperature. Type A (M), and type B (®): Gas
composition, 7% SO,, 11% 0,, 82% N,; gas flow rate,
100 ml/min; sample size, 0.3 mm; sample weight, 0.3 g.
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FiG. 5. Weight increase of samples vs reaction time.
Sample, Type A. Reaction temperature (°C), (@) 380,
(+) 400, (A) 440, (O) 460, (x) 480, (V) 510. Gas
composition, 7% SO,, 19% O,, 74% N,; gas flow rate,
100 m/min; sample size, 0.3 mm; sample weight, 0.3 g.

XRD Results

It has been found that the diffraction pat-
tern and the peak intensities of the used
samples are different from those of the
fresh ones (Fig. 8).

TABLE 4

Turning Points with the Same Feed Compositions but under Different SV

Sv Type A Type B
")
0.372 0.64¢ 0.82¢ 0.37¢ 0.64¢ 0.82¢
1,800 436.0(0) 416.5(©)
3,600 448.3(V) 423.7(V)
6,000 459.4(x) 462.1(+) 473.1(@®) 426.1(x) 431.0(+) 441.1(@)
12,000 462.1(A) 464.8(0) 478.7(1D) 446.2(A) 448.2(0) 461.0(O0)

 Ps0,,0/P0,0-
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Fi1G. 6. DTA curves of samples. Gas composition,
7% SO,, 11% 0O,, 82% N,; gas flow rate, 100 ml/min;
heating rate, 4.5°C/min; sample size, 0.3 mm; refer-
ence particle size, 0.3 mm.

SEM Results

The results (Fig. 9) show that the distri-
bution of the active catalyst components
has changed after exposure to reaction con-
ditions.

All the experimental results indicate that
the physical and chemical properties of the
KzSO4—V205 and KzSO4—Nast4—V205 cat-
alysts under reaction conditions changed in
the temperature range of 430-480°C. There
is a corresponding specific temperature
range for each change (Table 5).
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F1G. 7. ECA curves of samples. Type A, after being
saturated for 2 h in an atmosphere with 5% SO,; Gas
composition, 7% S0O,, 11% O,, 82% N,. Type B, after
saturated for 1 h in an atmosphere with 1% SO,; Gas
composition, air.
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Fi1G. 8. X-Ray diffraction patterns of fresh and used
samples. (a) Fresh sample of Type A, (b) Type A used
for 6 h at 470°C in reaction atmosphere, (c) fresh sam-
ple of Type B, (d) Type B vsed for 10 h at 438°C in
reaction atmosphere, (e) Type B used for 20 h at 480°C
in reaction atmosphere.

DISCUSSION

The change in physical and chemical
properties is due to a phase transformation
of the active components of the catalyst,
KzSO4-—V205 or KzSO.;—N?leO.g—VzOs, for
the following reasons:

(1) The experimental value of AW/W af-
ter chemisorption of SO, by the samples in
the melt phase is approximately the same as
the AW/W when calculated according to the

TABLE 5

Change of Catalyst Behaviors and the Temperature
for Them to Occur

Experi- Change observed Occurring Fig.
mental temperature
C)
Type A Type B
TGA Maximum AW/W 440 440 4
4804

DTA Exothermal peak 445 430 6
ECA Abrupt change 462 431 7
XRD Change of intensity 438 8

and distribution of

characteristic lines
SEM Change of distribution 438 9

of active components

2 The changing rate of AW/W may be smaller than the heating rate of
catalyst samples.
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Fi1G. 9. (A) SEM microphotograph of fresh sample, the same sample as ¢ in Fig. 8. (B) SEM
microphotograph of used sample, the same sample as d in Fig. 8.

following chemical equations:
V,0s + SO, s V,0s
* SOy(—=V,04 - SO3) (8)
and
K;SO, + SO, 5 K,S,0;. )]

Assuming that Eqgs. (8) and (9) take place,
the weight increase of the sample, AW (the
amount of SO, absorbed), can be calculated
from the amount of the active component

present in the sample. For example, with
reference to Type A, AW/W was calculated
to be 0.121 g/g, which is greater than the
AW/W values obtained experimentally in
the lower temperature range (LTR), as seen
in Fig. 4. This indicates absorption of SO,
in the liquid phase in the HTR. The AW/W
values in Fig. 4 increase with temperature.
The maximum value of AW/W occurs at ap-
proximately the temperature at which the
active components are transformed from a
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F16G. 10. Liquid distribution on the support and self-
poisoning.

solid phase to solid-liquid. When the reac-
tion temperature is increased further, AW/
W decreases due to desorption of SO;.

(2) Figure 7 shows how the electrical re-
sistivity increases more rapidly below the
temperatures of 462 and 431°C for catalysts
of Types A and B, respectively. This may
be due to decreased ionic conduction in the
solid phase.

(3) the X-ray diffraction patterns in Fig. 8
show that the distribution of active compo-
nents has changed and some intermediates
are formed. The SEM photomicrographs of
fresh and unused catalyst samples indicate
that some spreading of the surface compo-
nents has occurred during the reaction. Fig-
ure 9A shows the active components to ap-
pear as uniform droplets on the support
surface. Figure 9B suggests that the sup-
port surface has become wet with the active
components due to phase transformation
during reaction.

From the fact that the equilibrium AW/W
values are close at various reaction temper-
atures (Fig. 5) and that there is no appear-
ance of an obvious endothermic peak (Fig.
6) in the phase transformation, it can be
supposed that the phase transformation
does not occur abruptly. If the phase trans-
formation occurred abruptly, high vatues of
AW/W would be seen for higher tempera-
tures and lower values seen at the lower
temperatures. Figure 5 shows the values to
be somewhat closer together, indicating
slower transformation. As the active com-
ponents become more molten, the SO, oxi-
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dation would go on, and the reaction heat
released would be greater than the heat ab-
sorbed by the phase transformation. This
accompanying process will stop as soon as
the phase transformation is completed.
Thus the reaction rate becomes greater.
Accordingly, a sharp exothermic peak is
observed.

The phase transformation of the active
components of the catalysts is the main rea-
son for the discontinuities in the rate of SO,
oxidation, and the transformation appar-
ently results in the temporal self-poisoning
of the vanadium catalysts in the lower tem-
perature range (LTR). The temporal self-
poisoning, as it is called, is reversible, as
explained in the following. The vanadium
catalyst is transformed into a supported lig-
uid phase (SLP) catalyst under the working
conditions (58-61). If & is defined as the
thickness of the liquid phase, the liquid dis-
tribution on the support may be classified
into two categories, depending upon the
pore size of the support (Fig. 10). Despite
the larger pores (pore diameter > 23), the
active components exist in a SLP state
which is of higher viscosity in the LTR.
Thus, a uniform liquid distribution (i.e., no
agglomeration of the liquid) might not ap-
pear in the pores of the support. As a result,
the solid-liquid would agglomerate at the
mouth of the pores and cause blocking of
the pores. The chemisorption of SO,, step 1
of the catalytic oxidation of SO,, by the ac-
tive components would thus be difficult.
Even though the chemisorption took place,
self-poisoning of the catalysts would result
from the lower solubility and lower activity
of the reduced intermediate vanadium com-
pound. The self-poisoning causes a de-
crease in the available surface area when
the active components are molten (Fig.
102), and a selective poisoning (i.e., the
poisoning of pore mouth) occurs when
larger pores are not blocked off (Fig. 10b).
Consequently, the reoxidation of the re-
duced intermediate vanadium compound,
step 2 of the catalytic oxidation of SO,, will
also be difficult, and the resulting precipita-
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tion of a V4* compound may gradually de-
plete the liquid phase of active vanadium
species.

The effect of the blocking of the pores
and the precipitation of the V4* form of the
catalyst is to cause higher values for the
activation energy in the LTR. However,
the poisoning is not permanent and can be
recovered by raising the temperature. The
activity of the catalyst will increase with
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F1G. 12. Relation between turning temperatures and
SV pso,0/Po0 = 0.64. (a) Type A and (b) Type B.
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the raising of reaction temperature or oxy-
gen content of the gas mixture. Under the
same SV, increasing O, content of the feed
gases (i.e., decreasing the ratio of pso, o/
Po,0) Will increase the degree of conversion
of SO,; i.e., pso,/Pso, (= x/1 — x) will be
greater. Because the pso,/pso, ratio is in
equilibrium with V,04 - SO3/V,0s - SO, in
the active melt (/), the latter will increase
as well. Therefore, it becomes easier for
step 2 to occur, and the activity of the cata-
lyst will be recovered in the LTR. This situ-
ation is the reason why the turning temper-
ature is lower under the condition of lower
Pso0,,0/Po,, ratio and of the same SV (Fig.
11). In addition, if the pso, /o, ratio is a
constant, the degree of conversion will in-
crease, and the turning temperature de-
creases with decreasing SV (Fig. 12).

As already mentioned, the turning tem-
perature as a function of the degree of con-
version (Fig. 13) and its change may be
caused by the change of the valence num-
ber and of the composition of vanadium
species. In the HTR, the active compo-
nents are molten and the available surface
area is larger. The reaction occurs not only
on the surface of the catalysts but also in
the melt (61). Thus, the activity of the va-
nadium catalysts is greater and activation
energy of the reaction is lower. There is an

470
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F16. 13. Relation between turning temperatures and
conversion x. (a) Type A and Type B.
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FiG. 14. A pseudo-first-order reaction, plotted ac-
cording to Eq. (10).

optimum value at which the catalysts show
a maximum activity (61, 62). Since the op-
timum value depends mostly on the O, con-
tent of the gas mixture, SV, degree of con-
version, etc., it is likely that there exist
corresponding breakpoints on the curves of
the turning temperature versus these vari-
ous factors (Figs. 11-13).

It is of interest that the break of the rate
constant (k") of pseudo-first-order thermo-
gravimetric reaction on the Arrhenius plot
also displays the discontinuities in the rate
of SO, oxidation. The thermogravimetric
reaction is pseudo-first order (Fig. 14) at its
earlier stage (Fig. 5) because it can be de-
scribed more accurately by the first-order
rate equation

d(AW/W)
dr

Separating the variables and integrating
results in the equation

In(1 — AW/W) = k'r. (11)

As shown in Fig. 15, the curve of In k"
versus 1/T shows two different slopes
which go in opposite directions at ~440°C.
From this fact, it might be considered that
the enthalpy change of the thermogravime-
tric reaction has a positive value at the LTR
but is negative at higher values.

There are two explanations for the differ-
ences between the behaviors of samples
Types A and B in the reaction.

First, the chemisorption and diffusion of
oxygen by the molten active components

=K'(1 - AW/W). (10)
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are greater in the presence of Nat in Type
B, and the reoxidation of the reduced inter-
mediate vanadium compound is easier. The
(K + Na)/V ratio (= 4.5) of Type B is
greater than the K/V ratio (= 2.7) of Type A,
so more M>S,0; (M = K,Na) can be
formed in Type B under the reaction condi-
tions. As a result, the solubility of the re-
duced intermediate vanadium compounds
may be increased, and their precipitation
from the liquid phase may be prevented.
Therefore, the activity of Type B is greater
than that of Type A, and its activation en-
ergy is less than Type A in the LTR.

Second, the presence of Na* in sample B
might disturb the uniformity of the negative
ions surrounding the V** species and pro-
mote the reoxidation of the V** species un-
der the reaction conditions. This process
could probably be influenced by the pso,/
Pso, ratio, so that a small change of the de-
gree of conversion of SO, would, as shown
in Fig. 13, bring about a notable change of
the turning temperature of Type B, espe-
cially in the LTR.

SUMMARY

The experimental results furnish many
arguments in favor of the existence of the
reaction rate discontinuity of SO, oxidation
on the vanadium catalysts in the whole re-
action temperature range, but the rate is

- ‘8'2 L L T
x
£
-84 r B
el ]
-88 J
90 | ;
-9-2 L M 1
12 K3 14 15 16
Lxi0®k
=

FiG. 15. Temperature dependence of the rate con-
stant £” for the pseudo-first-order thermogravimetric
reaction.
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TABLE 6

Parameter Values of the Rate Discontinuities Equation

Parameter Type A Type B
380-470°C 470-580°C 370-440°C 440-550°C

ko 3.035 x 107 15.63 9.310 x 10° 18.12

E (cal/mol) 40,394.5 18,861 35,508 18,664.9

K, 1.943 x 1077 1.111 x 105 0 1.839 x 103

Q; (cal/mol) 17231.8 13316 —_ 13,285.5

K; 3.021 x 10¢ 5.019 x 10¢ 0 2.889 x 10¢

Qs (cal/mol) —16,519.8 —16,484.2 — —16,436.8

l 0.65 0.55 0.50 0.63

continuous in the LTR and HTR, respec-
tively. The change of the turning point is a
function of the degree of SO, conversion
under the reaction conditions. The disconti-
nuities of the reaction rate are primarily
caused by the phase transformation of ac-
tive components in the catalysts, and the
phase state is gradually transformed. The
precipitation of the reduced intermediate
vanadium compound that may deplete the
molten phase of active vanadium species
leads to the peculiar and temporal self-poi-
soning of the catalysts. Consequently, the
activation energy of SO; oxidation is not a
constant in the whole reaction temperature
range but is greater in LTR than in HTR.
From the results of a study of intrinsic ki-
netics for SO, oxidation on the vanadium
catalysts, it may be shown that the rate dis-
continuities could be described by the same
mathematical model:

ko exp(—E/RT)pso,po,(1 — B)

r =
pso, + Kap exp(Q2/RT)po,
+ K30 exp(Qs/RT)pso,

with the corresponding characteristic pa-
rameter values as shown in Table 6 (63,
64).

(12)
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