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The reaction of n-pentane over Ru-alumina was studied at total pressure 1 atm, 
450-49O”C, molar feed ratio (H,/n-C,) ranging from 5 to 20 and Ru wt% on the support 
from 0.034 to 1.492. The activity of Ru black was also tested. The kinetics of reaction and 
the dependence of rates and selectivities upon experimental variables were determined. For 
the overall reaction the partial orders were 0.4 and -0.7 with respect to n-pentane and 
hydrogen, respectively, and AEt: = 26.5 & 1.9 kcahmol. 

The catalyst activity was strongly dependent on surface topography and a maximum spe- 
cific activity was found at 0.085 Ru wt%. The influence of reactant feed ratio on selectivity 
was also tested. 

By applying the Kobozev-Lebedev theory it was possible to determine that the number 
of Ru atoms which constitute the active center for dehydrogenation is 2-3 and that they are 
all accessible in each active center for the < 0.1 Ru wt% catalysts. 

INTRODUCTION 

In a previous study (I) it was observed 
that, over finely dispersed Ru on y-A&O,, 
in the presence of hydrogen and at temper- 
atures of 450-490°C the main reactions 
taking place on n-pentane are successive de- 
hydrogenations to 1 -pentene, which isom- 
erizes to 2-pentenes, and pentadienes. 
Small quantities of other substances form 
from the mono- and di-olefins and from 
pentane itself by skeletal isomerization 
(isopentenes and isopentane), cracking and 
hydrocracking (C, to C, paraffins and 
olefins). 

In the present work the previous study 
has been developed with the aim of deter- 

mining the kinetic parameters of the main 
reaction taking place on the catalyst and of 
correlating the catalyst activity with the 
structure of active centers, evaluated by 
means of a statistical analysis of the dis- 
tribution of metallic atoms on the support 
surface. 

EXPERIMENTAL METHODS 

Materials. n-Pentane was obtained by 
passing a commercial “pure grade” prod- 
uct (99.74 mol%) over Linde 5A molecu- 
lar sieve and recovering a practically pure 
(> 99.99 mol%) substance. Hydrogen 
purity was > 99.99 mol%. 

Catalysts. The method followed in the 
preparation of the catalysts from Ru ace- 
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TABLE 1 
PHYSICAL PROPERTIES OF THE CATALYSTS’ 

Total Ru surf. Specific Ru surf. 
areaA, area a, 

(m*/g cat) (m”/g Ru) (Ru*/R@ 
Mean crystallite 
diam (d,,’ (A) 

1OOd 
1.492 
0.859 
0.523 
0.331 
0.301” 
0.224 
0.152 
0.099 
0.061 
0.034 

1.30 1.30 0.01 - 
2.21 148 0.28 31 
1.54 179 0.33 26 
1.31 251 0.47 18 
0.99 301 0.56 15 
- - - - 

0.66 2% 0.55 16 
0.56 373 0.69 12 
0.50 509 0.95 9 
0.32 525 0.97 8-9 
0.19 548 1.00 -8 

a The BET (nitrogen) total surface area of all catalysts, except Ru black, is 175 f  10 m*/g. 
L The accessibility coefficient is defined (3) as (Ru*/Ru), i.e., as the ratio of the number of surface Ru atoms 

accessible for adsorption to the total number of Ru atoms. 
c The mean diameter of Ru crystallites is defined (3) as d,, = f/S a,, f  being a factor depending on the crys- 

tallite form and 6 the specific density of the metal [for Ru, f  = 5.6, 6 = 12.063 g/cm3 (3)]. 
d Finely dispersed Ru black powder, obtained by reduction of an aqueous RuCl, solution with sodium boro- 

hydride at 25°C. 
e The parameters relative to the 0.301 Ru wt% catalyst have not been determined. 

tate and 40-60 mesh F-l IO ALCOA 
-y-A&O, is reported in our previous paper 
(I). The Ru concentration in the catalysts 
was determined spectrophotometrically (2) 
and checked by X-ray fluorescence spec- 
trometry. The total surface area of the 
metal alone was evaluated by a pulse chro- 
matographic adsorption method with ox- 
ygen (3). The physical properties and the 
chemical composition of the catalysts em- 
ployed are reported in Table 1, where A, 
and a, are the surface areas of Ru per gram 
of catalyst and per gram of Ru, respec- 
tively. 

Apparatus and procedure. The reaction 
system employed and the procedure fol- 
lowed in the correlation of experimental 
data were as previously described (I). The 
range of reaction parameters was carefully 
chosen so that: (a) reproducible steady 
state conditions were attained, with 
respect to the small initial catalyst activity 

kinetic results. Feed rates of n-pentane 
ranged from 1.65 X lop3 to 168 X 10e3 
mol/hr and the hydrogen/n-pentane molar 
ratio in the feed (FR) varied from 5 to 20. 

Analysis. Details of the reactor effluent 
analysis were published elsewhere (4). 

RESULTS AND DISCUSSION 

All the experimental runs were per- 
formed at a total pressure of 1 atm. The 
ranges within which the various reaction 
parameters were changed are: tempera- 
ture, 450-490°C; Ru wt% in the catalyst, 
0.034-100 (see Table I); FR, 5-20; cata- 
lyst conditioning temperature, 500-800°C; 
catalyst conditioning time, 2-48 hr; reac- 
tion time, 0.25-7 hr. 

The experimental results are collected in 
Tables 2-9. 

Initial reaction rate. The total conver- 
sion C of n-pentane is given by: 

decay, and (b) neither external, nor in- 
ternal diffusion would determine the 

c = GN,Y,) - 5y,-,, 
ZNjYj ’ (1) 
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TABLE 2 
TOTAL CONVERSION vs TIME FACTOR. FR = 5, DIFFERENT TEMPERATURES (“C) 

7 = g hdmol c Ru = 0.301 wt%, 7 = 470 

Ru = 0.301 wt%, T = 490 58.8 0.078 
29.4 0.059 

88.2 0.184 17.2 0.056 
58.8 0.145 14.9 0.047 
28.6 0.081 12.8 0.041 
14.9 0.071 8.6 0.040 
12.8 0.064 5.9 0.029 
9.5 0.046 5.7 0.028 
5.9 0.045 4.3 0.029 
5.7 0.035 3.0 0.021 
3.0 0.027 2.5 0.018 
2.5 0.021 
1.7 0.021 Ru = 0.301 wt%, 7 = 450 
0.9 0.014 

88.2 0.057 

58.8 0.040 Ru = 0.331 wt%, 7 = 470 
28.6 0.028 

9.5 0.015 12.8 0.053 
5.7 0.914 6.4 0.043 
2.5 0.011 4.7 0.046 

3.1 0.025 
Ru = 0.331 wt%, 7 = 490 1.2 0.023 

0.6 0.016 
12.8 0.077 

6.4 0.063 Ru = 0.331 wt%, 7 = 450 
4.7 0.054 
3.1 0.038 12.8 0.041 
1.8 0.028 6.4 0.026 
1.2 0.023 4.7 0.025 
0.9 0.023 3.1 0.019 
0.6 0.019 1.2 0.010 

0.6 0.007 

where Yj are the molar fractions of the 
various hydrocarbons in the reactor ef- 
fluent and iVj the number of carbon atoms 
in each hydrocarbon. The time factor is 
defined as r = WIF, W being the catalyst 
(Ru + alumina) weight (g) and F the n-pen- 
tane feeding rate (mol/hr). 

The conversion Ctc, due to thermal 

cracking alone, was determined by substi- 
tuting the catalyst with an equal volume of 
quartz sand, crushed and sieved to obtain 
a 40-60 mesh fraction and performing the 
reaction in the same conditions. The con- 
versions in presence of quartz sand were 
about the same as with pure alumina and 
in any case they were very low, reaching 

TABLE 3 
TOTAL CONVERSION vs TIME FACTOR. SAME CATALYST (Ru = 0.33 1 wt%) AND DIFFERENT FR VALUES 

7 = ghdmol C 

7 = 49O”C, FR = 7.75 

12.8 0.102 
6.4 0.055 
4.7 0.053 
3.1 0.032 
1.8 0.026 

1.2 0.023 
0.9 0.020 
0.6 0.015 

7 = 49O”C, FR = 10 

12.8 0.116 
6.4 0.064 
4.7 0.053 
3.1 0.040 

1.2 0.026 
0.6 0.015 

7 = 49o”C, FR = 12 

12.8 0.230 
6.4 0.061 
4.7 0.057 
3.1 0.038 
1.8 0.028 
1.2 0.020 
0.9 0.018 
0.6 0.013 

7 = 49o”C, FR = 15 

12.8 0.088 
6.4 0.052 

4.7 0.043 
3.1 0.03 1 
1.8 0.024 
1.2 0.020 

7 = 49O”C, FR = 17.5 

6.4 0.061 
3.1 0.054 

1.8 0.03 1 
1.2 0.021 
0.6 0.010 

7 = 49O”C, FR = 20 

6.4 0.089 
3.1 0.042 
1.8 0.030 

1.2 0.020 

7 = 47O”C, FR = 7.75 

12.8 0.079 
6.4 

4.7 0.047 
3.1 0.032 
1.2 0.019 
0.6 0.011 

7 = 47O”C, FR = 12.25 

12.8 0.087 
6.4 0.061 
3.1 0.048 
1.8 0.034 
1.2 0.018 
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TABLE 4 
TOTALCONVERSIONVSTIMEFACTOR. T = 4WC, FR = 5, DIFFERENTCATALYSTS 

7 = g hrlmol C 

Ru = 0.859 wt% 

19.7 0.120 
12.8 0.105 
6.4 0.058 
3.1 0.044 
1.8 0.029 
1.2 0.023 

Ru = 0.523 wt% 

12.8 0.066 
6.4 0.048 
4.7 0.039 
3.1 0.035 

1.8 0.027 1.8 0.027 
1.2 0.021 1.2 0.023 

Ru = 0.224 wt% Ru = 0.099 wt% 

12.8 0.062 12.8 0.073 
6.4 0.042 6.4 0.055 
4.7 0.037 4.7 0.040 
3.1 0.032 3.1 0.034 
1.8 0.019 1.8 0.028 
1.2 0.018 1.2 0.024 

Ru = 0.152 wt% Ru = 0.061 wt% 

6.4 0.055 12.8 0.066 

4.7 0.054 6.4 0.053 
3.1 0.040 4.7 0.039 

3.1 0.031 

1.8 0.020 
1.2 0.016 

Ru = 0.034 wt% 

12.8 0.053 
6.4 0.032 
4.7 0.019 
3.1 0.017 
1.8 0.009 
1.2 0.008 

only a small fraction (l-3%) of those ob- 
tained in presence of Ru-alumina cata- 
lysts. 

The conversion C,, due to the catalytic 
reaction, can be written as: 

c, = c - c,, 
so that, since the catalytic reaction rate r, 
(mol/hr g cat) is given by: 

we can write: 

(4) 

TABLE 5 
TOTALCONVERSIONVSTIMEFACTOR. 

DIFFERENTCONDITIONINGTEMPERATUREP 

7 = g hr/mol C Cond.temp,7WC Cond.temp,8OO"C 

Cond. tem~, 600°C 19.7 0.082 19.7 0.090 
12.8 0.066 12.8 0.069 

19.7 0.112 6.4 0.040 6.4 0.044 
12.8 0.089 3.1 0.029 3.1 0.035 
6.4 0.053 1.8 0.023 1.2 0.022 
3.1 0.044 1.2 0.018 
1.8 0.036 
1.2 0.027 

' 7 = 490-C, FR = 5, Ru = 0.859 wf% 

and, when working at W = const: 

The initial catalytic reaction rate can then 
be defined as: 

ro= pi [‘@- ;17ctc’]. (6) 

For the determination of r. the catalytic 
conversion C, was expressed by means of 
the polynomial: 

(C - C,,) = CYr + pT2 + y3 + - * * (7) 

so that: 

r,= lim(a+ 2pr+ 3yr2+ * * e). (8) 
T-0 

In our calculations the polynomial (7) was 

TABLE 6 
INITIAL REACTIONRATE r4 (mol/hr g cat) 

Ru (wt%) 

T(“C) 0.301 0.331 

490 0.014 0.027 
470 0.010 0.018 
450 0.006 0.010 
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TABLE 7 
EFFECT OF Hz/n-C, FEED RATIO ON 

REACTION SELECTIVITY~ 

FR SDb SC SW SdSis, S&c 

5 74 26 8.6 2.8 0.33 
8 72 28 9.0 2.6 0.32 

10 70.5 29.5 10.6 2.4 0.36 
12 57.5 42.5 25.2 1.4 0.59 
15 56.6 43.5 27.0 1.3 0.62 
17.5 47.5 52.5 32.6 0.9 0.62 
20 50.5 49.5 37.5 1.0 0.76 

a Total conversion = 0.03, 7 = 49O”C, Ru = 0.331 
wt%. 

b SD, SC and SM are the selectivities towards olefins, 
cracking by-products and methane, respectively. 

truncated after the second, third and fourth 
term, respectively, and the results were 
compared. It was observed that, by pass- 
ing from a second order to more complex 
equations, the value of the first parameter 
(Y did not vary appreciably. In addition, the 
criterion followed in choosing among the 
various order polynomials was that of the 
best fitting of the calculated curve to the 
points relating to the conversions less than 
0.05. From the data of Table 2 the values 
of Y” (= a), reported in Table 6, were ob- 
tained. The graphical methods involv- 
ing the extrapolation to r + 0 of the 
(C - C&/T vs r curve or the graphical 
derivation of the (C - C,,) vs 7 curve, em- 
ployed as a check, gave results very close 
(within 5%) to the analytical ones. 

Apparent activation energy. The initial 

reaction rate can be written (5) as: 

r0 = /~~(p~~)~(p~~~,)m e-SE”RT, (9) 

pi being the partial pressures (atm) of the 
substances and n,m the partial reaction 
orders. For low conversions and for con- 
stant values of FR, the partial pressures of 
the various substances can be considered 
constant, so that Eq. (9) can be rewritten as 

AES lwro=-2.303RT+B. (10) 

From the data of Table 6 the following val- 
ues for AE$ were obtained: 26.6 i 1.8 
kcal/mol (Ru = 0.301 wt%) and 26.4 ? 0.7 
kcal/mol (Ru = 0.331 wt%), which were 
averaged to 26.5 + 1.9 kcal/mol. 

Preexponential factor and partial reac- 
tion orders. The preexponential factor and 
the partial reaction orders have been eval- 
uated by a nonlinear regression analysis 
on the basis of Eq. (9), i.e., by minimizing 
the following objective function: 

Wdv) = x x 
T data 

(ro,ex,,tl - k,+$& P,“_ cS e-L\ESIRT), ( 11) 

in which the data of Tables 2 and 3 and the 
previously obtained values of AES were in- 
troduced. The results of such calcula- 
tions are: k, = 1.91 X lo6 mol hr-’ g-’ 
atm-cm+n), m = 0.4, n = -0.7. 

E$ect of hydrogen partial pressure on 
selectivity. The reaction selectivity Si to a 
given product i was defined as percentage 

TABLE 8 
EFFECT OF CONDITIONING TEMPERATURE (RLI = 0.859 wt%, FR = 5) 

T 

(“C) 
ro 

(mollhr g cat) 

at C = 0.03 

SO SC SdSc (mZ/zRu) Ru*iRua 

500 0.028 64.5 
600 0.027 93.5 
700 0.021 88.0 
800 0.021 89.0 

Q See footnotes a and b of Table 1. 

35.5 1.8 179 0.33 26 
6.5 14.4 151 0.29 31 

12.0 7.3 126 0.25 37 
11.0 8.1 104 0.20 45 
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TABLE 9 
EFFECT OF CONDITIONING TIME ON CONVERSION 

AND SELECTIVITY” 

Conditioning Reaction Total Dehydrogenation 

time” (hr) time (hr) conversion (C) selectivity (SJ 

2 at 500°C) 0.25 0.063 56.5 
2 0.053 57.2 

4 0.051 62.5 

5.5 0.052 63.5 
7 0.050 62.2 

2 (at SCVC) 0.5 0.059 59.2 
+ 7 (at 490°C) 0.5 0.056 65. I 

+24 (at 490°C) 0.5 0.059 73.3 

+4s (at 490°C) 0.5 0.062 80.5 

n Ru = 0.331 wt%; FR = 5; r = 4.72 (g hrimol); reaction tap, 490% 

D In hydrogen before the reaction. 

molar conversion of n-pentane to the i-th 
product over total conversion, i.e., Si = 
(C,/C)lOO, where Ci = (NiYi/XNjYj). AS a 
consequence the maximum possible selec- 
tivity (Si)max is given by (SJmax = 
[(Ni/5)(5/Ni),,g~,] 100. In our case we de- 
termined a dehydrogenation selectivity, SD,, 
as the sum of the selectivities towards pen- 
tenes and pentadienes, a cracking selec- 
tivity, SC, as the sum of the selectivities 
towards CC, hydrocarbons and a selec- 
tivity Shl to methane. All the values of SD, 
SC and Shl have been determined at con- 
stant total conversion C = 0.03. 

The effect of hydrogen partial pressure 
on selectivity has been studied by per- 
forming a series of runs at 49O”C, on Ru = 
0.331 wt% catalyst and at constant total 
conversion C = 0.03. The results are given 
in Table 7. It can be observed that, 
although FR could only be changed from 5 
to 20, due to the analytical difficulties, the 
SD/SC ratio decreases about three times. 
This confirms, for the dehydrogenation 
reaction, the negative value of the partial 
reaction order with respect to hydrogen. 
The increase in the selectivity for methane 
formation, and mainly of the S,/Sc ratio 
with FR, at constant total conversion, 
seems to confirm also the findings of Ki- 
kuchi et al. (5), who suggested that, over 
supported Ru catalysts at 3OO”C, the hy- 

drogenolysis of n-pentane is unselective 
with respect to the position of the C-C 
bond along the chain. Such findings are 
also in agreement with the observations of 
Kempling and Anderson (6) for the hy- 
drogenolysis of n-butane over Ru-alumina. 

Effect of thermal conditioning of the cat- 
alyst on r. and on reaction selectivity. The 
study of the effect of the conditioning tem- 
perature on initial reaction rate and on 
selectivity has been made with the 0.859 
Ru wt% catalyst. Some different samples 
of the catalyst have been conditioned at 
temperatures ranging from 500 to 800°C in 
a nitrogen atmosphere for 2 hr. All the 
catalyst samples were then tested at 490°C 
and FR = 5. The results are reported in 
Table 8. It can be observed that the initial 
reaction rate r. falls to about 3/4 the value 
at 500°C as the conditioning temperature 
rises, due to partial sintering of the metal 
over the catalyst surface. The dehydrogen- 
ation selectivity S, passes through a very 
sharp maximum at 6Oo”C, then remaining 
quite constant at about 88%; the SD/SC 
ratio reaches a very high value at 6OO”C, 
and thereafter (700 and SOO’C) falls to 
about four times its value at 500°C. 

Correlation between surface structure 
and catalyst reactivity. Three different 
measurements have been made on our 
Ru-Al,O, catalysts. These are: 

i. Determination of total (A) and specific 
(a) activity, that is per unit mass of cata- 
lyst and per unit mass of dispersed metal, 
respectively. These results are reported in 
Fig. 1 and were obtained at 490°C and 
FR = 5 (see also Table 4); 

ii. Titration of surface Ru atoms by the 
gas chromatographic pulse technique with 
oxygen (3). The chemisorption of oxygen 
was made at 25°C on the catalysts condi- 
tioned at 500°C. The results are given in 
Table 1 as total (A,) and specific (a,) Ru 
surface area, respectively; 

iii. Measurement of the change in sur- 
face area with conditioning temperature. 
The catalyst employed for this measure- 
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013 
0 0.2 04 06 O6 p(Ru wt%) 

FIG. 1. Total (A) and specific (u) activity vs Ru weight percentage (~7). T = 49O”C, FR = 5. 

ment was the 0.859 Ru wt% (see Table 8). 
The data concerning total and specific 

activity can be employed to calculate the 
number (n) of atoms constituting the active 
centers showing the maximum specific 
activity, according to the Kobozev and 
Lebedev theory (7-10). When the crys- 
tallization degree (y) of the dispersed metal 
tends to zero, the equations: 

(NIz”El,x n = (NIZ”k, - (NIZ”)a,,, (12) 
or (I I): 

can be employed; when y > 0 the following 
equation holds: 

n=WI-G)“m,x(1-Y)+ 1. (14) 

In Eqs. (12- 14) N and Z,, are the number of 
metallic atoms and of irreversible adsorp- 
tion centers (potential holes), respectively, 
per unit mass of catalyst. The subscript 
“max” means that N corresponds to the 
metal percentage p [see also Eq. ( 13)] in 
the catalyst, which gives the maximum 
total (superscript A) or specific (super- 
script a) activity (see Fig. 1 plots). 

The criterion suggested by Lebedev (8) 
about the applicability of Eq. (12-14) is 
(Y = (aN/S) < 0.05, (T and S being the area 
occupied by a catalyst metallic atom and 
of the carrier surface, respectively. In our 
case, for the catalyst showing the highest 
specific activity a, u = 9.04 AS (3) N = 
5.12 x 10ls, S = 175 m’lg, so that (Y = 
0.026. From Fig. 1 plots and by applying 
Eq. (13) we have: 

0.125 
n = 0.125 - 0.085 = 3.1’ 

On the other hand, from the knowledge of 
the crystallization degree y, it is also pos- 
sible to evaluate n by means of Eq. (14). 
The parameter y can be calculated by 
applying the following equation (12): 

1 - (u,A,,J6.02 X 10’” (+) 
y = 1 - (5/a,) + (12/a:) - (8/a?) ’ (I’) 

ACat being the atomic mass of the catalytic 
metal and a, the number of metallic atoms 
in a linear element of the crystallite. From 
Eq. (15): 

u = 6.02 x 10z3 (+ 
s A cat 

(1 -Y) +Y ;-$+-$)I. (16) 
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When a, = 1, a, becomes independent of y 
and from Eq. (16) one obtains a, = 550 
mz/g. The experimental value for the cata- 
lyst showing the maximum for a (see Fig. 
1) is 4,exptl = 5 17 m*/g. Therefore the 
value for a must be an integer larger than 
unity but very close to this value. Then, 
putting a, = 2 in Eq. (15) (a, = 5 17 m2/g) 
one derives y= 0.08, so that, from 
Eq. (14), by assuming Z0 = 0.4 X 10’” 
(9,13,14) and evaluating, for the 
Ru= 0.085 wt% catalyst (max specific 
activity), N = 0.51 X 10Ig, one obtains 
n = 2.26. The proposed value for a, (=2) 
is also confirmed by a simple calculation 
starting from the experimental datum 
d,, = 8 A (see Table 1 and Fig. I) and 
assuming a close triangular array for 
spherical particles, each occupying an area 
of 9.04 A2 (3). 

Thus the maximum activity for the main 
reaction (dehydrogenation), observed in 
such conditions on our catalyst, seems to 
be connected with active centers con- 
taining 2-3 metallic atoms. However, an 
important question is still open in order to 
elucidate the reaction mechanism, i.e., how 
many atoms are really accessible in each 
active center. The data reported in Table 1 
show that the specific surface area a, 
grows monotonically when the Ru percent- 
age decreases. Therefore the maximum for 
the specific activity a does not correspond 
to the highest value of a, (Fig. 1). A similar 
behavior can be observed for the total 
activity r, with respect to total surface area 
A,. The accessibility coefficient (Ru*/Ru) 
of the supported metal can be expressed as 
(3): 

(O/Ru) 
(Ru*IW = (O,Ru*) > 

Ru* and Ru being the number of exposed 
and of total metallic atoms, respectively, 
and (O/Ru) and (O/Ru*) the ratios of the 
chemisorbed oxygen atoms over total and 
exposed metallic atoms, respectively. By 
assuming a stoichiometric ratio for the 

chemisorption of oxygen (O/Ru*) = 1.1 
(3) the (Ru*/Ru) ratio may be evaluated. 
It is observed that, for the catalysts 
showing an activity close to the maximum 
(see Fig. 1 and Table l), the accessibility 
coefficient is = 1. Therefore each of the 
two or three atoms of the active center 
could be considered as directly connected 
with the activity of the site. 

On the other hand, at temperatures 
exceeding 450°C Ru atoms become quite 
mobile on the support surface and a sin- 
tering effect, increasing with temperature 
(see Table S), can be observed. A compari- 
son was then made by performing two runs 
under the conditions reported in Table 9, 
always starting with fresh catalyst 
(Ru = 0.33 1 wt%). From the data of total 
conversion (C) and dehydrogenation selec- 
tivity (S,) relative to such runs, it can be 
deduced that, if the temperature does not 
exceed 5OO”C, the conversion seems to be 
affected only by the fouling and not by the 
sintering effect due to the migration of the 
metallic atoms. Moreover, some analyses 
on the fouled catalyst, performed with a 
secondary ion mass spectrometer (SIMS) 
(f5), seem to indicate that such a fouling is 
due more to relatively light hydrocarbons 
than to coke residues. Finally, as regards 
the increase in selectivity with time, it 
should be remembered that the dehy- 
drogenation reaction is connected, as pre- 
viously reported, with the centers contain- 
ing 2-3 atoms. Hence it can be deduced 
that the surface migration of metallic 
atoms, at least during the first reaction 
hours, leads to an increase in the concen- 
tration of active sites with 2-3 atoms. 
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