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Kinetic study of 1,5-cyclooctadiene hydro-isomerization on
Pd/pumice catalysts
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A new route for obtaining 1,4-cyclooctadiene by catalytic isomerization of 1,5-cyclooctadiene at low temperature in presence of
Hy in a three-phase reactor is presented. Wei, Prater and Silvestri methods are used for the kinetic studies. A comparison of the
activity-selectivity patterns of the Pd/pumice catalysts with Pd on silica and Pt and Pd—Pt on pumice catalysts is performed. Although
Pt catalysts are not active in the hydro-isomerization of 1,5-cyclooctadiene, the presence of small amount of Pt in Pd/pumice catalysts
increases the yield to 1,4-cyclooctadiene. Besides the catalyst characteristics, temperature and H, pressure influence the production of

1,4-cyclooctadiene. A mechanism of the process is proposed.
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1. Introduction

The detailed knowledge of the catalyzed isomerization
of cyclooctadienes has recently become a significant task
owing to the industria interest in cis-cis-1,4-cyclooctadiene
(1,4-COD) [1]. Only a catalytic route seems to be avail-
able for obtaining 1,4-COD in significative yields. Holtrup
et a. [1] employed the catalyst system Ti(OBu)4/AlEt;3 di-
rectly on 1,5-cyclooctadiene (1,5-COD) reaching up to 30%
of 1,4-COD in the isomeric mixture. More recently, Os,
Ru, Ir and Rh carbonyls were successfully employed [2].
Higher yields of 1,4-COD were reported with these cata
lysts in homogeneous as well in heterogeneous processes.
All the mentioned approaches, however, needed high reac-
tion temperature (350-520 K).

We have found that 1,4-COD can be obtained in high
yield a room temperature by isomerization of 1,5-COD on
Pd-based catalysts using a modified three-phase batch re-
actor [3] at low H, pressure. However, the presence of
hydrogen (in the reactor) promotes competitive hydrogena-
tion processes affecting the yield of the final products. In
order to establish the optimal experimenta conditions for
the isomerization process, a kinetic study of all the reac-
tions involved is needed.

The overall set of reactions, through the evaluation of the
relative kinetic constants, can be studied at different tem-
peratures by Wei, Prater and Silvestri (WPS) [4,5] methods.
These, based on simple matrix algebra, reguire the knowl-
edge of the relative concentrations, at different times, of the
substrates involved in the process, irrespective of the actual
time values. In some cases, the knowledge of the concen-
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trations of some species at the equilibrium in absence of
catalyst is aso required.

The equilibrium values of the cyclooctadiene species
(CODs) and the thermodynamic properties of the equilibria
between 1,5-COD, 1,4-COD and 1,3-cyclooctadiene (1,3-
COD) in the gas phase were previously studied by ab initio
Hartree—Fock calculations [6].

Since the yields of the final products are usually affected
by the morphologic characteristics of the catalysts (i.e., par-
ticle size and support properties) [7] and the presence of
some other metal in the bulk and/or on the surface of the
main metal [8], the effects of these factors on the reaction
system are also considered in our kinetic study.

2. Experimental
2.1. Catalysts

Table 1 summarizes the catalysts employed and some
properties relevant to the work. In the catalyst identifica-
tion, thefirst letter indicates the support (P for pumice, Sfor
silica), while the numeric characters are connected with the
metal dispersion, equal numbers having comparable metal
dispersion. The following letter(s) is(are) referring to the
supported metal(s) (D for paladium and T for platinum).
The labels P11 and P17 correspond to the previoudy re-
ported [8] Ptioo and Pd/Ptys/s5, whereas Plp, P2p and P3p
to the Wy, We and W7 [9,12]. All of them were synthe-
sized by the Yermakov method [13]. The metal dispersion
of these catalysts is retained along the time. This property,
related to the stability to oxidation (shown under pulse of
pure oxygen too [14]), is typica of the metal pumice cat-
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Table 1
Main characteristics of the catalysts.
Catalyst Support Pd loading Pt loading Dg? Dyb
(Wt%) (Wt%) A)
Plp pumice® 0.108 0.000 29 0.39
P2p pumice 0.369 0.000 50 0.22
P3p pumice 1.050 0.000 81 0.14
S3p siliced 1.100 0.000 97 0.11
PlpTt pumice 0.518 0.027 32 0.35
Plr pumice 0.000 0.658 28 0.40

aPorod diameter, from SAXS [9].

b Normalized dispersion of the metallic phase, from Dp [9].

¢ After standard treatment [9], pumice shows reproducible composition and
morphological characteristics [10,11].

d Silica gel Davisil (Aldrich), standard grade SS 480 m2g—1.

alysts. This unusual characteristic is a consequence of the
presence of K™ and Na' ions in the frame of the sup-
port which increases the electronic density of the supported
metal [8,15]. More details on the synthesis, the structura
characteristics and the activity of Yermakov metal pumice
catalysts can be found in the quoted [7—12,14-17] papers.
S3p, Pd/silica catalyst, was synthesized and characterized
according to already reported [9] procedures.

The catalysts of table 1 were selected in order to check
the influence on the title reaction of:

o the support;
o the metal loading and dispersion;
e asecond meta (Pt) on the Pd catalysts.

2.2. Catalyst activity measurements

All the employed reagents had an analytical grade.
Tetrahydrophuran (THF) (Aldrich) was dried and distilled
from K under N, atmosphere before use. Commercial cy-
clooctadienes (Aldrich) were purified by fractional distilla-
tion from K, passed over activated alumina, and stored at
258 K in Ar. Purity was always checked by GC before
use. Hydrogen, GC grade (SOL spa, Palermo), was passed
through a BTS catalyst (Fluka) to remove O, traces.

The hydro-isomerizations of 1,5-COD were performed
employing a new designed three-phase reactor (CFTPR),
the schematic drawing of which was previously [3] re-
ported. This, contrary to the usually employed three-
phase reactor (TPR) [11,18] which is a closed system, is
a continuous-flow reactor and enables to maintain constant
the relative gas pressure aong all the reaction time also
under gas mixture flow. With this apparatus, the 1,5-COD
hydro-isomerization was carried out at a total pressure of
1.00 atm varying with He the H, pressure from 0.00 to
1.00 atm by two mass-flow controllers (HITECH). At the
same experimental conditions (equal temperature, stirring
rate, H, pressure, amount of catalyst and 1,3-COD concen-
tration in THF), the hydrogenation of 1,3-COD carried out
on the above reactors gave activity and selectivity data in
the range of the experimental error of the GC analysis (less
than 5%). Temperature was controlled (+0.1 K) by a ther-

mostat. The hydrogen-diffusion effectsin the CFTPR were
checked on P3p, the most active catalyst, both for 1,3-COD
hydrogenation (at 313.15 K) and for 1,5-COD hydro-
isomerization (at 308.15 K and hydrogen pressure ranging
between 0.25 and 1.00 atm). We observed that the activity
values in the conversion of the considered cyclooctadiene,
expressed as the number of molecules converted per metal-
lic site per second (TOF), did not change when the stirring
rate was higher than 2000 rpm. In our experiments we used
2500 rpm. Inthiscondition, TOF was always found linearly
proportional to the catalysts amount. According to Madon
et al. [19], we considered our experimental results as being
free from any transport influence and, therefore, chemi-
cal regime conditions were operating. This guarantees the
hydrogen pseudo-steady state on the catalyst surface, nec-
essary [20] for applying the WPS method (see section 3).

The initial reagent concentration in THF was ranging
between 1.25 x 10~! and 5.00 x 10~ M, and the catalyst
amount was arranged in order to have the ratio reagent-
moles/metal-atoms between 1000 and 10000. Before the
reaction started, the THF-catalyst system was kept under
preconditioning [12] for half an hour, being thoroughly
stirred with the organic reagents or with H,. In both cases,
when the reaction speed was dow enough (i.e., with the
highest reagent-moles/metal-atoms ratios), an induction pe-
riod was detected.

Kinetic analyses were performed by a DANI 3800 HR-
PTV GC equipped with a Supelco capillary column SPB-
1701, a DANI 68/10 FID detector and a Shimadzu C-R1B
Chromatopac integrator.

After the reactions, as usual when metal/pumice catalysts
are employed in three phase hydrogenationin THF [3,8,12],
the catalyst retained the same morphological properties and
activity.

2.3. Data treatments

The experimental results of the 1,5-COD hydrogenation
on P1r catalyst aswell as of the 1,3-COD hydrogenation on
all the catalysts were processed employing already reported
models [8,12]. The 1,5-COD hydro-isomerization kinetics
on Pd and Pd—Pt catalysts were approached by WPS meth-
ods (see below). All the codes used in this work (matrix
algebra computation and interpolating and fitting programs)
are home-made, implemented in FORTRAN and based on
Numerical Recipes [21].

In the tables, for smplicity, the affix -COD is usually
not reported (e.g., 1,5 = 1,5-COD). E represents the cy-
clooctene (E = COE) and CODs the total amount of the
different cyclooctadienes in a reaction mixture.

3. Application of the WPS method
The induction period shown under H, and cyclooctadi-

ene preconditioning suggests that the reaction is governed
by a surface mechanism [12]. 1,5-COD isomerization does
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not occur without Hy indicating that also the isomerization
mechanism must involve hydrogen surface species. Al-
though the formation of -PdH was claimed [22] in the
catalytic processes involving hydrogen species on the Pd
surface, it is not important in the present case, since wide-
angle X-ray scattering (WAXS) analyses, performed on the
P3p catalyst reused many times under our experimental
conditions, did not show any increase in the intensity of
the reflection peak (111).

The scheme of the 1,4-COD hydro-isomerization reac-
tion can be represented as follows:

COE

|

1,3-COD

/

1,4-COD

1,5-COD —> COE

COE =—

Scheme 1.

Applying Wei, Prater and Silvestri (WPS) methods, the
same reaction scheme was successfully employed [20] in
the isomerization of n-hexaneto 2- and 3-methylpentane on
Pt/alumina catalysts in the presence of simultaneous crack-
ing processes. Because of the very low kinetic constant
values for the processes 1,3-COD — 1,4-COD and 1,3-
COD — 1,5-COD, some difficulties arise from the nu-
merical treatment of the WPS method when applied to the
hydro-isomerization depicted in scheme 1. In fact, the ki-
netic constant valuesfor the processes above are quite lower
than those of the other reactions, and the matrix manipula
tion leads to a divergence of the procedure. This suggests
that scheme 1 can be simplified ruling out the isomeriza-
tion processes involving 1,3-COD. A further simplification
can be performed since, as shown in figure 1, starting from
50% of 1,3-COD and 50% of 1,5-COD up to the 40% of the
COD mixture conversion, the cyclooctene (COE) formed is
essentially obtained from 1,3-COD (line A), irrespective of
the conversion of 1,5-COD (line B) and the formation of
1,4-COD (lineT).

On the basis of these considerations, the following ssm-
plified scheme was used in our WPS approach:

COE
1,3-COD
ka2 &
1,4-COD '::1 1,5-COD
Scheme 2.
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Figure 1. Hydro-isomerization of 1,3-COD and 1,5-COD mixture (50
and 50%) in THF on P3p catalyst at 7' = 298 K and py, = 1.00 am.
A = [COE]/[1,3-COD], B = [1,5-COD]/[1,5-COD]° and I = [1,4-
COD]°/[1,4-COD]. [1,5-COD]J° is the 1,5-COD starting concentration
and [1,4-CODJ° is the 1,4-COD concentration 30 s after the reaction
started (this time delay is needed for detecting appreciable amount of the
reagent). The curves are joining the experimental points in the range of
COD concentrations 0-45%.
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Figure 2. Hydro-isomerization of 1,5-COD in THF on P3p catalyst at

T = 298 K and py, = 1.00 am. (@) Percentage of 1,5-COD, (o) per-

centage of 1,4-COD, () percentage of 1,3-COD and (¢) percentage of
COE.

Let us consider as an example the hydro-isomerization
process of 1,5-COD on the P3p catalyst at 298 K and at a
hydrogen pressure of 1.00 atm (figure 2).

The equilibrium composition for the system 1,5-COD =
1,4-COD at the conditions above, determined through ab
initio calculations (0.003/0.997) [6], is requested for deter-
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mining the squared matrix D:

D_ 0.003 0.000
~|0.000 0.997|°

For the system represented by scheme 2, a vector X is
defined [4] as

0.000
0.000 | ,
1.000

Xo =

whose components are

1,5-COD
1,4-COD
1,3-COD + COE

The dotted line of figure 3, obtained by linear interpo-
lation of the experimental points in the high-conversion re-
gion of CODs [4], alows to build the characteristic vector
Otxl(O):

0.600
0.400 | ,
0.000

axl(o) =

representing the equilibrium composition in the presence
of the catalyst. Subtracting the vector Xg from ax, (0) we
obtained the characteristic vector Xj:

0.600
0.400 | .

X1 =
—1.000

The knowledge of the above vectors and the matrix D
enables to obtain, through simple matrix algebra, the vector
X2 and then the square matrix X, whose columns contain
the elements of the vectors Xg, X1 and X,. In our case,

1.000
Xo = | —498.5
497.5
and
0.000 0.600 1.000
X = | 0.000 0.400 —498.5
1.000 -1.000 497.5

In the WPS method, the relative rate constant matrix is
K’ = XAX~. A is the diagonal square matrix containing
the value of the dope referring to a neperian logarithmic
plot of known functions of 1,4-COD and 1,5-COD concen-
trations:

0.000 0.000 0.000

A= 0000 -0511 0.000],
0.000 0.000 -—1.000
—0.511 0.001 0.000

K' = 0299 —-0.959 0.000{ .
0.212  0.958 0.000

1,5-COD

—_—

T

1,4cOD T T T 1 4,3.C0D+COE

Figure 3. Ternary diagram of the hydro-isomerization of 1,5-COD in THF
on P3p catalyst at 7' = 298 K and py, = 1.00 atm. (e) Experimental
points starting from 100% of 1,5-COD and 75 + 25% of 1,5-COD + 1,4-
COD. Dotted line shows the 1,5-COD and 1,4-COD equilibrium vaues
in the considered experimental conditions (see text). Full lines are gener-
ated through an interpolation procedure (Runge—Kutta) for different 1,5
COD +1,4-COD mixtures by using the relative kinetic constants obtained
from the WPS method.

K’ matrix contains as (1,2) and (2,1) elements the relative
kinetic constants k1, and k21, as (3,1) element the relative
Kinetic constant k3; and as (3,2) element the relative con-
stant k3, (see scheme 2). The diagonal (1,1) and (2,2) ele-
ments represent the overall relative kinetic constants for the
disappearance processes of 1,5- and 1,4-COD, respectively.
According to the WPS procedure, the signs of the elements
on the main diagonal are opposite to those off. Since every
multiplication of K’ matrix by an arbitrary number leaves
unchanged the relative constant values, we can normalize
the K’ matrix to have the first element equal to —1. Thisal-
lows to obtain directly the TOF values for all the processes
involved (see below). The normalized K matrix for the
considered case is

—1.000 0.002 0.000
K= 0585 —-1.877 0.000] .
0415 1.875 0.000

4. Resaults and discussion

Although our experimental conditions (hydrogen pres-
sure, reaction temperature and catalyst used) are very simi-
lar to those employed by Carturan et a. [23], in the hydro-
genation of 1,3- and 1,5-COD we obtained quite different
results. It is likely that the ineffective stirring of the cat-
alytic system [8] is responsible for the lower activity in
1,3-COD hydrogenation as well as for the absence of 1,4-
COD along the 1,5-COD hydrogenation reported [23].

Table 2 shows the results of the application of the WPS
method for the different experimental conditions here con-
sidered. The equilibrium constant for the isomerization 1,4-
COD = 1,5-COD in different experimental conditions,
caculated as kp;/ki2 ratio, are in the range 2 x 1073-
3 x 1073, in good agreement with the ab initio results [6].
This shows the self-consistency of the WPS procedure in
this case.
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Table 2
Relative kinetic constants? for the processes involved® in the hydro-isomerization of 1,5-COD by WPS method
obtained at different experimental conditions.

Catalyst Temperature H; pressure 1,5 — 15—13 15—14 14— 13 14—15
(K) (atm) 13+14+4+E
P1p 298.15 1.00 1.000 0.397 0.603 1.902 0.002
P2p 298.15 1.00 1.000 0.370 0.630 1.982 0.002
P3p 298.15 1.00 1.000 0.415 0.585 1.875 0.002
P3p 298.15 0.50 1.000 0.323 0.677 2194 0.002
P3p 298.15 0.25 1.000 0.200 0.800 2533 0.002
P3p 288.15 1.00 1.000 0.417 0.583 1.729 0.001
P3p 308.15 1.00 1.000 0.466 0.534 1.183 0.002
S3p 298.15 1.00 1.000 0.487 0.513 1.871 0.001
Plpt 298.15 1.00 1.000 0.284 0.716 0.998 0.001

2The constants are normalized to the overall disappearance process of 1,5-COD.

b The hydrogenation of 1,3-COD to COE on Pd and on

Pd-Pt catalysts and the hydrogenation of 1,5-COD to

COE on Pt catalyst are not considered here since not directly determined by the WPS approach (see text).

Table 3
Processes involved in the 1,5-COD hydro-isomerization: TOF vaues at different hydrogen pres-
sures and reaction order (o) on P3p catalyst at 298 K.

H, pressure TOF (s 1)
(atm) 13—E 15—3 15—13 15—14 14—13 14—15
1.00 89.4 6.4 2.7 3.7 12.0 0.01
0.50 42.0 31 1.0 2.1 6.8 0.006
0.25 19.7 1.5 0.3 1.2 3.8 0.003
« 1.1 1.1 15 0.8 0.8 09
aQveral 1,5-COD conversion.
Table 4

Processes involved in the 1,5-COD hydro-isomerization: TOF values at different temperatures
and py, = 1.00 atm on P3p catalyst and corresponding activation energy (Ej).

Temperature TOF (s 1)

(K) 13-E 152 1513 15-14 14—-13 1415
288.15 49.9 2.4 1.0 1.4 4.2 0.003
293.15 61.6 - - - - -
298.15 89.4 6.4 2.7 3.7 12.0 0.01
303.15 121.5 - - - - -
308.15 162.4 27.9 13.0 14.9 33.0 0.06
313.15 221.4 - - - - -

FEa (kJ moI*l) 45.9 90.4 96.1 88.7 78.2 110.2

aQveral 1,5-COD conversion.

In order to obtain the TOF values for the different
processes involved in the hydro-isomerization reactions,
one TOF vaue for the overall 1,5-COD disappearance
processes is needed. This is obtained from the dope of
the line representing the conversion of 1,5-COD at initial
times (see figure 2, where one of the experimental condi-
tions is considered).

The influence of the hydrogen pressure on the 1,3-COD
and 1,5-COD conversion processes, which is summarized
by the hydrogen reaction order, is reported in table 3. Only
one catalyst at the same temperature is considered. The
hydrogen reaction order is obtained by a logarithmic plot
of TOF versus hydrogen pressure, assuming a pseudo-zero
reaction order for the hydrocarbon [12]. The equal values
obtained for the two different overall processes (1.1) sug-

gest that the relative rates are not affected by the hydrogen
pressure. Moreover, table 3 shows that, in order to avoid
the influence of the related process (1,5-COD — 1,3-COD)
on the synthesis of 1,4-COD, it is advisable to work at low
hydrogen pressure (below 1.00 atm). This is because the
isomerization 1,5-COD — 1,4-COD is characterized by a
hydrogen reaction order (0.8) lower than those found for
the competitive processes 1,3-COD — COE (1.1) and 1,5-
COD — 1,3-COD (1.5).

The analysis of TOF values of both the overall reaction
and the elementary steps at different temperatures on the
same catalyst and at the same hydrogen pressure gives the
apparent activation energy of the involved reaction steps
(table 4). The activation energy values show that the dis-
appearance of the CODs in the reaction mixture, occurring
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Table 5
TOF values for the processes involved in the 1,5-COD hydro-isomerization on different catalysts
at 298 K and py, = 1.00 atm.
Catalysts TOF (s 1)
13— E 15— 2 15— 13 15— 14 14— 13 14 —15
Plp 85.4b 13 0.5 0.8 25 0.003
P2p 90.9P 3.1 11 19 6.1 0.006
P3p 89.4b 6.4 2.7 3.7 12.0 0.01
S3p 87.0 121 59 6.2 22.6 0.02
Plpt 3.0° 17 04 12 17 0.002
P1r 1.0° 03 - - - -
aQverdl 1,5-COD conversion.
b Data aready published [10].
¢ Data aready published [8].
1,6-COD Table 6
Maximum obtainable 1,4-COD vyield and corresponding 1,4-COD/CODs
ratio in different experimental conditions.
Catalyst  Temperature  H, pressure 1,4 yield 1,4/CODs ratio
(K) (atm) (%) (%)
Plp 298.15 1.00 16 23
P2p 298.15 1.00 17 24
P3p 298.15 1.00 15 23
P3p 298.15 0.50 18 26
P3p 298.15 0.25 21 28
P3p 288.15 1.00 13 22
1 4 COD T T ‘r'ﬂ‘r*r"r r"T"’l" T 'I’ T T 1 c D c P3D 30815 lm 20 33
- -3-COD+COE S3p 298.15 1.00 15 23
Plpt 298.15 1.00 24 40

Figure 4. Ternary diagram of the hydro-isomerization of 1,5-COD in THF

on P3p catalyst at T' = 298 K and pn, = 1.00 atm. Curved and straight

line are the reaction and isocline space, respectively (see text), dotted line

gives the maximum obtainable 1,4-COD yields for the considered catalytic
system.

viathe step 1,3-COD — COE, is better prevented at higher
temperature.

Table 5 shows TOF values for the 1,3-COD hydrogena-
tion and for the processes involved in the 1,5-COD hydro-
isomerization on different catalysts (at same pressure and
temperature). Table 5 highlights the difference between Pd-
and Pt-based catalysts, the latter not showing any activity
in the isomerization processes.

A deeper analysis of the data in the tables 2-5 could
certainly suggest a route for reaching the highest 1,4-COD
yields in the considered experimental conditions. However,
starting from kinetic constant values, the WPS method gives
directly the maximum and/or minimum achievable yields
of species involved in generic reactions, by the intersection
points of the isocline space [4] of the given species with
the considered reaction space. In our case, the reaction
space is represented by one of the time-independent curves
showing the changes of the species concentration in the
ternary diagrams (figure 3). The isocline space for a given
species o isdetermined by ¢, = 0, where ¢, isthetimefirst
derivative of the o concentration. In our case, the isocline
spaces for the different cyclooctadienes are straight lines.
The isocline space of 1,4-COD is

ko1

Cra= ——C15,
YUkt kg

with C;, the concentration of the generic species (i), in
the ternary diagram representation. Figure 4 shows the
1,4-COD isocline and reaction space intersection point and
the relative O-dope point [4] of 1,4-COD in a particular
experimental condition. The intersection point represents
certainly a maximum because, as figure 2 shows, 1,4-COD
species have just one maximum along the time path. Using
diagrams like that of figure 4, maximum 1,4-COD vyield
values in the considered experimental conditions were ob-
tained. They are summarized in table 6 along with the
corresponding 1,4-COD/CODs ratio. This method for ob-
taining 1,4-COD is certainly promising since also using
much “softer” temperature conditions than those usually
employed [1,2] the 1,4-COD/CODs ratios are quite high.

Some evidences already outlined are confirmed by ta-
ble 6:

e Higher H, pressure decreases the selectivity to 1,4-COD
(rows 3-5).

o Higher reaction temperatures increases the selectivity to
1,4-COD (rows 3, 6, 7).

Moreover, table 6 shows that the metal loading as well
as metal dispersion (rows 1-3, 8) and the nature of the
support (rows 3, 8) do not influence the selectivity to 1,4-
COD. Finally, the observation of the first and the last row
of table 6, where Pd and Pd—Pt catalysts having similar
dispersion are considered under the same reaction condi-
tions, seems to suggest that a guest metal, even not active
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alone in the 1,5-COD — 1,4-COD isomerization, strongly
enhances the selectivity of Pd catalysts to 1,4-COD in the
title reaction. Since Pt in this bimetallic Pd—Pt catalyst is
almost completely localized on the surface of the host metal
(Pd) [24], the increased selectivity to 1,4-COD should be
attributed to ensemble size rather than to electronic effects.

5. Conclusions

The full application of the WPS methods to study the
hydro-isomerization of 1,5-COD enabled to find the reac-
tion mechanism represented by scheme 2 and showed large
capability to investigate 1,4-COD optimization processes.

Although further studies are needed, the synthesis of 1,4-
COD via hydro-isomerization of 1,5-COD on metal cata-
lysts seems a promising method. In the development of this
method, the following points have to be considered:

e |n order to obtain higher 1,4-COD yields, it is advisable
to work at low H, pressure and high reaction tempera-
ture.

e Both the lower Hy pressure and the higher temper-
ature values decrease the hydrogenation of 1,3-COD
with respect to the global cyclooctadiene isomerization
processes.

e The support as well as the metal dispersion and loading,
at least in the range here considered, do not seem to
influence the catalytic activity of the Pd catalyst in the
1,4-COD production.

e Although Pt-supported catalysts are not active in the iso-
merization processes, the presence of Pt as guest metal
on the catalyst surface appears to enhance the yield of
1,4-COD.
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