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Abstract. Kinetics of dicyclopentadiene hydrogenation was investigated in laboratory stirred autoclave
using a powdered palladium catalyst. Time function of reaction mixture composition for different hydrogen
partial pressures, temperatures, catalyst weights and initial concentrations of dicyclopentadiene in a cyclohexane
solution was measured.
Kinetic data were described using Langmuir-Hinshelwood kinetics. Kinetic constant of first reaction step
was 5.5 mal higher with respect to second one. Adsorption constant of unsaturated hydrocarbons is proportional
to number of double bonds in their molecule. The values of activation energy of both consecutive reactions(25
and 18 kJ/mol) correspond to the interval typical for liquid phase hydrogenation of unsaturated hydrocarbons.
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Introduction
Dicyclopentadiene (tricyclo(5,2,1,0)-deca-3,8-diene) is originated by Diels-Alder reaction of cyclopentadiene (see reaction scheme 1) [1]. Reaction heat of this dimerization is  75.4
kJ/mol and yields two stereo-isomer forms (endo, exo).

Reaction scheme 1. Cyclopentadiene dimerization

Hydrogenation of dicyclopentadiene (DCPD) proceeds according to the following consecutive reaction scheme 2.

Reaction scheme 2. Consecutive dicyclopentadiene
(tricyclo(5,2,1,0)-deca-3,8-diene) hydrogenation

The first reaction step takes place in norbornene part of
molecule, followed by second double bond in C5 ring hydrogenation. Hydrogenation of double bond molecule in norbornene ring of dicyclopentadiene manifests several times higher reaction rate, than the second one, in cyclopentene ring [2].
Both hydrogenation steps are exothermic ones. Reaction heat
of reaction of consecutive reactions is 138.8 kJ/mol and 
109.5 kJ/mol, respectively [3].

Dicyclopentadiene and its derivatives are important petrochemical products, their important applications represent syntheses of pharmaceutical intermediates as well.
Selectively hydrogenated dicyclopentadiene results in dihydrodicyclopentadiene which is used in rubber industry, mixed with
resin yields special rubber with excellent adhesive features [4].
An other derivative exo-5-(3,3-dimethylureido)-tetrahydro-endodicyclopentadiene is used as very a efficient herbicide[5]. By
total hydrogenation of DCPD to tricyclo(5,2,1,0)decane and its
consecutive izomerization adamantane (tricyclo[3,3,1,1]decane)
can be obtained. This substance is used for wide range of drugs
synthesis, e.g. aminoadamantane (in form of hydro-chloride)
represents a active component as antiviral agent used in healing of disease caused by virus A-2.
Application of palladium black for dicyclopentadiene hydrogenation was studied in paper [6]. At temperature 130oC
and pressure 2 MPa 97% of endo tricyclodecane was obtained.
Application of Pd on ã-alumina catalyst for selective DCPD
hydrogenation, in continuous and/or discontinuous arrangement, was described in German patent [7]. Continuous hydrogenation was carried out in trickle-bed reactor at temperature
127°C using co-current down flow of liquid and gaseous phases. Catalyst used was found appropriate for selective hydrogenation; yield of intermediate dihydrodicyclopentadiene was
about 98%. Kinetic parameters of dicyclopentadiene hydrogenation, carried out in trickle bed reactor under mass transfer
limitation conditions were given in paper [8].
Comparison of activity and selectivity of various metal catalysts (Pd-support, Ni, Raney catalysts, blacks of metals of VIII.
Group) was made in papers [9] and [10]. Effects of hydrogen
partial pressure, support and active metal nature on consecutive reaction process selectivity were investigated also. It was
found, that higher hydrogen partial effect has negative effect
on reaction selectivity. This fact was also confirmed during dicyclopentadiene hydrogenation using shaped catalyst extrudates
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[11]. Application of Pd/BaCO3 catalyst for dicyclopentadiene
hydrogenation was tested also in work [12].

r1 =

k 1 * KH * KDCPD * cH * cDCPD
(1 + KDCPC * cDCPD + KDHDCPD * cDHDCPD + KTHDCPD * cTHDCPD + KH * cH ) 2

(1)

r2 =

k 2 * KH * KDHDCPD * cH * cDHDCPD
(1 + KDCPC * cDCPD + KDHDCPD * cDHDCPD + KTHDCPD * cTHDCPD + KH * cH ) 2

(2)

Experimental
Commercial 2 wt.% palladium/charcoal catalyst (Engelhard
Co.) was used in this study (for its parameters see Table 1). For
powder catalyst experiments original extrudates were crushed
and sieved to 45 µm particles in order to eliminate internal mass
transfer effect on reaction kinetics.
Table 1. Catalyst properties
Catalyst properties

Dimension

Value

Active metal content
Catalyst support
Catalyst shape
Powder particle size
Total surface area (B.E.T.)
Pore volume

Wt.%
mm
m2/g
ml/g

2
Active carbon
Cylindrical extrudates
45
1100
0.62

Laboratory stirred autoclave (Parr Instruments Inc., volume
0.4 l) was used in this study. Experiments were focused on determination of reaction mixture composition on time dependence measured at different hydrogen partial pressure, temperature, catalyst weight and initial concentration of dicyclopentadiene in cyclohexane solution. For experimental conditions see
Table 2.
Table 2. Experimental conditions

Parameter

Dimension

Value

Temperature range
Pressure range
Catalyst weight
DCPD initial concentration
Stirring

o

25-40
1-4
0.04-0.5
0.15-0.5
1500

C
MPa
g
mol/l
rpm

where
k1, k2 stands for kinetic constants (first and consecutive reactions)
KDCDP, KDHDCPD, KTHDCPD, KH  represents adsorption coefficients of starting reaction component - dicyclopentadiene, Intermediate product- dihydrodicyclopentadiene, full saturated product -tetrahydrodicyclopentadiene and hydrogen, respectively
cDCPD, cDHDCPD, cTHDCPD, cH - time functions of reaction components concentrations, i.e. dicyclopentadiene, dihydrodicyclopentadiene, tetrahydrodicyclopentadiene and hydrogen, respectively.
Hydrogen concentration in reaction mixture was calculated
using Henrys law. Reaction mixture properties was supposed
to be equivalent to pure cyclohexane used as a solvent in this
study.
Kinetic parameters, i.e. reaction rate constants of first and
consecutive reactions, furthermore adsorption coefficients of
reaction components, were evaluated from experimental data
using software ERA 2.0 [13]. Using non-linear regression analysis basic kinetic parameters were obtained. An correlation example of experimental data and model solution in case of reaction mixture composition on time dependence is shown in Figures 1-5 corresponding to various initial dicyclopentadiene
concentrations and hydrogen partial pressures. Only kinetic
constants k1 and k2 were supposed to be temperature dependent during regression analysis procedure. The Table 3 summarizes all kinetic model parameters obtained by regression
analysis. The kinetic constants k1 and k2 given in this Table
corresponds to temperature 25oC.
Table 3. Regression analysis results

Small reaction mixture samples taken in regularly intervals
from autoclave via pressure filter (catalyst separation) were
analyzed by GC method using Shimadzu GC -17A FID with
capillary column (30m) Supelco SB-5.

Results and Discussion
Langmuir-Hinshelwood kinetic model of dicyclopentadiene hydrogenation. A set of 20 experiments measured using
powdered catalyst at different conditions has been tested by
Langmuir-Hinshelwood kinetic model. The effort was focused
on identification of model parameters from complete reaction
mixture composition on time data measured at different hydrogen partial pressure, temperature, catalyst weight and initial
concentration of dicyclopentadiene in cyclohexane solution.
The following form of kinetic model, supposed surface reaction as rate limiting step and non-dissocative hydrogen adsporption on reaction site, has been used:

Parameter

Dimensoin

Value

k1
k2
KDCPD
KDHDCPD
KTHDCPD
KH
Ea1
Ea2

mol/min*gcat
mol/min*gcat
l/mol
l/mol
l/mol
l/mol
kJ/mol
kJ/mol

1.494
0.265
7.989
4.083
0.0009
14.578
24.7
18.2

Kinetic parameters clearly indicate the difference in reactivity of double bonds in norbornene and cyclopentene ring of
dicyclopentadiene molecule. The former is hydrogenated more
than 5 times faster. It is also evident that the highest adsorption
constant corresponds to hydrogen, on the other hand adsorption constant decreases with the double bonds extent of saturation in substrate molecule. Adsorption constant of hydrocarbons is proportional to number of double bonds, Figure 7.
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Figure 1. Comparison of experimental (points) and computed
(curves) concentrartions p=1 MPa ,T=25°C, c0=0,15 mol/l,
u  Dicyclopentadiene, n Dihydrodicyclopentadiene,
l  Tetrahydrodicyclopentadiene

Figure 2. Comparison of experimental (points) and computed
(curves) concentrartions p=1 MPa ,T=25°C, c0=0,29 mol/l,
u  Dicyclopentadiene, n  Dihydrodicyclopentadiene,
l Tetrahydrodicyclopentadiene
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Figure 4. Comparison of experimental (points) and computed
(curves) concentrartions p= 2 MPa, T=25°C, c0=0,29 mol/l,
u  Dicyclopentadiene, n  Dihydrodicyclopentadiene,
l  Tetrahydrodicyclopentadiene

Figure 5. Comparison of experimental (points) and computed
(curves) concentrartions p= 4 MPa, T=25°C, c0=0,29 mol/l,
u  Dicyclopentadiene, n  Dihydrodicyclopentadiene,
l  Tetrahydrodicyclopentadiene
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Figure 3. Comparison of experimental (points) and computed
(curves) concentrartions p=1 MPa ,T=25°C, c0=0,49 mol/l,
u  Dicyclopentadiene, n  Dihydrodicyclopentadiene,
l  Tetrahydrodicyclopentadiene
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Figure 6. Double bonds effect on adsorption coefficient value
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Activation energy determination. Some experiments were carried out at different temperatures. Arrhenius plots of kinetic constants k1 and k2, determined using L-H kinetic model, are given
in Figure 7. Corresponding values of activation energy, 24.7 and
18.2 kJ/mol, were determined from the slope of the regression
line. The estimated values of activation energy of both consecutive reactions correspond to the interval typical for liquid phase
hydrogenation of unsaturated hydrocarbons [14].

The research was supported by EU, under the Competitive
and Sustainable Growth Program project CYCLOP, No- GRDCT-2000-00225. Discussions with all CYCLOP partners during
period of project solution is kindly acknowledged.

Symbols
k1, k2  kinetic constants (first and consecutive reactions) [mol/
min*gcat]
KDCDP, KDHDCPD, KTHDCPD, KH  adsorption coefficients of dicyclopentadiene, dihydrodicyclopentadiene, tetrahydrodicyclopentadiene and hydrogen, respectively
cDCPD, cDHDCPD, cTHDCPD, cH  concentrations of dicyclopentadiene, dihydrodicyclopentadiene, tetrahydrodicyclopentadiene and hydrogen, respectively
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Figure 7. Activation energy determination,
¯  1. reaction *  2. reaction

Conclusion
Dicyclopentadiene hydrogenation, on powdered palladium
on active carbon catalyst, was described using Langmiur-Hinschelwoods equations. Kinetic model considered competitive
adsorption of non-dissociated hydrogen and the other components of reaction mixture on catalyst surface.
Based on experimental data, activation energy of both consecutive hydrogenations was evaluated in this study.

Acknowledgement
Palladium catalyst supplied for experiments by Engelhard
Co. is gratefully acknowledged.

[1] Veselý V., Mostecký J. a kolektiv: Petrochémia, 1.vyd., ALFA,
Bratislava, 1989.
[2] Kirk-Othmer: Encyclopedia of Chemical Technology, 2nd. Ed.,
Vol 6, p. 688, John Wiley and Sons, 1985.
[3] Alder, K., Stein, G.: Justus Liebigs Ann. Chem., 1933, 504, 205.
[4] Brown H.C., Rothberg I.,Vanderjagt D.L.: J.Org.Chem., 1972,
37, 4098.
[5] Andrew J.: Am. N.Y. Acad. Sci., 1973, 214, 176.
[6] Ualikhanova A., Termibulatova A.E., Mailyubaev B.T.:
Neftekhimiya, 1990, 30, 458.
[7] Blume, E., Grasshof, E., Moll, K.K., Schubert, R.: Ger. Patent
154293, 1982.
[8] Kysilka V., Hanika J., Macoun P.: Chem. Prùm., 1987, 37/62, 360.
[9] Sokolskij D.V., Ualikhanova A., Termibulatova A.E., Dembitskii
A.A., Mailyubaev B.T.: Zh. Prikl. Khim., 1988, 61, 2360.
[10] Ualikhanova A., Termibulatova A.E., Mailyubaev B.T.:
Neftekhimiya, 1989, 29, 768.
[11] Martinec J.: Pøenosové jevy v tvarovaných èásticích katalyzátoru, PhD Thesis, ICT Prague, 2000.
[12] Alder R.W., Whitting M.C.: J. Chem. Soc., 1963, 4595.
[13] Bìlohlav, Z., Zámostný, P., Klusoò, P., Volf, J.: Can. J. Chem.
Eng., 1997, 75, 735.
[14] Campelo J.M., Garcia A., Luna D., Marinas J.M.: Appl. Cat.,
1984, 10, 1-17.

