
Chemical Engineering Journal 99 (2004) 45–51

Selective hydrogenation of 1,3-butadiene: improvement
of selectivity by using additives

J.A. Alvesa,b, S.P. Bressaa,b, O.M. Mart́ıneza,b, G.F. Barretoa,b,∗
a Centro de Investigación y Desarrollo en Ciencias Aplicadas (CINDECA), UNLP-CONICET, Argentina

b Programa de Investigación y Desarrollo en Ingenier´ıa de Reactores (PROIRQ), Facultad de Ingenier´ıa UNLP, Argentina

Received 28 March 2003; accepted 16 September 2003

Abstract

The objective of this work is to evaluate the behavior of isoprene as an additive to improve selectivity in the selective hydrogenation of
1,3-butadiene from 1-butene-rich cuts.

To this end, the liquid-phase hydrogenation of 1,3-butadiene, 1-butene and isoprene on a commercial Pd/Al2O3 catalyst of the eggshell
type at 313 K was studied in a batch system. It was found that the adsorption strength of isoprene is between those of 1,3-butadiene and
1-butene. Thus, in the presence of isoprene, 1-butene concentration remains practically constant even when the liquid is almost depleted
from 1,3-butadiene.

The improvement of the selectivity of an industrial reactor for 1-butene purification by adding isoprene was evaluated. To this end, a
kinetic model was fitted to the experimental results and a simplified model of an industrial unit was adopted. It was found that adding 1%
of isoprene can reduce 1-butene losses by a factor between 1.3 and 10 for H2 partial pressures ranging 100–500 kPa, respectively.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

1-Butene (1BE) is used as monomer in the production
of polybutene and as comonomer in the production of
linear-low-density polyethylene. Polymerization-grade 1BE
is obtained from 1BE-rich cuts after selective hydrogena-
tion of 1,3-butadiene (BD) and acetylenic compounds up
to about 10 ppm. The process is industrially carried out in
fixed catalytic beds with the liquid hydrocarbon mixture
and H2 flowing concurrently either in down or up flow. Pro-
cess temperature ranges between 300 and 330 K and total
pressure must be high enough to maintain the hydrocarbons
in liquid phase[1].

Pd-based catalysts are universally employed in selective
hydrogenation due to the high intrinsic selectivity of Pd to
adsorb acetylenics and BD instead of 1BE[2], thus prevent-
ing 1BE from adsorbing and reacting. Commercial catalysts
for selective hydrogenation are manufactured by impregnat-
ing with Pd an external layer ranging 50–250�m (eggshell
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catalysts). Low-loaded Pd eggshell catalysts are employed
to reduce mass transport resistances.

Acetylenic compounds are so selectively adsorbed by Pd
that they cover essentially all active sites blocking the access
of BD and 1BE. BD is the second compound as ranked by its
adsorption strength. When the concentration of acetylenics
becomes low enough, BD covers the active sites inhibiting
1BE reactions. Once BD has been almost completely hydro-
genated, the hydrogenation and hydroisomerization of 1BE
takes place.

It can be concluded from the just outlined process that
acetylenics are not likely to affect selectivity and that the
essential problem is to achieve a high conversion of BD with
a minimum loss of 1BE. Hence, the presence of acetylenic
compounds will not be considered in this work.

The simplified sketch of overall reactions presented in
Fig. 1 has been proven enough to capture the essential fea-
tures of the system[3–5]. As indicated inFig. 1, 1BE can
be hydrogenated ton-butane (BA) or, mainly, hydroisomer-
ize tocis-2-butene andtrans-2-butene, considered as a lump
of 2-butene (2BE). The hydrogenation of 2BE is ignored
because it proceeds always more slowly than that of 1BE
[6]. The hydrogenation reactions are essentially irreversible
at process temperatures. The hydroisomerization of 1BE,
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Nomenclature

CT total molar concentration (mol/m3)
D effective diffusion coefficient (m2/s)
FT hydrocarbon total molar flow rate (mol/s)
H Henry’s constant of H2 (kPa−1)
ki rate coefficients of reactioni in Fig. 1

(mol/kgactive layers)
Kad adsorption constant (–)
L length of the active layer (m)
Mcat mass of catalyst (kg)
NT total mole number
pH2 hydrogen partial pressure (kPa)
PT total pressure (kPa)
ri intrinsic rate of reactioni in Fig. 1 per

unit mass of active layer (mol/kgactive layers)
rj intrinsic consumption rate of compoundj per

unit mass of active layer (mol/kgactive layers)
r̄j observed consumption rate of compoundj per

unit mass of catalyst (mol/kg s)
Scat external area of the catalyst pellet (m2)
t time (min)
tBD time at whichxBD,bulk = x∗ (min)
tIP time at whichxIP,bulk = x∗ (min)
x mole fraction inside the active layer (–)
xBD,tol specified BD tolerance at the exit of the

reactor (–)
xj,bulk mole fraction of compoundj in the

liquid bulk (–)
x∗ mole fraction defined inEq. (2)(–)
z dimensionless coordinate inside the active

layer,z = z′/L (–)
z′ coordinate inside the active layer (m)
z0

H2
molar ratio between H2 and hydrocarbon
inputs to the industrial reactor (–)

Greek letters
κ liquid–solid mass transport coefficient (m/s)
ρcat catalyst density (kg/m3)
τ modified time (Mcatt/NT) in the experimental

batch reactor or modified space–time (Mcat/FT)
in the simulated fixed bed reactor (kg s/mol)

χ conversion (–)

Subscripts and superscripts
BD 1,3-butadiene
1BE 1-butene
2BE 2-butene
H2 hydrogen
HC hydrocarbons
i reactioni in Fig. 1
IP isoprene
j compoundj
sat saturation
0 initial condition in the experiments or

condition at the inlet of the industrial reactor

4 

1BE BA

1 

BD   3

2 

2BE 
5 
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Fig. 1. Overall reaction network.

which occurs only in the presence of H2, should only pro-
ceed to small degree, so it can also be regarded as being
irreversible. Reactions 1 and 2 inFig. 1 are the purification
reactions whereas Reactions 3 and 4, which consume 1BE,
are the undesirable reactions.

Contrary to expectation from the use of low-loaded Pd
eggshell catalysts, we found that, under typical operating
conditions of industrial reactors, strong diffusion limitations
severely impair the observed selectivity[7,8]. It is worth to
mention that 1BE losses observed in industrial reactors raise
up to 20–30%.

The reason for poor selectivity lies in the fact that at high
BD conversions its diffusion capability inside the active layer
becomes less than that of H2. At these conditions, BD is
depleted inside the catalyst and H2 will diffuse deeper inside
the active layer bringing about the reactions of 1BE[7,8].

It can be argued that the design of commercial cata-
lysts should not introduce such diffusion limitation. How-
ever, a lower initial activity (using less Pd content) would
surely shorten the time of the catalyst under continuous ser-
vice without regeneration or replacing, as these catalysts are
known to loose activity by the growth of heavy residues[9].
A daily loss of 1% in activity would lead after 2 years to
about (1/1000) of the fresh catalyst activity.

A way to improve selectivity consists in including an ad-
ditive in the process stream. Partial deactivation with CO
was studied, but it did not yield satisfactory results[9].

The objective of this contribution is to study the effect of
introducing an additional unsaturated compound in the feed
to diminish the impact of the diffusion limitations on the
observed selectivity. The additive should present an adsorp-
tion strength intermediate between those of BD and 1BE. If
so, we can expect that the additive rather than 1BE will con-
sume the excess of H2 inside the catalyst when the concen-
tration of BD has dropped enough. Elimination of H2 inside
the catalyst is of paramount importance to suppress 1BE hy-
drogenation and, more important, to stop 1BE hydroisomer-
ization. The additive should fulfil at least an extra condition:
it and its hydrogenation products should be easily separated
from the C4 stream after the selective hydrogenation unit.

The compound chosen for this study is isoprene (IP). As
shown inFig. 1, its hydrogenation products are amylenes.
The conjugate double bonds of IP suggest that it should be
adsorbed more strongly than 1BE. Besides, it is known that
the increase either in the carbon number or in the skeletal
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hydrocarbon branching weakens the adsorption strength. So,
IP should be adsorbed less strongly than BD.

The effluent from the 1BE purification unit is fed to a
fractionation column to separate 1BE from the less volatile
2BE and BA[1]. The ratios of the vapor pressure of BA and
2BE with respect to that of 1BE at 313 K are about 0.80. In
the case of IP that ratio is 0.27, indicating that IP will not
be present in the polymerization-grade 1BE stream at any
significant extent and that IP can also be easily separated
from 2BE and BA.

We carried out an experimental study in a batch laboratory
reactor to verify the foreseen behavior of IP and to fit a
kinetic model for the reaction set inFig. 1. A simplified
model of an industrial 1BE purification unit will then be
used to show how the operating variables can be chosen,
including the amount of IP added in the feed, to eliminate
BD without significant 1BE losses.

2. Experimental

We used a commercial Pd/Al2O3 catalyst of the eggshell
type containing Pd at 0.2% on an overall weight basis. Spe-
cific surface area of the catalyst is 71 m2/g. The structure of
the pellets, with a mean diameter of 2.34 mm, consists in a
230�m external layer of Pd/Al2O3 and an Al2O3 inert core.

The experimental reaction system consists of a 100 cm3

stirred vessel and an external 0.00635 m tube holding the
catalyst sample, as sketched inFig. 2. The liquid solution is
recirculated between the stirred vessel and the catalytic bed
by a gear pump. The recirculating flow rate was high enough
to minimize external transport effects and to operate the cat-
alytic bed at nearly uniform composition. The stirred vessel,
which contains most of the liquid mixture in the loop, is
used for maintaining the solution saturated with H2 and for
temperature control. The operating pressure,PT, is main-
tained constant by feeding H2 through a pressure regulator.
Catalytic pellets in its original size were packed in the ex-
ternal tube. The catalyst samples were treated for reduction

Stirred Vessel

Recirculation
Pump

External
Fixed-Bed

rpm

CT

CT: Temperature Control
rpm: Agitation Speed Control

CT

H2

Fig. 2. Experimental set-up.

finishing in the same bed before reaction. Some other details
concerning the experimental system were described in[7].

Batch type experiments with respect to the hydrocarbon
mixture were carried out.n-Hexane was used as a solvent
and some quantities of propane were employed to regulate
independently the total pressure and H2 partial pressure,
pH2, which were kept constant during the run[7]. Hence,
the saturation mole fraction of H2, xH2,sat, remained nearly
constant throughout each experiment.

Liquid samples were analyzed by gas chromatography at
room temperature employing a column packed with 0.19%
picric acid on Graphpac and employing a FID detector.

3. Experimental results

Four tests were performed at 313 K. The experimental
settings of the four runs are detailed inTable 1. The relevant
variable changed for the three tests that include isoprene
in the initial mixture; runs 2, 3 and 4 inTable 1; was the
hydrogen partial pressure, which was set at about 110, 300
and 59 kPa.

The results of the tests without IP atpH2 = 97 kPa, run
1 in Table 1, and that with IP atpH2 = 59 kPa, run 4, are
plotted inFig. 3a and b. Symbols correspond to measured
mole fractions,xj,bulk, and the continuous curves result from
the model described later on.

Fig. 3a shows that BD reacts at nearly zeroth order regime
up to about reaction timetBD. This is the reaction time at
which the diffusion capabilities of H2 and BD inside the
active layer become equal, i.e.

DH2xH2,sat = DHCxBD,bulk (1)

whereDH2 andDHC are the effective diffusion coefficients
of H2 and hydrocarbons, respectively. We adopted a single
value DHC for the hydrocarbons because negligible differ-
ences were found among them.

Calling x∗ the value ofxBD,bulk that satisfiesEq. (1)
and expressingxH2,sat = HpH2, we can write x∗ =
(DH2/DHC)HpH2, where H is the Henry’s constant for
H2. For the hydrocarbon composition in the experimental
runs DH2/DHC = 3.82 andH = 9.7 × 10−6 kPa−1 were
evaluated as described in[7]. Then,x∗ is related topH2 by

x∗ = 3.7 × 10−5pH2 (2)

At t < tBD, x1BE,bulk increases because of the hydrogenation
of BD, Reaction 1 inFig. 1, whereas the hydrogenation and

Table 1
Experimental settings (temperature= 313 K)

Run 102 x0
BD 102 x0

1BE 102 x0
IP pH2 (kPa) PT (kPa)

1 1.55 5.64 – 97 240
2 1.32 6.95 0.61 110 250
3 0.89 9.29 1.30 300 390
4 0.85 8.75 1.19 59 210
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Fig. 3. Results from experimental tests: (a)x0
BD,bulk = 1.55 × 10−2,

x0
1BE,bulk = 5.64×10−2, x0

IP,bulk = 0, pH2 = 97 kPa. (b)x0
BD,bulk = 0.85×

10−2, x0
1BE,bulk = 8.75× 10−2, x0

IP,bulk = 1.19× 10−2, pH2 = 59 kPa.

hydroisomerization of 1BE, Reactions 3 and 4, are evidently
impaired. At t > tBD there will be H2 inside the active
layer in excess to the amount needed for hydrogenating BD.
Then, 1BE will start to react irrespective of the intrinsic
inhibitory effect of BD. In effect, we can see fromFig. 3a
that consumption of 1BE becomes evident soon aftertBD.
Therefore, the production rate of 2BE and BA increases
because of Reactions 3 and 4, respectively.

The effect of IP can be appreciated inFig. 3b. It is evident
that att < tBD the IP hydrogenation is impaired by the pres-
ence of BD, although some extent of reaction is observed,
showing that the adsorption strength of BD is higher than that
of IP. At t > tBD, an H2 excess inside the catalyst is available
and the consumption of IP is neatly accelerated. It can also
be appreciated that 1BE is not consumed to any significant
extent untilt exceeds the valuetIP. This value is defined sim-
ilarly to tBD, i.e. the reaction time for whichxIP,bulk = x∗,
Eq. (2). From these results, it is evident that IP adsorption

strength is higher than that of 1BE. Therefore, we conclude
that IP satisfies the expected behavior. No further qualitative
insight is provided by the remaining two tests, which were
also employed to estimate the kinetics parameters.

4. Kinetic model and data analysis

The experimental data were fitted to a model considering
the diffusion and reaction problem inside the active layer.
The intrinsic reaction rate expressions have been taken from
a general mechanistic model proposed in[8,10]. This model
has been proven successful to describe the liquid-phase hy-
drogenation of 1,3-butadiene in the presence ofn-butenes
[8] and the vapor-phase hydrogenation and hydroisomer-
ization of n-butenes[10] on commercial Pd catalysts. The
reliability of the kinetic model was validated over a wide
range of experimental conditions including those close to
the industrial operating conditions. A kinetic expression for
the liquid-phase hydrogenation of isoprene in presence of
1,3-butadiene andn-butenes over Pd catalysts was not found
in literature. Hence, the adoption of a rate equation for iso-
prene hydrogenation analogous to that of 1,3-butadiene and
n-butenes was considered a reasonable approach. As shown
later, the adopted kinetic expression for the hydrogenation
of isoprene was satisfactorily fitted to the experimental data.
Considering some simplifications as in[8], we obtained the
kinetic expressions presented inTable 2.

Recalling that the experimental catalytic bed operates un-
der essentially uniform bulk liquid composition, the con-
servation equations employed for the unsaturated species
during each run were

dxj,bulk

dτ
= −r̄j (3a)

with initial condition

xj,bulk (τ = 0) = x0
j (3b)

whereτ = Mcatt/NT, NT is the total number of moles,Mcat
the catalyst mass, and̄rj the observed consumption rate of
speciesj per unit mass of catalyst sample.r̄j is evaluated
from

r̄j =
[∫ 1

0 rj dz
]

LScatρcat

Mcat
(4)

Table 2
Kinetic expressionsa

ri = ki(K
a
BD/Ka

IP)xBDxH2

DEN
, i = 1, 2

r3 = k3(K
a
1BE/Ka

IP)x1BE
√

xH2

DEN

r4 = k4(K
a
1BE/Ka

IP)x1BExH2

DEN

r5 = k5xIPxH2

DEN

a DEN = (Ka
BD/Ka

IP)xBD + xIP + (Ka
1BE/Ka

IP)x1BE.
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where z is the dimensionless coordinate inside the active
layer, z = z′/L, rj the net consumption rate ofj per unit
mass of active layer evaluated atz, L the thickness of the
active layer,Scat the external area of the catalyst sample
andρcat the catalyst density. The consumption ratesrj are
stoichiometrically related to the reaction ratesri in Fig. 1;
e.g. for 1BErBE = r1 − r3 − r4.

The field of rj needed inEq. (4) is obtained by solving
the following conservation balances inside the active layer

DjCT
d2xj

dz2
= L2ρcatrj (5a)

with boundary conditions

Dj

dxj

dz
= Lκj(xj − xj,bulk) atz = 0 (catalyst surface)

(5b)

dxj

dz
= 0 atz = 1(end of the active layer) (5c)

wherexj is the mole fraction ofj at z, CT the total molar
concentration of the liquid,Dj the effective diffusivities ofj
inside the active layer andκj the mass transport coefficient
between the catalyst external surface and the liquid bulk.

In writing Eqs. (5a) and (5b), we considered thatL is small
enough to ignore the curvature effect and that liquid–solid
and intraparticle mass transport can be described by a Fick
type expression.

Details about evaluation ofDj, κj, vapor–liquid equi-
librium and the numerical procedure employed to solve
Eqs. (5) are given in [7]. The regression analysis and
the integration ofEqs. (3)have been performed by using
the codes GREG and DDASAC, respectively, included
in GREGPAK [11] (the codes GREG and DDASAC
have been superseded by the codes GREGPLUS and
DDAPLUS included in Athena Visual Workbench described
at http://www.athenavisual.com).

Table 3shows the intrinsic values of rate coefficientski

and adsorption constant ratios obtained from experimen-
tal data fitting. The experiments did not allow to estimate
Ka

1BE/Ka
IP with a satisfactory precision. However, the very

low modal value of this ratio indicates that Pd selectively
adsorbs isoprene instead of 1-butene, inhibiting the adsorp-
tion and reaction of the later.

Table 3
Values of kinetic parameters,ki (mol/kgactive layers)

k1 = (3.73± 0.36) × 101

k2 = (2.09± 0.18) × 101

k3 = 2.983± 0.65
k4 = (6.49± 1.48) × 101

k5 = (1.08± 0.16) × 102

Ka
BD

Ka
IP

= (1.53± 0.46) × 101

Ka
1BE

Ka
IP

= (1.19± 0.75) × 10−3
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Fig. 4. Profiles inside the catalytic layer of net consumption rates: (a)
without IP, xBD,bulk < x∗ and (b) with IP, (xBD,bulk + xIP,bulk < x∗).

Fig. 3a and b reveals that the fitting model captures all
the essential features shown by the experimental data. A
similar fit is achieved for the other two tests. The average
of relative differences inxj,bulk between model and data
is 13.2%.

Fig. 4a and b show calculated consumption rate profiles
inside the active layer for two bulk compositions. In 4a,
xBD,bulk < x∗ holds andxIP,bulk = 0. Due to the excess of
H2 a large consumption of 1BE is predicted (the observed
net consumption rate,̄rj, is given by the area under therj

curve).
In 4b the relevant composition difference with respect to

4a is that IP is present in the reaction mixture and(xBD,bulk+
xIP,bulk) = x∗. This condition states that the amount of H2 is
just enough to deplete both diolefins. As shown in 4b, 1BE
only reacts slowly inside the active layer between 0.1 <

z < 0.5 and IP consumes almost all the excess H2 after BD
depletion. The shield effect of IP as regards the consumption
of 1BE is clearly shown. 4a and b indicate the existence of

http://www.athenavisual.com
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the asymptotic regime inside the catalyst, i.e. all reactions
cease before the end of the active layer.

5. Effect of isoprene on process selectivity

A simple model of an industrial trickle-bed reactor for
1BE purification will be used to analyze the effect of adding
IP in the feed. This model includes the kinetic expressions
given inTable 2.

In a previous work, a complete model to represent the
behavior of an actual industrial unit was developed[5].
We concluded that the plug-flow hypothesis is suitable
for both fluid phases and that isothermal operation can
be safely considered. For the purpose of this work, we
will assume that catalyst pellets are completely wetted and
that vapor and liquid are in thermodynamic equilibrium.
Under usual temperature and pressure conditions, 313 K
and about 103 kPa, almost the total amount of hydrocar-
bons remains in the liquid-phase, whereas H2 is slightly
soluble. Then, the liquid-phase molar flow rate is nearly
the same as the total molar flow rate of the hydrocarbons
[12].

With these simplifying assumptions, the concentration
profile of hydrocarbons along the reactor are evaluated as
for a single phase with piston flow. ThenEq. (3a)applies
to the liquid-phase withτ = Mcat/FT, whereFT is the total
molar flow rate of hydrocarbons. Inlet conditions are those
expressed inEq. (3b).

The growth of heavy residues during operation impairs
catalyst activity[9]. Hence, an excess of catalyst is usually
loaded in order to extend the time of the catalyst bed under
continuous service.

The H2 input should be carefully adjusted to reach the fi-
nal BD tolerance with a negligible amount of residual BD. If
so, Bressa et al.[5] proved that the vapor-phase extinguishes
at a certain depth of the bed.

When the vapor-phase still exists,xH2,bulk = xH2,sat re-
sults from the assumption of vapor-liquid equilibrium. Af-
ter vapor-phase extinguishesxH2,bulk must be obtained from
stoichiometric relationships. Then, for the whole bed we can
write xH2,bulk = min{xH2,sat, z

0
H2

(1−χH2)}, wherexH2,sat =
9.7× 10−6pH2, z0

H2
is the overall mole fraction of H2 at the

inlet andχH2 the H2 conversion. The value ofz0
H2

is the min-
imum input to reach BD tolerance,xBD,tol, with minimum
1BE losses.

The effect ofx0
IP on 1BE conversion,χ1BE, at different

values ofpH2 is shown inFig. 5a and b. Calculations were
made withx0

BD = 1%, x0
1BE = 20% andxBD,tol = 10 ppm

at the exit.
Results shown inFig. 5a were obtained for the kinetic pa-

rameters given inTable 3. It is evident thatpH2 level severely
affects the process selectivity. Variations ofpH2 might be ac-
complished by modifying the total operating pressure. How-
ever, total pressure cannot be freely manipulated because it
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Fig. 5. 1BE losses for kinetic values inTable 3 (a) and after selective
deactivation (b).

also affects upstream and downstream operations. 5a clearly
shows that adding IP significantly reduces 1BE losses. Feed-
ing 1% of IP causes an effect similar to a decrease ofpH2

in 200 kPa.
In 5b, the kinetic coefficients of all hydrogenation reac-

tions were reduced to a quarter of their values inTable 3,
whereas the isomerization coefficientk3 was left unchanged.
These conditions intend to simulate the effect of catalyst ag-
ing that selectively reduces the hydrogenation rates as ob-
served in industrial records and laboratory results. Losses
of 1BE increase by about 3–5 times respect to those ob-
tained with the fresh catalyst in 5a. To explain these re-
sults, we should mention that the asymptotic regime holds
inside the active layer in both cases, 5a and b. In the lat-
ter case, 1BE consumes the excess of H2 inside the ac-
tive layer more slowly. Hence, the hydroisomerization of
1BE, which maintains the same reaction rate, takes place
along a larger fraction of active layer increasing 1BE losses.
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However, the relative effect ofpH2 andx0
IP in 5b remains

nearly the same as in 5a, since the drop of 1BE losses caused
by adding 1% of IP is similar to that obtained by a de-
crease ofpH2 in 200 kPa. To achieve acceptable levels of
1BE losses at conditions in 5b (say less than 5%), values
of pH2 as low as 100 kPa andx0

IP as high as 1% should be
employed.

6. Conclusions

The experimental procedure, the proposed kinetic model
and the analytical tools employed in this study have been
found suitable to quantitatively characterize the kinetic be-
havior of eggshell type commercial Pd catalysts in the si-
multaneous hydrogenation of isoprene, 1,3-butadiene and
1-butene, including isomerization of the latter.

It was verified that isoprene adsorption strength is lower
than that of 1,3-butadiene, but higher than that of 1-butene.
Therefore, isoprene is a good candidate as additive to in-
crease the selectivity in 1-butene purification processes.

From the developed kinetic model and employing a sim-
plified description of an industrial unit the influence on pro-
cess selectivity ofpH2, isoprene amount fed to the reac-
tor, and catalyst activity was analyzed. It is concluded that
pH2 level is crucial to process selectivity. Calculations made
without isoprene showed that the 1-butene loss atpH2 =
500 kPa is three times the value atpH2 = 100 kPa for a fresh
catalyst and it is twice the value atpH2 = 100 kPa for an
aged catalyst. Adding in the process stream low amounts of
isoprene can significantly reduce those 1-butene losses. For
example, when 1% of isoprene is added in the feed, 1-butene
losses atpH2 = 300 kPa decrease from about 10 to 5% for
a fresh catalyst and from about 40 to 20% in the case of an
aged catalyst. The relative effect ofpH2 and the amount of
isoprene in the feed for the fresh catalyst remains nearly the
same as in the case of the aged catalyst. In both cases, feed-
ing 1% of isoprene causes an effect similar to a decrease of
pH2 in 200 kPa.

The previous summary remarks that the amount of iso-
prene added in the feed must be changed according to cat-
alytic activity decay and the operating pressure.
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