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bstract

Hydrorefining of C4 cuts of unsaturated hydrocarbons involves the selective removal of 1-butyne by catalytic hydrogenation. Due to its techno-
ogical relevance, we investigated the hydrogenation of 1-butyne over a commercial palladium-based catalyst of the eggshell type. The experimental
onditions were selected to reproduce those of industrial hydrorefining reactors: liquid-phase reaction, seven levels of temperature between 27 and
2 ◦C, initial concentrations of 1-butyne up to 0.6 mol/l and hydrogen partial pressure ranging from 0.8 to 8 atm. Under these conditions, the overall
ffectiveness factor of 1-butyne hydrogenation was less than 0.15. Provided that hydrogen was the limiting reactant inside the active shell, 1-butene
as the only product yielded by 1-butyne hydrogenation. The regression analysis of experimental data corresponding to the hydrogenation of

-butyne to 1-butene was restricted to experimental compositions in which 1-butyne concentration was higher than 0.07 mol/l. An intrinsic kinetic
xpression with reaction orders 1 and −1 for hydrogen and 1-butyne, respectively, predicts experimental data with an average deviation of 2.1%.
stimates of the activation energy and kinetic coefficient at 44 ◦C are (1.55 ± 0.06) 104 cal/mol and (4.6 ± 0.1) mol/(kg s).
2006 Elsevier B.V. All rights reserved.
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. Introduction

Most petrochemical and petroleum refineries include
ydrorefining reactors for the upgrading of C4 cuts of unsat-
rated hydrocarbons originated in cracking operations. To
ake advantage of these C4 cuts as industrial sources of pure
,3-butadiene, isobutene or n-butenes, several hydrorefining
perations were developed [1]. In general, the reaction system
nvolves the hydrogenation of 1-butyne and 1,3-butadiene and
he hydrogenation and hydroisomerization of the n-butenes.

A common target to all C4 cuts hydrorefining operations is the
elective removal of 1-butyne from the cut by catalytic hydro-

enation. This reaction takes place before the reactions of the rest
f the unsaturated hydrocarbons fed to the hydrorefining reac-
ors. Hence, in this paper we focus our study on the kinetics of the

∗ Correspondence to: CINDECA, Calle 47 N 257, B1900AJK La Plata,
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ydrogenation of 1-butyne. The results presented in this paper
llowed us to gain knowledge about 1-butyne hydrogenation
efore dealing with the complete reaction system.

For the purpose of this contribution, it is worthy to highlight
he following features of industrial hydrorefining operations
1,2]. Current technologies use catalytic fixed-bed reactors with
oncurrent flow of hydrocarbons, in liquid state, and hydrogen.
ajor catalyst manufacturers supply palladium-based catalysts

s the standard alternative for hydrorefining reactors. Commer-
ial catalysts are of the eggshell type with palladium content
ithin 0.05–0.5% (w/w). Typical concentrations of 1-butyne in

he cut are about 1% molar. Operating temperatures are between
0 and 60 ◦C. Pressure levels raise up to 10 atm to operate with
ydrocarbons in liquid-phase. Under these conditions, the result-
ng hydrogen partial pressure is about 5 atm.

An extensive investigation was devoted to the vapour-phase

ydrogenation/deuteration of 1-butyne over palladium/alumina
atalysts [3–7]. Each of these studies was performed at a
nique level of temperature, covering all of them the range
–35 ◦C. 1-Butyne was always the limiting reactant with hydro-
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dx.doi.org/10.1016/j.cej.2006.08.006
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en/deuterium to 1-butyne ratios of 2–6. Chief targets of these
orks were the assessment of metal particle size effects and

he identification of product distribution, catalytic mechanisms
nd surface reactive species. The liquid-phase hydrogenation
f 1-butyne over palladium was studied by Boitiaux et al. [8].
heir experiments were done at 20 ◦C with laboratory catalysts

n a powder form. Hydrogen pressure was maintained con-
tant at 20 atm and the initial molar fraction of 1-butyne was
0%. In a latter paper, Boitiaux et al. [9] proposed a mechanis-
ic kinetic expression for the hydrogenation of 1-butyne. This
xpression is based on the major experimental trends observed
n their experiments. Molnár et al. [10] reviewed published stud-
es on catalytic hydrogenation of alkynes. They remarked that

ost studies focused on the influence of metal dispersion, car-
on deposits, promoters and additives on selectivity; whereas
inetic studies aimed at validating kinetic expressions are
carce.

It is concluded that experimental data concerning the
ehaviour of commercial catalysts under operating conditions of
ndustrial hydrorefining reactors is not available in literature. In
ddition, the validation of a kinetic expression and the statistical
stimation for the corresponding parameters remain to be done.
ence, we performed a kinetic investigation of the hydrogena-

ion of 1-butyne over a palladium/alumina commercial catalyst
f the eggshell type. To this end, the experiments were designed
o reproduce typical operating conditions of industrial hydrore-
ning reactors. The kinetic study presented in this contribution
llowed us to obtain reliable estimates of the activation energy
nd of the kinetic coefficient.

. Experimental

.1. Catalyst and other materials

The main features of the palladium/alumina commercial cat-
lyst used in this study are listed in Table 1.

1-Butyne (99.0%, Matheson) and 1-butene (99%, Alphagaz)
ere used after flowing through a bed of 4A molecular sieve

UOP) and a guard bed loaded with the same catalyst as used
n the experiments. Hydrogen (99.999%, AGA) and nitrogen
99.998%, AGA) were purified from water and oxygen by pass-
ng the stream through a guard bed with the same commercial

atalyst followed by a 4A molecular sieve and an oxygen trap
Alltech). n-Propane (99.99%, AGA) and n-hexane (97% HPLC,
aker) were purified on individual 4A molecular sieves before
sing them in the experiments.

c
s
1
r

able 1
atalyst features [11]

hape Sphere
ype Eggshell
iameter 2.5 mm
ulk density (ρcat) 1150 kg/m3

olumetric fraction of the active shell (fV) 0.49
d loading in the catalyst pellet 0.21% (w/w)
pecific surface area (BET) 70 ± 20 m2/g
Fig. 1. Recirculation system with an external fixed-bed reactor.

.2. Experimental set-up and operation

Batch experiments with respect to the unsaturated reactants
ere performed. The main components of the experimental set-
p are sketched in Fig. 1.

The 100-ml stirred vessel (Autoclave Engineers Series 0.75),
hich contains most of the liquid in the loop, allows tempera-

ure control and to maintain the reacting liquid saturated with
ydrogen. An electrical heater, connected to a control tower
Autoclave Engineers CT-100), encloses the stirred vessel. The
ame control tower serves for setting the agitation speed of the
mpeller, which allows for stirring and dispersing the gas into
he liquid. The agitation speed was 2000 rpm. This value proved
o be high enough to maintain the liquid saturated with hydrogen
t reaction conditions.

A gear micropump magnetically driven (Micropump 200)
mpulses the reacting mixture downward through the external
xed-bed reactor. The catalyst sample, in its original size, is
laced in a stainless steel 1/4-in. tube enclosed in a jacket. Heat-
ng water, at the same temperature as the stirred vessel, circulated
hrough the jacket.

The load of known volumes of n-hexane as inert solvent
llowed to obtain desired values of 1-butyne and 1-butene initial
oncentrations. In addition, the use of n-hexane facilitated the

ampling for chromatographic analysis. The initial amounts of
-butyne and 1-butene were calculated on the basis of the flow
ate measured during the loading of each of them.

Mean pore radius 37 ± 6 nm
Active shell thickness 0.24 mm
Porosity (ε) 0.4
Specific surface area of Pd 0.55 m2/gactiveshell

Metal particle size 3.6 nm
Dispersion 27%
Tortuosity factor (τ) 1.5 ± 0.6
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h reaction time at 44 ◦C, pH2 = 2.29 atm and Mcat = 505.1 mg.
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Table 2
Ranges of experimental conditions

Weight of catalyst samples (Mcat) 250–1000 mg
Temperature (T) 27–62 ◦C
Hydrogen partial pressure (pH2 ) 0.8–8 atm
I
I

r
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t
b
r
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tive at higher 1-butene concentrations, as revealed by the results
shown in Fig. 3, corresponding to an experiment with high ini-
tial concentration of 1-butene. Again, 1-butene can react only
after 1-butyne conversion is very high. It can be inferred that the
Fig. 2. Variation of hydrocarbons bulk concentrations wit

Total operating pressure was maintained constant by feeding
ydrogen through a pressure regulator. Hydrogen partial pres-
ure and total pressure were independently regulated by loading
proper amount of n-propane. Thus, hydrogen partial pressure

n the stirred vessel, and so the hydrogen mole fraction in the
eaction mixture, could be chosen within a wide range and kept
onstant during each run.

The reacting liquid flows through the fixed-bed reactor at
00 ml/min, which is the maximum rate attainable by the gear
icropump. This flow rate was high enough to produce a very

ow conversion of 1-butyne per pass. Therefore, the bulk com-
osition was essentially uniform along the whole system. It was
lso confirmed that, at 700 ml/min, temperature was uniform
hroughout the system.

Catalyst samples were treated for reduction finishing in the
eactor previously described. Following the manufacturer indi-
ations, the catalyst was exposed to an hydrogen/nitrogen (1/3)
tream for 9 h at 54 ◦C.

The hydrocarbons present in the reaction mixture were n-
ropane, n-hexane and the C4 hydrocarbons that take part in
he reaction system: 1-butyne, 1-butene, n-butane, cis and trans
-butene. Hydrocarbon composition was determined from liq-
id samples analysed by gas chromatography employing a FID
etector. To determine the mole fraction of each hydrocarbon,
e used two chromatographic columns of 2 m by 2 mm: a VZ-10
0/80 column provided by Alltech operated at 50 ◦C, and a col-
mn packed with 0.19% picric acid on 80–100 mesh Graphpac
perated at room temperature. Constancy of hydrogen partial
ressure along each run was tested by injecting samples of the
apour-phase to a conductivity cell.

Some others details concerning the experimental system were
escribed in Ref. [12].

. Experimental results

The ranges of the experimental conditions explored in this

tudy are listed in Table 2.

The evolution of hydrocarbon concentrations in all of the
xperiments performed with 1-butyne as the only initial C4
ydrocarbon showed the pattern outlined in Fig. 2.

F
4

nitial concentration of 1-butene 0 and 0.7 mol/l (0 and 9% molar basis)
nitial concentration of 1-butyne 0.4–0.6 mol/l (5–8% molar basis)

1-Butene is the only product of reaction formed until 1-butyne
eaches a high level of conversion. At longer reaction times,
-butene neatly reacts to form n-butane (Fig. 2a) and cis and
rans 2-butene (Fig. 2b). This pattern clearly indicates that 1-
utyne is capable to saturate the catalytic surface, inhibiting the
eadsorption and, hence, the catalytic reactions of 1-butene. For
he most part, the hydrogenation of 1-butyne accelerates, thus
howing a negative reaction order which confirms that 1-butyne
overs all the active sites.

The inhibition effect of 1-butyne upon 1-butene is also effec-
ig. 3. Variation of 1-butyne, 1-butene and n-butane bulk concentrations at
4 ◦C, pH2 = 2.51 atm and Mcat = 494.5 mg.
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atalytic sites active for the hydrogenation of 1-butyne are the
ame as those for the reactions of 1-butene.

Although 1-butyne concentrations at which 1-butene can
eact are low, Figs. 2 and 3 show that it is possible to iden-
ify a certain 1-butyne concentration level at which 1-butene
tarts to react. This level is mainly determined by hydrogen par-
ial pressure and not by 1-butene concentration. To understand
his behaviour it must be pointed out that the reaction rate is
everely limited by mass transport resistances (cf. 5. Results
rom the regression analysis). This is perhaps rather surprising
n account of the thin active shell of the catalyst, but our exper-
ments revealed that the hydrogenation of 1-butyne proceeds
trongly restrained by intracatalyst diffusion limitations. More-
ver, we found that the transport resistance in the liquid film
ust be also considered.
The strong diffusion resistance makes the concentration of the

imiting reactant, either hydrogen or 1-butyne, become essen-
ially nil inside the active shell. If the limiting reactant inside the
ctive shell is 1-butyne, there will be an hydrogen surplus. In this
ase, the inner part of the catalytic shell will be depleted from
-butyne and 1-butene will be capable to adsorb and react with
he hydrogen surplus. Therefore, 1-butene can react inside the
ctive shell even if 1-butyne bulk concentration is high enough to
nhibit 1-butene reactions in the absence of mass transport lim-
tations. Thus, the reaction times at which the 2-butenes and n-
utane appear in Figs. 2 and 3 indicate that 1-butyne became the
imiting reactant inside the active shell. Before that reaction time,
he absence of the 1-butene reactions indicates that 1-butene was
ever able to compete with 1-butyne for the active sites.

We will restrict our quantitative analysis to experimental
ata collected before the production of 2-butenes and n-butane
ecomes noticeably, i.e. when hydrogen is the limiting reactant.
s it will be demonstrated below, this set of experimental data

llowed us to obtain accurate estimates of the kinetic coeffi-
ient of the hydrogenation of 1-butyne and of the corresponding
ctivation energy.

. Analysis of experimental data

The available information for each experimental run is the
omposition in the bulk of the liquid in terms of mole fractions
or each hydrocarbon, xbulk

j , at a set of reaction times. Then,
bulk
j values were obtained by multiplication xbulk

j and the total
olar concentration of the reacting mixture. We neglected in

he treatment the amount of hydrocarbons in the vapour-phase,
s this was checked to be less than 1%. Variations of the total
olar concentration along each experiment run were less than

.5% and so it was considered constant. Hydrogen and total con-
entration were calculated by using the Redlich–Kwong–Soave
quation of state modified by Graboski and Daubert for hydro-
arbon mixtures containing hydrogen [13].

As the reaction mixture is a dilute solution of reactants in
-hexane, 1-butyne and hydrogen diffusion inside the catalyst

ere modelled by a Fickean equation with effective diffusion

oefficients defined by:

ef
j = ε

τ
Dj, (1)

h

I
t

g Journal 125 (2007) 131–138

here Dj denotes the binary molecular diffusion coefficient of
j” in n-hexane, ε the catalyst porosity and τ is the catalyst
ortuosity factor. The values of Dj corresponding to the hydro-
arbons and hydrogen were estimated by using the equations
roposed by Tyn and Calus [14] and by Akgerman and Gainer
15], respectively. As an example, under operating conditions of
igs. 2 and 3 the ratio Def

H2
/Def

butyne is 4.6.

It was previously remarked (cf. Section 2.2) that xbulk
H2

, and so
bulk
H2

, was kept constant along each experimental run. Therefore,

he following model is based on the fact that Cbulk
H2

does not vary
ith the reaction time during the course of each run.
The conservation equation corresponding to 1-butyne during

ach experimental run is

dCbulk
butyne

dt
= −Mcat r

obs, (2)

here V is the total volume of the liquid reaction mixture in the
losed-loop of Fig. 1, t the time of reaction, Mcat the weight of
he catalyst sample and robs is the observed rate of reaction. In
riting Eq. (2), it was considered that the catalytic bed operates
nder uniform composition because of the high recirculation
ow rate. In addition, the batch volume was considered constant
ecause the volume of liquid extracted for sampling proved to
e negligible.

Instantaneous values of robs were calculated by using

obs = ηi rs, (3)

n which ηi is the intracatalyst effectiveness factor for 1-butyne
ydrogenation and rs is the reaction rate of 1-butyne hydrogena-
ion evaluated from composition at the external surface of the
atalyst.

Mass transport from the liquid bulk to the external surface of
he catalyst is expressed by

j(Cbulk
j − Cs

j) =
(

Lshell ρcat

fV

)
robs, (4)

here κj is the liquid–solid mass transport coefficient of “j”,
s
j represents the concentration of “j” at the catalyst external

urface, Lshell the thickness of the active shell, fV the vol-
metric fraction of the active shell and ρcat is the catalyst
ensity. The correlation proposed by Gunn [16] was used to
stimate κj.

Recalling that severe diffusion limitations operates within the
ctive shell, the formalism developed by Aris [17] leads to the
ollowing expression to evaluate ηi from instantaneous values
f Cs

j ,

i =
√

I

h
. (5)

In Eq. (5) h is the Thiele modulus defined as√
(ρcat/fV)rs
= Lshell
Def

H2
Cs

H2

. (6)

n defining h and in expressing Eq. (4), it was considered that
he active shell is thin enough to ignore the curvature effect.
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Fig. 4. Influence of h

The factor I in Eq. (5) is defined as

= 2

∫ Cs
H2

0 r dCH2

rs Cs
H2

, (7)

here r and CH2 hold for the intracatalyst values of reaction
ates and hydrogen concentrations. In defining Eq. (7), it was
aken into account that hydrogen is the limiting reactant inside
he active shell.

The overall effectiveness factor,η, was also computed accord-
ng to

= rs

rbulk ηi, (8)

here rbulk is the reaction rate of 1-butyne evaluated from the
ulk composition.
The software Athena Visual Workbench 8.3 [18] was used to
olve the differential and algebraic model (2–7) and to perform
he regression analysis in the nonlinear single-response bayesian
stimation mode.

d

k

Fig. 5. Influence of temperature an
en partial pressure.

. Results from the regression analysis

An exploratory regression analysis, based only on experi-
ental data collected at 44 ◦C, was performed. To this end, we

mployed the following power-law kinetic expression

= k
(CH2 )m

(Cbutyne)n
. (9)

This regression analysis proved that Eq. (9) predicts
xperimental data with an average deviation of 2.4% with
= 0.92 ± 0.05 and n = 1.11 ± 0.08. Therefore, we employed

he kinetic expression

= k
CH2

Cbutyne
(10)

o perform the regression analysis of the whole database.
To avoid the strong correlation between the Arrhenius

onstants we used the following expression to estimate the

ependence of temperature on the kinetic coefficient [19]:

(T ) = k(Tref) exp

[−Ea

R

(
1

T
− 1

Tref

)]
, (11)

d hydrogen partial pressure.
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ig. 6. 1-Butyne hydrogenation in presence of 1-butene as initial reactant (cf.
ig. 3).

here T holds for temperature, Tref is 317 K (44 ◦C), Ea the
ctivation energy and R is the ideal-gas law constant.

A visual comparison between experimental results and their
stimates predicted by the model, represented by symbols and
ines, respectively is shown in Figs. 4–6. Results plotted in these
gures cover the entire range of temperature and composition
xplored in our study.

The average deviation over the 154 observations collected
rom 18 experimental runs is 2.1%. The parity-plot presented
n Fig. 7 shows that no systematic deviations are noticeable
etween all the experimental and predicted 1-butyne concen-
rations.

Optimal estimates of the kinetic parameters are k(Tref) =
4.6 ± 0.1) mol/(kgcat s) and Ea = (1.55 ± 0.06) × 104 cal/mol.

In consideration of the loss of sensitivity caused by the dif-
usion limitations, the precision of parameter estimates is quite
atisfactory. Precision of model predictions indicates the very
ood homogeneity of the catalyst samples and reproducibility

f the experimental protocol.

The overall effectiveness factor was always less than 0.15.
he contribution of the liquid film resistance to the overall effec-

Fig. 7. Predicted vs. experimental values of Cbulk
butyne.
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iveness factor increases with increasing levels of temperature
nd of the ratio Cbulk

H2
/Cbulk

butyne. Thus, the most significant influ-
nce of liquid film resistance was found at the end-point of the
xperimental run performed at 59 ◦C and pH2 = 1.78 atm shown
n Fig. 5a. In this case, the resulting values of η and ηi were 0.013
nd 0.017, respectively. The low values of ηi obtained in all of
he experiments informed in this paper, validate the use of Eq.
5).

. Outline of mechanisms proposed in the literature for
-butyne hydrogenation over palladium catalysts

The purpose of the following outline consists in giving sup-
ort to the kinetic expression Eq. (10). However, it must be
orne in mind that the validation of a kinetic model does
ot imply the validation of the mechanism from which it was
erived.

It is widely accepted in literature that the major path in the
ydrogenation of 1-butyne over palladium involves two elemen-
ary steps [3–5,9]. In the first step, an hydrogen adatom is added
o the adsorbed 1-butyne to yield a semihydrogenated radical,
hich reacts with a second hydrogen adatom to form 1-butene in

he second step. However, alternative hypothesis were postulated
bout the source of surface 1-butyne and hydrogen adatoms.

We will assume that there is no competition between hydro-
en and 1-butyne for the same active sites. Also, it will be
ssumed that hydrogen adatoms originate from dissociative
dsorption of hydrogen molecules. Both assumptions were vali-
ated for the hydrogenation of 1,3-butadiene [20] and for the
ydrogenation and hydroisomerization of the n-butenes [11]
ver palladium-based catalysts.

Meyer and Burwell [3] proposed a reaction mechanism that
nvolves the adsorption of 1-butyne with the opening of one �-
ond to form a �-diadsorbed superficial intermediate. Bond and
ells [4] posed a mechanism that proceeds from �-adsorbed 1-

utyne bonded to two active sites. Hub and Touroude [5] and
oitiaux et al. [9] postulated that a 1-butyne �-intermediate
dsorbed on one metal site is in equilibrium with a more sta-
le complex consisting of one metal site and two molecules of
-butyne. The active intermediate is the �-adsorbed 1-butyne,
hereas the stable complex remains inactive. We also consid-

red in this study a mechanism that admits the coexistence on
he catalytic surface of �-diadsorbed and �-monoadsorbed 1-
utyne intermediates, but only the latter is responsible for the
ormation of the semihydrogenated radical. This scenario was
roposed for the hydrogenation of ethene [7].

We have derived the kinetic expressions corresponding to
ach of the mechanisms outlined above. The kinetic expression
erived from the proposal of Hub and Touroude [5] and Boitiaux
t al. [9], which leads to the mechanism described in Table 3, is
he only one able to represent a negative order with respect to
-butyne.

In Table 3 we assumed that the elementary steps (e1)–(e4)

nd (e6) are fast and that the inhibition terms of hydrogen are
egligible. Furthermore, we assumed that the fraction of sites ⊗
overed by the semihydrogenated radical, (C4H7)⊗, is negligi-
le. Under these assumptions, the following kinetic expression
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Table 3
Catalytic mechanism for 1-butyne hydrogenation

H2 + 2∗
Kad

H2
� 2(H∗) (e1) BY ⊗ +H∗ � (C4H7) ⊗ +∗ (e4)

BY + ⊗
Kad

butyne

� BY⊗ (e2) (C4H7) ⊗ +H∗ k−→1BE ⊗ +∗ (e5)

BY + BY ⊗
Kad

η

� (BY)2⊗ (e3) 1BE + ⊗
Kad

1butene
� 1-BE⊗ (e6)
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[

[

[
tures, J. Chem. Eng. Data 20 (1975) 106–109.
Y: 1-butyne, 1BE: 1-butene, */⊗: sites active for hydrogen/hydrocarbon
dsorption.

as obtained:

= k Kad
butyne Cbutyne CH2

1 + Kad
butyne Cbutyne(1 + Kad

η Cbutyne) + Kad
1butene C1butene

,

(12)

Experimental conditions included in the regression analysis,
resented in the previous section, verify that the catalytic surface
s fully covered by 1-butyne surface species. Thus, the inhibi-
ion function in Eq. (12) results equal to Kad

butyne Cbutyne(1 +
ad
η Cbutyne). If the unreactive surface complex (BY)2⊗ is so

trongly adsorbed that Kad
η Cbutyne � Kad

butyne Cbutyne � 1, then
he expression Eq. (12) becomes

=
[

k

Kad
η

]
CH2

Cbutyne
, (13)

hich shows the same reaction orders as Eq. (10) does.

. Conclusions

We studied the liquid-phase hydrogenation of 1-butyne over
commercial palladium-based catalyst of the eggshell type.

xperimental conditions were close to operating conditions of
ndustrial hydrorefining reactors.

The regression analysis involved experimental data collected
uring the hydrogenation of 1-butyne until it becomes the limit-
ng reactant inside the active shell. Within this period, 1-butyne
s able to inhibit the readsorption and reaction of 1-butene and
he only reaction taking place is the hydrogenation of 1-butyne
o 1-butene.

A mechanistic kinetic expression is proposed to represent
hese data, which shows reaction orders equal to −1 and 1 with
espect to 1-butyne and hydrogen.

The proposed kinetic expression fits the experimental data
ith a precision of 2.1%. The kinetic coefficient at 44 ◦C and the

ctivation energy were estimated with relative precision levels
f ±2.1% and ±3.8%, respectively.

Overall effectiveness factor values less than 0.15 indicates
hat the observed reaction rates are strongly affected by mass
ransport limitations, mainly due to intracatalyst diffusion. The

ontribution of the liquid film resistance to the overall effec-
iveness factor was also significant although it was much less
mportant than the contribution of intracatalyst diffusion limita-
ions.

[

[
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Recalling that hydrorefining of C4 cuts involves the selective
emoval of 1-butyne from the cut, the strong diffusion limitations
videnced in our experiments would severely impair the selec-
ivity of the industrial operation and, also, increase the catalyst
oading. With regard to process selectivity, it can be envisaged
hat the hydrogen partial pressure is a crucial operating variable
hereas temperature level would not pose a significant effect.
he presence of hydrogen in excess to the amount required to
eplete 1-butyne inside the active shell will activate the hydro-
enation reactions of the rest of the unsaturated hydrocarbons
resent in the cut.
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