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Hydrogenation of acetylene in an artificial acetylene—ethylene—deuterium mixture on three types
0f 0.04% Pd on alumina catalysts has been investigated. The effect of regeneration with oxygen, the
hydrogenation temperature, ethylene fouling, and the effect of hydrogen vs deuterium were stud-
ied. It was established that supported palladium behaves similarly to the previously studied palla-
dium black [Margitfalvi, J., Guczi, L., and Weiss, A. H., J. Catal. 72, 185 (1981)] concerning the
effect of carbonaceous deposits which affect the amount of surface hydrogen available for the
formation of ethylidyne species. This form is responsible for the diminished selectivity. All factors
removing this hydrogen result in an increased selectivity.

INTRODUCTION

The hydrogenation of acetylene has been
the target of numerous studies (I, 2) be-
cause of both its commercial and funda-
mental significance. Traces of acetylene,
typically 0.35 wt%, must be reduced to less
than 5 ppm in order to meet ethylene po-
lymerization specifications. Acetylene hy-
drogenation over 0.04-0.4 wt% Pd on Al,0,
is the favored industrial process as the acet-
ylene concentration can be sufficiently re-
duced while the undesirable hydrogenation
of ethylene to ethane is minimized.

By using idealized conditions to elucidate
reaction paths and mechanisms, and “C-
labeled acetylene and ethylene in the pres-
ence of deuterium, we have found (3, 4)
that acetylene hydrogenation produces eth-
ylene, ethane, and CJ oligomers (the pre-
cursors to the ‘‘green oil’’ often found in
industrial processes), while ethylene hydro-
genation produces only ethane. The con-
secutive route from associatively adsorbed
acetylene and ethylene to ethane proceeds
as follows over Pd black:
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H,;C=CHy, — H,C—CH, — H,C—CHjy
I
HC=CH(g) —» HC=CH
]

Acetylene is adsorbed so strongly that its
adsorption is irreversible; ethane is ad-
sorbed so weakly that its desorption is irre-
versible. Both acetylene and ethylene are
adsorbed on the same sites, although ad-
sorbed acetylene in effect prevents the ad-
sorption, and therefore the subsequent hy-
drogenation of ethylene. In the industrial
situation, acetylene concentrations are suf-
ficiently low for both acetylene and ethyl-
ene to adsorb on the surface and undergo
simultaneous hydrogenation there.

Adsorbed acetylene exists in a second
form, the ethylidyne species, as demon-
strated by Somorjai et al. (5). Hydrogen is
stripped from dissociatively adsorbed acety-
lene, supplying hydrogen atoms on the cat-
alyst surface which can then react with
acetylene to form this species, which is re-
sponsible for the direct formation of ethane
from acetylene. Note that the hydrogen at-
oms dissociated from the acetylene can,
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and do, participate in subsequent reactions,
contrary to the findings of Bond and Wells
(2), but in agreement with those of
McGown et al. (7, 8). Because the forma-
tion of this ethylidyne species requires a
large population of neighboring active sites,
the sites must be physically separated in
order to increase selectivity.

A third form of acetylene also exists on
the catalyst surface, namely C,H, (x < 2).
Al-Ammar and Webb (6) calculated its bulk
composition on supported Pd to be C,H, ,.

This species is responsible for the forma-
tion of C; oligomers and the carbonaceous
deposits on the catalyst surface. Thomson
and Webb (9) proposed that it exists in a
primary adsorption layer and acts as a
transfer medium, supplying hydrogen for
hydrogenations to the associatively ad-
sorbed species which exist in a secondary
adsorption layer.

The proportion of these three species on
the surface may substantially control the
overall selectivity, and their ratio can be
affected by different factors.

Industrially, CO is used for catalyst mod-
ification and selectivity control. It occu-
pies, and so blocks, the sites that are re-
sponsible for the formation of ethane.
McGown et al. (8) studied the kinetics of
selective acetylene hydrogenation in a spin-
ning basket reactor and found that although
CO inhibited both the consumption of acet-
ylene and the formation of ethane, it inhib-
ited the formation of ethane to a greater
extent and therefore increased the selectiv-
ity.

Selectivity can also be altered in other
ways, such as the choice of catalyst sup-
port, the mode of Pd deposition, or by cata-
lyst aging (4, 10). Weiss et al. (10) studied
catalyst selectivity and deactivation at 298
K over Pd on various supports. While sup-
ports had no activity of their own for either
acetylene or ethylene hydrogenation, they
were found to have a pronounced effect on
the selectivity of the system. The most se-
lective catalyst—support system was a com-
mercial Pd on a-Al,O;. Other supports, in
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order of decreasing selectivity, were car-
bon fiber, silica fiber, and Carbosieve B.
Peripherally and uniformly deposited Pd
exhibited the same activity and only
slightly different selectivities, indicating
that the surface process was being studied,
and that pore diffusion was not rate control-
ling.

In this report, we relate this background
information to different types of 0.04% Pd
on AlLO; catalysts. We shall describe the
effects of catalyst pretreatment on both se-
lectivity and activity using deuterium label-
ing, and discuss these effects in terms of an
overall reaction mechanism.

EXPERIMENTAL

Experiments on supported Pd catalysts
were carried out in a batch reactor system
similar to that described earlier (3). This
system was made entirely of glass with
Teflon valves and connections. It consisted
of three parts: (i) a gas mixing section, 95
ml, (ii) a reactor which contained the cata-
lyst, 35 ml, and (iii) a manometer connec-
tion, 10 ml. A magnetic circulation pump
controlled by a square-wave generator cir-
culated the gases over the catalyst at 5 ml/
sec. The system operated at ambient tem-
perature and a total pressure of 13.3 kPa.

A sampling valve with a 2 ml loop was
used to sample the circulating gas mixture.
All samples were separated in a Varian
Aerograph series 1400 temperature pro-
grammed gas chromatograph, using a 1.0 m
X 6.3 mm column packed with Carlo Erba
activated alumina. The system operated
isothermally at 323 K until both ethane and
ethylene eluted, followed by a programmed
rate of 20 K/min, to an upper limit between
435 and 475 K, depending upon the amount
of C, compounds formed.

The effluent from the column was split in
half (1:1), one going to a flame ionization
detector (FID) for quantitative analysis, the
other to a DuPont 21-490 mass spectrome-
ter (MS) for deuterium distribution analy-
sis. The FID output was recorded on a strip
chart and integrated with a Chinoin Instru-
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ment Digint 31 Computing Integrator. The
detectable limit for reaction rates was
found to be about 1072 mol s~ g, ~!. MS
peaks were measured manually and deute-
rium distributions calculated with the
MASPEC computer program (Hungarian
Academy of Sciences) which is based on
C-H fragmentation factors and allows for
naturally occurring *C.

The reaction mixture used was 9:1:40
of acetylene: ethylene : deuterium (C,H,:
CH,:D,), respectively. Both the
ethylene and acetylene were 99.95% pure
by gas chromatography. Hydrogen and
deuterium were purified by diffusion
through a heated silver—palladium thimble
when used for hydrogenation (deuteration)
or catalyst regeneration, and by diffusion
through a nickel catalyst and flow over mo-
lecular sieves at liquid nitrogen tempera-
ture when used for initial catalyst reduc-
tion.

Three catalysts were used in these exper-
iments, all of which were 0.04 wt% Pd on
Al,Os. These were the commercial catalyst
ICI-38-3 (Type 1), described by McGown et
al. (7), and two catalysts prepared in the
laboratory on +y-alumina having a surface
area of 90 m?/g. The Pd on these catalysts
was peripherally deposited from a solution
of PdCl; in ethanol-acetone and dried. One
(Type II) was calcined at 875 K for 1 hr
after impregnation; the other (Type III),
was not calcined. All three catalysts were
composed of 3 X 5 mm pellets.

Typically, 0.5 g of catalyst was charged
to the reactor at a time. It was first treated
with oxygen, then purged with nitrogen and
reduced with either hydrogen or deuterium,
all at 101 kPa and flow rates of about 0.5 ml/
sec.

RESULTS

The activity of the catalysts is expressed
as the conversion of acetylene in moles s™!
2.~ ! units. Selectivity (§) is defined as:

R
S = CoHy

B RC2H4 + RC2H6
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FiG. 1. Concentration of acetylene ({J), ethylene
(A\); and ethane (O) vs time on Type 11 catalyst using a
15:5:81 C,H,:C,H,: H, mixture at 298 K.

where Rc,u, = net rate of ethylene produc-
tion, moles s~! g.,,~! and Rc,u, = net rate of
ethane production, moles s™' g, .

Figure 1 shows that the reaction usually
exhibited three distinct phases which is typ-
ical for each catalyst. In a brief initial pe-
riod, the reaction is rapid, forming both eth-
ylene and ethane, though often with poor
selectivity. In the second phase, the rates
of acetylene consumption, and ethylene
and ethane production are all constant. The
third phase begins when acetylene hydroge-
nation is almost complete, and in this re-
gion approximates to the industrial situa-
tion. This behavior is analogous to that
reported by McGown et al. (7) in a similar
batch reaction study.

In the initial period (0 to 2 min in Fig. 1),
the reaction rate is high, while selectivity is
low and apparently dependent on catalyst
pretreatment.

In the constant rate period (2 to approxi-
mately 60 min in Fig. 1), hydrogenation of
acetylene is the primary reaction. The se-
lectivity is usually high, and is characteris-
tic of changes occurring in the catalyst. In
this study, selectivity, activity, and other
parameters are evaluated from data taken
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during this period. Finally, the acetylene
partial pressure drops sufficiently and the
rapid hydrogenation of ethylene begins.

Normally operating conditions were
monitored in the constant rate phase of the
reaction, during which time most of the
data were gathered, and from them selec-
tivity and activity values were calculated.

Frequently, C, and higher hydrocarbons
(C;) were detected in the product gases.
The first to appear were butenes, initially
only in small fractions of a percent, but in
more abundance as the acetylene partial
pressure decreased. Upon complete con-
sumption of the acetylene, the butenes
were rapidly hydrogenated to butane.

Experiments were made to elicit the in-
fluence of (i) oxygen treatment, (ii) hydro-
gen vs deuterium, (iii) catalyst aging, and
(iv) high temperature ethylene pretreat-
ment, on catalyst selectivity.

Oxygen Treatment

Initial O, treatment was at 475 K for 30
min, followed by purging with N, for 5-10
min while heating from 475 to 575 K. Next,
the catalysts were reduced in either H, or
D, for 2 hr at 575 K. Finally, the catalysts
were evacuated to less than 1072 Pa at tem-
peratures of 575 to 775 K for 30 min, then
cooled to room temperature under vacuum
prior to reaction.

Treatment of a fresh sample with only H,
reduction produced a less active catalyst
than with O, oxidation followed by reduc-
tion. For example, the acetylene consump-
tion rate, Rc,n,, increased from 4 X 107% to
7 X 107" mol s7! g, ! at 343 K, and from
<107°to 8 x 107% at 303 K with a simulta-
neous change of selectivity values of 0.89
and 0.95 for H, or O,—H, treated samples,
respectively.

Table 1 shows the effect of evacuation
temperature after initial catalyst oxidation
and reduction on the selectivity during the
initial stage of the reaction. This period
may comprise initiation of the various sur-
face species and intermediates on the cata-
lyst. With evacuation at 575 K, there is a
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TABLE 1

Effect of the Temperature of Evacuation
on the Initial Yield (in the First Minute) at
the Start of a Batch Reaction with a
9:1:40 C,H,: C;H,: H, Mixture with 13.3
kPa Total Pressure on Type III Catalyst

Temperature of Initial yield
evacuation (K) (moles/g.,)
Ethane Ethylene
575 1.5 x 10 1 x 107
715 44 x10°% 3x10°°
775 42x10% 4x10°°

large initial formation of ethane, while
at 715 and 775 K, the initial reaction is
highly selective to ethylene. This suggests
that the higher evacuation temperatures
result in the removal of some portion of the
hydrogen that is either adsorbed or chemi-
sorbed on the catalyst surface and that
would otherwise have been active in the hy-
drogenation process.

The effects of oxidation temperature on
activity and selectivity are summarized in
Table 2. This shows the acetylene hydroge-
nation rate at 298 K increasing from 8 x
102 to 6 x 1078 mol s~! g,,,~' when the
oxidation temperature is increased from
473 to 533 K, with a corresponding selectiv-
ity increase from 0.87 to 0.93.

Hydrogen vs Deuterium
The hydrogenation of acetylene (and of
ethylene) utilizes hydrogen or deuterium

TABLE 2

Effect of Regeneration Temperature on the Reaction
at 298 K with C;H,: C;H,: H, Mixture in 9:1:40
Ratio at 13.3 kPa Total Pressure, Using Type III

Catalyst
Temp Activity Selectivity
(K) Rclzﬂz RC2H4

- -1 —_—

(mol 57" g ™) Reye + Rom,

473 8 x 107° 0.87
525 3 x 1078 0.90
553 6 x 1078 0.93
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F16. 2. Consumption of acetylene, formation of eth-
ane and deuterated ethylene on Type II catalyst using
a3:1:16 CH,: C;H,: D, mixture.

mainly from the gas phase. However, when
conditions are changed by a rapid tempera-
ture increase, hydrogen from another
source, either adsorbed on the surface or
dissociated from acetylene, is utilized. Fig-
ure 2 shows the changes which occurred in
the total number of moles of each species
present in the system, including the deute-
rium distributions in ethylene. In this par-
ticular experiment, hydrogen was used in
the initial reduction of the catalyst, while
deuterium was used as the reactant in the
system. During the constant rate period,
the temperature increased slightly, from
291 t0 295 K. The rate of formation of ethyl-
ene-dy was zero after the initiation phase,
but increased when a temperature jump
was made at 55 min. There was also an in-
crease in the total ethylene rate of forma-
tion during this period.

Most importantly, however, the source
of hydrogen for the production of ethylene-
dy was either from acetylene dissociation,
or adsorbed hydrogen on the catalyst from
the initial reduction, as deuterium was used
in the gas phase. Other work (/7), in which
the deuterium distributions of the C; com-
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pounds produced were calculated, has
shown that hydrogen dissociated from acet-
ylene can react in this system.

Table 3 shows the effects of the use of
hydrogen and deuterium on catalyst activ-
ity. When only D, was used for reduction,
regeneration, and reaction, the reaction
rate was very low, approximately 3 x 10~°
mol sec™! g.,~', while the use of only H,
produced a much higher rate, 1.2 x 1077
mol sec™! g, ! (B vs C). This is a factor of
40 difference. Table 3 also shows the fol-
lowing points.

(i) When used as a reactant, H, resulted
in a rate eight times greater than did D, (B
vs E). This is much larger than the 1.4-1.6
isotope factor reported by Inoue and Yasu-
mori (12) for the same reaction.

(ii) All else being equal, the difference
between the use of H, or D, for reduction
after regeneration is not significant (B vs F,
D vs E).

(iii) Initial catalyst reduction with H, re-
sulted in approximately five times greater
activity than with D, (A vs B, C vs D).

The effective difference between H, and
D, was only in the catalyst activity. There
was no significant difference in selectivity
in any case.

Catalyst Aging

The Pd/Al,0; catalyst activity usually im-
proved with age during the first few experi-
ments, and was stable thereafter (see Fig.

TABLE 3

Effect of D, vs H; on the Rate of Reaction Measured
at 298 K: Catalyst of Type II Reacted with 3:1:16
Mixture of C,H,: C,H,:Dy(H,) at T = 298 K

Rate x 107
(mol 7' g, ")

D, or H, used for

Pretreatment Reduction Reaction
after re-

generation
A D, H, H, 0.33
B H, H, H, 1.2
C D, D, D, 0.03
D H, D, D, 0.2
E H, H, D, 0.15
F H, D, H, 1.0
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F16. 3. The effect of O, + D, vs D, treatment as a
function of the number of experiments on activity and
selectivity on Type I catalyst with a 3:1:16
C,H,: C,H, : D, mixture.

3). Selectivity of the catalysts which were
regenerated with O,, while not a very stable
indicator, did not show any trends with age.
This may be contrasted with previous stud-
ies (7, 10) where selectivity decreased
sharply on aging of Pd catalysts that were
not regenerated with O,. After 25 experi-
ments on one sample of Type I catalyst,
with oxidation and reduction after each ex-
periment, the ratio of ethylene to ethane
production rates remained close to 20.
McGown et al. (7) reported that on the
same catalyst, but without oxidation be-
tween experiments, this ratio decreased
from 15-20 to about 2-3 after only four ex-
periments.

Ethylene Fouling

After several reactions and regenerations
had been carried out on one sample of cata-
lyst, it was fouled with ethylene in the fol-
lowing way. Fifty Torr of ethylene was cir-
culated over the catalyst at 363 K for 1 hr.
The catalyst was then regenerated as before
with O,, H,, and evacuation at 575 K. The
resulting activity of the next experiment
was approximately one-third of that ob-
served prior to the fouling, with a corre-
sponding selectivity decrease from 0.95 to
0.93. However, after another regeneration
cycle, both the activity and selectivity had
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returned to their original values. Thus, the
effect of ethylene fouling was serious, but
reversible, at a temperature typical of com-
mercial front end selective hydrogenations.

Kinetics

Referring back to Fig. 1, the reactions on
the 0.04% Pd/Al,O; catalysts of Type I and
Type II follow similar courses as those re-
ported for Pd black (/1), except that in the
latter case, the initiation phase is not
present. Figure 4 shows deuterium distribu-
tions as percentage in ethylene species,
which are also quite similar to those re-
ported in Fig. 6 of Ref. /7 in which Pd black
was used.

The effect of hydrogen partial pressure
on the hydrogenation reaction is related to
the initial hydrogen pressure. In any given
experiment, the reaction was zero order in
hydrocarbon reactants while acetylene was
present. However, the reaction was first or-
der, or greater, with respect to the initial
hydrogen pressure (see Fig. 5).

Figure 6 shows an Arrhenius plot for
Type II Pd/Al,O; catalyst. The reaction rate
constants were calculated assuming a first
order dependence on initial hydrogen pres-
sure and a zero order dependence on hy-
drocarbon partial pressure. The activation
energy above 298 K is 41.8 kJ/mol.

This effect is analogous to that reported
by Rennard and Kokes (/3) for the hydro-
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F1G. 4. Deuterium distribution in ethylene formed vs
time in reaction with 9:1:40 C;H,: C,H,: D, mixture
on Type I catalyst at 288 K.
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F1G. 5. Rate of acetylene consumption vs py, in the
reaction with 3: 1 C;H, : C,H, mixture on Type 1I cata-
lyst at 298 K.

genation of ethylene on palladium hydride
in which they described the Kkinetics in
terms of a first order rate constant depen-
dent only on the initial content of hydrogen
in the palladium and zero order in gas phase
hydrogen. Analogously to the present
results, the initial hydrogen pressure dic-
tates the amount of hydrogen absorbed by
the palladium. As a consequence, the rate
is dependent upon the hydrogen content in
the Pd and the kinetics appear to be depen-
dent upon initial hydrogen pressure.

The selectivity tended to increase with
decreasing hydrogen partial pressure.
However, this can only be reported as a
trend, as the selectivity reproducibility was
poor in these experiments.

L

LT 33 W S
1/ Tkx10(°K)

FiG. 6. Arrhenius plot for reaction in 3:1:16
C;H,: C,H,: D, mixture at 8 kPa total pressure on
Type II catalyst. K = rate of C,H, consumption/initial
H, pressure.
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DISCUSSION

In our earlier work on palladium black
(11), we obtained evidence that there was
only one type of active palladium site oper-
ating. The behavior of the site is different at
high vs low concentration of acetylene (in
ethylene). In the former case, acetylene is
so strongly adsorbed relative to ethylene
that it dominates the surface. As was
shown for an industrial mixture on the same
catalyst (14), as long as the full coverage of
the surface with regard to acetylene is
maintained, ethylene is not hydrogenated
on palladium and a drop in the overall se-
lectivity is due to the hydrogenation of eth-
ylene on a support-oligomer site. On the
other hand, reactions are different from
those in which acetylene partial pressure is
so low that ethylene can also competitively
adsorb on the surface. It is clearly indicated
in Fig. 1 where at about 70 min a dramatic
change in hydrogenation selectivity is ob-
served: at this stage the acetylene coverage
is abruptly decreased and ethylene is also
adsorbed on the metal site; thereby the rate
of ethylene hydrogenation is increased re-
sulting in a sharp drop in the overall selec-
tivity. This effect of supported palladium is
more pronounced than on Pd black (/) be-
cause of the distance between Pd sites.

Another difference in the supported cata-
lyst is the high deactivation rate relative to
that of Pd black. This is due to accumula-
tion of oligomers and carbonaceous de-
posits within the pores which is not a prob-
lem with Pd black. It was shown in Ref. (3)
that the oligomer on Pd black is produced
from acetylene not ethylene, and in this
present study C4, C¢, and C; species were
observed.

The well known ‘“‘oxygen effect,”” also
observed here, is probably due to combus-
tion of carbonaceous materials from the vi-
cinity of the active sites. Without oxygen
regeneration the activity decline observed
here is a function of time. These phenom-
ena are reflected in kinetics, too. In Table 4
oxygen-treated catalysts of Types I-1I1
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TABLE 4

Comparison of Activity and Selectivity of Different Catalysts in Acetylene Hydrogenation

Catalyst T Pc,u, Pey, Py, Measured rate S Corrected rate”
type (K) (kPa) (kPa) (kPa) (mol 7' gey, ") (mol 57" geu ")
I 293 0.41 19.5 0.82 436 x 107° 0.74 2.18 x 107¢
I 298 1.33 5.32 2.66 1.75 x 1078 0.92 1.97 x 1078
II 293 2.0 0.66 4.1 251 x 1078 0.95 2.51 x 10°%
III 283 2.0 0.66 4.1 2.62 x 1078 0.97 48 x10°®

“ Rate is corrected to 4.1 kPa H, and 293 K assuming rate equation of r = kPy, exp(—10,000/RT).

b Measured by McGown et al. (5).
© Measured in our laboratory.

show similar activity, but considerably
higher selectivity, than Type I catalyst
without oxygen treatment. In order to ex-
plain the change of selectivity we may use
the formation of ethylidyne species sug-
gested by Somorjai et al. (5) by the reactive
type of acetylene adsorption (/7). The cri-
teria for the presence of this species are the
presence of hydrogen atoms on the surface
and three palladium sites in a given geomet-
rical arrangement. In fact, by increasing the
evacuation temperature (see Table 1), hy-
drogen can be removed from the surface

0
(HC=CH), + H —» C — (H;C—CH),
/N

* *

and thus an increased selectivity can be ob-
served. The same effect can be shown by
increasing the oxidation temperature (see
Table 2). In this latter case the carbona-
ceous deposits can be removed to a larger
extent than at low temperature. The pres-
ence of carbonaceous deposit results in in-
creased hydrogen coverage as shown by
Szymerska and Ratajczykowa (15) on Pd
film. The same phenomenon was shown by
Boudart et al. (16) on the platinum/carbon
system. Consequently, at elevated temper-
ature, the more carbonaceous deposits that
can be removed, the less hydrogen cover-
age will be present. As a result of the
smaller amount of hydrogen available a
higher selectivity is observed.

As previously pointed out the amount
and the source of hydrogen on the palla-
dium surface are important and control the
activity and selectivity as well. At low hy-
drogen coverage we have high selectivity
but low activity at steady state (see Fig. 3)
but if the surface polymer is allowed to
build up, activity and selectivity decrease;
the former does so because a part of the
active site is covered, the latter, because
hydrogen coverage becomes too high. It is
important to consider the different possibil-
ities for the hydrogen source at different
stages of the reaction.

Concerning unsupported palladium, the
B-hydride phase, which has a close rela-
tionship to both the activity and the selec-
tivity, may be formed. Thus, Palczewska
(17) showed for acetylene hydrogenation
that in parallel with the formation of the
hydride phase there is a simultaneous in-
crease in the rate of acetylene hydrogena-
tion and a drop in selectivity. Similarly,
Janko et al. (18) found that the rate of hy-
drogenation increased 10-fold after the for-
mation of the hydride phase. Based upon
the results obtained by Rennard and Kokes
(13) for ethylene hydrogenation on palla-
dium hydride, we may assume that the di-
minished selectivity in acetylene hydroge-
nation is caused by the increased rate of
ethylene hydrogenation. However, Palc-
zewska (17) showed that ethylene hydroge-
nation is poisoned by the formation of pal-
ladium hydride. Thus, we may conclude
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that hydrogen in hydride participates in the
formation of ethylidyne species which are
transformed only to ethane, thereby caus-
ing the diminished selectivity. Conse-
quently, all factors which can influence the
amount of palladium hydride on the surface
sensitively affect the selectivity by influ-
encing the proportion of the ethylidyne spe-
cies.

Unfortunately, the presence of hydrogen
in hydride form is not unambiguously
proved. Nevertheless, Scholten and Kon-
valinka (79) showed that the hydride phase
is present on 0.5% Pd on alumina possess-
ing particle size less than 1.5 nm. In our
case, the difference in the rate of acetylene
hydrogenation by using hydrogen vs deute-
rium (see Table 3, lines B and F) might be
due to the formation of palladium hydride if
hydrogen is present, and the absence of pal-
ladium deuteride when deuterium is present
(formation of deuteride is thermodynami-
cally unfavored, see Ref. 20).

However, the above interpretation con-
tradicts the experimental fact that in the
presence of deuterium only the catalytic ac-
tivity decreased whereas the selectivity is
the same as that in hydrogen. In order to
explain this finding it has to be considered
that in the initial stage of hydrogenation,
deuterium has no effect because a large
amount of ethylene-d, is formed. In agree-
ment with the phenomena obtained on Pd
black, on supported palladium, hydrogen is
dissociated from acetylene and used for hy-
drogenation. This is further proven by ex-
periments in which temperature is in-
creased because here ethylene-d, also
increases, indicating that more hydrogen
participates in the hydrogenation (see Fig.
2). The effect of deuterium is, therefore,
rather due to a structural change of the cat-
alyst because the use of deuterium in place
of hydrogen in the initial treatment affects
the catalytic activity to a large extent; i.e.,
the catalyst ‘‘remembers’” whether this
treatment was carried out in hydrogen or in
deuterium (compare A to B and C to D in
Table 3). The effect of deuterium is negligi-
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ble in the regeneration state. Moreover, the
carbonaceous deposit aids the formation of
the hydride phase (15); therefore, the de-
crease in activity is always accompanied by
a decline in selectivity.

In summary, the catalyst pretreatment
mainly influences the amount of surface hy-
drogen. All factors which decrease the sur-
face hydrogen diminish the catalytic activ-
ity and increase the selectivity. Surface
oligomers increase the hydrogen coverage;
thus activity increases, but selectivity de-
creases. Part of the acetylene dissociates its
hydrogen which participates in the hydro-
genation. Deuterium treatment probably al-
ters the structure of the palladium catalyst.
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