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Low temperature 1,3-butadiene hydrogenation over biosynthesized Pd/y-Al,0; catalysts annealed under different

atmosphere (H,, Air) was compared in a fixed bed reactor, and the catalysts were prepared with a facile sol-immobilization
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method. The structural properties of Pd/y-Al,0; catalysts in relation to their activities on 1,3-butadiene hydrogenation

were investigated through the information of the X-ray photoelectron spectroscopy, X-ray diffraction, hydrogen

temperature-program reduction, thermogravimetry, transmission electron microscopy, CO chemisorption measurements

techniques and Fourier transform infrared spectroscopy. The results of characterizations revealed that calcination

atmosphere (H,, Air) exhibited remarkable impact on the chemical state of Pd species and catalytic activity, and the

coexistence of the metallic state and oxidation state state of Pd was a key factor for the higher catalytic activity and

butene selectivity, while the catalyst with existence of the metallic state only (H,-Pd/y-Al,O3) showed lower butene

selectivity, and the catalyst with oxidation state state alone (Air-Pd/y-A,O3) hardly show active in 1,3-butadiene

hydrogenation. Therefore, the chemical state of Pd played an important role for 1,3-butadiene hydrogenation reaction.

Introduction

Selective hydrogenation is one of the critical reactions to
remove alkynes or alkadienes in the stream for polymer
synthesisl. For further polymerization processing, the level of
impurity must be reduced to below 10 ppm, otherwise they
would poison the catalysts and degrade the product qualityl'g.
To overcome the problems, the alkynes or alkadienes should
be catalytically converted to alkenes in order to avoid
hydrogenation of the alkene stream?®. Palladium (Pd) is so far
regarded as the unique metal, have been widely applied for
hydrogenation reactions and in particular for selective partial
hydrogenation of alkadienes or aIkynes4' Typically,
hydrogenation of 1,3-butadiene is used for the purification of
butene streams. For instance, Bachiller-Baeza et al found that
Pd catalysts supported on different types of nanofibers with
different graphitic structure show excellent performance in the
partial hydrogenation of 1,3-butadiene, and selectivity to
butenes higher than 95% were obtained with the catalysts
prepared on SOzH-modified supports or with the PdSO,
precursor®.

Catalysts pretreated with different atmospheres were
usually carried out to improve the catalytic performance
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before the activity test. In general, two main pretreatment
methods have been reported7'9, reducing atmosphere (e.g.
hydrogen containing atmosphere) and oxidation atmosphere
(e.g. oxygen containing atmosphere). As reported, the
influence mechanism of pretreatment mostly focused on
changing the chemical state of the active species7' 10"13, particle
size™ ', texture and structure of Pd catalystsls. Suresh et al.
obtained Pd particles with size as close as possible to that
observed in equilibrated active catalysts (80-100 nm) by using
different calcination procedures, and found that metal
crystallites of about 40 nm agglomerate up to 150 nm in
helium atmosphere and to even larger size in Hz/He”. Skoda
et al. found that there were no significant modifications of the
Pd catalyst structure under whatever the atmosphere (oxygen
or hydrogen). Generally speaking, the chemical state of Pd can
be divided into three groups, namely the metallic state (Pdo),
the oxidized sate (PdO/Pd2+) and a mixture of both states
(Pd°/Pd0O/Pd**), depending on the catalytic process®’ ™. Many
researchers considered that Pd° of the catalyst is more active
than PdO/Pd2+ for some reactions’. For example, Chesnokov et
al. found that Pd° shown better performance, when increasing
the fraction of Pd”* result in the decrease of both total activity
and selectivity of Pd/C catalysts in the selective hydrogenation
of 1,3—butadiene20. However, Saldan et al. considered that
lead to a powerful
catalyst21. Although the catalytic performance of supported Pd
catalysts has been widely investigated in hydrogenation, the
exact active chemical state is still controversial. Thus, it is
important to understand the effect of the surface state of
supported Pd catalysts on the catalytic reaction, and the main
goal of this work was to examine the influence of

mixed-valent states of Pd colloidal
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pretreatment conditions on the adsorption and catalytic
activities of 1,3-butadiene hydrogenation over the supported
Pd catalyst.

Biosynthesized metal catalysts have received increasing
attention in the past decade, as an emerging highlight of the
intersection of biotechnology and nanotechnologyzz'zs. In this
work, the Pd nanoparticles were obtained by the reduction of
palladium nitrate with the extract of Cacumen platycladi (C.P.)
leaves, which supported on y-Al,03; by sol-immobilization (SI)
method®*. Detailed studies on structure of Pd/y-Al, O3 catalyst
prepared by biological method under different calcination
atmosphere (H, and Air) was investigated systematically and
discussed. The X-ray photoelectron spectroscopy (XPS), X-ray
diffraction (XRD), transmission electron microscopy (TEM),
thermogravimetry (TG), hydrogen temperature-program
reduction (H,-TPR), CO chemisorptions measurements
techniques and Fourier transform infrared spectroscopy (FTIR)
were adopted to study the reaction of 1,3-butadiene
hydrogenation with the biosynthesized Pd catalysts.

Experimental

Catalyst preparation

Sundried C.P. leaves were purchased from Xiamen Jiuding
Drugstore (China). Palladium nitrate (Pd(NOs),) was purchased
from Aladdin Reagent Co. Ltd. (China) and used as received.
The C.P. leaves were milled and 1.0 g of the milled powder was
dispersed in 250 mL conical flask with 100 mL deionized water
and kept in a water bath shaker at 30 °C. After 2 h, the mixture
was filtered to obtain the extract.

10 mL aqueous solution of Pd(NOj3), (1.0 mM of the
concentration of metal) was heated to 90 °C in an oil bath with
a constant temperature and a stirring rate of 600 rpm.
Subsequently, 10 mL of the C.P. leaves extract was added to
this precursor solution with vigorous stirring for 1 h. Then,
weighed amount of y-Al,O; support was added into the as-
formed hydrosol (to keep the metal concentration 0.5 wt %),
and HNOj3 was also added to maintain the pH value at around
2. After the mixture being stirred vigorously for another 1 h,
the suspension was filtered through a cellulose filter
membrane with the pore size 0.8 mm. The filter residue was
washed three times with deionized water, and finally dried in a
vacuum oven at 50 °C for 12 h, and the responding catalysts
were labeled as Fresh-Pd/y-Al,0;. The as-prepared catalyst
was calcined at 350 °C in H, or air atmosphere for 4 h with a
ramp rate of 5 °C/min. These two samples were denoted as H,-
Pd/y-Al,03 and Air-Pd/y-Al, O3, respectively.

Catalyst characterization

The dried and powdered samples were then analyzed via XRD
using an X-ray diffractometer (Phillips, Netherlands) with Cu
Ko radiation (40 kV, 30 mA). XPS characterization was obtained
on a PHI-Quantum 2000 spectrometer. And the catalysts were
characterized by X-ray equipped with a hemispherical electron
analyzer and an Al Ka (1486.6 eV) X-ray source. Samples for
TEM were prepared by placing a drop of as prepared hydrosol
on carbon-coated copper grids and allowing water to
completely evaporate. TEM samples were observed on a
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Tecnai F30 Microscope. TG studies were carried out on a
SDTQ600 thermo balance under flowing air atmosphere at a
heating rate of 10 °C/min.

H,-TPR was performed with a Micromeritics AutoChem ||
2920 chemisorption analyzer. Samples (100 mg) were weighed,
10% H,/90% N, was flowed through the samples while the
temperature was increased from 30 °C to 800 °C (heating rate:
10 °C/min). The thermal conductivity detector signal
automatically recorded the H, consumption. The specific
surface area of catalysts was measured by N, adsorption using
a Micromeritics Tristar Il 3020 instrument. The surface area
was calculated using the Brunauer Emmett Teller, and the total
pore volume was obtained by the single point desorption at
P/P, = 0.99. The average pore diameter was determined using
the Barrett Joyner Halenda (BJH) method as applied to the
desorption branch of the isotherms. The in situ FTIR
experiments were performed using a home-built in situ IR cell
with quartz lining and CaF, windows in a Nicolet 6700 FTIR
spectrometer using an MCT/A detector. Prior to the adsorption
experiment, the samples were pretreated in situ at 35 °C in a
vacuum. The spectra of the samples at 35 °C prior to the
adsorption were used as background in a vacuum.

Catalyst testing

The hydrogenation of 1,3-butadiene was carried out at 35 °C in
a fixed-bed flow stainless reactor (inner diameter: six mm)
under atmospheric  pressure. The temperature of
hydrogenation reaction was measured by using a glass tube
covered Cr-Al thermocouple located in the center of the
catalyst bed. 50 mg of catalyst was weighted and loaded into
the reactor; the feed flow rate was adjusted to 13.5 mL/min
with mass flowmeter (Seven star Electronics), which contained
a mixture of 2.15% 1,3-butadiene, 4.30 % H,, and balance with
N,. The reactor effluent was analyzed on line using a gas
chromotograph (GC) equipped with an Al,O3; column and an
FID detector.

The product stream was sampled every 20 min and then
analyzed. Conversion and selectivity determined from the GC
were corresponding to the reactant (1,3-butadiene), main
products (1-butene, cis-2-butene and trans-2-butene) and side
product (butane).

Results and Discussion

1,3-butadiene hydrogenation over the Pd/y-Al,O; catalysts

The catalytic performance for 1,3-butadiene hydrogenation
over the Pd/y-Al,0; catalysts prepared under different
calcinations atmospheres was shown in Fig. 1. Obviously, the
calcination atmospheres dramatically influenced the catalytic
performances for the three catalysts. The Fresh-Pd/y-Al,0;
catalyst showed the best catalyst performance among all the
samples, namely, the conversion of 1,3-butadiene was 100%
and the selectivity of butene was 51.2%. As for H,-Pd/y-Al,03,
the selectivity decreased to 8.7%, and the conversion
remained the same. However, Air-Pd/y-Al,O; hardly showed
activity in 1,3-butadiene hydrogenation. To further clarify the
influence of the calcination atmosphere on the structure,

This journal is © The Royal Society of Chemistry 20xx
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particle sizes, surface state and hydrogenation property of
catalysts, a series of characterizations have been employed.
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Fig. 1 Effect of different calcination atmosphere on the activity
of 1,3-butadiene hydrogenation.

Characterization of catalysts

Fig. 2 shows the N, adsorption-desorption isotherms and pore
diameter distributions of Pd/y-AlLO; catalysts
calcination and calcined under H, or air, respectively. It is so
obviously that, these three catalysts still remained typical IV
adsorption-desorption isotherms with H1-type hysteresis,
indicating that the porous structures of y-Al,0; were not
deteriorated™. The physical properties of all catalysts were
summarized in Table 1. After Pd immobilization, the surface
area and the pore volume decreased, in comparison with
those of the pristine y-Al,03;, showing that the nanoscale Pd
nanoparticles have been successfully supported into the pore
structure of the y-Al,O;. While the pore diameter became
lager instead, owning to the Pd nanoparticles in the pore had
the pore expanding effect’. After pretreated with different
atmosphere, the surface area and the pore volume of H,-Pd/y-
AlL,O; and Air-Pd/y-Al,O; became larger than that of Fresh-
Pd/y-Al,O3;, the crack and vaporization of the remaining
biomolecules in the pore of catalysts may responsible for this

without

Volume Adsorbed (a.u.)
Desorption dV/dD (a.u.)

0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (PIPO) Pore Diameter (nm)

Fig. 2 N, adsorption-desorption isotherms (A) and pore size
distribution (B) of Pd/y-Al,O; catalysts: (a) y-Al,O3, (b) Fresh-
Pd/v—A|203, (C) Hz-Pd/V-A|203 and (d) Air-Pd/V-Alzog.

Table 1
The structural properties of Pd/y-Al,O; catalysts pretreated
under different atmospheres.

® BET specific surface.

Total pore volume.
¢ The pore diameter calculated from the desorption branch of the
isotherm using the BJH method.

phenomenon. Moreover, the total pore diameter of all
catalysts was almost in the same range. That was to say,
pretreatment of the catalysts had negligible effect on the
physical structure of Pd catalysts. Meanwhile, this can also be
achieved in the thermo gravimetric analysis shown in Fig. 3.
According to the TG profile, the main weight loss was between
200 °C and 500 °C, the weight loss at 200 °C was attributed to
the decrease of some volatile compound, and the weight loss
at 400 °C was due to crack and vaporization of the organic
molecules®®. Therefore, in comparison with the Fresh-Pd/y-
Al,O3, there still remained some biomolecules on the surface
of Pd/y-Al,O; catalyst after calcination under H, or air at 350
°C. Particularly, Air-Pd/y-Al,O; possesses the least residual
biomolecules, which was in accordance with the variation
trend of the surface area and pore volume.

The TEM images of the Pd/y-Al,O; catalysts calcined at
different atmosphere were shown in Fig. 4. For the Fresh-Pd/y-
Al,O; catalyst, the Pd nanoparticles were fairly well dispersed
and had the average particle size of 7.4+0.5 nm (Fig. 4A). After
calcined in hydrogen atmosphere, the particle size of H,-Pd/y-
Al,O; almost stayed the same, 7.5£0.6 nm (Fig. 4B). And the
particle size increased slightly to 8.3+0.4 nm (Fig. 4C) for the
Air-Pd/y-Al,0; sample according to histogram analysis. The
results showed that after annealing in different atmosphere,
the particle size of catalysts were not changed obviously, but
The catalytic performance of these three catalysts for 1,3-
butadiene hydrogenation were greatly different. That was to
say, after calcined, there may be some other differences
among these catalysts, leading to the varied performance in
reaction.

The binding energy (BE) of electrons determined by XPS
provides useful information on the chemical states of different
elements of the catalysts in different atmosphere27. Therefore,

“Ta00 600 800

Temperature (°C)

" 200

Fig. 3 TG profiles of (a) Fresh-Pd/y-Al,03, (b) H,-Pd/y-Al,O3 and
(c) Air-Pd/y-Al,05.

Samples BET® (m%/g) VP (cm’/g) D(nm)
v-ALO, 203 0.32 53
Fresh-Pd/y-Al,0; 180 0.30 5.8
H,-Pd/y-Al,05 199 033 5.8
Air-Pd/y-Al,0, 230 0.37 5.8

This journal is © The Royal Society of Chemistry 20xx
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Fig. 4 TEM images and size histograms (inlet) of (A) Fresh-Pd/y-
A|203, (B) Hz-Pd/V-Alzog and (C) Air—Pd/v—A|203.

we used XPS analysis to measure surface properties of the
fresh catalyst and the calcined catalysts in H, and air
atmospheres. The XPS peak deconvolution results of the
samples were presented in Fig. 5. For H,-Pd/y-Al,O; catalyst,
the BE value of Pdsds;, and Pds;ds/, were found to be around
334.9 eV and 340.2 eV respectively, such values indicated the
presence of metallic Pd state®® . As for Air-Pd/y-Al, 05 catalyst,
the BE value of Pdsds;, and Pds;ds;, were found to be around
336.5 eV and 341.8 eV, respectively, which corresponding to
oxidation state®® 3. However, as for the Fresh-Pd/y-Al,0;
catalyst, the BE value of Pd;ds;, and Pdsds/, were around 336.0
eV and 341.3 eV, respectively, the peaks were broad and can
be broken up into two peaks, which belong to the chemical
state of PdO/Pd** and Pd° species in the Fresh-Pd/y-Al,O;
catalyst. After H, pretreatment, the BE values of the Pd
decreased by 1.1 eV, only Pd® was present on the surface,
which proved that all the Pd metal have been restored to zero
valence state after calcined in hydrogenation atmosphere.
After air pretreated, the BE values of Pd increased slightly,
since the oxidation of Pd° to PdO/Pd2+ during the pretreatment
process, and only PdO/Pd2+ was present on the surface of Air-
Pd/y-Al,O;. In addition, comparing the hydrogenation
performance of these three catalysts, the conversion of 1,3-
butadiene by Fresh-Pd/y-Al,0; and H,-Pd/y-Al,O; catalysts was
up to 100%, while Air-Pd/y-Al,O; catalyst was mostly inactive.
We can speculate that Pd® was the active side for 1,3-
butadiene hydrogenation. Since the particle diameter of the
three (7.4+0.5, 7.5+£0.6 and 8.3+0.4 nm) was basically the same,
thus the chemical state of palladium was one of the most
important factors for the hydrogenation of 1,3-butadiene, and
the coexistence of Pd° and PdO/Pd2+ was beneficial for the
hydrogenation reaction’’.

Fig. 6 shows the powder XRD patterns of the calcined and
fresh catalyst samples. The sharp peaks of the Fresh-Pd/y-
Al,O; (curve a) and H,-Pd/y-Al,O; (curve b) catalysts at 40.0°
(28) was assigned to the (111) plane of crystalline Pd (ICCD,
PDF2: 00-046-1043), indicating that the obvious existence of
metallic Pd in these two catalysts. Obviously, no distinct
change in XRD patterns could be observed after treating the
samples with H,, which showed that the crystal phase of the
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Fig. 5 XPS spectra recorded from the catalysts of (A) Fresh-
Pd/y-Al, 03, (B) H,-Pd/y-Al,05 and (C) Air-Pd/y-Al,0;.
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Fig. 6 XRD patterns of Pd/y-Al,05 catalysts pretreated under
different atmospheres: (a) Fresh-Pd/y-Al, O3, (b) H,-Pd/y-Al, O3,
and (c) Air-Pd/y-Al,O; ((#) diffraction of PdO, and (®)
diffraction of Pd).

active species was similar to that of the Fresh-Pd/y-Al,03
catalyst. According to the Air-Pd/y-Al,O; (curve c) catalyst,
diffraction peaks at 33.9°, 42.0°, 54.8° 60.8° and 71.3°, which
belonged to the (101), (110), (112), (200) and (202) planes of
crystalline PdO/Pd2+ (ICCD, PDF2: 00-006-0515), were
observed, while metallic state Pd diffraction peaks
disappeared. This phenomenon could be attributed to the
oxidation of metallic Pd to PdO/Pd2+, which was in accordance
with the XPS analysis. No diffraction peaks of PdO could be
observed in Fresh-Pd/y-Al,03, which might be attributed to the
731 Apart from
the well resolved peaks, no other specific diffraction peaks of
Pd were observed in the patterns because of the strong
reflections peaks of y-Al,O; structures. According to the XRD
analysis, the presence of the metallic Pd was beneficial for

low level and high dispersion of PdO species

catalytic activity for the hydrogenation. However, the catalyst
was inactive when metallic Pd was all oxidized to PdO.

H,-TPR is a very useful technology to investigate the redox
properties and phase composition of the catalystslz’ 2 The
results of the H,-TPR performance on three Pd/y-Al,O;
catalysts were shown in Fig. 7. Only a negative peak observed
at 60-100 °C for all samples due to the formation of PdHXx,
which were easily reduced to metallic Pd. In this work, the
negative peaks of the calcined samples were hardly shift
compared with that of Fresh-Pd/y-Al,O;, and the intensity of

This journal is © The Royal Society of Chemistry 20xx
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the peaks of calcined samples was higher than that of Fresh-
Pd/y-Al,Os. It has been proposed that the decreasing of

322°C}

Intensity (a.u.)

100 200 300 400 500 600
Temperature (°C)

Fig. 7 H,-TPR profiles of Pd/y-Al,Oscatalysts: (a) Fresh-Pd/y-
Al, O3, (b) H,-Pd/y-Al,O5 and (c) Air-Pd/y-Al,0;.

reduction temperature and the intensity of the negative peak
were related to the higher Pd dispersionzs' 33, and the result
suggested that Fresh-Pd/y-Al,O; catalyst exhibited better
dispersity, which was in accordance with the TEM analysis.
Also, it has been reported that the existence of the negative
peak may easily cause further hydrogenation for unsaturated
carbon-carbon double bond34, and H,-Pd/y-AlLO; has the
highest intensity of the negative peak, resulting in the further
hydrogenation of 1,3-butadiene to butane. The H,-TPR profile
of Fresh-Pd/y-Al,0; sample showed a peak at around 322 °C,
which can be related to dispersed Pd-oxide in isolated patched,
PdOx, on alumina®” . The H,-TPR profile of Air-Pd/y-Al,O3
sample showed redox peaks at 298, 456 and 533 °C. The redox
peak at 298 °C may belong to the reduction of support
interacted PdO species, and the high temperature reduction
peak could be a result of reduction of a two-dimensional (2D)
PdO surface phase27. There were no other H, uptake peaks
found in the sample of H,-Pd/y-Al,O3, after calcined under H,,
all Pd species were reduced to pd°.

FTIR was also employed to identify the structure of the
Pd/y-Al,O3 catalysts, with the typical adsorption spectra in Fig.
8. Compared with the Fresh-Pd/y-Al,O5; sample, the strength of
the adsorption peak at 3440 cm™ and 1637 cm™ become
weaker, and the peak at 1385 cm™ disappeared. The peak at
1385 cm™ and 3440 cm™ belongs to the stretching vibration of
—OH in alcohols and phenolic compounds, and the band at
1637 cm™ can be attributed to the stretching vibrations of
(NH)C=0 groups, which were responsible for the reduction and
stabilization of the Pd nanoparticles during catalysts
preparation35. After calcination, these peaks were diminished
or completely disappeared. Therefore, we can speculate that
some biomolecules on the surface of the Pd/y-Al,O; catalysts
has been burnt off after calcination, which was consistence
with the analysis results of TG.

To further measure the Pd metal active sites, we focused
on in-situ FTIR study of CO adsorption on the supported Pd
catalysts at room temperature. Fig. 9A shows the FTIR spectra
in the 2300-1700 cm™ region of the samples interactions with
CO at room temperature. From previous studie536"38, the peaks
observed in FTIR-CO results correspond to various CO species
adsorbed on Pd°. The linear CO species can be observed at

This journal is © The Royal Society of Chemistry 20xx
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Fig. 8 FTIR spectra of Pd/y-Al,O; catalysts: (a) Fresh-Pd/y-Al,O3,
(b) H,-Pd/y-Al,O5 and (c) Air-Pd/y-Al,05.
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Fig. 9 In situ FTIR spectra of CO (A) or 1,3-butadiene (B)
absorbed on the Pd/y-Al,0; catalysts: (a) Fresh-Pd/y-Al,O3, (b)
H,-Pd/y-Al,O5 and (c) Air-Pd/y-Al,0s.

around 2100 cm'l, and IR band below 2000 cm™ were ascribed
to the bridge CO species consisting of isolated bridged species,
compressed bridged species and three metal bridged species.
A weak band at around 2170 cm™ was observed for all samples
indicating that some CO interacted with unsaturated AP*
ions®?°. Based on the Fig. 9A and references4o, the peak at
2088 cm™ (curve b) and 2058 cm™ (curve a) belonged to linear
CO species on Pd(111), while the peak at 1955 em™ (curve b)
and 1920 cm™ (curve a) belonged to bridged CO species on
Pd(111). Compared these peaks, we could speculate that H,-
Pd/y-Al,O5; contain more adsorbed pd° species than Fresh-
Pd/y-Al,05. Moreover, there was a peak at 2136 cm™ on Fresh-
Pd/y-Al,O; catalyst, which could be assigned to linear CO
species on Pd>*. The existence of the oxidative Pd metal may
dilute the metallic Pd active sites in some degree, and then
limit the further hydrogenation of butene, which may be the
reason for that Fresh-Pd/y-Al,O; has higher selectivity than H,-
Pd/y-Al,0;. However, there was no apparent peaks among
1800-2300 cm™ for Air-Pd/y-Al,05, which may be due to that
this catalyst have no CO adsorption site. Moreover, Air-Pd/y-
Al,O; hardly showed active in 1,3-butadiene hydrogenation,
the possible reason may be that this catalyst has also no 1,3-
butadiene adsorption site.

To further measure the adsorption sites of 1,3-butadiene
on the Pd catalysts, FTIR study of 1,3-butadiene adsorption on
supported Pd catalysts at 35 °C (Fig. 9B). Under the condition
of vacuum, only strong adsorption can be detected*’. As
shown in Fig. 9B, A band at around 1588 cm™ was observed for
the fresh and H, pretreated samples, which was ascribed to
the vibrational mode of C=C-C=C. However, this band
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disappeared in the support and the Air-Pd/y-Al,0; samples.
The possible reason for the Air-Pd/y-Al,O; hardly showed
active in 1,3-butadiene hydrogenation reaction may be that
there were no 1,3-butadiene adsorption site. Comparing the
adsorption results of these three catalysts, it was manifested
that the adsorption of the 1,3-butadiene was beneficial for the
hydrogenation reaction.

In a word, we can speculate that part of biomolecules
remains on the surface of the Pd/y-Al,O; catalysts after
calcination. The active size for 1,3-butadiene hydrogenation
was metallic Pd, when increasing in the fraction of Pd’ in the
catalyst composition result in the further hydrogenation.
Moreover, as reported before®” 26, the biomolecule had
negative influence on the performance of catalysts, which had
been removed to enhance the catalytic activity, since the
active site may be covered. So, we speculated the better
catalytic performance over Fresh-Pd/y-Al,O; was largely
attributed to the coexistence between Pd° and PdO/Pd2+
species.

Conclusions

In conclusion, we have reported the effect of oxidative and
reductive atmosphere pretreatment on the catalytic
performance of Pd/y-Al,O; catalysts for 1,3-butadiene
hydrogenation. It is found that there were no obvious
differences between the fresh Pd catalyst and the calcined
catalysts under different (H, and air) atmospheres in physical
structure, and the particle diameter of these three catalysts
(7.4%£0.5, 7.5+0.6 and 8.3+0.4 nm) was basically the same, but
the chemical state of Pd varied greatly, there only metallic Pd
species after calcination under H, atmosphere, while calcined
under air atmosphere, catalyst existing mainly in the oxide
form. Therefore, we speculated that the metallic Pd was the
active specie for 1,3-butadiene catalytic hydrogenation over
the biosynthesized Pd/y-Al,O; catalysts at low temperature,
and the coexistence of small amount of oxidation state
PdO/Pd2+ was beneficial for the butene selectivity.
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Graphic abstract:

Effect of pretreatment atmosphere on 1,3-butadiene hydrogenation over biosynthesized

Pd/y-Al,O; catalysts was reported.
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