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A novel Pd/Al2O3 catalyst with the hierarchically macro-mesoporous structure was
prepared and applied to the selective hydrogenation of pyrolysis gasoline. The alumina
support possessed a unique structure of hierarchical mesopores and macropores. The
as-prepared and calcined alumina were characterized by X-ray diffraction, N2 adsorp-
tion-desorption, and scanning electron microscopy. It showed that the hierarchically
porous structure of the alumina was well preserved after calcination at 1073 K, indi-
cating high thermal stability. The 1073 K calcined alumina was impregnated with pal-
ladium metal and compared with a commercial catalyst without macrochannels. Both
the catalytic activity and the hydrogenation selectivity of the novel Pd/Al2O3 catalyst
were higher than those of the commercial Pd/Al2O3 catalyst. In addition, apparent
reaction activation energies obtained with the novel catalyst for model pyrolysis gaso-
line were 46–81% higher than those with the commercial catalyst. The results
adequately demonstrated the enhanced mass transfer characteristics of the novel
macro-mesostructured catalyst. VVC 2010 American Institute of Chemical Engineers AIChE J,

57: 2198–2206, 2011
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Introduction

Pyrolysis gasoline (pygas), a byproduct of steam cracking
of naphtha, contains a large quantity of aromatic compounds,
such as benzene, toluene, and xylene, and a small amount of
unsaturated compounds such as olefins and diolefins.1,2 The
huge amount of pygas produced annually in petrochemical
plants and the high percentage of aromatics involved make
pygas a potential feedstock for aromatics production. Selec-
tive hydrogenation of pygas plays a very important role in
the post-treatment of pygas, which aims at converting about

90% of styrene and diolefins into ethylbenzene and monoole-
fins, respectively, and meanwhile, only less than 10% of
monoolefins are hydrogenated into saturates.3,4

Among various components involved in pygas, styrene
and diolefins are so unstable that they are subject to poly-
merization through the double bond, which consequently
results in gum formation.5,6 These gums will probably cover
some metal active sites of the catalyst and block some meso-
pores. As a result, catalyst deactivation will take place. The
strategy to prevent gum formation is to reduce the residence
time of diolefins inside the catalyst, in another word, to
reduce the internal diffusion limitations of diolefins.

In previous work on a commercial catalyst7 for selective
hydrogenation of pygas,8 we found that the pore-size distri-
bution of the commercial catalyst (4–20 nm) was not
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suitable for the present reaction system from the viewpoint
of long-term operation because of the heavy internal diffu-
sion limitations of reactants. To reduce the internal diffusion
resistance, a novel catalyst support with a hierarchically
macro-mesoporous structure was prepared and applied to
selective hydrogenation of pygas in another previous work.9

In that work, a preliminary test performed at a given temper-
ature (313 K) and pressure (2.0 MPa) showed that the hier-
archically porous catalyst exhibited higher activity and selec-
tivity than the commercial catalyst. However, this result was
not so convincing considering that only one reaction test was
conducted with the novel catalyst.

In fact, hierarchically macro-mesoporous metal oxides
have recently attracted considerable attention because of
their potential applications.10,11 Their unique pore structures,
i.e., the monolithic macropores and the accessible meso-
pores, make them high-potential supports and catalysts.12

Application examples include oxidation13–17 and hydrogena-
tion reactions.9,18 Wang et al.13,14 and Yu et al.15 prepared
hierarchically macro-mesoporous TiO2 for photocatalytic ox-
idation decomposition of volatile organic compounds. Tidahy
et al.16 made use of hierarchically porous ZrO2

19,20 as cata-
lyst support for VOCs catalytic oxidation. Cao et al.17 syn-
thesized hierarchically macro-mesoporous TiO2-supported
CuO catalysts for CO oxidation. Our group prepared hier-
archically porous Pd/TiO2 and Pd/Al2O3 catalysts for hydro-
genation of styrene18 and selective hydrogenation of pygas,9

respectively. All these investigations reported that the
uniquely bidisperse pore structure could enhance catalytic
activities through improved mass transfer. However, in these
studies, only few comparisons were made between the hier-
archically porous catalysts and the normal catalysts, and no
systematic investigation was carried out to testify the
enhanced mass transfer characteristics of the novel structured
catalysts.

As a part of a series of studies on selective hydrogenation
of pygas, the main aim of this work is to adequately verify
the diffusion-enhanced effect of the hierarchically macro-
mesoporous structure of the novel Pd/Al2O3 catalyst. Differ-
ent from our previous work,9 more detailed characterizations
on the support and the catalyst are conducted in this article,
and more important, the apparent reaction kinetics of selec-
tive hydrogenation of pygas over the novel Pd/Al2O3 catalyst
is investigated, and the results are compared with those
obtained with the commercial catalyst.

Experimental

Preparation of support and catalyst

Detailed information about preparation of the catalyst sup-
port, namely the hierarchically macro-mesoporous alumina,
and the corresponding palladium-supported catalysts was
presented elsewhere.9,21,22 The hierarchically porous alumi-
num oxide used in this work was prepared with the aid of
surfactant (cetyltrimethylammonium bromide, CTAB) under
the following conditions: 2 g of aluminum tri-sec-butoxide,
35 mL of twice-distilled water, 15 mL of absolute ethanol,
and 0.4 g of CTAB, pH 12, 350 rpm, room temperature, and
1 h of reaction. The 1073 K calcined alumina with the hier-
archically porous structure was sieved to a diameter range of

50–75 lm and used as catalyst support. The palladium-sup-
ported catalyst with 0.3 wt % (mass percent) metal loading
was finally prepared by incipient-wetness impregnation of
the aforementioned support with palladium chloride aqueous
solution. For comparison, the commercial catalyst, supplied
by the Chemical Research Institute of Lanzhou Petrochemi-
cal Corporation, was also ground and sieved to 50–75 lm
for the kinetic study.

Characterization

X-ray diffraction (XRD) patterns of the prepared samples
were obtained on a Rigaku D/Max 2550 VB/PC diffractome-
ter with Cu Ka radiation scanning 2h angles ranging from
10� to 80�. Nitrogen adsorption-desorption isotherms and the
corresponding pore-size distributions were acquired at 77 K
on a Micromeritics ASAP 2010 instrument. All the samples
were degassed at 463 K and 1 mm Hg for 6 h before nitro-
gen adsorption measurements. The pore diameter and the
pore-size distribution were determined by the BJH method.
The morphology and the macroporous array of the Al2O3

powders were examined with a JEOL JSM 6360 LV scan-
ning electron microscope (SEM). High-resolution transmis-
sion electron microscopy (HRTEM) investigation was per-
formed using a JEOL JEM-2010 transmission electron
microscope. The samples prepared for HRTEM investigation
were first dispersed in ethanol under ultrasound and then a
drop of the sample–ethanol solution was transferred onto a
carbon-coated copper grid. Metal dispersions were measured
by using CO pulse chemisorption on a Micromeritics
AutoChem 2920 apparatus. The weighed catalysts were
reduced in a mixture of 10% H2/Ar (100 ml/min) at 423 K
for 2 h followed by a switch to helium (100 ml/min) at 463
K for 20 min to remove adsorbed hydrogen. After the cata-
lysts were cooled to 308 K in a helium flow, carbon monox-
ide pulses were injected into the quartz reactor, and the net
volume of CO was monitored with a thermal conductivity
detector. For Pd/Al2O3 catalysts with palladium chloride as
the precursor, the mean stoichiometry of palladium metal to
CO molecule can be taken as 1 according to the data
summarized by Joyal and Butt.23

Selective hydrogenation of pygas

Hydrogenation of a model pygas feed, which was com-
posed of styrene, cyclopentadiene, 1-hexene, and n-heptane
(solvent), was carried out in a stirred autoclave at total pres-
sures of 2.0–4.0 MPa over a temperature range of 303–343
K. During each run, the autoclave was first heated to the
desired temperature under N2 protection, and then, it was
purged with preheated hydrogen for five times to exclude
N2. The autoclave was operated in a semibatch mode with
hydrogen continuously entering into the autoclave to main-
tain the pressure. The temperature was controlled within
�0.5 K of the desired value and the pressure within �0.02
MPa. Liquid samples were collected for analysis at different
time points.

A preliminary test on the effect of the stirring speed on
the reaction rate of styrene hydrogenation showed that the
stirring speed had no effect on the reaction rate when it was
above 800 rpm, implying the elimination of the external
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mass transfer limitation. In this work, all the kinetic experi-
ments were carried out at a stirring speed of 1000 rpm.

Four reaction classes were concerned with the selective
hydrogenation of the model pygas, i.e.,

(1)

(2)

(3)

Styrene (STY) and 1-hexene (HEX) were hydrogenated to
ethylbenzene and n-hexane, respectively. Cyclopentadiene
(CPD) was hydrogenated to cyclopentene (CPE), which was
further hydrogenated to cyclopentane (CPA).

Analytical method

The liquid samples were analyzed with a Hewlett-Packard
6890 gas chromatograph equipped with a flame ionization
detector. A HP-5 capillary column (30 m � 0.32 mm � 0.25
lm) was used for separation. n-Octane was used as the inter-
nal standard. The oven temperature program consisted of the
following segments: start at 318 K (hold for 3 min), ramp at
15 K/min to 493 K, and finally hold at 493 K for 2 min.
The temperatures at the injector and the detector were set at
493 and 523 K, respectively.

Results and Discussion

Physicochemical characterization

Figure 1 shows the SEM images of the prepared alumi-
num oxides and the calcined alumina at different tempera-
tures. Apparently, the macroporous channels inside the alu-
mina are parallel to each other and perpendicular to the tan-
gent of the outer surface. For those alumina samples
calcined at a temperature range of 473–1073 K (Figures 1b–
e), the macroporous structures are well preserved, and the
macropore size as well as the wall thickness has less change,
which indicates good thermal stability of the hierarchically
porous alumina. When the calcination temperature is further
up to 1273 K (Figure 1f), although wall collapse occurrs in
some regions, the macroporous structure is partly preserved.
The formation of the hierarchically porous structure can be
explained by a spontaneous self-assembly mechanism, which
is presented elsewhere.9,12,24–26

Figure 2 presents the XRD patterns of the prepared and
the calcined alumina. The as-prepared sample (Figure 2a)
and the calcined product at 473 K (Figure 2b) exhibit dif-
fraction peaks assigned to the boehmite phase AlOOH
(JCPDS 21-1307). When the sample is calcined at 673 K
(Figure 2c) and 873 K (Figure 2d), c-Al2O3 phase (JCPDS
10-0425) is formed as a result of the dehydration of alumina
oxyhydroxide boehmite.27 With a further increase in the tem-
perature to 1073 K (Figure 2e), the c-Al2O3 phase transforms
to d-Al2O3 (JCPDS 16-0394). When the sample is calcined
up to 1273 K (Figure 2f), the a-Al2O3 phase (JCPDS 10-
0173) is observed.

The N2 adsorption-desorption isotherms of the above sam-
ples (a–f) and the pore-size distribution curves are shown in
Figure 3. The textural properties of these samples are
reported in Table 1. Except for the 1273 K calcined sample,
all the other isotherms of the calcined samples (b–e) are of

Figure 1. SEM images of (a) the prepared macro-mesoporous aluminum oxide and the calcined alumina at differ-
ent temperatures; (b) 473 K, (c) 673 K, (d) 873 K, (e) 1073 K, and (f) 1273 K.

Scale bar: 1 lm.
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type IV with a hysteresis loop, indicating that the mesopore
network is still sustained after high temperature treatment.
Under calcination at 1273 K, the sample shows a nonporous
structure, indicating collapse of the mesopores. Sample g
listed in Table 1 is a commercial Pd/d-Al2O3 catalyst for
selective hydrogenation of pygas, and this catalyst has no
macroporous channels.7,9

Except for the macroporous structure, the textural proper-
ties of the commercial catalyst are similar to those of sample
e, i.e., the 1073 K calcined Al2O3, and both of them exhibit
the same crystalline phase, i.e., the d-Al2O3 phase. In addi-
tion, as shown in Figure 4, the pore-size distribution curves
of these two catalysts almost overlap. As a result, the 1073
K calcined Al2O3 is selected to be the support for the novel
catalyst. For simplicity, the novel catalyst with the hierarchi-
cally macro-mesoporous structure and the commercial cata-
lyst are denoted by Pd/Al2O3(novel) and Pd/Al2O3(com),
respectively.

Values of palladium dispersion obtained from CO chemi-
sorption are 32.5 and 29.6% for Pd/Al2O3(novel) and Pd/
Al2O3(com), respectively. Based on the dispersion values
(D), the mean palladium particle size (dP) is calculated from
the following equation28

dP ¼ 112

Dð%Þ : (4)

The mean palladium particle sizes of Pd/Al2O3(novel) and
Pd/Al2O3(com) catalysts are almost the same, being 3.4 and
3.8 nm, respectively.

Figure 5 shows the HRTEM images of the novel catalyst.
The metallic particles indicated by arrow are palladium
metal according to the energy-dispersive X-ray analysis. The
palladium particle size determined by HRTEM is about 3.6
nm, which is consistent with that obtained from the CO
chemisorption measurement.

Catalytic activity

Figure 6 presents concentration variations of various spe-
cies over Pd/Al2O3(novel) and Pd/Al2O3(com) catalysts. It is
evident that the novel catalyst exhibits much higher catalytic
activity than the commercial catalyst. Taking the reaction
occurring at 313 K and 3.0 MPa as an example (Figure 6A),
the time needed for complete conversion of cyclopentadiene

Figure 2. X-ray diffraction patterns of (a) the prepared
macro-mesoporous aluminum oxide and the
calcined alumina at different temperatures;
(b) 473 K, (c) 673 K, (d) 873 K, (e) 1073 K, and (f)
1273 K.

Figure 3. N2 adsorption-desorption isotherms and the
pore-size distribution curves of the as-pre-
pared and the calcined alumina samples.

Table 1. Textural Properties of the As-Prepared and the
Calcined Alumina Samples

No
SBET
(m2/g)

Pore Volume
(cm3/g)

Macropore
Size* (lm)

Mesopore
Size† (nm)

a 514.1 0.81 0.45 5.9
b 341.4 0.49 0.40 5.0
c 309.0 0.56 0.45 6.0
d 211.1 0.64 0.55 10.7
e 126.4 0.51 0.45 14.3
f 3.8 – 0.70 –
g‡ 98.1 0.37 – 14.9

*The average macropore diameter is obtained from analysis of the image.
†BJH pore diameter is determined from the adsorption branch.
‡The commercial Pd/d-Al2O3 catalyst.

Figure 4. Pore-size distribution curves of the novel and
the commercial catalysts.
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and styrene over the Pd/Al2O3(novel) catalyst is only 15
min, but it is about 40 min for the Pd/Al2O3(com) catalyst.

Further observation of Figure 6A shows that in the first 9
min of reaction over the Pd/Al2O3(novel) catalyst, most
cyclopentadiene is conversed to cyclopentene and styrene is
partly reacted, whereas 1-hexene and cyclopentene are
hardly consumed. Only when cyclopentadiene and styrene
are hydrogenated to a great extent do 1-hexene and cyclo-
pentene have an obvious conversion. It implies that high se-
lectivity of diolefin hydrogenation to monoolefin can be
obtained over the novel catalyst.

To clarify which catalyst possesses the higher hydrogena-
tion selectivity, two parameters are defined as follows:

S1 ¼ Conversion of 1� hexene

Conversion of cyclopentadiene
� 100% (5)

S2 ¼ Conversion of 1� hexene

Conversion of styrene
� 100%: (6)

Obviously, the smaller S1 and S2, the higher the selectivity
of diolefins to monoolefins. As shown in Figure 7, the Pd/
Al2O3(novel) catalyst exhibits the higher hydrogenation se-
lectivity in terms of both cyclopentadiene and styrene. The
X-axis in Figure 7, aCPD and aSTY, represent conversions of
cyclopentadiene and styrene, respectively.

Figure 5. HRTEM images of the Pd/Al2O3(novel) catalyst.

Scale bar: 20 nm.

Figure 6. Concentration–time profiles for various species over (a) the commercial catalyst and (b) the novel
catalyst.

Reaction conditions: (A) T ¼ 313 K, P ¼ 3.0 MPa; (B) T ¼ 323 K, P ¼ 2.0 MPa.
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The above analyses of the activity and the selectivity of
the two catalysts reveal that the novel catalyst has better cat-
alytic performance than the commercial catalyst for the reac-
tion system of selective hydrogenation of pygas. The main
reasons lie in three aspects. First, the diffusion resistance of
reactants from the outer surface to the inner surface of the
catalyst can be greatly reduced in the monolithic macropo-
rous channels.29–31 For the catalysts with a large-pore struc-
ture, previous studies also showed that the effectiveness fac-
tors could be increased to some extent as a result of the

enhancement of the effective diffusivity because of the exis-
tence of the intraparticle convection.32–35 Second, the narrow
walls separating the macropores can shorten the diffusion
distance of reactants to the active sites and consequently
decrease the concentration gradient of species, which in turn
increases the reaction rate; third, both macroporous channels
and narrow walls can reduce the residence time of the inter-
mediate products (monoolefins) inside the catalyst and pre-
vent further hydrogenation of monoolefins to saturated
hydrocarbons, which is favorable for the high selectivity of
diolefins to monoolefins.

To further testify the advantage of the hierarchically macro-
mesoporous structure of the novel catalyst in reducing the in-
ternal diffusion limitations, the apparent reaction kinetics of
selective hydrogenation of pygas over the novel catalyst is
investigated, and the kinetic parameters obtained with the
novel catalyst and with the commercial catalyst are compared.

Reaction Kinetics

The apparent kinetics of selective hydrogenation of pygas
over the commercial catalyst has been systematically investi-
gated in our previous work.3,8 Here, we use the same kinetic
model to describe the reaction system over the novel cata-
lyst. Detailed information about the development of the ki-
netic model is reported elsewhere.3 The rate expressions for
reactions (Eqs. 1–3) are given by

dcSTY
dt

¼ �m

V
� k1bSTYcSTY

ffiffiffiffiffiffiffiffiffiffi
bHcH

p
A1A2

(7)

dcCPD
dt

¼ �m

V
� k2bCPDcCPD

ffiffiffiffiffiffiffiffiffiffi
bHcH

p
A1A2

(8)

dcCPE
dt

¼ m

V

k2bCPDcCPD
ffiffiffiffiffiffiffiffiffiffi
bHcH

p
A1A2

� k3bCPEcCPE
ffiffiffiffiffiffiffiffiffiffi
bHcH

p
A1A2

� �
(9)

dcHEX
dt

¼ �m

V
� k4bHEXcHEX

ffiffiffiffiffiffiffiffiffiffi
bHcH

p
A1A2

; (10)

where c is the molar concentration of reactant, t is the reaction
time, m is the catalyst mass, V is the liquid volume, ki is the
rate constant of the ith reaction, and bj is the adsorption
constant of species j. A1 and A2 in the denominator of Eqs. 7–
10 are equal to 1þ ffiffiffiffiffiffiffiffiffiffi

bHcH
p

and 1 þ P
bj cj (j ¼ STY, CPD,

CPE, and HEX), respectively. The temperature dependences of
rate constants and adsorption constants can be expressed by

Figure 7. Hydrogenation selectivity of different cata-
lysts based on (a) cyclopentadiene and (b)
styrene.

Reaction conditions: (A) T ¼ 313 K, P ¼ 3.0 MPa; (B) T
¼ 323 K, P ¼ 2.0 MPa.

Table 2. Estimated Kinetic and Adsorption Parameters for Pd/Al2O3(com) and Pd/Al2O3(novel) Catalysts

Parameter

Preexponential Factor* Apparent Activation Energy†

Pd/Al2O3(com) Pd/Al2O3(novel) Pd/Al2O3(com) Pd/Al2O3(novel)

k1 1.06 � 109 4.67 � 109 28.56 43.84
k2 1.37 � 106 1.41 � 108 24.37 43.60
k3 5.45 � 108 1.12 � 109 37.54 54.69
k4 4.37 � 108 1.06 � 1010 31.18 56.55
bSTY 3.67 � 10�4 2.81 � 10�4 12.35 11.83
bCPD 2.06 � 10�3 1.79 � 10�3 19.32 17.61
bCPE 1.53 � 10�4 2.16 � 10�4 10.81 20.76
bHEX 2.19 � 10�4 3.14 � 10�4 12.59 17.67
bH 2.39 � 10�8 2.74 � 10�8 14.63 16.19

*The units for ki and bj are mol/(kg s) and m3/mol, respectively.
†The unit for activation energy is kJ/mol.
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ki ¼ k0i exp½�E
i
=ðRgTÞ�; i ¼ 1; 2; 3; 4 (11)

bj ¼ b0j exp½Qj=ðRgTÞ�; j ¼ STY; CPD; CPE; HEX; H

(12)

where k0i is the preexponential factor of the rate constant of the
ith reaction, b0j is the preexponential factor of the adsorption
constant of species j, Ei is the activation energy of the ith
reaction, Qj is the adsorption activation energy of species j, Rg

is the universal gas constant, and T is the reaction temperature.
There are 18 kinetic and adsorption parameters in the ki-

netic model (Eqs. 7–12), which can be estimated by fitting all
the experimental data. The optimized values of these parame-
ters are determined by using the Rosenbrock algorithm,36

which minimizes the residual sum of squares between the ex-
perimental and the calculated concentrations of all reactants.
The ordinary differential equations involved in the kinetic
model are integrated by the DASSL solver.37,38

The estimated values of the 18 parameters for the novel
and the commercial catalysts are summarized in Table 2.
The apparent activation energies of all the four reactions
(Eqs. 1–3) obtained with the novel catalyst are higher than
those with the commercial catalyst, the former being 46–
81% higher than the latter. This result, on one hand, indi-
cates the heavy internal diffusion limitations of species in
the commercial catalyst39 and, on the other hand, proves that

the hierarchically macro-mesoporous structure does greatly
reduce the influence of internal diffusion resistance.

The existence of internal mass transfer limitation in the
commercial Pd/Al2O3(com) catalyst can be verified by calcu-
lating from the observed reaction rate the Weisz-Prater pa-
rameter,39,40 UH2

, as

UH2
¼ gu2

� �
H2
¼ rHqCd

2
P

36cHWSqLDe;H
; (13)

where rH is the observed reaction rate of hydrogen, qC is the
density of the catalyst, dP is the diameter of the catalyst
particle, WS is the catalyst weight fraction in the liquid, qL is
the density of the liquid, and De,H is the effective diffusivity of
hydrogen. Corresponding to the reactions occurring at 313,
323, 333, and 343 K (the pressure is 2.0 MPa), the estimated
Weisz-Prater parameters are 1.34, 1.45, 1.61, and 1.89,
respectively. All the values are greater than 1, indicating the
presence of intraparticle diffusion in the commercial catalyst.

The estimated apparent activation energy for styrene hy-
drogenation over the commercial catalyst in this work, 28.56
kJ/mol, is very close to that reported by Nijhuis et al.,5 27
kJ/mol. Nijhuis et al.5 used a commercial catalyst with the
diameter of 40–100 lm to study the reaction kinetics of sty-
rene hydrogenation. By comparison with the values reported
by Chaudhari et al.41 (55 kJ/mol) and by Jackson and
Shaw42 (41 � 8 kJ/mol), they found that the obtained

Figure 8. Experimental and predicted concentration–time profiles over the Pd/Al2O3(novel) catalyst (points: experi-
mental; lines: predicted).

Reaction conditions: (A) T ¼ 303 K, P ¼ 2.0 MPa; (B) T ¼ 313 K, P ¼ 3.0 MPa; (C) T ¼ 323 K, P ¼ 2.0 MPa; and (D) T ¼ 333 K,
P ¼ 2.0 MPa.
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activation energy of 27 kJ/mol was greatly influenced by in-
ternal mass transfer effects. On the other hand, for the novel
hierarchically structured catalyst, the apparent activation
energy amounts to 43.84 kJ/mol, which is in good agreement
with that reported by Jackson and Shaw.42 Therefore, the
above analysis further supports that the intraparticle diffusion
resistance of the novel catalyst is much smaller than that of
the commercial catalyst.

Typical results of experimental and predicted concentra-
tion–time profiles for various species over the Pd/Al2O3(no-
vel) catalyst are shown in Figure 8. The agreement between
the experimental and the predicted data is observed to be
very well for each species, indicating the reliability and ac-
curacy of the kinetic model to describe the reaction system
of selective hydrogenation of pygas.

After the kinetic investigation, the Pd/Al2O3(novel) cata-
lyst is recovered and analyzed. As shown in Figure 9, the
pore-size distribution of the used Pd/Al2O3(novel) catalyst is
almost the same as that of the fresh catalyst. In addition, the
macrochannels are still well preserved. Neither wall collapse
nor macropore blockage is observed through SEM images.
Therefore, the hierarchically macro-mesoporous structure of
the novel catalyst is very stable and resistant to the reaction
environment of selective hydrogenation of pygas.

Conclusions

Hierarchically macro-mesoporous alumina was prepared
by hydrolysis and condensation of the aluminum alkoxide
precursor in an aqueous solution. After calcination of
the prepared aluminum oxide from 473 K up to 1073 K, the
monolithic macropores were well preserved, indicating the
high thermal stability of the alumina. A novel palladium cat-
alyst supported on the 1073 K calcined alumina was then
prepared and applied to selective hydrogenation of pygas.
By comparison with a commercial catalyst, the novel cata-
lyst exhibited much higher activity and selectivity for pygas
hydrogenation under various reaction conditions, which was
mainly ascribed to the hierarchically porous structure of the
novel catalyst. Apparent activation energies obtained with
the novel catalyst for the model pygas were 46–81% higher
than those with the commercial catalyst, which further mani-

fested the advantage of the hierarchically macro-mesoporous
structure in enhancing the mass transfer of components
within the catalyst. Comparison of the fresh and the used
catalysts demonstrated the good stability of the novel
catalyst.
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