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Abstract Transformation of n-octene has been investi-
gated over nanoscale HZSM-5 at different reaction
temperature and contact time. The results show that the
main reaction was isomerization of n-octene over 200 °C.
Hydrogen transfer reaction also occurred at 200 °C, but the
products were alkanes and cycloolefins instead of aromat-
ics. The aromatization was promoted by high temperature.
The maximum selectivity of i-paraffins occurred between
300 and 350 °C. Propene, butene and pentene were the
primary cracking products. These olefins were oligomer-
ized and cracked to produce a wide distribution of olefins
with different carbon atoms. These intermediates then were
quickly transformed into aromatics and alkanes by hydro-
gen transfer over acid sites at high reaction temperature.
Propane and butane can be transformed into methane and
ethane at long contact time above 400 °C.
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1 Introduction

The rapid development of automotive transportation has
brought into question the great increase of fuel consump-
tion and air pollution caused by automobile emissions. In
China, approximately 80% of gasoline comes from FCC
processes in which the olefin content is usually as high as
50-65 vol.%. The high olefin content of gasoline causes
serious automobile emission problem. To reduce the con-
tent of olefin and simultaneously preserve the octane
number of gasoline, olefins can be converted into aromatics
and/or isoparaffins to compensate the loss of octane num-
ber in gasoline [1, 2].

Although lower alkanes and alkenes aromatization, such
as ethene, propane and propene, have been widely studied
over HZSM-5 [3-5] and metal-based ZSM-5 type zeolites
viz. Zn/HZSM-5 [6], GaMFI [7, 8] and H-GaAIMFI
[9, 10], studies covering the influence of reaction temper-
ature and space velocity on the product distribution in the
conversion of larger olefins over HZSM-5 zeolite are
scarce. The main components of olefins in FCC gasoline
are Cs—Cgy olefins. To understanding the process of FCC
gasoline olefins reduction, it is, therefore, important to
know the effect of temperature and space velocity on the
conversion of these olefins over HZSM-5 zeolite.

In the previous study [11], we have investigated the
effect of crystal granularity of HZSM-5 on the decrease of
olefins in FCC gasoline and found that the nanoscale
HZSM-5 is the most effective catalyst. The better reaction
performance of the nanoscale HZSM-5 is assigned to the
larger external surface area and the existence of the sec-
ondary pores [12] which increases the ability of the zeolite
to resist coking during the reaction.

The transformation of olefins over HZSM-5 involves a
sequence of following important reactions: oligomerization,
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cracking, isomerization and hydrogen transfer, etc. The
thermodynamic feasibility of these reactions is expected to
be controlled by the reaction temperature. In the present
work, n-octene was chosen as a probe molecule and its
conversion over nanoscale HZSM-5 was investigated at
different temperature. The effect of contact time on product
selectivity was also studied. The reaction pathway of the
n-octene transformation over nanoscale HZSM-5 has been
put forth, based on the results observed in the study.

2 Experimental
2.1 Catalyst Preparation

Nanoscale NaZSM-5 zeolite was synthesized by the
hydrothermal crystallization from a gel consisting of
sodium silicate, aluminium sulphate, butylamine, sulfuric
acid and deionized water in a stainless autoclave at 170 °C
for 30 h [13]. The NaZSM-5 was exchanged with 0.4 N
ammonium nitrate solution at ambient temperature for 2 h
(three times) to convert into NH,ZSM-5 form. After the
exchange, the zeolite was dried at 100 °C for 10 h and
calcined at 540 °C for 4 h to obtain the H-form. The cat-
alyst was pressed without any binder and crushed to 10—
20 mesh before loading into the reactor.

2.2 Catalyst Characterizations

The crystal size and morphology of nanoscale HZSM-5
were determinated on a JEOL JSM-6700F Scanning
Electron Microscope (SEM). The ratio of Si/Al was mea-
sured by Elemental analyses (XRF) performed on the
Bruker SRS 3400 spectrometer. Nitrogen adsorption and
desorption isotherms were measured on Quantachrome
Autosorb-1 sorption analyzer.

2.3 Catalytic Reaction

The conversion of n-octene was carried out in a continuous
flowing fixed-bed reactor under 1.5 MPa. The catalyst
(0.5 g) was loaded in the center of the reactor. The molar
ratio of Ny/n-octene was 4.2. The experimental data,
avoiding the catalyst deactivation, were obtained by pass-
ing the n-octene over a fresh catalyst for a short period
(5 min). The absence of catalyst deactivation in the
experiment was confirmed by repeating the experiment.
The products were analyzed by an online GC with an
OV101 capillary column (50 m) connected to a FID. The
conversion and selectivity were obtained from the product
compositions as following:

n-Octene conversion (%)

= 100-wt% of n-octene in the products.

Products selectivity (%) = [wt% of a particular productin
the products/(100-wt% of n-octene in the products)] x 100.

3 Results and Discussion
3.1 Characterizations of Catalysts

Figure 1 was the SEM photograph of the nanoscale HZSM-
5 which showed that the crystal size of HZSM-5 was 70—
100 nm. The molar ratio of Si/Al obtained by XRF was
14.6. The structure characteristics of the nanoscale HZSM-
5 zeolite were presented in Table 1. Nanoscale HZSM-5
has a larger external surface area than traditional micro-
scale HZSM-5 zeolite and the percentage of external
surface area reaches 25%.

3.2 Effect of Reaction Temperature on the Conversion
of n-Octene

Transformation of n-octene was carried out over the
nanoscale HZSM-5 at several reaction temperatures. The
results are presented in Figs. 2-4 and Table 2. The con-
version of n-octene is nearly 100% for temperature above
250 °C as a result of the high activity of the nanoscale
HZSM-5 and the high reactivity of n-octene. As showed in
Fig. 2 and Table 2, lots of olefins are detected and the main
components are isomers of n-octene at 200 °C. This
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Fig. 1 SEM image of nanoscale HZSM-5
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Table 1 Structure characteristics of the nanoscale HZSM-5 zeolite

Sample SSA (m? gfl) External area (m? gfl) Total pore volume (cm? gfl) Micropore volume (cm? gfl)
Nanoscale ZSM-5 398 100 0.40 0.13
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Fig. 2 Effect of temperature on the product distribution of n-octene
reaction over nanoscale HZSM-5
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Fig. 3 Effect of temperature on the paraffins distribution

demonstrates the main reaction is double bond isomeriza-
tion and skeletal isomerization of n-octene at low
temperature. The selectivities of double bond and skeletal
isomers reach 42% and 28%, respectively. This shows the
double bond isomerization is dominant at low reaction
temperature. A small amount of propane and butane are
also observed. These alkanes are the products of hydrogen
transfer reactions. It is worth noticing that no aromatics but
cycloolefins are detected in the products. The selectivity of
the cycloolefins is 10%. The results of TPD of benzene
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Fig. 4 Effect of temperature on the aromatics distribution

Table 2 Effect of temperature on the olefins distribution

T/°C Cy CS Cs Cs ol Cs~
200 0.7 2.0 2.7 3.7 5.9 83.9
250 33 17.6 20.4 12.7 11.0 13.1
300 2.0 9.8 9.0 2.9 1.8 1.2

over HZSM-5 showed the initial desorption temperature of
benzene was found to be ca. 150 °C [14]. It shows that the
above observation of no aromatics in the products can not
be ascribe to the spatial constraints of HZSM-5 zeolite
[15]. These observations implicate that hydrogen transfer
reaction can occur at relatively low temperature and the
formation of alkanes are accompanied by that of non-aro-
matics, hydrogen-deficient species (cycloolefins). These
intermediates can not be transformed into aromatics further
at low reaction temperature, which in accord with previ-
ously reported paper [14]. At 250 °C, the cracking and
oligomerization of olefins are dominant which results in a
wide distribution of olefins in the products as shown in
Table 1. With the increase of the reaction temperature, the
content of olefins decreases sharply and that of aromatics
increases obviously. The selectivity of i-paraffins firstly
increases and then decreases while that of n-paraffins
increases with the temperature.

The effect of reaction temperature on the distribution of
paraffins is shown in Fig. 3. The most predominant alkane
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Fig. 5 Effect of contact time on the products distribution over
nanoscale HZSM-5 at 450 °C

product above 350 °C is propane, of which selectivity
decreases at higher temperature. This indicates that pro-
pane once formed can react further at higher temperature.
The selectivities of methane and ethane, the most unfa-
vorable products, are negligible below 350 °C and increase
sharply when the reaction temperature reaches 400 °C. The
selectivities of C, and Cs, paraffins have maxima and
decline faster at higher reaction temperature. The maxi-
mum selectivity of i-paraffins occurs between 300 and
350 °C. The influence of reaction temperature on the aro-
matics distribution is presented in Fig. 4. The primary
aromatics products are toluene and Cg aromatics. The
selectivities of benzene and toluene increase with the
increase of the reaction temperature.

3.3 Effect of Contact Time on Product Distribution

To understand the reaction pathway of n-octene transfor-
mation, the reaction is carried out over different contact
time at 450 °C. The results are shown in Figs. 5-6, where
the selectivities of products are plotted as a function of
contact time.

At high space velocity, the main products are propene,
butene and pentene. The selectivities of these alkenes
decrease sharply with the increase of the contact time. No
much ethene is observed at low contact time. That means
ethene is not a main cracking product of n-octene. A small
amount of isomers of n-octene is also detected. As shown
in Fig. 4, contact time has different influence on the dis-
tribution of paraffins. The most predominant alkane
product is propane. Its selectivity decreases at lower space
velocity which shows propane can react further at long
contact time. At high space velocity, the formation of
alkanes with four and five carbon atoms is appreciable.

W/F /g h mol-!

Fig. 6 Effect of contact time on the paraffins distribution over
nanoscale HZSM-5 at 450 °C

These alkanes decline with decreasing the space velocity,
indicating that their transformation to smaller molecules by
cracking is very fast at long contact time. Actually, the
selectivities of methane and ethane increase with contact
time and reaches 21.1% at W/F = 19.4 g h mol™". It is
evident that aromatics are not primary products, since the
selectivity of aromatics increases with the increase of the
contact time and reaches 14.6% at W/F = 19.4 g h mol ™.

3.4 Reaction Path of n-Octene Over Nanoscale HZSM-5

Based on the observations a simplified reaction pathway of
n-octene transformation over nanoscale HZSM-5 is sum-
marized as follows. At 200 °C, the main reaction is the
isomerization of n-octene including double bond and
skeletal isomerization. Low olefins are the cracking prod-
ucts of octene isomers. The oligomerization of these low
olefins results in a wide distribution of olefins. The prod-
ucts of hydrogen transfer reaction among olefins are
alkanes and cycloolefins. Above 250 °C, cycloolefins can
be transformed into aromatics further by hydrogen transfer
reaction. The primary aromatics products are toluene and
Cg aromatics. With the increase of the reaction tempera-
ture, the selectivities of benzene and toluene increase while
those of Cg and Cg aromatics decrease. Propane and butane
can be transformed into methane and ethane at long contact
time above 400 °C.

4 Conclusions
The influences of temperature and contact time on the

olefin reaction over nanoscale HZSM-5 are investigated
using n-octene as a probe molecule. The isomerization of
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n-octene is dominant at low temperature during its con-
version over nanoscale HZSM-5. Hydrogen transfer
reactions occur at 200 °C, but the products of which are
cycloolefins instead of aromatics. These intermediates can
not be transformed into aromatics further at low reaction
temperature. The selectivity of aromatics increases with
the reaction temperature while that of i-paraffins firstly
increases and then decreases. The maximum selectivity of
i-paraffins occurs between 300 and 350 °C. The primary
aromatics products are toluene and Cg aromatics. The
selectivities of benzene and toluene increase with the
increase of the reaction temperature. Propene, butene and
pentene are the cracking products. These olefins are
oligomerized and cracked to produce a wide distribution
of olefins with different carbon atoms. These intermedi-
ates then are quickly transformed into aromatics and
alkanes by hydrogen transfer over acid sites at high
reaction temperature. Propane and butane can be trans-
formed into methane and ethane at long contact time
above 400 °C.
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