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Abstract The amount of acid sites on external surface
and L/B ratio of the zeolite catalysts are close relative to
the catalytic performance of the catalysts in butene tri-
merization. The doping of Ni into the zeolite modifies the
textural and acidic properties of the catalyst. NiHf(32)
exhibits the highest catalytic performance and the lowest
apparent activity energy in butene trimerization among the
investigated catalysts, due to the reason that it has
the proper amount of acid sites on external surface and the
proper L/B ratio.

Keywords Butene - Trimerization - HZSM-5 -
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1 Introduction

Butene trimerization is a promising method for the pro-
duction of diesel additive and chemical from the cheap and
abundant C, olefin fraction resulting from FCC unit and
F-T synthesis [1, 2]. Such process is extra flexibility to
respond to market demand for diesel [1, 2]. Comparing
with the studies on butene dimerization, a few works on
butene trimerization have been carried out so far.
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Recently, Yoon and co-worker [3-5] reported that
ferrierite zeolite, zeolite § and Amberlyst-35 showed high
catalytic performance in iso-butene trimerization. For
example, zeolite f§ appeared remarkable performance with
the selectivity of trimers higher than 50% up to 100 h at
high iso-butene weight hourly space velocity (WHSV) of
10 hfl; in addition, the deactivated catalyst could be
regenerated easily by calcining in flowing air [3]. Mantilla
et al. [6, 7] found that sulfated TiO, catalyst prepared by
in-situ sulfation exhibited 100% conversion of iso-butene
with ca. 80% selectivity of trimers during the initial 40 h
on stream.

The different catalysts show the variant catalytic per-
formance in butene trimerization, due to the deference in
the properties of the catalysts. Nevertheless, it is not clear
that effect of the properties on butene trimerization over
solid acid catalyst. Yoon et al. [3-5] considered that the
high reactivity and stability of the catalyst in iso-butene
trimerization were owed to the high concentration of L acid
sites on the catalyst. Mantilla et al. [6] thought that the
selectivity of trimers in butene oligomerization strongly
depended on the ratio of L/B acid sites over the sulfated
TiO, catalysts. Lallemand et al. [8] found that NIMCM-22
catalyst showed the low reactivity in ethylene oligomeri-
zation because it had microporous structure and the high
concentration of acid sites. In order to develop the efficient
catalyst for butene trimerization, it is desirable to deeply
understand the properties-function relation of the catalyst.

Zeolite i possesses an intergrowth of two or three
polymorphs having a 3D system of interconnected
12-membered ring channels with pore diameters of
0.55 x 0.55 nm” and 0.76 x 0.64 nm> [9, 10]. Zeolite
HZSM-5 is 10-membered-ring shape selective microporous
aluminosilicate, which presents 3D pore channel architec-
ture (0.51 x 0.55 nm?, 0.54 x 0.56 nm?) [11]. Both f§ and
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HZSM-5 zeolite have been widely used in catalytic
cracking, hydrotreating, alkylation and transalkylation
reaction, etc. In addition, they showed the low deactivation
rate in these reactions, owing to the steric hindrance for the
formation of bulky coke species inside the peculiar pore
system [12—15].

In the present work, zeolite catalysts such as HZSM-5
(Si/Al = 60, 320), Ni-doped HZSM-5 (Si/Al = 320), Hf
(Si/Al = 32) and Ni-doped Hf (Si/Al = 32) have been
developed. The catalytic performance of these catalysts in
butene trimerization was investigated. In addition, the
properties of these catalysts were comparatively charac-
terized by XRD, N, isothermal adsorption—desorption, IR
and Py-IR, etc. Effects of the textural and acidic properties
on the catalytic performance of these catalysts in butene
trimerization are discussed.

2 Experimental
2.1 Catalyst Preparation

Zeolite NaZSM-5 (SiO,/Al,03 = 60, 320) and Nap (SiO,/
Al,O3 = 32) powder (Shanghai Xinnian Chem.) were
calcined in a muffle furnace at 550 °C for 10 h to remove
the organic template. Subsequently, the zeolite was con-
verted into NH,4t-type zeolite by twice cationic exchange,
in which it was treated with 0.5 mol/L ammonium nitrate
aqueous solution at 90 °C for 4 h (Tianjing Chem., A.R.).
The NH,"-type zeolite was washed twice by hot water
(90 °C). The washed NH,4 " -type zeolite solid was dried at
110 °C for 12 h and then calcined at 550 °C for 5 h to
transfer to H'-type zeolite. The H'-type zeolite was trea-
ted by steam at 550 °C for 8 h under the flow of air that
was saturated with water at room temperature (r.t.) The
resultant H'-type zeolite is respectively remarked as
HZSM-5(60), HZSM-5(320) and Hp(32), in which the
number in the parentheses represents Si/Al ratio (mol) of
the zeolite.

The Ni-doped zeolite catalyst was prepared by impreg-
nation method. The resultant HZSM-5(320) and Hpf(32)
powder impregnated nickel nitrate (Shanghai Chem., A.R.)
aqueous solution to give Ni-loading from 1 wt.% to 1.6
wt.%. The powder was dried at 110 °C for 6 h and finally
calcined at 550 °C for 4 h to obtain Ni-doped zeolite cat-
alyst. The catalysts are expressed as n-NiHZSM-5(320)
and m-NiHf(32), in which n and m are Ni-loading on the
catalysts.

2.2 Characterization

Powder X-ray diffraction (XRD) patterns were collected by
Rogaku Rotflex D/Max-C powder X-ray diffractometer

with Cu Ka radiation (4 = 0.15046 nm) operated at 40 kV
and 30 mA to identify the phase structure of the catalyst.

N, isothermal adsorption—desorption characterization of
the sample was performance at the temperature of liquid
nitrogen by using Micromeritics ASAP400 adsorption
meter. The sample (ca. 240 mg) was degassed at 200 °C
and 1.3 x 107 Pa for 4 h before the measurement of data.
The specific surface area was calculated according to BET
method, and the external surface area was obtained using #-
plot method. The volume of pores was evaluated by #-plot
analysis of the adsorption isotherm.

IR spectra were recorded with using a Bruker IF113 V
FTIR spectrometer. The IR spectrometer was equipped
with an in-situ cell containing CaF, windows. 11.5 mg
sample was pressed into self-supported disc, which was
introduced into the cell. In Py-IR experiments, the sample
disc was activated under vacuum (1 x 1073 Pa) and
20 ml/min He flow at 400 °C for 2 h and then cooled down
to r.t. Subsequently, 20 ml/min He flow saturated with
pyridine was introduced into IR cell at r.t. for 2 h to ensure
that all acid sites were covered. Afterward, the sample was
heated to 200 °C and 350 °C with the rate of 10 °C/min to
collect the IR spectra. Before measuring the spectra, the
sample was purged by 20 ml/min He flow and evacuation
at the temperature for 2 h to remove physically adsorbed
pyridine.

2.3 Catalytic Test

Butene oligomerization was performed in fixed-bed con-
tinuous-flow reactor equipped with backpressure regulator
(Tescom). The reaction temperature was controlled and
measured by using temperature-controller and thermal
couple. The backpressure regulator at the outlet of the
reactor was used to control the reaction pressure. WHSV
was referred to butene in feed. Before each test, the catalyst
was firstly heated to 450 °C for 30 min and then to the
specific reaction temperature in 20 ml/min N, flow
(Beijing Huayuan Gas, 99.95%). The feed was injected into
the catalyst bed by a syringe pump. The feed was a mixture
of butane (54 wt.%), butene (1-butene, 15 wt.%; 2-butene,
25 wt.%) and propane (6 wt.%). Steady-state reaction was
achieved over the catalyst after time on steam of 4 h. After
leaving the reactor, the liquid and gas mixture were
depressurized to atmospheric pressure and the products
were collected in a condenser. The feed and products were
analyzed by gas chromatography (GC). The gaseous sam-
ple was analyzed by a GC (HP-5890, TCD) quipped with
an alumina column. Liquid sample was analyzed by a GC
(HP-5890, FID) contained a PONA column. Mass balance
greater than 95% was used to calculate the conversion of
butene and the selectivity of product,
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Conversion of butene (wt%) =

(Butenej, — Butene,y)/Butene;, x 100%

Selectivity of oligomers (wt%) = Oligomers product/X Oligomers product x 100%

Selectivity of liquid products (wt% ) = liquid products/(Butene;, —

Buteneyy) x 100%

3 Results
3.1 XRD Characterization

The Ni-loading of the Ni-doped zeolites are shown in
Table 1. Figure 1 gives XRD pattern of these catalysts.
HZSM-5(60), HZSM-5(320) and 1-NiHZSM-5(320) pres-
ent the characteristic XRD peaks of crystallite HZSM-5
(26 = 7.9, 8.8, 23.0, 23.2, 23.6, 23.9 and 24.4°), indicating
that these catalysts possess the skeletal structure of zeolite
HZSM-5. HZSM-5(320) has the similar crystallinity as
1-NiHZSM-5(320). HZSM-5(60) appears higher crystal-
linity than both HZSM-5(320) and NiHZSM-5(320).
Hp(32) and Ni-doped Hf(32) show the typical XRD peaks
of the crystallite zeolite Hf (20 = 7.9, 21.3, 22.4, etc.).
The crystallinity of Hf(32) is as similar as that of Ni-doped
Hp(32).

XRD peaks belonging to either nickel oxide or nickel
oxides cluster are not detected on these catalysts. The
results suggest that small Ni species present and high dis-
perse on the zeolite catalysts. On the other hand, it is found
that the characteristic XRD peaks of NiHZSM-5(320)
catalyst appear shift comparing with the corresponding
peaks of HZSM-5(320). The similar phenomenon is also
observed with regard to HfS(32) and NiHfS(32). These
results imply that the structure of Ni-doped Hp(32) is
modified by the addition of Ni and Ni ions interact with the
zeolites framework or partly locate in the zeolites
framework.

Table 1 Textural and acidic properties of these catalysts

- @
g (c)

Fig. 1 XRD pattern of these catalysts, (a) HZSM-5(60), (b) HZSM-
5(320), (¢) 1-NiHZSM-5(320), (d) HS(32), (e) 1-NiHp(32), (f) 1.6-
NiHf(32)

3.2 N, Isothermal Adsorption—Desorption
Characterization

The textural properties of these catalysts were characterized
by N, isothermal adsorption—desorption and the results are
summarized in Table 1. The BET specific surface area
(SgeT) and external surface area (Sgywem) Of these cata-
lysts decreases as the order of Hf(32) > 1-NiHpS(32) >
1.6-NiHf(32) > HZSM-5(320) > 1-NiHZSM-5(320) >
HZSM-5(60). On the other hand, the micropores volume

Sample Si/Al (mol) Ni (Wt.%) Vmicro (cm3 /g) Surface area (mZ/g) Acidic amount (a.u./g) and acidic distribution
SpeT® Skxterm’ 200 °C 350 °C

L B L/B L B L/B
HZSM-5(60) 60 0 0.18 243 11 25 83 0.3 11 35 0.3
HZSM-5(320) 320 0 0.12 309 100 31 24 1.3 6 4 1.5
1-NiHZSM-5(320) 320 1.0 0.09 305 97 44 20 2.2 15 5 3.0
Hp(32) 32 0 0.29 319 185 72 20 3.6 20 6 33
1-NiHp(32) 32 1.0 0.28 316 157 76 15 5.1 22 5 4.4
1.6-NiHp(32) 32 1.6 0.28 312 155 80 14 5.7 30 4 7.5

* Sggr is specific surface area of the sample, which was obtained by BET method

o SExtern 1S external surface area of the sample, which was obtained by #-plot method
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(Vmicro) of these samples appreciably decreases as the
sequence of Hp(32) > 1-NiHS(32) ~ 1.6-NiHp(32) >
HZSM-5(60) > HZSM-5(320) > 1-NiHZSM-5(320). The
Ni doping into the zeolite reduces the specific surface area
and the micropores volume of the catalyst.

3.3 IR Characterization

Figure 2 shows IR spectra of the catalyst HZSM-5(320),
1-NiHZSM-5(320), Hf(32) and 1.6-NiHpf(32). IR bands in
the wave number range of 600—1,200 cm™' gives useful
information on the skeletal structure of the zeolite cata-
lysts. As can be seen in Fig. 2, IR bands at 799 and
804 cm ™! are detected, which are due to the symmetric
stretching of Si—O-Si in the framework of zeolite HZSM-5
and Hp [16, 17]. In addition, IR bands appearing at 1,101
and 1,106 cm™" are assigned to the asymmetric stretching
of Si—O-Si in the framework of zeolite HZSM-5 and Hp
[16, 17].

On the other hand, it is found that 1-NiHZSM-5(320)
appears a new shoulder band at ca. 923 cm™' comparing
with HZSM-5(320). Similarly, 1.6-NiHp(32) presents a
new band at ca. 940 cm™ ' with respects to HB(32). The
previous work reported that Ti-doped HZSM-5 shows a
new IR band at ca. 965 cm™' comparing with HZSM-5,
generally due to —Ti = O with tetrahedral symmetry or an
asymmetric stretching mode of tetrahedral Si—O-Ti link-
ages in the zeolite framework [18-20]. Similarly, a new IR
band at ca. 960 cm™! was observed on ZrMCM-41,
belonging to the stretching vibration of Si—O-Zr formed
from the interaction between Si and Zr or an asymmetric
Si—O-Si stretching perturbed by the presence of Zr in its
environment [21]. In case of this work, we tentatively
attribute new IR band at ca. 923 and 940 cm ™" detected on
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Fig. 2 IR spectra of these catalyst, (a) HZSM-5(320), (b)
1-NiHZSM-5(320), (¢) Hp(32), (d) 1.6-NiHp(32)

1-NiHZSM-5(320) and 1.6-NiHf(32) to the symmetry
stretching vibration of Si—O-Ni linkages in the zeolite
framework or/and the asymmetric stretching vibration of
tetrahedral Si—O-Si perturbed by the presence of Ni ions.
These results suggest that the interaction of Ni ions with
tetrahedral unit of the zeolites occurs and Ni ions at least
partly locate in the zeolites framework. The results are
agreement with those of XRD.

3.4 Py-IR Spectroscopy Characterization

Py-IR spectroscopy was employed to comparatively
investigate the acidity of these catalysts. Figure 3 shows
Py-IR spectra of these catalysts at specific temperature. As
can be seen, IR band at 1,454, 1,490 and 1,545 cm~! can
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Fig. 3 Py-IR spectra of these catalysts at 200 °C and 350 °C, (a)

HZSM-5(60), (b) HZSM-5(320), (¢) 1-NiHZSM-5(320), (d) HB(32),
(e) 1-NiHp(32), (e) 1.6-NiHp(32)
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Fig. 4 The variety of butene conversion on these catalysts in butene
trimerization as a function of time on stream. Reaction conditions:
350 °C, 1 MPa and WHSV =2 h™!

be detected at 200 and 350 °C on these samples. IR band at
1,454 cm™! is attributed to the adsorption of pyridine
coordinated on L acid sites [22, 23]. IR band appearing at
1,490 cm ™" is associated to the vibration of the pyridinic
ring on B and L acid sites [22, 23]. In addition, IR band
near 1,545 cm™' is due to the adsorption of pyridine
coordinated on B acid sites [22, 23]. The acid sites detected
at 200 °C can be attributed to the weak/medium acid sites,
and those observed at 350 °C can be the strong acid sites
[22, 23]. These results suggest that B and L acid sites with
different acidic strength present on these catalysts.

In order to estimate the amount of acid sites, the area of
IR bands corresponding to B and L acid sites is integrated
and the results are shown in Table 1. The amount of
acid sites decreases as the order of HZSM-5(60) > 1.6-
NiHf(32) > 1-NiHp(32) > Hf(32) > 1-NiHZSM-5(320)
> HZSM-5(320). The amount of weak/medium acid sites
is more than that of strong acid sites on these catalysts. In
addition, L/B ration on these catalysts rises as the sequence
of HZSM-5(60) < HZSM-5(320) < 1-NiHZSM-5(320) <
Hp(32) < 1-NiHfS(32) < 1.6-NiHf(32). These results
indicate that the doping of Ni on HZSM-5(320) and HS(32)
distinctly improves the amount and the distribution of acid
sites on the catalysts.

3.5 Catalytic Performance in Butene Trimerization

Figure 4 shows the variety of butene conversion on the
catalyst as a function of time on stream at 350 °C, 1 MPa

@ Springer

and WHSV =2 h~ L HZSM-5(60) catalyst shows the
highest initial activity among the catalysts in butene tri-
merization, but the activity quickly decreased with time on
stream. At the initial reaction stage (~ca. 4 h), the butene
conversion decreases on the investigated catalysts with
time on stream, due to the fast deposition of coke on the
catalysts surface. Afterward, butene conversion on HZSM-
5(320), 1-NiHZSM-5(320), HB(32) and Ni-doped Hp(32)
tends to be steady up to 72 h.

Table 2 summarizes the conversion of butene and the
selectivity of products in butene trimerization on these
catalysts. In order to further evaluate the catalytic perfor-
mance of these zeolite catalysts in butene trimerization,
specific activity of butene trimerization is identified in
terms of the quantity of trimers produced on unite mass of
catalyst and reaction time (guimers/Ecac - h). The specific
activity decreases as the order of 1.6-NiHfS(32) > 1-NiHp
(32) > 1-NiHZSM-5(320) > Hf(32) > HZSM-5(320) >
HZSM-5(60). The Ni-doped zeolite catalyst shows the
higher specific activity of butene trimerization than the
corresponding Ni-undoped zeolites catalyst, suggesting
that the Ni doping can improve the formation of timers in
the reaction.

For the sake of further illuminating the role of Ni doping
on butene trimerization, the apparent activation energy of
butene trimerization was estimated in terms of Arrhenius
equation y = Aexp(—Ea/RT), in which y is apparent rate
of butene trimerization, Ea is apparent active energy
(KJ/mol), A is apparent frequency factor and T is reaction
temperature (K). We hypothesize that the frequency factor
of the Arrhenius equation is not much changed by the
addition of Ni into the zeolites. The lineal plot of In(y)
versus 1/T was obtained by lineal regression method
(Fig. 5). The apparent activation energy was obtained from
the slope of Arrhenius plot and is shown in Table 2.

As expected by thermodynamics and kinetics, the
investigated catalysts show increasing tends of apparent
rate of butene trimerization with the reaction temperature
increasing (Fig. 5). On the other hand, the apparent active
energy of butene trimerization on these catalysts varies
from 300.5 to 68.3 KJ/mol. Haag [24] reported the active
energy of butene oligomerization is about 66.6 KJ/mol,
and Rehrfinger et al. [25] obtained apparent active energy
of butene oligomerization in order of 40 KJ/mol. The
difference of the obtained apparent active energy might be
due to the different properties of the catalyst and the
influences of diffusion in the catalysts. It is noticed that
the Ni-doped catalyst has lower apparent activation energy
of butene trimerization than the Ni-undoped -catalyst,
which is in agreement with the Ni-doped catalyst having
higher specific activity of butene trimerization. The results
further confirm that the Ni doping favors butene
trimerization.
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Table 2 Catalytic performance of these catalysts in butene trimerization®

Catalysts Conv. Selectivity of oligomers (wt.%) Selectivity of liquid Specific activity of butene Apparent active

Wt.%) — - products (wt.%) trimerization (X 1072, Zyimers/Eear - h) energy (KJ/mol)
Dimers Trimers Tetramers

HZSM-5(60) 45.0 98.0 2.0 0 50.5 0.9 -

HZSM-5(320) 58.1 94.2 4.0 1.8 60.2 2.8 300.5

1-NiHZSM-5(320) 67.0 55.8 39.8 44 73.5 39.2 75.7

Hp(32) 70.5 68.9 28.5 2.6 67.5 27.1 123.0

1-NiHf(32) 73.5 55.2 41.5 33 66.0 40.3 -

1.6-NiHf(32) 77.8 50.6 442 52 64.0 44.0 68.3

% The mean value of data obtained in time on stream of 24 h was used; Reaction conditions: 350 °C, 1.0 MPa and WHSV = 2 h!
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Fig. 5 Arrhenius plot of butene trimerization on these catalysts

4 Discussion

The doping of Ni on zeolites modifies the acidity of the
sample, namely, increases the amount of acid sites and L/B
ratio on the catalyst. The previous works revealed that two
acid sites generated for each Ni*™ on Ni-containing cata-
lysts during the thermal processes above 300 °C as the
following equation [26, 27]:

2Ni*" + H,0 = 2Nit +2H" +1/20,

In addition, the strong acid sites can be partially
substituted by the weak/medium acid sites generating
from Ni cations [26, 27]. In this work, Ni-doped zeolite
catalysts are calcined at 550 °C and activated at 450 °C.
These processes result in the formation of weak/medium L
acid sites and the substitution of strong acid sites on the
catalyst. Therefore, Ni-doped zeolite catalyst possesses
the more amount of acid sites and the higher L/B ratio than
the corresponding Ni-undoped catalysts.

On the other hand, concerning the original of the acidity of
the composite oxide, Tanabe et al. [28] considered that the
acidity of the composite oxide was due to the local changes in
oxide matrix as introducing a second oxide into the matrix
(Tanabe Model). Kung [29] proposed that the generation of
acidity on the AOx — BOy composite oxide was due to the
difference in electrostatic potential of cation A and B as the
incorporation of cation A into the matrix BOy (Kung Model).
The more ionization of cations resulted in the generation of L
acid sites on the oxide while the more covalence of anions
(027) caused the formation of B acid sites on the oxide [29].
In case of this work, the interaction of Ni ions with tetrahe-
dral unit of the zeolite occurs and Ni ions at least partly locate
in the framework of the zeolites, which change the local
environment of the zeolites matrix. Therefore, the new acid
sites generate and the distribution of acid sites modifies on
the Ni-doped catalysts comparing with the corresponding
Ni-undoped catalysts.

In order to reveal effects of the properties on the cata-
lytic performance of the catalysts in butene trimerization,
we attempt to correlate the relation of properties with
catalytic performance of the catalysts. It is supposed that
the acid sites are well dispersed on the catalyst surface. The
amount of acid sites on external surface is identified in
terms of the amount of acid sites X Sgxiern/SpeT- Figure 6
gives the relation of the amount of acid sites on external
surface with specific activity of butene trimerization over
these catalysts. It can be seen; the specific activity of
butene trimerization presents the peak-shape tendency as
the variety of the amount of acid sites on external surface.
The results indicate that the catalytic performance of the
catalyst in butene trimerizaton is closely relative to the
textural and acidic properties of the catalyst. The investi-
gated zeolite catalysts possess the different properties,
which in turn affect the catalytic performance of these
catalysts in butene trimerization. The proper amount of
acid sites on external surface is required for achieving the
high specific activity of butene trimerization over the
catalyst.
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Fig. 6 Relation of the amount
of acid sites on external surface
with the specific activity of
butene trimerization on these
catalysts
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Butene oligomerization mainly carried out on the acid
sites as the following reaction pathways [11, 30, 31]:

Cy™ +C4y — G5~
C4: + ng — C|2:
Cy™ +Cipm = Cy6, ete

The growth of carbon chain of oligomers passes through
the insertion of butene into the carbonium from dimers
adsorbed on the acid sites, which can be catalyzed by any
type of the acid sites on the zeolite, namely, B acid sites
associated with framework aluminum atoms and L acid
sites associated with extra-framework aluminum atoms and
Ni cations [11, 30, 31]. The stability of the carbonium
intermediate is mainly dependent on B acid sites [30, 31].
On the other hand, butene oligomerization over the solid
acid catalyst indeed happens by a combination of
oligomerization and cracking step [31-33]. The proper
increase in the amount of acid sites and L/B ratio can
enhance the growth of the carbon chain of oligomer
products. However, the much more amount of acid sites on
the catalyst may result in the formation of coke that blocks
the pores of zeolite. The coke is responsible for the fast
deactivation of the catalyst in the reaction. Moreover, the
much more amount of B acid sites favors the cracking of
butene and oligomers, decreasing the specific activity of
butene trimerization and the selectivity of liquid product.

HZSM-5(60) has the more total amount of acid sites and
the lower external surface area than any other investigated
catalysts. It is well known that both L and B acid sites can
active the butene. Thus, HZSM-5(60) exhibits high initial
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conversion of butene in the reaction. However, L and B
acid sites, especially the strong acid sites, are responsible
for the formation of coke on the catalysts. On the other
hand, Hulea and Pater et al. [33] considered that the olefins
oligomerization mainly occurred on the external surface of
the zeolites crystal. The large external surface area facili-
ties the diffusion of heavy oligomers obtained from olefins
oligomerization, which can avoid the formation of coke
and result in the low deactivation rate of the catalyst [33].
Therefore, HZSM-5(60) shows high initial activity and fast
deactivation because it has a great deal of acid sites and the
low external surface area.

In view of above point, the acidic amount and the acidic
distribution on external surface area of the catalyst play an
important role on butene trimerization on the catalysts.
1.6-NiHf(32) exhibits the highest specific activity of
butene trimerization among the investigated catalysts, due
to the reasons that it has the proper amount of acid sites on
external surface and L/B ratio.

5 Conclusion

The textural and acidic properties of the zeolite catalysts
are close relative to the catalytic performance of the cata-
lysts in butene trimerization. The doping of Ni into zeolite
modifies the textural and acidic properties of the catalyst,
which in turn improves the catalytic performance of the
catalyst in butene trimerization. 1.6-NiHp(32) catalyst
shows the highest catalytic performance and the lowest
apparent activity energy of butene trimerization among the
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investigated catalysts, due to the reason that it has
the proper amount of acid sites on external surface and the
proper L/B ratio.
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