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The selective catalytic deoxygenation of oxy-organics in Fischer-Tropsch mixed oil for its high value
utilization is challenging. Herein, a BaCO3/y-Al,O3 catalyst was prepared calcining y-Al;03 with BaCOs,
and the acid-alkalinity of the catalyst was regulated by introducing alkaline Ba basic sties. In a continuous
fixed-bed reactor with a feed mass space velocity of 1 h~! and reaction temperature of 330 °C, BaCOs/y-
Al03 catalyst can efficiently catalyzed the deoxygenation removal of 1-octanol in Fischer-Tropsch C10
mixture oil. It also inhibited the isomerization of 1-decene in the C10 mixture. The catalytic deoxy-
genation kinetics of 1-octanol were also studied. The reaction was endothermic with an activation en-
ergy of 64 k]-mol ! and a reaction order of 2. In addition, theoretical studies revealed the adsorption and
activation of 1-decene on the Lewis acidic site and the alkaline Ba basic sites, 1-decene was more easily
underwent isomerization into 2-decene at Lewis acid sites. This research provides a useful method to
enable the industrial application of catalytic deoxygenation of alcohols in Fischer-Tropsch synthetic oil.
© 2025 The Chemical Industry and Engineering Society of China, and Chemical Industry Press Co., Ltd. All

rights are reserved, including those for text and data mining, Al training, and similar technologies.

1. Introduction

Fischer-Tropsch synthesis is used to produce liquid fuels and oil
products to replace petroleum-based gasoline, diesel, and lubri-
cating oil [1-3]. High-temperature Fischer-Tropsch synthesis
mainly produces liquid oil products that contain 50% to 60% olefins,
most of which are a-olefins [4]. a-Olefins are important chemical
raw materials that can be copolymerized with ethylene or used to
synthesize detergents and lubricants [5,6]. However, long-chain a-
olefins are mostly derived from ethylene polymerization, which
requires a high energy consumption and products with complex
compositions [7]. @-Olefins can be separated from high-
temperature Fischer-Tropsch synthetic oil [8], but the existence of
oxygen-containing organic compounds such as alcohols, ketones,
and acids in high-temperature Fischer-Tropsch synthetic oil re-
stricts the further applications of a-olefin. Of these, alcohols ac-
count for more than 90% of the total amount of oxygen-containing
compounds [9], and if they are not removed before subsequent
processing of Fischer-Tropsch synthetic oil, they may corrode
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equipment or poison catalysts during conversion processes [10].
Therefore, the removal of alcohols is important for further practical
applications of Fischer-Tropsch synthetic oil.

Distillation, adsorption, and selective hydrogenation are
commonly used for the desulfurization and deoxygenation of
Fischer-Tropsch synthetic oil [11]. However, distillation requires
large investments and energy consumption, and it is difficult to
deeply remove alcohols. The capacity of adsorbents is small and
they must be regenerated several times [12]. Selective hydroge-
nation requires the use of hydrogen to remove oxygen-containing
compounds, and olefins are easily hydrogenated to saturated al-
kanes, which reduces the utilization value of synthetic oil [13]. In
contrast, catalytic deoxygenation of alcohols in Fischer-Tropsch
synthetic oil uses simple reaction conditions, provides good
selectivity, and can convert olefins while removing oxygen-
containing organic compounds [14]. In recent years, the catalytic
dehydration of alcohols in Fischer-Tropsch synthetic oil has
attracted much attention [15—17]. Previous studies have found that
ideal products of alcohol dehydration such as olefins and ethers are
formed at the acidic sites of the catalyst [18,19], while aldehydes
and ketones are formed at the alkaline sites [20,21]. Therefore, in
alcohol-catalyzed deoxygenation processes with multiple steps,
acidic catalysts are often required to split C—O bonds [22]. Thus, it
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is important to develop efficient catalysts for the catalytic dehy-
dration of alcohols in Fischer-Tropsch synthetic oil.

The catalytic dehydration of alcohols on the surface of solid
acidic catalysts mainly involves an acid-base center synergistic
reaction mechanism [23,24]. C—O bond cracking reaction on
C—OH occurs at the acidic sites, and B-H bonds are captured at the
alkaline sites, and the resulting B fracture forms water and olefin.
The alcohols produced by high-temperature Fischer-Tropsch syn-
thesis are mainly primary alcohols that can in principle react to
form o-olefins and increase the reserve of useful a-olefins. How-
ever, in the presence of an acidic catalyst, a considerable portion of
a-olefins in Fischer-Tropsch synthetic oil at high temperatures will
isomerize into internal olefins, which is unfavorable to increasing
the yield of a-olefins [25,26]. Solid acid catalysts also lead to the
cracking and polymerization of alkanes and olefins, which will
further reduce the added value of Fischer-Tropsch synthetic oil
[27,28]. Therefore, it is important to design and develop high-
performance catalysts for the selective dehydration of alcohols
while prevent the isomerization of a-olefins in Fischer-Tropsch
synthetic oil.

Based on the aforementioned considerations, this research is
dedicated to the development of highly efficient catalytic systems
for the deoxygenation refining of Fischer-Tropsch synthetic oil,
with a specific focus on mitigating the isomerization of a-olefins.
Through precise acid-base modulation, a series of BaCO3-modified
v-Al,O3 catalysts were meticulously engineered and prepared.
These catalysts successfully facilitated the catalytic dehydration of
alcohols present in Fischer-Tropsch synthetic oil, thereby yielding
a-olefins while concurrently suppressing the isomerization of pre-
existing o-olefins. Furthermore, this study elucidated the underly-
ing mechanisms governing «-olefin isomerization during the cat-
alytic dehydration of alcohols, thereby establishing a robust
theoretical framework that supports the industrial-scale imple-
mentation of alcohol catalytic deoxygenation in Fischer-Tropsch
synthetic oil refining processes.

2. Materials and Methods
2.1. Materials and reagents

The pseudo-boehmite powder was purchased from Shanghai
Titan Science and Technology Co., Ltd. BaCO3 and concentrated
HNOs3 were purchased from Shanghai Macklin Biochemical Co., Ltd.
The high-temperature Fischer-Tropsch synthetic oil C10 distillate
was provided by Ningxia Coal Industry Co., Ltd. Other reagents
required for this study were commercially available and used
without purification before use.

2.2. Preparation of catalyst

1%BaCOs3/y-Al,03 catalyst was prepared as follows: 50 g of
pseudo-boehmite powder was added to a 100 ml beaker, followed
by 0.5 g BaCOs. 3 mol-L~! HNO; was slowly added, and the mixture
was stirred with a glass stirring rod. When the mixture was semi-
dry, it was squeezed with an extruder to form rod-like samples
with a diameter of 1 mm. The rod-like samples were dried and
roasted at 600 °C for 5 h, and then 1%BaCOs3/y-Al;03 catalyst was
obtained. 2%BaCOs/y-Al,03 and 3%BaCOs/y-Al,03 catalysts were
prepared by a similar method.

2.3. Catalytic deoxygenation of 1-octanol from Fischer-Tropsch C10
mixed oil

A continuous fixed-bed reactor was used to evaluate the cata-
lytic deoxygenation of 1-octanol from Fischer-Tropsch C10 mixed

oil under normal pressure. Typically, 4.6 g 1%BaCO3/y-Al;03 cata-
lyst was loaded into the fixed-bed reactor, and the temperature
program was set to 10 °C-min~, from room temperature to 290 °C.
The C10 mixture was fed into the reactor through a plunger pump
for catalytic deoxygenation. The C10 oil was composed of 56.3% 1-
decene, 19.63% decane, 6.14% isodecene, and 1.4% 1-octanol. The
catalytic deoxygenation reaction was performed at 290, 300, 310,
320 and 330 °C, and the injection rate of the C10 mixture oil was
adjusted to 100 pl-min~', 150 pl-min~', and 200 pl-min~",
respectively. Catalytic deoxygenation using 2%BaCO3/y-Al,03 and
3%BaC0s3/v-Al;03 was evaluated using a similar method.

2.4. Characterization

The microstructure and morphology of the catalysts were
investigated by scanning electron microscopy (SEM, Apreo S) and
transmission electron microscopy (TEM, FEI Talos 200s). The crys-
tallographic properties of the catalysts were characterized by
powder X-ray diffraction (PXRD, Rigaku MiniFlex 600), and data
were recorded in the 26 range of 10°—90° with Cu-K, radiation.
Information about chemical bonds was acquired with Fourier-
transform infrared spectroscopy (FT-IR, Nicolet NEXUS 670) using
KBr pellets. Nitrogen adsorption-desorption isotherms were ob-
tained at —196 °C on a Micromeritics ASAP 2460 instrument, and the
Brunauer-Emmett-Teller (BET) method was used to obtain the
specific surface areas. The non-local density functional theory
(NLDFT) model was employed to analyze the pore size distributions.

2.5. Computational methods

The mechanism of intrinsic migration of 1-decene terminal
double bonds was evaluated by using the Vienna Ab-initio Simu-
lation Package (VASP) [29,30]. During geometric optimization, a
vacuum layer of 2 nm was used to avoid interactions between
adjacent plates. The generalized gradient approximation (GGA) of
the Perdew-Burke-Ernzerhof (PBE) functional was used to describe
electron exchange and correlation effects [31]. The Kohn-Sham
equation was expanded using a plane wave base set with a cutoff
energy of 400 eV. The Brillouin region was sampled bya 2 x 2 x 1
Gamma k grid. The geometric optimization converged to the point
where the force acting on each atom was less than 0.5 eV-nm~! and
the total energy was less than 107> eV.

3. Results and Discussion
3.1. Characterization of catalysts

The crystal structures of y-Al,03 and BaCOs/y-Al,O3 catalysts
were investigated by PXRD. As shown in Fig. 1, the PXRD pattern of
Al,03 was in good agreement with the PXRD pattern of y-Al;03
(PDF:29-0063) [32], and the lattice planes of y-Al;03 (2 2 2),(4 0 0),
and (4 4 0) were present. When a very small amount of BaCO3; was
loaded on y-Al,03 and then calcined, the resulting Ba species had a
small size, resulting in PXRD only showing the characteristic peaks
of y-Al;03. The uniform dispersion of Ba species on y-Al,03 could
be further proved by the following element mapping. This indicates
that the BaCO3/y-Al;03 catalysts were successfully prepared. The
uniform dispersion of alkaline Ba species masked the acidic sites on
the surface of y-Al,03, which helped maintain «-olefins in C10
distillate during the catalytic deoxygenation of alcohols process
and prevent their isomerization.

The nitrogen adsorption-desorption isotherms of y-Al,03 and
BaCOs3/v-Al,03 catalysts in Fig. 2(a) are type IV isotherms. This in-
dicates that the catalysts contained abundant mesopores [33],
which can promote adsorption and mass transfer during catalytic
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Fig. 1. PXRD patterns of y-Al,05 and BaCOs/y-Al,03 catalysts.

reactions. The specific surface area of y-Al,03 was 202.7 m?.g~ .
After modification by the adsorptive loading of BaCOs, the specific
surface areas of 1%BaCO3/y-Al;03, 2%BaC0s3/y-Al,03, and 3%BaCO3/
v-Al,03 decreased to 198.6 m?-g~1,193.2 m?-g~ !, and 191.1 m?-g |,
respectively, and the pore volumes of y-Al,03, 1%BaCOs3/v-Al,03, 2%
BaCOs3/vy-Aly03, and 3%BaCOs/y-Al,03 were 0.62, 0.57, 0.55 and
0.54 cm-g~! respectively, indicating that adsorption and calcining
with BaCOs partially covered and blocked micropores. The average
pore sizes of y-Al;03, 1%BaCO3/y-Al;,03, 2%BaCO3/y-Al;03, and 3%
BaCOs3/vy-Al,03 were 12.4, 11.8, 11.7 and 11.4 nm, respectively (Fig.
2b). The SEM images of y-Al;,03 and BaCOs/y-Al,O3 catalysts in
Fig. 3(a)—(d) show their amorphous powder structure, which was
porous and loose [34]. Fig. 3(e)—(h) show the high-resolution TEM
images of the prepared y-Al,03 and BaCO3/y-Al,03 catalysts. The
microstructure of the y-Al,03 powder presented a rod-like and
granular packing structure with a loose porous packing mode. After
adsorption with 1% to 3% of BaCO3; and high-temperature roasting,
the structure of the y-Al,03 powder remained intact, with a porous
and loose structure, which should promote reactants diffusion,
mass transfer, and heat transfer during reactions. TEM analysis
revealed that compared with y-Al;03, no Ba species were observed
in l%BaCO3/y—A1203, 2%3&C03/Y-A1203, and 3%BaC03/y—A1203. This
might be attributed to the low loading amount or the porous and
loose structure of y-Al,03, which led to the uniform dispersion of

Ba species. This result was consistent with the XRD results (Fig. 1).
The TEM element mapping of 3%BaCOs3/y-Al,03 show that Al, O, Ba
and other species were uniformly distributed over the catalyst, and
the high dispersion of Ba species masked the surface acid sites of -
A1203 (Fig. 3(i)).

The FT-IR spectra of BaCOs3/y-Al,O3 catalysts are shown in
Fig. S1. The absorption vibration peak around 3500 cm~! was
mainly the —OH vibration peak on the surface of the y-Al,03 ma-
terial [35]. The infrared absorption peak in the range of
400—-1000 cm™~! is the vibration absorption peak of Al—O bond
[36]. The infrared absorption peak of about 1600—1700 cm ™! may
be the characteristic absorption peak of CO, adsorbed on the sur-
face of y-Al;03. With the increase of BaCO3; loading amount, the
infrared absorption peak of 1450 cm™! gradually decreases.

Fig. 4 shows the pyridine-adsorbed FT-IR spectra of a series of
BaCOs3/y-Al,03 catalysts (the detail method for the pyridine-
adsorbed FT-IR analysis was provided in the Supplementary Ma-
terial). The infrared absorption peak of y-Al,Os appeared at
1450 cm~!, indicating that it contained Lewis acid sites. After
calcining with BaCOs, the peak at 1450 cm~! disappeared upon
increasing the loading of BaCOs, indicating that the Lewis acid sites
in y-Al,03 were covered by basic BaO sites. The pyridine peak of 1%
BaCO3/y-Al,03 disappeared at 200 °C, that of 2%BaCOs/y-Al,03
disappeared at 150 °C, and that of 3%BaCOs/y-Al,03 disappeared at
100 °C. With the increase of BaCOs3 loading, the desorption tem-
perature gradually decreased, indicating that the acidity gradually
weakened. When the loading of BaCO3 reached 3%, the peak at
1450 cm ! almost disappeared. Because the Lewis acid sites easily
catalyzed the isomerization of a-olefins, the Lewis acid sites of
BaCO3/y-Al,03 after being neutralized by the Ba base sites greatly
decreased. This will promote the catalysis of the dehydration of 1-
octanol in C10 Fischer-Tropsch synthetic oil, which may prevent the
isomerization loss of 1-decene.

3.2. Catalytic deoxygenation of Fischer-Tropsch C10 mixed oil

v-Al,03 was loaded with 1% (mass) BaCO3 and calcined at 600 °C
to obtain 1%BaCO3/y-Al,03 catalyst. The fixed-bed reactor equipped
with 4.6 g 1%BaCO3/y-Al,03 was heated to 290 °C. The injection
rate of C10 mixed oil was 100 pl-min~', and the mass airspeed was
1 h™L Fig. 5(a) shows that at 290 °C, the isomerization ratio of 1-
decene in C10 mixed oil was higher during the initial reaction
stage, and the isomerization loss ratio of 1-decene gradually
decreased from 14.96% to 0.3% upon extending the reaction time.

Fig. 2. (a) Nitrogen adsorption-desorption isotherms of y-Al,03 and BaCOs/y-Al,03 catalysts. (b) The corresponding pore size distribution curves of y-Al,03 and BaCOs/y-Al,O3

catalysts.
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Fig. 3. SEM images of y-Al,05 (a), 1%BaC0s3/y-Al,03 (b), 2%BaC03/y-Al>03 (c), 3%BaCO3/y-Al,03 (d); TEM images of y-Al,05 (e), 1%BaCOs/y-Aly05 (f), 2%BaC03/y-Al,05 (g), and 3%

BaCO0s/y-Al,05 (h); Element mapping images of 3%BaC0Os/y-Al,05 (i).

However, at 290 °C, the deoxygenation conversion of 1-octanol was
lower (<85%). The reaction temperature of the fixed-bed reactor
was increased to 300 °C, and the injection rate was maintained at
100 pl-min~". The isomerization ratio of 1-decene was about 0.6%,
and the dehydration conversion rate of 1-octanol was 86% to 89%.

When the reaction temperature was further increased to 310 °C,
320°C, and 330 °C, the average loss of 1-decene gradually increased
to an average of 0.8%, 0.9%, and 1.4%, respectively. The dehydration
conversion of 1-octanol gradually increased to an average of 89%,
94%, and 97%, respectively (Fig. 5(b)). The results show that the

Fig. 4. Pyridine-adsorbed FT-IR spectra results of y-Al,03 (a), 1%BaCO3/y-Al,03 (b), 2%BaC03/y-Al,03 (c) and 3%BaCO3/y-Al,03 (d).
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dehydration ratio of 1-octanol increased gradually with the in-
crease of reaction temperature [37,38], but 1-decene tended to
isomerize into an internal olefin at higher temperatures. At 330 °C,
the injection rate of C10 mixed oil was adjusted to 100 pl-min~,
150 pl-min~Y, and 200 pl-min~, respectively. Fig. 5(c) shows the
isomerization loss ratio of 1-decene at different injection rates,
which was stable at less than 1.5%. As shown in Fig. 5(d), at a re-
action temperature of 330 °C, the catalytic dehydration ratio of 1-
octanol significantly decreased upon increasing the injection rate.
When only 100 pl-min~! was injected and the mass airspeed was 1
h~!, the removal conversion rate of 1-octanol exceeded 96%.

The dehydration performance of 2%BaCOs/y-Al,O3 catalyst was
evaluated using an evaluation method similar to the one mentioned
above. Fig. 6(a) shows that the reaction effect was similar to that of
1%BaC0Os3/y-Al;03 catalyst, i.e., during the initial reaction stage, the
isomerization rate of 1-decene was high, and upon extending the
reaction time, the isomerization loss rate of 1-decene gradually
decreased from 11% to 0.7%. However, at 290 °C, the dehydration
conversion of 1-octanol was between 75% and 80%. When the re-
action temperature of the fixed bed was increased to 300, 310, 320
and 330 °C. The isomerization ratio of 1-decene gradually increased
to 1.6%, and the dehydration ratio of 1-octanol increased to 85%, 91%,
94%, and 97% (Fig. 6(b)). The results showed that the higher reaction
temperature promoted the removal of 1-octanol. Similar to the

reaction effect of 1%BaCOs3/y-Al,0s3 catalyst, the injection rate of C10
mixed oil was adjusted to 100, 150 and 200 pl-min~, respectively, at
330 °C. Fig. 6(c) shows the isomerization loss ratio of 1-decene at
different injection rates, which remained stable below 1.5%. Fig. 6(d)
shows that at a reaction temperature of 330 °C, the catalytic removal
rate of 1-octanol at different injection rates significantly decreased
upon increasing the injection rate. When 100 pl-min~' was injected
and the mass airspeed was 1 h~, the removal of 1-octanol reached
approximately 97%.

The dehydration performance evaluation of C10 mixed oil
catalyzed by 3%BaCOs3/y-Al,O3 catalyst is shown in Table 1. At a
reaction temperature of 290 °C, the isomerization ratio of 1-decene
was high during the initial reaction stage, and the isomerization
loss ratio of 1-decene gradually decreased from 7.8% to below 1%
upon extending the reaction time. However, at a reaction temper-
ature of 290 °C, the dehydration conversion of 1-octanol was about
90%. When the reaction temperature of the fixed-bed reactor was
increased to 310 °C and 330 °C, the isomerization ratio of 1-decene
remained at about 1% in both cases, and the removal rate of 1-
octanol increased to 97% and 99%, respectively. These results
show that 3%BaCOs3/y-Al;03 catalyzed the dehydration of 1-octanol
at 310 °C. These results show that the 3%BaCO3/y-Al,03 catalyst has
the best catalytic dehydration and inhibition of 1-decene isomeri-
zation performance in Fischer-Tropsch C10 mixed oil [39,40].

Fig. 5. (a) The isomerization loss rate of 1-decene on 1%BaC03/y—Al,05 catalyst at different reaction temperatures; (b) the dehydration conversion ratio of 1-octanol on 1%BaCOs/
v—Al;03 catalyst at different reaction temperatures; (c) the isomerization loss ratio of 1-decene at different injection rates at a reaction temperature of 330 °C; (d) the catalytic
removal ratio of 1-octanol at different injection rates over 1%BaCO3/y—Al,03 at a reaction temperature of 330 °C.
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Fig. 6. (a) The isomerization loss ratio of 1-decene over 2%BaC0O3/y—Al,0j3 catalyst at different reaction temperatures; (b) the dehydration conversion ratio of 1-octanol on 2%BaCOs/
v—Al,05 catalyst at different reaction temperatures; (c) the isomerization loss ratio of 1-decene at different injection rates at a reaction temperature of 330 °C; (d) the catalytic
removal ratio of 1-octanol at different injection rates on 2%BaCO5/y—Al,03 at a reaction temperature of 330 °C.

3.3. Study on catalytic deoxygenation kinetics of 1-octanol

When studying the catalytic dehydration kinetics of 1-octanol,
the optimized 3%BaCOs3/y-Al,03 catalyst was used as the model

Table 1
The dehydration performance on 3%BaC0O5/y—Al,05 catalyst.

Reaction Reaction Isomerization Dehydration
temperature/°C time/h ratio of ratio of
1-decene/% 1-octanol/%
290 3 7.82 92.14
4 4.79 90.00
5 3.78 88.57
6 2.78 89.28
7 1.38 90.00
8 0.53 90.14
9 0.08 90.71
310 1 0.22 95.71
2 0.89 97.14
3 1.43 97.14
4 1.10 97.85
5 1.60 95.71
6 1.03 98.57
330 1 0.98 97.14
2 1.09 98.57
3 0.96 98.57
4 034 100.00
5 1.28 98.57
6 0.20 98.57

catalyst. The fixed-bed tube reactor was loaded with 4.6 g of 3%
BaCO0s3/v-Al,03, and the catalytic dehydration ratio of 1-octanol was
investigated at 300, 310, 320, and 330 °C, as well as five injection
rates (80,120, 160, 200 and 240 pl-min~!) at each temperature. The
dehydration ratio of 1-octanol was also studied upon changing the
injection space speed and reaction temperature.

In the kinetics study, the amount of catalyst was fixed, the in-
jection rates of C10 mixed oil were controlled by a constant-flow
piston pump, and the conversion of 1-octanol at 300, 310, 320
and 330 °C and different injection rates was determined. The
experimental results are shown in Tables S1—S4. W/F,, at each
temperature was plotted versus the conversion X and fit according
to the mathematical formula X = A; + (A1—A2)/(1+ exp (W/
Fon—(W/Fm)o)/d (W/Fn)). The slope corresponding to each point of
W/Fy was obtained from the smooth curve, i.e., the reaction rate Ry
at this point (Figs. S2—S5).

Each curve in Figures S6—S9 was fitted with the least-

squares method, and the linear equation was obtained,
respectively:

IRy, = 2.09InCy, + 4.1525 (1)
IRy, = 1.98InCpy + 4.3724 (2)
IRy, = 1.91InCyy + 4.6150 (3)
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Fig. 7. (a) Reaction rate constants at different reaction temperatures. (b) The relationship between temperature and rate constant.

InRm = 2.02InCy, + 4.8121 (4)

The coefficient in front of InCy, is the reaction order, and the
constant term behind the equation is the natural logarithm InK of
the reaction rate constant K. The reaction order remained at a
constant value of 2 at 300, 310, 320 and 330 °C. Based on the above
calculations, the reaction activation energy E and frequency factor

ko were calculated, and the reaction rate constants at different
temperatures are given in Fig. 7(a).

The least-squares method was used to fit Fig. 7(b), and the
equation was obtained:

y =077 x 10* x +17.55 (5)

Fig. 8. Adsorption models of 1-decene (a) and 2-decene (b) on Lewis acid sites. Adsorption models of 1-decene (c) and 2-decene (d) on BaO sites. Comparisons of the adsorption
energy of 1-decene (e) and 2-decene (f) on a Lewis acid site and BaO site. (g) Transition state adsorption energy of 1-decene at a Lewis acid site and BaO site.
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Fig. 9. (a) Adsorption model and adsorption energy of 1-octanol on Lewis acid sites and BaO sites. (b) Adsorption model and adsorption energy of 1-octene on Lewis acid sites and
BaoO sites. (c) Comparisons of adsorption energy of 1-octanol dehydration on Lewis acid site and BaO site.

The activation energy was:

E =0.77 x 10* x 8.314/10° = 64.0 kJ-mol (6)
The frequency factor Ky was:

Ko = exp(17.55) = 4.2 x 107 (7)

Therefore, the reaction dynamics in the range of 300—330 °C
were determined to be:

Rmz = 4.2 x 107 exp(0.77 x 10* |T)Cy? (8)

The activation energy of the reaction was positive, indicating
that 1-octanol catalytic dehydration was an overall endothermic
reaction [41,42].

3.4. Isomerization mechanism of 1-decene and dehydration
mechanism of 1-octanol

The Fischer-Tropsch C10 mixed oil was composed of 56.3% 1-
decene, 19.63% decane, 6.14% iso-decene, and 1.4% octanol. During
the catalytic dehydration of 1-octanol, the acidic sites on its surface
facilitated the isomerization of 1-decene to 2-decene. In this study,
the isomerization loss of 1-decene was avoided by modifying vy-

Al,03 with Ba alkaline sites that masked the Lewis acid sites on the
surface of y-Al;03.

The adsorption energies of 1-decene and 2-decene on a Lewis
acid site and BaO site were compared by theoretical calculations
(Fig. 8(a)—(f)). The adsorption energy of 1-decene and 2-decene at
Lewis acid sites was higher than that at BaO sites. The adsorption
energy of 1-decene onto Lewis acid sites was 1.14 eV, which was
higher than that of BaO sites (0.51 eV). Similarly, the adsorption
energy of 2-decene onto Lewis acid sites was 1.27 eV, which was
greater than that at the BaO site (0.68 eV). The results showed that
1-decene strongly adsorbed onto Lewis acid sites and easily iso-
merized into 2-decene. Fig. 8(g) compares the transition state
adsorption energy of 1-decene onto a Lewis acid site and BaO site.
The transition state energy on the BaO site was 2.55 eV, which was
much higher than that on the Lewis acid site of 0.27 eV. The results
showed that 1-decene had a high barrier of isomerization and did
not easily isomerize into 2-decene at the basic BaO site [43,44].
However, at the Lewis acid site, 1-decene had a lower barrier of
isomerization and easily isomerized into 2-decene [45]. In this
study, the isomerization of 1-decene in the catalytic process can be
reduced by modifying y-Al,03 with alkaline BaO.

The catalytic dehydration mechanism of 1-octanol was also
investigated. As shown in Fig. 9(a), the adsorption energies of 1-
octanol on Lewis acid sites and BaO sites were —4.52 eV
and —0.94 eV, respectively. Fig. 9(b) shows that the adsorption
energies of 1-octene on Lewis acid sites and BaO sites
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were —4.07 eV and —0.69 eV, respectively. These results illustrated
that the adsorption energies of 1-octanol were higher on the Lewis
acid sites than on the BaO sites. Thus, 1-octanol could be easily
dehydrated to 1-octene. The reaction energy barrier of the 1-
octanol dehydration reaction on the Lewis acid sites was about
0.53 eV, which was lower than on the BaO sites (1.7 eV, Fig. 9(c)).
The results indicated that 1-octene was more easily produced by
the dehydration of 1-octanol on Lewis acid sites [38,46].

4. Conclusions

BaCOs3/y-Al,03 catalyst was prepared by the high-temperature
calcination of commercial y-Al,03 modified with BaCO3 with a
mass fraction of 1% to 3% (mass), respectively. The catalytic per-
formance of BaCOs/y-Al,03 for 1-octanol dehydration in Fischer-
Tropsch C10 mixture oil was evaluated in a continuous fixed-bed
tubular reactor. The 3%BaCOs3/y-Al,03 catalyst showed high cata-
lytic dehydration performance at a reaction temperature of 310 °C
and a feed space velocity of 1 h~'. The catalytic dehydration kinetics
of 1-octanol were studied in detail, which was an endothermic
reaction with an activation energy of 64 kj-mol~! and a reaction
order of 2. The adsorption and activation of 1-decene at Lewis acid
sites and basic BaO sites were studied using theoretical calcula-
tions, which showed that 1-decene was more easily isomerized into
2-decene and other internal olefins at Lewis acid sites. The 1-
octanol catalytic dehydration mechanism was also investigated to
provide a reference for the catalytic dehydration of Fischer-Tropsch
synthetic oil.
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