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Abstract—Liquid organic hydrogen carrier (LOHC) materials have been under the spotlight for the storage, transport
and extraction of hydrogen. In particular, the catalytic process for extracting hydrogen from LOHC requires a fairly high
level of catalytic technology due to several important issues, such as saving energy consumption due to endothermic
reaction, minimizing consumption of LOHC for recycle, and high purity of hydrogen produced. This study focused on
the development of La-doped Pt/ALO; catalyst with high activity for the dehydrogenation of perhydrodibenzyltoluene
(H,s-DBT), which is well-known as a LOHC compound. The dehydrogenation performance of the La-doped Pt/Al,O,
catalyst was different depending on the La content it contained. A variety of characterization techniques are used to
identify the performance differences of the catalysts. As revealed by the analyses of chemisorption, TEM and XPS, the
number of lanthanum oxide particles on the surface of the catalyst increases and block the active sites of platinum, as
the amount of La doped in the catalyst increases. However, by donating electrons from lanthanum oxide to platinum,
the activity per unit active site of Pt increases. The Pt/La-ALO; catalyst doped with 1 wt% La showed much higher activ-
ity than that of the Pt/AL,O;, and showed the best performance among the catalysts doped with various amounts of La.
In addition, it was found through spin-lattice relaxation analysis that La doping by solution-deficient method did not
have a positive effect on the Pt dispersion by creating Al’*,,,, sites inside the alumina particle rather than on the surface.
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INTRODUCTION

Power generation by renewable energy is inherently intermittent,
so the advanced technology of energy storage should be combined
to use it effectively. Since most of energy storage technologies have
low density, low capacity, and high cost, the chemical storage meth-
ods using hydrogen have been studied and, recently, hydrogen stor-
age using liquid organic hydrogen carrier (LOHC) is known as a
promising technology [1-4].

LOHC can store hydrogen inside a molecule and reversibly release
hydrogen. It is classified into a heterocyclic compound containing
heteroatoms such as nitrogen and boron, and a homocyclic com-
pound containing no heteroatom [1,4-6]. LOHC materials contain-
ing heteroatoms have low dehydrogenation temperature due to low
dehydrogenation enthalpy, but have low stability in dehydrogena-
tion reaction, high material cost, and toxicity [5,6].

Dibenzyltoluene (DBT) has a hydrogen storage capacity of 6.2
wt%, which meets the standards required by the U. S. Department
of Energy (DOE) [1,7]. In addition, since it has been commercial-
ized as a heat transfer fluid, it has high thermal stability, and also
satisfies other factors to be verified for commercialization of LOHC,
such as material stability, harm to the human body, and securing a
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container [1,7]. The hydrogenation reaction of dibenzyltoluene (DBT)
proceeds at a high conversion rate at a low temperature, whereas the
dehydrogenation of perhydrodibenzyltoluene (H,s-DBT) is thermo-
dynamically endothermic and proceeds at a relatively high tempera-
ture [1]. However, the high reaction temperature for dehydrogenation
may lower the efficiency of an energy storage system and cause side
reactions to lower the purity of hydrogen [1,8,9]. Therefore, it is nec-
essary to develop a highly active dehydrogenation catalyst in order
to lower the reaction temperature and suppress side reactions.

The catalyst used for the dehydrogenation of H;-DBT is mainly
known as a platinum-alumina catalyst [1,9-11]. Alumina is widely
used as a catalyst support due to its excellent stability and surface
properties favorable for catalytic reaction [12]. In particular, ~ALO,,
a kind of transitional alumina, has a large specific surface area [12],
and is known to interact strongly with barium oxide [13] and plat-
inum [14-16] at the Al site that is not coordinatingly saturated.
Therefore, it can be advantageous for the synthesis of a platinum
catalyst having a high degree of dispersion.

On the other hand, a study on the dehydrogenation of H;;-DBT
using a metal-doped Pt/ALO; catalyst has been reported [17]: Pt/
Mg-AlLO; catalyst showed improved performance compared to
the Pt/ALO; and Pt/Zn-AlLO; catalysts, and the superior activity
of the Pt/Mg-ALO; catalyst was due to the increased concentra-
tion of electron-rich Pt species on the Mg-modified catalyst sur-
face. However, in the reported study, the characterization analysis
of Pt and Mg on the catalyst surface is insufficient, so further stud-
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ies are needed. Similar to Mg in the reported study, lanthanum is
known as an alkaline metal [18], and there is a study that the num-
ber of Al3+pe,,m sites increases when alumina is modified with lan-
thanum [19].

In this study, the La-doped Pt/ALO; catalysts with various La
doping contents were studied with the intention of the electron
donating effect of alkaline metal and the high dispersion effect of
Pt by the increased number of A13+Pen,a sites. As the La doping
method, the solvent-deficient method capable of doping La at the
same time as synthesizing alumina was used. It is known that by
using the solvent-deficient method, alumina having a structure simi-
lar to that prepared by the sol-gel method can be prepared and the
time and cost required for the synthesis can be reduced [20,21]. In
addition, various characterization analyses, such as chemisorption,
TEM, ¥Al-NMR, and spin-lattice relaxation, were performed to
investigate the factors that mainly affect the activity of the La-doped
Pt/ALO; catalyst for the dehydrogenation of H,;-DBT.

EXPERIMENTAL METHODS

1. Support Synthesis

Alumina with various doping amounts of La was synthesized
by using the solvent-deficient method [20]. An appropriate amount
of lanthanum(ITI) nitrate hexahydrate (Sigma-Aldrich) was dissolved
in deionized water. The prepared solution and aluminum iso-propox-
ide (Sigma-Aldrich) were mixed in a mortar for 20 minutes. The
molar ratio of water to aluminum was 5: 1 and the amount of lan-
thanum corresponded to 0, 1, 2, 4, and 8% by weight of alumina.
After mixing, the resulting white intermediate was heated to 600 °C
at a ramping rate of 2 °C/min in air, and then maintained at 600 °C
for 4 hours. The synthesized alumina was expressed as xLa-ALO;
(x is wt%, x=0, 1, 2, 4, 8) according to the doping amount of La.
2. Catalyst Synthesis

The Pt/La-AlLO; catalysts were synthesized using the incipient
wetness method. The appropriate amount of chloroplatinic acid
hydrate (Sigma-Aldrich) was dissolved in deionized water. After the
prepared solution was added dropwise to the La-ALO; powder,
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Fig. 1. Synthesis procedures of La-Al,O; and Pt/La-ALO;.
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the wet sample was dried at 120 °C overnight. The dried sample
was heated to 300 °C with a ramping rate of 2 °C/min in air, and
then maintained at 300 °C for 2 hours. Finally, the prepared cata-
lyst was reduced at 300 °C for 2 hours in a 10 mol% H,/Ar atmo-
sphere before reaction.

The catalyst used in the preliminary experiments to confirm the
optimal loading of platinum was synthesized using the same pro-
cess except for the amount of chloroplatinic acid hydrate.

3. Characterization and Activity Test

The sample crystallinity was measured by powder X-ray diffrac-
tion (XRD). The samples were analyzed using D/MAX-2500/PC
(Rigaku) at the Korean Institute of Science and Technology (KIST).
XRD patterns were collected from 10° to 90° with a scanning rate
of 1°/min using Cu Ke radiation (1=1.5418 A).

The texture properties of the supports were determined from N,
adsorption/desorption measurement at —196 °C using BELSORP-
MAX (Bell Japan, Inc.). The samples were degassed at 150 °C under
vacuum conditions overnight to remove moisture. Specific surface
area and pore volume were calculated by the Brunauer-Emmet-
Teller (BET) method. Pore size distribution of the samples was cal-
culated by the Barrett-Joyner-Halenda (BJH) method using the
desorption branch.

Al NMR analysis was conducted at National Center for Inter-
University Research Facilities (NCIRF). A chemical shift of alumi-
num and spin-lattice relaxation time (T,) were measured using
500 MHz Avance III HD (Bruker) instrument.

Temperature-programmed desorption of ammonia (NH,-TPD)
was conducted with a BELCAT (BEL Japan, Inc.) instrument. Before
measurement, the samples were pretreated in the apparatus at 500 °C
for 1 hour in He atmosphere to remove moisture and other resi-
dues. Ammonia was adsorbed on the sample surface at 100 °C for
30 minutes. Then, the sample temperature was increased from 100°C
to 800 °C under a flow of He. The desorbed ammonia was detected
with a thermal conductivity detector (TCD).

The dispersion of Pt particles on the catalyst was measured using
CO chemisorption on Autochem II (Micromeritics). Prior to anal-
ysis, the sample was reduced at 300 °C for 2 hours inside the instru-
ment. CO was adsorbed at 50 °C for 10 minutes in an 8% CO/He
atmosphere. The metallic dispersion was calculated using the fol-
lowing equation assuming that the adsorption stoichiometry of CO
and Pt was 1.

Quantity of adsorbed CO (mol)
Total amount of Pt (mol)

Dispersion (D¢g, %)= %100

The chemical composition and oxidation state of the samples
were analyzed using X-ray photoelectron spectroscopy (XPS). The
XPS measurement was conducted using AXIS-NOVA (Kratos
Inc.) instrument at Korea Basic Science Institute (KBSI). The C 1s,
Al 2p, Pt 4d, La 3d spectra were measured and the binding ener-
gies were referenced using the C 1s at 284.8 eV. Prior to measure-
ment, samples were preserved under a vacuum.

The structure of the catalysts was analyzed by transmission elec-
tron microscopy (TEM; JEM-ARM200E JEOL Ltd.) at the National
Center for Inter-University Research Facilities (NCIRF). The cata-
lyst samples were dispersed in methanol and the diluted samples
were dropped onto copper grids. The sample grids were dried in



Characteristices of La-doped Pt/AL,O; catalyst for Hj,-DPT dehydrogenation 99

an oven at 80 °C in vacuum overnight.
4. Catalytic Activity Tests

The hydrogenation of DBT was performed by using a batch-type
autoclave reactor (4598 Micro Reactor, Parr Instrument) [1]. A 30g
of DBT and 0.557 g Ru/ALO; (5 wt%, Sigma-Aldrich) catalyst cor-
responding to a molar ratio of 0.25mol% (Ru/DBT) were loaded
in the reactor. To remove air and moisture, the reactor was purged
several times with H,. After flushing, the reactor was pressurized
to 50 bar and heated to 150 °C using a heating jacket. The hydro-
genation reaction was performed at 150 °C for 3.5 hours with stir-
ring at 1,000 rpm. The purity of H,;-DBT was analyzed using gas
chromatography-mass spectroscopy (GC-MS) [11].

The dehydrogenation reactions were performed in a batch-type
reactor [1]. A 5g of H;;-DBT and catalyst corresponding to a molar
ratio of 0.15mol% (Pt/H,;-DBT) were added to a 50 ml three-neck
glass flask. The reactor was purged with 100 sccm of N, for 10 minutes
to remove air. After flushing, the reactor was heated to 270 °C with
stirring at 1,000 rpm. The dehydrogenation process was performed
for 3.5 hours at 270 °C. The released H, was measured with a mass
flow meter (MFM) using 15 sccm of N, as carrier gas. The degree
of dehydrogenation was calculated using the following equation:

Degree of dehydrogenation (%)

Quantity of evolved hydrogen (mol)

= 100
Quantity of hydrogen in reactants (mol) *

The turnover frequency (TOF), which represents the efficiency
of exposed active sites, was calculated using the following equa-
tion. Exposed platinum sites were calculated by using the CO chem-
isorption:

TOF= Quantity of evolved hydrogen (mol)
" Exposed platinum in catalysts (mol) x time (hour)

RESULTS AND DISCUSSION
Prior to the study of activity enhancement according to La dop-

ing into Pt/ALO;, an experiment was performed to confirm the
optimal loading amount of platinum for the dehydrogenation reac-
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Fig. 2. Catalytic activity of Pt/ALO; catalysts with different Pt load-
ings for H,;-DBT dehydrogenation.

tion. Fig. 2 shows the activity results of platinum catalysts with dif-
ferent Pt loadings for the dehydrogenation of H,s-DBT. Dehydro-
genation activity was improved with increasing platinum loading
up to 5 wt%, and then decreased at 10 wt%. Based on these results,
assuming that the loading amount of 5wt% is roughly suitable for
the dehydrogenation reaction of H,4-DBT, subsequent experiments
were performed by loading 5 wt% Pt on La-doped alumina.

1. Structural Analysis

XRD analysis was performed to analyze the crystal phases of
La-ALO; materials with various La contents prepared by the sol-
vent-deficient method, and the results are shown in Fig. 3. It was
confirmed that the intensity of the (400) and (440) planes of -ALO;
decreased as the content of La in the alumina increased. In addi-
tion, it was confirmed that the crystalline phase of -ALO; almost
disappeared in the sample having a weight of 8% La, and the crys-
talline phase corresponding to lanthanum aluminate was observed
instead. From the results, it was found that the presence of lantha-
num during alumina synthesis weakens the formation of -ALO;
crystals, and the presence of a certain amount or more of lantha-
num suppresses the crystallization of y-ALO; completely.

To confirm the textural properties of the synthesized La-ALO;
materials according to the La content, specific surface area and pore
distribution analysis were performed, and the results are shown in
Table 1 and Fig. 4. As can be seen from Fig. 4, the pores correspond-
ing to the diameter range of 10-20 nm were observed in most sam-
ples except for 8La-ALO;. As the content of La in the sample in-
creased, the pore volume of the sample gradually decreased, and
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Fig. 3. XRD spectra of La-Al,O; materials with various La contents
prepared by the solvent-deficient method.

Table 1. Pore volume and specific surface area of synthesized La-

ALOj; samples
Sample Pore volume (mL/g) Surface area (m’/g)
OLa-ALO; 1.85 324
1La-ALO;, 1.82 341
2La-ALO, 1.67 347
4La-ALO, 141 311
8La-ALO, 1.06 144

Korean J. Chem. Eng.(Vol. 40, No. 1)
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Fig. 4. Pore size distribution of synthesized La-Al,O; samples.

in 8La-Al,O;, pores of any other diameter, including pores with a
size of 10-20 nm, were not observed. Consistent with these results,
it can be seen that the specific surface area and pore volume de-
creased as the La content increased, and the specific surface area
was significantly reduced in 8La-ALO;. Therefore, in the case of
La-ALO; prepared by the solvent-deficient method, the 3ALO; crys-
tal phase is suppressed as the La content is increased, and the par-
ticles are contracted so that the pore structure and specific surface
area are not developed.
2. Catalytic Activity

Fig. 5 shows the activity of the catalysts with various La content.
The 5Pt/1La-AlL O, catalyst doped with 1 wt% of La had the high-
est activity, which is a result of 9% improvement compared to the
catalyst without La doping. As the content of La increased from
1 wt% to 4 wt%, the activity of the corresponding catalyst decreased
in inverse proportion, and the 5Pt/4La-ALO; catalyst doped with
4wt% of La showed lower activity than the 5Pt/0La-ALO; catalyst
without doping.

The AP " ena Site on the surface of ALO; is known to strongly
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Fig. 5. Catalytic performance of the 5Pt/La-ALO; catalysts for H,-
DBT dehydrogenation.
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interact with barium oxide [13] and platinum [14]. In addition, it
has been reported that when a mixed oxide is formed by doping
La into alumina, the Al3+pm site is greatly increased [19]. Therefore,
logically, it is expected that the AI™,,,, sites of ALO; increase with
the doping amount of La, and the catalytic activity increases due
to the high dispersion of Pt.

Meanwhile, Garidzirai et al. reported a study on the catalyst devel-
opment in the same reaction system as this study [17]. The authors
claim that the dehydrogenation activity is improved by increasing
the metallic Pt concentration on the catalyst surface when the Pt/
ALO; catalyst is modified with Mg as a co-catalyst, but it is thought
that the evidence presented through direct analysis of the catalyst
is somewhat insufficient.

As such, the activity of the catalyst according to the amount of
La doping may be affected by various variables, including the degree
of dispersion and the electronic state of Pt. Therefore, various analy-
ses were performed to clarify the reason for the difference in cata-
lytic activity.

3. Pt Dispersibility
3-1. NMR Analysis

¥ Al NMR analysis was performed to confirm how the A13+pe,,m
site in alumina changes with La doping, and it is shown in Fig. 6.
The three peaks located at 8, 36, and 67 ppm correspond to the
AP, site, Al3+1,m site, and Al**,,,, site, respectively [14]. In gen-
eral, it is known that AI**,,,, sites and AI**,,,, sites occupy most of
AL O;, and the ratio of Al”pe,,tu sites is relatively small [13]. Also,
the A13+pem site is generated by the change of the AI’*,,, site, and it
is known to be unstable because it is not coordinatively saturated
[13,14]. As can be seen in Fig. 5, as the amount of La doped in
alumina increases, the ratio of Al3+pm sites increases. This is thought
to be because the increase in Al-O-La bonds in »ALQO, induced
the generation of A*",.,;, sites corresponding to defect sites. Assum-
ing that such an increase in A13+pe,,m site can increase metal disper-
sion and increase activity, the 5Pt/2La-ALO; and 5Pt/4La-AlLO;
catalysts evaluated in this study should show higher activity. How-
ever, the catalyst performance of 5Pt/1La-ALO; was the best, and
the 5Pt/4La-Al,O; catalyst had lower dehydrogenation performance
than the 5Pt/0La-ALO; catalyst without La, so additional analysis
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——1La-ALO,
| ——2La-AL,0,
[ ——4La-ALO,
- ——8La-ALO,

Intensity (a.u.)

90 8 70 60 50 40 30 20 10 0 -10 -20
Chemical shift (ppm)

Fig. 6. Al NMR analysis results of La-ALO; materials.
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Fig. 7. Pt dispersion of 5Pt/La-Al,O; materials analyzed by CO chem-
isorption.

was needed to explain these results.
3-2. Chemisorption Analysis

In the La-ALO; materials prepared in this study, it was con-
firmed that the amount of AP’ " enta Sites increased in proportion to
the doped La content. Therefore, CO chemisorption analysis was
performed to confirm the change in platinum dispersion of the
prepared catalyst according to the change in the amount of Al*,,,,
site, and the results are shown in Fig. 7. The analysis confirmed
that the dispersion degree was rather linearly decreased as the doped
La content was increased. This is contrary to the results of previ-
ous studies that the A13+pe,,m site on the surface of the support can
increase the dispersion by acting as an anchoring site for platinum
[14,16,22]. Therefore, it can be assumed that the size of the Pt par-
ticles on the catalyst surface increases proportionally as the amount
of La doping increases, or otherwise, the doped La particles gradu-
ally cover the surface of the Pt particles. One of these assumptions
is made clearer by spin-lattice relaxation analysis and TEM analysis.
3-3. Spin-lattice Relaxation Analysis

The 4La-AlO, prepared by the solvent-deficient method showed
the highest AI",,,,, site strength among the catalysts used for activ-
ity evaluation, as previously confirmed through NMR. However,
the enhanced amount of Al " ena Sites in the La-ALO; material did
not have a positive effect on the dispersion of platinum in the cat-
alyst prepared using it. For the AI**,,,,, site to act as an anchoring
site for Pt, the Al " pena Site must be located on the surface [13]. There-
fore, through spin-lattice relaxation analysis of the 4La-Al,O; sam-
ple, it was attempted to determine whether AIS*WW sites exist on
the surface of the support, and the result is shown in Fig, 8.

When AP’ " enta Sites exist on the surface of the La-ALO; materi-
als, the relaxation time (T,) of AP’ " penta Sites should measure faster
than the spin-lattice relaxation time of AI'*,,,, sites and AI’*,,,, sites
[13]. However, it was confirmed that the relaxation time (T,) of the
AP " enta Site measured more slowly than the spin-lattice relaxation
time of the A", ,, site and the AI**,,, site. That is, in the case of
La-doped ALO, prepared by the solvent-deficient method in this
study, most of the A, sites induced by lanthanum doping exist
inside, not on the surface of »~ALO; particle. Therefore, it is inter-
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Fig. 8. Spin-lattice relaxation measurement result of 4La-ALO;.

(b)

Fig. 9. STEM images of (a) 5Pt/0La-ALO;, (b) 5Pt/1La-ALO;, (c) Pt/
2La-Al,O,, and (d) 5Pt/4La-AlLQ;.

preted that the enhanced amount of AI’ " ena Sites in the La-ALO;,
material did not affect the Pt dispersion of the catalyst.
3-4. TEM Analysis

Fig. 9 shows the scanning transmission electron microscopy
(STEM) images of the catalysts prepared in this study. Fig. 9(a) is
an image of Pt particles supported on OLa-ALO, not including
lanthanum, and the size of the Pt particles was identified as about
1.5 nm on average. The particle size does not seem to change sig-
nificantly regardless of the La doping amount, whereas as the La
doping amount increases, more small and fine particles presumed
to be lanthanum oxide are conspicuous. Therefore, in the CO
chemisorption results, the decrease in Pt dispersion as the amount
of La doping increased cannot be attributed to the increase in Pt
particle size. In addition, it is reasonable to interpret that the doped
La was partially exposed to the alumina surface, and then the lan-
thanum oxide particles covered the surface of the Pt particles to

Korean J. Chem. Eng.(Vol. 40, No. 1)
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Fig. 10. (a) Pt 4d and (b) La 3d XPS spectra of 5Pt/La-AlO; catalysts.
Table 2. Pt 4d binding energies of 5Pt/La-Al,O; catalysts
Binding energy (eV)
Pt 4d,;, Pt 4d;,
pPt’ Pt pt** pt’ Pt Pt**
5Pt/0La-ALO; 314.80 317.30 320.10 331.60 333.60 335.90
5Pt/1La-ALO; 314.66 317.19 320.06 331.44 333.43 335.75
5Pt/2La-AL O, 314.59 317.10 319.80 331.38 333.39 335.69
5Pt/4La-ALO; 314.45 316.97 319.65 331.26 333.25 335.57
Table 3. La 3d binding energies of 5Pt/La-ALO; catalysts 80 314.85
Binding energy (eV) 70 i 4 314.80
Catalysts - I
La 3d;, La 3d,, eo L 431475
5Pt/1La-ALO; 835.66 839.05 852.42 855.62 5 I 4314.70 %
5Pt/2La-ALO, 83577 83911 85245 85583 ~ laraes
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the surface elements of each catalyst, and the results are shown in SPUOLa-ALO, SPUILa-ALO, SPU2La-ALO. SPUALB-ALO, 314.40

Fig. 10, Tables 2 and 3.

In the case of Pt, the Al 2p signal and the Pt 4f signal were over-
lapped to analyze the Pt 4d region, and in the case of La, La 3d
was analyzed. The peaks located at 314.8 eV and 331.6eV corre-
spond to 4d5/2 Pt’ and 4ds,, Pt’, respectively. In addition, the peaks
located at 317.3 eV and 333.6 €V correspond to 4ds, Pt and 4d;),
P, respectively, and the peaks at 320.1 eV and 335.9eV corre-
spond to 4d, Pt" and 4d,;, Pt", respectively. The peak located at
835.7¢eV and 839.1eV correspond to La 3ds,, and the peaks at
8524 eV and 855.6 eV correspond to La 3d,,, respectively.

As can be seen more clearly from Table 2 and 3, the higher the
doped La content in the catalyst, the lower the binding energy of
each region of platinum. In addition, in the case of lanthanum, it
was confirmed that the binding energy increased as the amount of
La doping increased. Therefore, it can be seen that the lanthanum

January, 2023

Fig. 11. TOF and Pt 4d binding energies of 5Pt/La-AL O, catalysts.

oxide present on the surface of Pt donates electrons to Pt, so that
the electron density of Pt increases and the electron density of lan-
thanum decreases. According to a previously published study on
the dehydrogenation reaction of H,-DBT, the change in the elec-
tron density of Pt has a great effect on the dehydrogenation activ-
ity, and it is known that the dehydrogenation activity can be im-
proved when the electron density of Pt is increased [17,23-25].
Considering the results of various catalyst characterization anal-
yses, it was found that as the amount of La doping increased, the
number of active sites in Pt decreased, which negatively affected
the activity, but the electron density of Pt increased and thus had a
positive effect on the activity. Therefore, an optimal La doping
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amount may exist and, in this study; it was estimated to be about
1 wt%.

To highlight the relationship between the electron density of Pt
and the H,;-DBT dehydrogenation activity, the turnover frequency
(TOF) values and the Pt 4d binding energy values of catalysts are
shown together in Fig. 11. The TOF values of the catalysts are
inversely proportional to the Pt binding energy values of the cata-
lysts, and it can be confirmed that electron donation of La to Pt in
the dehydrogenation reaction is a major factor increasing the activ-
ity of the catalyst.

CONCLUSIONS

This study investigated the effect of La doping and doping amount
to the Pt/ALO; catalyst on the catalytic activity for the dehydroge-
nation of H;;-DBT. In addition, a simple and economical solvent-
deficient method was applied when synthesizing La-doped alu-
mina, and the effect of La doping to alumina by this synthesis
method was also studied.

The results derived from this study are as follows;

- In La-ALO; prepared by the solvent-deficient method, it was
confirmed that La mainly creates AP " ena Sites inside the par-
ticle rather than on the surface of alumina particle.

- La exposed on the surface of alumina covered the Pt parti-
cles in the form of oxide to reduce the reaction sites, and at
the same time increased the activity per unit reaction site by
donating electrons to Pt.

- The effect of electron donation of La to Pt on the enhance-
ment of catalytic performance for the dehydrogenation reac-
tion of H,,-DBT is major enough to outweigh the disadvantage
of sacrificing a certain reaction site. 1 wt% La-doped Pt/La-
ALO; catalyst showed the best performance for the dehydro-
genation of H;;-DBT.

Finally, the Pt/La-ALO; catalyst developed in this study not only
shows superior catalytic performance (about 9% increased) com-
pared to the conventional Pt/ALO; catalyst in the dehydrogenation
of Hy4-DBT, but is also manufactured by a simpler and more eco-
nomical manufacturing method. Therefore, it is expected to be
applied to the catalytic dehydrogenation process of various LOHC
compounds in the future.
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