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A new and sustainable liquid organic hydrogen carrier, Lignin Jet Fuel-based Liquid Organic Hydrogen Carrier
(LJF-HyC), has been discovered. This innovative LOHC is created from Lignin Jet Fuel (LJF) through dehydro-
genation reactions. The process was carried out in situ using platinum nanoparticles supported on zeolite, result-
ing in a significant increase in aromatic carbon content. This increase indicates the successful formation of aro-
matic rings via C-H dissociation. In-situ Nuclear Magnetic Resonance (NMR) and gas chromatographic analyses
revealed the formation of unsaturated and partially unsaturated compounds, including alkylbenzenes, tetralins,
naphthalenes with double bond equivalence of 4-8, from six apparent reaction pathways, four of which can be

major. The original LJF, consisting primarily of mono-, di-, and tricyclohexylalkanes (96 wt%), was converted to
dehydrogenated products, constituting approximately 18.5 wt% of the LJF composition. These findings pave the
way for developing sustainable hydrogen carriers derived from sustainable aviation fuels.

1. introduction

Hydrogen is a versatile energy carrier that supports the U.S. in
achieving key strategic objectives, such as zero-emission mobility, sus-
tainable energy integration, and industrial decarbonization [1-6]. De-
spite its potential, hydrogen's low density and highly explosive nature
make storage and transportation technically challenging, inefficient,
and costly. Liquid organic hydrogen carriers (LOHCs) have emerged as
a promising solution to tackle these challenges. LOHC systems allow hy-
drogen to be chemically bound to a liquid carrier for safe and efficient
storage and transportation, which can be easily released through cat-
alytic dehydrogenation at the point of use [1,5,7]. The concept of LOHC
technology facilitates efficient high-density hydrogen storage in an
easy-to-handle sustainable aviation fuel (SAF). This approach offers
promising opportunities for compatibility with existing infrastructure,
economic viability for scalable production, and creating a synergistic
system that enhances the efficiency, safety, and sustainability of both
SAF and hydrogen technologies [8-11].

A patented Lignin-Based Jet Fuel (LJF) primarily consists of cy-
cloalkane hydrocarbons, including alkyl-substituted mono-, bi-, and tri-
cyclohexyl alkanes (Fig. 1) [12-15]. This LJF offers promising features
such as high energy density, potential for reduced emissions, and favor-
able blending properties that align with drop-in fuel specifications
[15-17]. A previous study suggests this pathway can generate LJF with
a projected minimum selling price of $2.87/gal when coupled with a
cellulosic ethanol plant [18,19]. This technology enables the produc-
tion of an aviation fuel/fuel blend stock with a high energy content,
which may enhance fuel performance, improve fuel efficiency, reduce
emissions, and lower costs. The LJF shows seal volume swell similar to
traditional aromatics-containing jet fuels, potentially enabling the de-
velopment of renewable jet fuels without aromatics [14,15]. It is known
that some aromatic and heteroaromatic compounds are considered
promising LOHCs due to their high hydrogen storage capacity and their
ability to form stable and easily reversible chemical bonds with hydro-
gen [20,21]. In this study, the dehydrogenation of LJF into LJF-HyC re-
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Fig. 1. a) Proposed LJF production pathways; b) Tier o hydrocarbon type analysis on neat LJF [14,15].

vealed a significant presence of unsaturated species, comprising ap-
proximately 18.5 wt% of the dehydrogenated LJF.

Pt-based catalysts (e.g., Pt nanoparticles and atomic clusters) have
shown excellent performances for the dehydrogenation of linear alka-
nes [22-24] and cyclohexanes [25-27] due to their superior C-H acti-
vation ability. Various supports have been used for Pt-based catalysts,
such as Al,O5 [26,28], zeolite [28], and graphene [29]. In addition,
doping Pt with a second metal, such as Sn, Ga, Zn, Cu, Co, and Mn can
lower the amount of Pt usage and even lead to improved catalytic activ-
ities [30,31]. In this work, we synthesized Pt nanoparticles (5-10 nm)
supported on zeolite for the dehydrogenation of LJF.

This study presents an in-depth investigation of the dehydrogena-
tion of lignin-based jet fuel using synthesized platinum nanoparticles
supported on zeolite, employing in situ solid-state magic angle spinning
(MAS) Nuclear Magnetic Resonance (NMR) spectroscopy. The resulting
products were analyzed using two-dimensional gas chromatography
with flame ionization detection (GC X GC-FID), GC x GC coupled
with time-of-flight mass spectrometry (GC X GC-TOFMS), and GC cou-
pled with vacuum ultraviolet detection (GC-VUV) to identify and semi-
quantitatively measure the various classes of dehydrogenated chemi-
cals. This fundamental understanding of the LJF dehydrogenation
process could pave the way for the development of highly efficient LJF-
HyC technologies. For instance, given the substantial variety of chemi-
cals (e.g., several hundred) with similar structures and properties in-
volved in the LJF feedstock and dehydrogenation products, optimal
conditions (catalyst, temperature, and pressure) will be investigated to
develop new LOHC technology based on LJF-HyC.

2. Material and methods
2.1. Catalyst preparation

A 1.0 wt% Pt/Zeolite catalyst was prepared by aqueous ion ex-
change using Tetraammineplatinum (II) chloride hydrate (Pt
(NH3),Cl,xH,0), 99.99% purity) from Sigma-Aldrich as the Pt precur-
sor. The zeolite support was also obtained from Sigma-Aldrich. A total
of 0.1 g of the Pt precursor was dissolved in 120 mL of deionized water,
under vigorous stirring, 5.7 g of Zeolite support was slurred into the so-
lution and kept under stirring for 24 h. An adequate amount of 32%
ammonia solution (from Sigma-Aldrich) was added to adjust the pH to
the desired range of 6.5-7.5. The slurry was stirred overnight. The solid
catalyst was collected using rotary vacuum filtration and then subjected
to calcination in air at 400 °C for 6 h. Afterward, the catalyst was re-
duced under high-purity H, (10 mbar) and Ar (100 mbar) at 400 °C for
4h.

The transmission electron microscopy (TEM) images and diffraction
patterns were acquired using an FEI Tecnai F20 electron microscope op-

erated at 200 kV. The corresponding X-ray energy dispersive spec-
troscopy (EDS) elemental mappings were performed on the same instru-
ment using an Oxford X-MaxN TSR detector. The samples for electron
microscopy analysis were prepared by directly depositing the ethanol-
diluted sample suspension onto TEM grids coated with holey carbon
film, without any additional treatments.

2.2. LJF sample preparation

An engineered Ru on HY zeolite catalyst was introduced into a Parr
reactor as described in previous studies [32,33]. The reactor was
purged with hydrogen gas three times to remove residual air, and the
pressure was set to 4 MPa at room temperature. The reactor was then
heated to 250 °C to initiate the reaction, with the reaction duration var-
ied to optimize product yield. After the reaction, the reactor was rapidly
cooled by immersion in cold water. The headspace gas was released and
its volume measured using the water displacement method. All liquid
and solid residues from the reactor were transferred to a centrifuge
tube. Ethyl acetate was used to extract the organic phase from the reac-
tion mixture, ensuring efficient separation of the target product. The ex-
tracted sample was dried using anhydrous sodium sulfate to remove
residual water. Before proceeding with any further dehydrogenation re-
actions and analyses, a distillation was carried out using equipment
specifically designed for performing ASTM D86 [34].

The hydrogenated liquid organic product was stored under an inert
atmosphere to prevent oxidation. A portion of the organic phase was
analyzed using GCxGC-TOFMS, GCxGC-FID, and GC-VUV to confirm
the chemical composition and ensure the absence of significant impuri-
ties [14,15,32,35].

The LJF sample was prepared using a hydrodeoxygenation process
established in prior studies [36]. An engineered Ru on HY zeolite cata-
lyst was added to the Parr reactor [15,32]. The hydrogen pressure was
set to 4 MPa at room temperature, after which the reactor was heated to
a reaction temperature of 250 °C for 4 h. After reaction, all liquid and
solid residues were transferred to a centrifuge tube, and the product
was extracted from the reaction mixture using ethyl acetate. A sample
was subsequently collected from the organic phase for further analysis
[15,32,37].

2.3. In-situ Nuclear Magnetic Resonance

NMR experiments were conducted on 13C utilizing a sealed MAS ro-
tor in a wide-bore magnet (Oxford Instruments) operating at 11.7 T
(500 MHz 'H Larmor frequency) with a Direct Drive spectrometer from
Agilent equipped with a home-built 5 mm HX probe (with ceramic spin-
ning module from Revolution NMR), at Pacific Northwest National Lab-
oratory, U.S.A. The 13C chemical shifts are referenced to tetramethylsi-
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lane [(CH,),Si] at 0.0 ppm by employing adamantane as a secondary
external standard. The radio frequency (RF) fields for direct polariza-
tion (DP) involved a n/2 pulse of 5 ps for °C, while a 'H decoupling
field of 25 kHz was applied using the SPINAL-64 scheme [38].

The sealed rotors used were 5 mm o.d. cavern-style zirconia sleeves
(Revolution NMR) modified to accommodate a Vespel double O-ring
bushing. These modified rotors and seals, which have been previously
described [39], allow the sample to maintain an internal pressure up to
22.5 MPa at 250 °C with a sample volume of 140 pL. The samples were
sealed in the rotor at ambient pressure with a Kalrez® O-ring next to
the sample area and a Viton™ O-ring on the outside of the bushing. The
sample was spun to 4 kHz at 25 °C and the temperature was subse-
quently elevated to 150 °C, 170 °C, 190 °C, 210 °C, 230 °C, and 250 °C
with ramped heating of 10 °C min™! (sample temperatures were exter-
nally confirmed with 27Pb NMR of lead nitrate). At each temperature,
a DP !3C spectrum was acquired. At 250 °C, ten consecutive 1-h !3C
spectra were collected, followed by an additional 10-h block of 3C
spectra. One final high S/N'3C spectrum was acquired before cooling
back to 25 °C. Samples were prepared containing LJF (25.7 mg) and
catalyst (22.0 mg). The products of the in-situ NMR reaction were then
analyzed by gas chromatography.

2.4. Gas chromatography

The two-dimensional gas chromatography with time-of-flight mass
spectrometry (GC x GC-TOFMS) analysis was performed using an Agi-
lent 7890A GC and LECO Pegasus® 4D system. The first-dimension col-
umn was VF-5HT, 30 m X 0.32 mm X 0.1 pm (Agilent J&W), while
the second-dimension column was BPX-50, 1.1 m X 0.1 mm X 0.1 pm
(SGE Analytical Science). Samples were injected in split/splitless mode
with an injection volume of 1 pL, using helium as the carrier gas at a
flow rate of 1.2 mL/min. The oven temperature program began at 50 °C
with an initial hold time of 2 min, ramped at 5 °C min™* to 320 °C, and
held for 2 min. The TOFMS was operated in electron ionization (EI)
mode at 70 eV, scanning over a mass range of 40-500 m/z at an acquisi-
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tion rate of 100 spectra/s. The transfer line was maintained at 350 °C,
and the ion source at 200 °C.

The GC X GC with a flame ionization detector (FID) analysis was
conducted using an Agilent 7890A GC with the same column configura-
tion as described above. The injection and chromatographic conditions
were the same as those used for the GC x GC-TOFMS analysis. The FID
was maintained at a temperature of 350 °C, with hydrogen as the flame
gas, air, and helium as the makeup gas. The concentration of product
components detected after dehydrogenation is expressed as area per-
centage (Area%), as defined by Equation (1):

Area
7od 100 e}

prod

Conc (Area%) =
Area

where: Area,,,q is the GC x GC area of the respective compound.

The gas chromatography — vacuum ultraviolet detection (GC-VUV)
system consisted of an Agilent 7890B GC connected to a VGA-101 VUV
detector (VUV Analytics, Inc., TX, USA). Data analysis was performed
using VUVision software. The specific operating conditions for the GC-
VUV analysis are detailed in Table S1. After the analysis, the raw data
files were exported from the VUVision software in CSV format and sub-
sequently uploaded into the MATLAB (R2012b) environment for fur-
ther processing and visualization.

3. results and discussion
3.1. NMR results

The dehydrogenation reaction was monitored using an in-situ NMR
experiment, measuring 1C spectra as the temperature increased from
ambient to 250 °C. The monitoring continued with !3C spectra mea-
sured at this elevated temperature in 1-h intervals. After the reaction,
the spectrum was recorded again at 25 °C. Fig. 2 depicts the pre- and
post-reaction 13C spectra, clearly showing the formation of aromatics in
the product spectrum, evident in the range of 120-140 ppm, that were
absent initially. Also apparent in the figures are changes in the region
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Fig. 2. The dehydrogenation reaction of LJF monitored with 1*C NMR where the bottom spectrum is LJF at the start and the top is the post reaction spectrum of LJF-

HyC at 25 °C. The spectra are scaled to a uniform height.
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from 10 to 25 ppm with the creation of new resonances in the product
spectrum. The complete set of experimental '>*C NMR spectra are shown
in Figure S1. The data in Figure S1 show that detection of the aromatic
resonances does not begin until the temperature reaches 230 °C.

Fig. 3 plots the peak intensities at 124 ppm from the *C NMR spec-
tra shown in Figure S1 for the reaction conducted at 250 °C.

Given that the LJF contains a mixture of reactants (various cy-
cloalkanes), the signals at 124 ppm exhibit notable fluctuations
throughout the reaction process. However, the trend line, represented
as a red dashed curve in Fig. 3, indicates an increase in the aromatic
carbon population over 12 h, followed by a subsequent decline. We en-
vision that multiple dehydrogenation-rehydrogenation reactions could
occur due to the presence of different reactants (R;), as schematically
described by Equation (1).

-H -1
Rj=——=P—(

Equation 1

Dehydrogenation reactions lead to an increased concentration of
aromatic carbons in product Pi. Concurrently, in the closed reaction
system, the H, gas released during dehydrogenation does not escape
but accumulates instead. This buildup of H, can potentially trigger re-
hydrogenation reactions. These rehydrogenation processes may cause a
reverse reaction from P; to R; and could even generate different hydro-
genated products, Q;. The cumulative effect of multiple reactions
(Equation (1)) might have resulted in the observed up-and-down be-
havior of the aromatic carbon population by the 1*C NMR measurement
(Fig. 3).

3.2. Molecular transformations in LJF after dehydrogenation

The analysis of LJF before and after the dehydrogenation reaction
involved various analytical techniques to determine their composi-
tional profiles. These techniques included two-dimensional gas chro-
matography with flame ionization detection (GC X GC-FID), GC x GC
coupled with time-of-flight mass spectrometry (GC x GC-TOFMS), and
GC coupled with vacuum ultraviolet detection (GC-VUV).

The LJF is predominantly composed of alkanes and cycloalkanes, in-
cluding mono-, di-, and tricyclohexylalkanes, which together account
for approximately 96 wt% of its composition [14,15]. A detailed analy-
sis indicates the following distribution: 11.8 wt% of n- and iso-alkanes,
20.3 wt% of monocyclohexylalkanes, 35.4 wt% of dicyclohexylalkanes,
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Fig. 3. Plot of the peak intensity at 124 ppm over a 20-h reaction period at
250 °C.
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and 28.8 wt% of tricyclohexylalkanes. This complex hydrocarbon mix-
ture is anticipated to undergo significant structural transformations
during dehydrogenation reactions. In this section, the well-known ana-
lytical concept of double bond equivalence (DBE) will be used to eluci-
date the structural changes occurring during the dehydrogenation of
LJF. DBE provides insight into the degree of unsaturation within mole-
cules, a critical factor in understanding the outcomes of dehydrogena-
tion processes, as it directly relates to the formation of double bonds
and the resultant molecular structures. A higher DBE value indicates a
higher degree of unsaturation, which may include the presence of dou-
ble bonds, triple bonds, or rings within the molecular structure. DBE is
calculated using the formula: DBE = C — H/2 - X/2 + N/2 + 1, where
C is the number of carbon atoms, H is the number of hydrogen atoms, X
is the number of halogen atoms, and N is the number of nitrogen atoms
in the molecule [40]. This approach has been proven to be more appro-
priate for our study, especially considering that the compounds tradi-
tionally found in typical fossil fuel streams do not accurately represent
the lignocellulosic materials being investigated. This methodological
turn depicts the unique composition and properties of lignocellulosic
materials, highlighting the need for tailored analytical approaches to
truly understand their chemical composition and transformation
processes, particularly in the context of aromatic hydrocarbon forma-
tion through dehydrogenation.

Fig. 4 presents GC X GC-FID chromatograms of LJF samples, iden-
tifying significant and most evident variations in peak position that
suggest molecular transformations occurring after dehydrogenation.
These variations are emphasized in Fig. 4b, where annotated circles
highlight the differences. For example, the areas marked Al — A4 on
the chromatogram denote the regions that typically contain aromatic
compounds i.e., alkylbenzenes, tetralins, naphthalenes, and phenan-
threnes, respectively. This suggests the formation of partial or full aro-
matic hydrocarbons, likely due to the dehydrogenation reactions. We
assigned DBE values for each region and found the following five
classes of chemical species: C H,, s (DBE = 4), C H, s (DBE = 5),
C,Hy, 10 (DBE = 6), C,H,,,, (DBE = 7), and C,H2, 4 (DBE = 8).

It is apparent that a significant number of peaks in the GC X GC
chromatogram for the LJF sample post-dehydrogenation remain un-
changed, suggesting that a substantial portion of these compounds re-
mains largely unreactive in the closed system. Analysis with just the FID
detector may not fully reveal the complexity of mixed chemicals, espe-
cially for highly coeluting compounds. This issue remains even at the
highest chromatographic resolution, where partially unsaturated cy-
cloalkane species may coelute with cycloalkanes. Consequently, to
identify chemical structures of different DBE species before and after
dehydrogenation, we applied the analysis of GC x GC-TOFMS.

This was achieved particularly by displaying selected ion chro-
matograms (SIC) with m/z values characteristic of a specific compound
class. Figure S2 displays a selected series of SICs for the LJF sample,
chosen to highlight the compositional changes occurring because of a
dehydrogenation reaction. Each SIC chromatogram distinctively em-
phasizes the cumulative intensity of m/z values, indicative of unique
hydrocarbon compound classes. These classes are identified by their
DBE values and further described by a general molecular formula de-
picted in the lower right corner of Figure S2. Each pair of chro-
matograms within these examples contrast the samples' profiles before
and after dehydrogenation, with the bottom chromatogram represent-
ing the sample prior to dehydrogenation and the top chromatogram il-
lustrating the sample after dehydrogenation. This comparative ap-
proach not only highlights the specificity of the SIC technique in identi-
fying compound classes within LJF samples but also demonstrates the
significant impact of dehydrogenation on the molecular profiles of this
sample.

Chemical structures from each of the five unsaturated hydrocarbon
classes found in the LJF sample after dehydrogenation were identified
using deconvoluted fragmentation mass spectral data and NIST library
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Fig. 4. GC x GC-FID chromatograms of LJF sample a) before and b) after dehydrogenation with depicted simplified elution regions of major hydrocarbon classes.
The capital letters correspond to the hydrocarbon types: P) n-/iso-alkanes, C1) one-ring cyclic alkanes, C2) two-ring cyclic alkanes, C3) three-ring cyclic alkanes,
C4) tetra-ring cyclic alkanes and steranes, O) oxygenates, Al) alkylbenzenes, A2) tetralins, A3) naphthalenes, A4) phenenthrenes/anthracenes. DBE (Double Bond
Equivalent). Note that the peak color intensity indicates compound concentration — with dark blue indicating the highest abundance and light yellow representing

the baseline.

searching. The compounds shown in Fig. 5 exhibit a high similarity fac-
tor (>750) between their mass spectra and the corresponding entries in
the NIST library. In each panel, structures highlighted in red indicate
the primary class structure compound for each group of compounds.
These compounds illustrate the main molecular species for each DBE
class in the dehydrogenated products. For example, for DBE = 4, the
primary compounds have one fully unsaturated ring or two partially
unsaturated rings. For DBE = 5, the compounds have one fully unsatu-
rated ring and one fully saturated ring. For DBE = 6, the compounds
have a fully unsaturated ring and a partially unsaturated ring with one
double bond. For DBE = 7, the compounds have one naphthalene ring
or a fully unsaturated ring plus a partially unsaturated ring with two
double bonds. For DBE = 8, the compounds have two fully unsaturated
rings.

A GC-VUV analysis was conducted to further verify the presence of
unsaturated ring structures. This technique allows for the measurement
of the VUV absorption of species after separation by gas chromato-
graph, which significantly aids in the spectrometric identification, clas-
sification, and quantification of compounds, such as saturates and aro-
matics. Moreover, in contrary to GC X GC-TOFMS analysis, GC-VUV
provides the capability to distinguish cycloalkanes from alkenes. Typi-
cally, in GC-VUV analysis, analytes are identified by comparing their
measured spectra with existing reference spectra in the library. This
process of library searching, and the application of deconvolution algo-
rithms form the foundation of ASTM D8071, ASTM D8267, and ASTM
D8368 standards for analyzing the composition of gasoline, jet fuel, and
diesel streams, respectively [41-43].

The GC-VUV data are shown as chromatograms of VUV absorption
over elution time, see Fig. 6 (top panel), for the LJF samples. This en-

x| P
0P i Crea, 0

oD Q.00
et
MONQ@

%,(»J:;E) a) CH,,q(DBE=4)

oo b) C,H;,.5 (DBE=5)
OO c)
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d) CH,,1,(DBE=7)

., LY *C} e) CyHyq14 (DBE=8)

Fig. 5. Typical chemical structures of dehydrogenated LJF with DBE = 4 to 8, identified by GC x GC-TOFMS.
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Fig. 6. (top) GC-VUV total VUV absorption chromatograms of LJF sample (a) before and (b) after dehydrogenation. (Bottom) GC x VUV chromatograms. In both,
the x-axis represents GC elution time. In (bottom), y-axis represents the absorption wavelength spectrum, z-axis (indicated by color) denotes normalized intensity.

ables compound identification through unique chemical signatures and
generates distinct absorption spectra, reflecting their chemical struc-
tures, as nearly all molecular compounds exhibit absorption in this re-
gion. Utilizing spectral data, GC-VUV data can be displayed as an im-
age, with retention time and VUV wavelength on the x and y axes, re-
spectively, and signal intensity color-coded [44]. This presentation
method for LJF samples, before and after dehydrogenation, is demon-
strated in the lower panel in Fig. 6.

Upon analyzing the GC-VUV data, distinct absorption trends are evi-
dent in LJF samples before and after the reaction, particularly in the ©
— n* absorption region. Unique spectral features enable the differentia-
tion of various hydrocarbon types. Saturates absorb strongly at
A < 175 nm and weakly at A > 175 nm, while unsaturated species
(alkenes and aromatics) absorb due to m-electron transitions. Alkenes
absorb above and below 175 nm, influenced by molecular structure and
geometry. Aromatics show strong absorption at A > 175 nm and weak
absorption at A < 175 nm, with the absorption peak shifting to longer
wavelengths as the number of aromatic rings increases.

Saturated and unsaturated compounds were semi-quantitatively an-
alyzed using GC x GC and GC-VUV techniques. The analyses revealed
a significant presence of unsaturated species in the LJF-HyC, compris-
ing approximately 18.5 wt% of the dehydrogenated LJF composition.

Sy
—R - | —R
=

C1 Al R,
"~ = =
e
C2 A2p

This notable proportion underscores the effective enrichment of unsatu-
rated compounds alongside the dominant 81.5 wt% contribution of sat-
urated species, as confirmed by both analytical methods.

3.3. Elucidation of reaction pathways

According to the in-situ NMR analysis and the results of GC X GC
and GC-VUV, we deduced six typical or primary dehydrogenation path-
ways for the LJF-HyC formation, as shown in Fig. 7. The monocyclo-
hexanes (C1) of LJF can be converted to fully unsaturated mono aro-
matics (Al). Chemical species containing decalin rings (C2F) in LJF can
be converted to compounds with naphthalene rings (A2F). These two
pathways can be major ones based on anticipated dehydrogenation
mechanisms. There are four additional apparent reaction pathways for
dicyclohexylalkanes (C2) in LJF-HyC. They can be converted to chemi-
cals with a fully unsaturated ring plus another ring with 0-3 double
bonds, i.e., A2D5, A2D6, A2D7, and A2D8, corresponding to DBE = 5
to 8, respectively. Based on 2D-GC peak intensities and dehydrogena-
tion mechanism deduction, we envision that A2D6 and A2D7 may be
the intermediates (in relatively small amounts) that can be converted
into A2D8 given sufficient time. Thus, the pathways C2 to A2D5 and
A2D8 can be the major ones. The dehydrogenation of tricyclohexylalka-
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Fig. 7. Proposed reaction pathways during the dehydrogenation of LJF.
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nes can lead to products with DBE > 8, which is not readily apparent as
detected by the two-dimensional GC analysis. Thus, complete dehydro-
genation of tricyclohexylalkanes is not predominant in the LJF, and the
reaction pathways are not illustrated here.

4. conclusions

We demonstrated the LJF-HyC process via an in-situ dehydrogena-
tion of LJF using Pt nanoparticles supported on zeolite. In-situ NMR
analysis revealed that the dehydrogenation reactions initially show an
exponential increase in aromatic carbon content, indicating the forma-
tion of aromatic rings following C-H dissociation. The rehydrognena-
tion process was also observed to occur within this closed reaction sys-
tem. The original LJF consists mainly of mono-, di-, and tricyclohexy-
lalkanes, constituting approximately 96 wt%. Through GC X GC and
GC-VUV analyses, the dehydrogenated products were identified as pri-
marily containing five classes of compounds, with DBE values ranging
from 4 to 8. GC x GC-TOFMS confirmed that these classes include
among other alkylbenzenes, tetralins, and naphthalenes comprising ap-
proximately 18.5 wt% of the dehydrogenated LJF composition. Based
on these findings, six apparent reaction pathways are proposed for the
dehydrogenation of LJF to form LJF-HyC, where four of them can be the
major pathways. This research advances the development of a novel
and sustainable LJF-HyC technology.
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