
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
Ju

ly
 2

02
5.

 D
ow

nl
oa

de
d 

on
 1

1/
2/

20
25

 4
:5

9:
39

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Selective produc
aDivision of Chemistry for Materials, Gradua

1577 Kurima Machiya-Cho, Tsu City, M

ishihara@chem.mie-u.ac.jp
bZeolite Group, Institute of Inorganic Mate

4560 Kaisei-Cho, Shunan City, Yamaguchi P

† Electronic supplementary informa
https://doi.org/10.1039/d5ra02332g

Cite this: RSC Adv., 2025, 15, 23165

Received 4th April 2025
Accepted 20th June 2025

DOI: 10.1039/d5ra02332g

rsc.li/rsc-advances

© 2025 The Author(s). Published by
tion of a jet fuel fraction through
hydrocracking of n-heptadecane using Pt-
supported b-zeolite-Al2O3 composite catalysts†

Kosuke Murata,a Yugo Nishiura,a Shunma Mitsuoka,a Mio Horibe,a

Tadanori Hashimoto,a Ning Chen,b Yuki Jonoo,b Sho Kawabe,b Keita Nakaob

and Atsushi Ishihara *a

Hydrocarbon fuels can be produced from a wide range of carbonaceous materials, including biomass and

waste plastics, through the Fischer–Tropsch (FT) process. As sustainable aviation fuel (SAF) becomes

increasingly important, selective production of a jet fuel fraction from FT wax is required; however, this

has not yet been achieved. In this study, hydrocracking of n-heptadecane (n-C17) as a model diesel fuel

fraction of FT wax was estimated to obtain a jet fuel fraction selectively using Hb-zeolite-Al2O3

composite-supported Pt catalysts. The Hb-zeolite (25 wt%, SiO2/Al2O3 = 100)-Al2O3 (60 wt%)-binder

(alumina-sol, 15 wt% as Al2O3) composite-supported Pt (0.5 wt%) catalyst (0.5Pt/b(100)60A) was tested

for hydrocracking of n-heptadecane using a fixed-bed flow reactor under the following conditions:

0.5 MPa H2 pressure, H2 300 mL min−1, WHSV 2.3 h−1 and 2 g catalyst weight. After hydrocracking of

n-C17 to form gaseous hydrocarbons at 300 °C without pre-reduction of 0.5Pt/b(100)60A, the reaction

was performed at 250 °C. A conversion of 97% and a selectivity of 79% for the C8–C14 fraction of the jet

fuel range were achieved. The sum of the selectivity for the C7 and C8 fractions was higher than 50%.

To confirm reproducibility, when the hydrocracking of n-C17 using the catalyst pre-reduced at 270 °C

was performed at 300–304 °C, a conversion of 93% and a selectivity of 55% for C8–C14 were achieved

at 302 °C, with high selectivity for C8 and C9, although significant amounts of gaseous products were

observed simultaneously. Finally, when the hydrocracking of n-C17 using a catalyst pre-reduced at

310 °C was performed at 300–308 °C, a conversion of 99% and a selectivity of 63% for C8–C14 were

achieved at 308 °C, and the selectivity for gaseous products reduced to 16%. However, the high

selectivity for C8 and C9 was lost, and the same amount of each fraction of C8–C12 was simultaneously

observed. It was suggested that the high selectivity of the b-zeolite-containing catalyst for the C8 and

C9 fractions could be attributed to C–H bond activation of the carbon at position 9 of n-C17 on

reduced Pt within the micropores of b-zeolite.
1. Introduction

As hydrocarbon fuels have high energy density, they can be
utilized in internal combustion engines; however, given current
environmental concerns, they should be obtained from carbon-
neutral systems. Fischer–Tropsch synthesis (FTS) can be used to
generate hydrocarbon fuels from synthesis gas derived from
carbon-neutral biomass, waste plastics or carbon dioxide. On
the other hand, since FTS has low product selectivity and
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produces a wide range of hydrocarbons, from gas to wax,
heavier long-chained hydrocarbon fractions produced by FTS
must be converted into gasoline, jet fuel, kerosene, or diesel oil
via catalytic cracking or hydrocracking.1,2 However, the selective
conversion of long-chained hydrocarbons into desirable liquid
fuels is very difficult. Therefore, the development of catalysts
with high product selectivity is required.

Since liquid phase jet fuel is likely to be used well in the
future, the production of jet fuel from hydrocracking of FT
products is likely to be one of the most important catalytic
processes.3–9 For example, Pt/SiO2–Al2O3,3 Pt/H-beta,4–6 Pt/H-
ZSM-5,4–6 Pt/H-mordenite,4–6 and Pt/Al-mesoporous silica9 have
been used as catalysts in ow-type4,7 and batch-type5,6 reactors.
Pt/H-beta showed good performance4–6 probably because of the
relatively high number of accessible acid sites;4 the jet fuel was
generated with a maximum yield of 22% at 250 °C and 1.5 MPa.5

The product distribution shied to compounds with lower
RSC Adv., 2025, 15, 23165–23173 | 23165
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molecular weight when the temperature was increased or the
pressure was decreased.9 When FT wax containing 7% lighter
fraction (<170 °C), 46% jet fuel (170–300 °C) and 47% heavier
fraction (>300 °C) components, was converted at 330 °C and
5 MPa on Pt/Al-mesoporous silica with a SiO2/Al2O3 ratio of 20,
liquid products containing 18% gasoline, 63% jet fuel, and 19%
heavier fraction were obtained.9 As feed oil includes a larger
amount of jet fuel fraction at the initial stage, in this case, 29%
of the heavy fraction was hydrocracked, but only 16% jet fuel
was achieved. These results indicate that the selectivity would
not be sufficient to meet the high demand for jet fuel.

The ASTM D-1655 sets out civil standards for Jet A, Jet A-1
and Jet B fuels, which correspond to no. 1, no. 2 and no. 3 in
JIS K 2209, respectively. Jet A and Jet A-1 are primarily composed
of the kerosene fraction, while Jet B, which can be used in colder
environments, includes not only kerosene but also signicant
amounts of the gasoline fraction. As hydrocarbons with carbon
numbers from C8 to C16 could cover these standards, research
groups aim to obtain this range of hydrocarbons from larger
materials. In order to develop catalysts with increased product
selectivity, understanding the reaction mechanisms of hydro-
cracking of FT wax or straight-chained long hydrocarbons on
catalysts is necessary; to this end, model compounds consisting
of long hydrocarbons have been used in many studies. Among
them, n-hexadecane is one of most commonly used
compounds,10–29 and n-heptadecane,2,21 n-octadecane,30 bio-
hydrogenated alkanes,31,32 polymers33,34 and biomass35–57 have
also been used; however, the jet fuel yield was not sufficient. In
n-hexadecane hydrocracking, supported Pt and Pd catalysts
have usually been used, with Pt and Pd loadings of 0.5–1 wt%.
To date, MCM-41,10 b-zeolite,11 dealuminated HY-zeolite,12 SBA-
15/b-zeolite composite,13 ZSM-22,14 and heteropolymolybdate/
MCM-41 composite16 have been used as supports. Pt catalysts
supported on dealuminated HY-zeolite12 and SBA-15/b-zeolite
composite13 were used to generate jet fuel fractions of 51%
using higher temperature and pressure.

We previously attempted to obtain jet fuel range oil selec-
tively through hydrocracking of n-C17. When 0.5 wt% Pt was
supported on a composite composed of 50 wt% HY-zeolite
(SiO2/Al2O3 = 100) and 50 wt% Al2O3, the C8–C14 range of
products was obtained with a selectivity of 74% and 99%
conversion at 295 °C and 0.5 MPa.2 This result was very close to
the ideal jet fuel yield (C8–C14) of 75% by weight, which is
calculated on the basis of the assumptions discussed below.

When a carbocation is generated at the 2- to 16-positions in
n-C17 and undergoes b-scission with the same probability,
hydrocarbon products are formed with the same mole number
for each fraction from C3 to C14. When a similar calculation is
applied for n-C16, the maximum yield of C8–C13 is 72%, which
differs signicantly from reported results using n-C16. As the
composite support included only 50 wt% zeolite in our study,
the acidity of the zeolite was reduced, which led to the inhibi-
tion of over-cracking. In order to increase the yield of jet fuel
(the middle range of hydrocarbons), this concept seems to be
very important. Further, the size of the super cage of Y-zeolite
was appropriate to retain longer-chained hydrocarbons inside
before cracking; this would result in each carbocation being
23166 | RSC Adv., 2025, 15, 23165–23173
generated in n-C17 and undergoing b-scission with the same
probability. On the other hand, the use of ZSM-5, with a small
micropore size, resulted in over-cracking to generate gaseous
products and C5–C7 fractions.2

In the course of our study, we were interested in hydro-
cracking using b-zeolite, which has a middle range of micro-
pores between those of Y-zeolite and ZSM-5. The aim of this
study was to selectively obtain jet fuel range products through
hydrocracking using Pt-loaded b-zeolite-containing hierarchical
catalysts, which were prepared with mesoporous Al2O3 by
a kneading method. n-Heptadecane was also used as a model
raw liquid from the hydrotreatment of fat or cracking of FT wax.
The results were compared with those obtained using Y-zeolite-
containing catalysts.
2. Experimental
2.1 Preparation of Pt/b-zeolite-Al2O3 catalysts

A composite support was prepared by the kneading method with
Hb-zeolite (SiO2/Al2O3= 100, HSZ-960HOA, Tosoh), Al2O3 (270m

2

g−1, Japan Ketjen) and alumina-sol (cataloid AP-1, JGC Catalyst
Chemical). The content of b-zeolite, Al2O3 and binder alumina-sol
was 50 : 35 : 15 or 25 : 60 : 15 by weight aer calcination at 500 °C.
Aer kneading, the clay-like material was pelletized and calcined.
The resulting support was crushed and sieved to give 1 : 1 parti-
cles with 600–355 mm and 355–125 mm. The composite supports
were named as b(100)35A and b(100)60A, where b indicates the
type of zeolite, the number in a parenthesis indicates the SiO2/
Al2O3 ratio, and 35A or 60A indicates the 35 wt% or 60 wt%
content of commercial Al2O3, respectively. Hydrogen hexa-
chloroplatinate(IV) hexahydrate (H2PtCl6$6H2O, Fuji Film Wako
Pure Chemical Industry Co., Ltd) was used to load 0.5 wt% of Pt
on the support by the standard impregnation method. The
catalyst was named Pt/composite support.
2.2 Characterization of Pt/b-zeolite-Al2O3 catalysts

X-ray diffraction (XRD), N2 adsorption/desorption, ammonia-
temperature programmed desorption (NH3-TPD), trans-
mission electron microscope (TEM), and thermogravimetry-
differential thermal analysis (TG-DTA) were conducted to
characterize the catalysts. Detailed methods and conditions
were described elsewhere.2

An Ultima IV X-ray diffractometer was used (Rigaku Corpo-
ration). Fig. S1† shows the XRD patterns of 0.5Pt/b(100)35A and
0.5Pt/b(100)60A catalysts before and aer the reaction. Only b-
zeolite and g-alumina were observed; signals derived from Pt
were not detected, suggesting that the Pt was distributed
throughout the catalysts.

BELPREP-vacII (Japan Bell Corporation) was used for
pretreatment of the catalyst and a BELSORP-mini (Japan Bell
Co., Ltd) was used for N2 adsorption/desorption measurements.
Table S1† shows the N2 adsorption/desorption measurement
results for 0.5Pt/b(100)35A and 0.5Pt/b(100)60A before and aer
the reaction. The differences between pore properties were very
small, suggesting that the structures of the catalysts are almost
identical.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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To measure NH3-TPD, NH3 adsorbed at 100 °C on the cata-
lyst was desorbed in the range of 100 °C to 650 °C under a He
stream. NH3 was detected by gas chromatography (GC) with
a thermal conductivity detector (TCD) (GC-8A) under the
conditions of INJ/IT 170 °C, COL 140 °C, ATTN 16, current 100
mA and column ow 30 cm3 min−1. Fig. S2 and Table S2† show
the results of NH3-TPD. Curve tting was performed for NH3-
TPD of 0.5Pt/b(100)35A and 0.5Pt/b(100)60A, from which three
sets of weak, strong, and very strong acid sites were estimated.
Weak acid sites could be assigned to physical adsorption of
NH3, strong acid sites could be assigned to adsorption on
zeolite, and very strong acid sites could be assigned to adsorp-
tion on Al2O3. It is thought that the very strong acid sites, whose
content increased with increasing the amount of Al2O3, did not
take part in the catalytic reaction at around 300 °C because their
high reactivity would lead to deactivation during the early stages
of the reaction. It was also concluded that weak acid sites, the
amounts of which were very similar for 0.5Pt/b(100)35A and
0.5Pt/b(100)60A, were also not involved in the catalytic reaction.
Strong acid sites, the number of which increased with
increasing amounts of b-zeolite, could be involved in the cata-
lytic reaction around 300 °C; therefore, the hydrocracking
ability of 0.5Pt/b(100)35A was much higher than that of 0.5Pt/
b(100)60A, as shown below. A zeolite with a SiO2/Al2O3 ratio of
100 contains 3.3 × 10−4 mol per g Al. As the zeolite contents in
0.5Pt/b(100)35A and 0.5Pt/b(100)60A are 50% and 25%,
respectively, the amounts of Al derived from zeolite are 1.6 ×

10−4 and 0.82 × 10−4, respectively. Values of strong acid sites
for these catalysts were 4.1 × 10−4 and 2.4 × 10−4 mol g−1 as
shown in Table S2,† which were much higher than the values
calculated for the amounts of Al derived from b-zeolite, sug-
gesting that physical adsorption of NH3 on zeolite and Al2O3

would be included and that there might be the incorporation of
Al species into the zeolite skeletal structure, which may increase
the amount of strong acid sites.

TEM observations were performed using a JEM-1011 (Japan
Electronics Co., Ltd) instrument. Fig. S3† shows TEM images of
0.5Pt/b(100)35A and 0.5Pt/b(100)60A catalysts before and aer
the reaction. In both catalyst systems, zeolite crystals with
500 nm were dispersed in the thin layer of Al2O3 and no
signicant difference was observed by TEM analysis before and
aer the reaction.
2.3 Hydrocracking of n-heptadecane using Pt/b-zeolite-Al2O3

catalysts

A stainless-steel xed-bed ow reactor (ID 8 mm; OD 10 mm)
was used for the hydrocracking of n-heptadecane. The reaction
Fig. 1 Carbon number distribution of products in hydrocracking of n-h
0.5 MPa, gas flow rate 300 cm3 min−1, WHSV 2.3 h−1, catalyst 2.0 g.

© 2025 The Author(s). Published by the Royal Society of Chemistry
was performed for 2 hours at the same temperature; the liquid
product obtained during the rst hour was discarded and the
product obtained during the second hour was collected and
analyzed by gas chromatography with an FID detector (GC-FID).
The catalyst (2 g; 600–355 mm (70 wt%) and 355–125 mm
(30 wt%)) was reduced at 300 °C (H2 30 mL min−1) for 3 h, then
hydrocracking was performed in the temperature range of 250–
310 °C (H2 pressure 0.5 MPa, H2 ow rate 300 mLmin−1, weight
hourly space velocity (WHSV): 2.3 h−1). The gas and liquid
products were separated in the gas–liquid separator and were
analyzed separately by GC-FID (GC-2014 (Shimadzu Corp.) for
gas product, GC-2010 (Shimadzu Corp.) for liquid products). No
C1 and C2 products were formed. Detailed conditions of the GC
analysis are described elsewhere.2

Aer the reaction, thermogravimetry-differential thermal
analysis (TG-DTA; DTG-60AH, Shimadzu) was performed by
heating the used catalysts to 600 °C under an air atmosphere to
estimate the amount of coke deposited on the used catalysts;
the results are summarized in Table S3.† As shown in Table S3,†
coke formation was very low in this reaction at temperatures of
around 300 °C under the given hydrogen pressure.
3. Results and discussion
3.1 Reaction proles of 0.5Pt/b(100)60A and 0.5Pt/b(100)35A

As a preliminary experiment, n-heptadecane (n-C17) was
decomposed on 0.5Pt/b(100)60A without pre-reduction under
0.5 MPa of hydrogen pressure at 300 °C. The conversion of n-
C17 reached 100% and most of the products were gases. In
order to obtain the jet fuel fraction, the temperature was
decreased to 250 °C. The result (Fig. 1) showed that the
conversion of n-C17 was 97% while the selectivity for the C8–
C14 fraction reached 79%. Further, the selectivity for C8 and C9
fractions was more than 50%. We previously reported that
0.5Pt/Y(100)35A gave the C8–C14 fraction with 74% selectivity,
wherein the selectivity for C8 and C9 was not so high, and that
the products with each carbon number were obtained with
similar selectivity.2 Therefore, this suggests that the mechanism
of hydrocracking of n-C17 might be different.

To establish the reproducibility, 0.5Pt/b(100)60A pre-reduced
at 300 °C was used by dividing the reaction into four runs, with
the temperature of the reactor reduced to 25 °C between runs.
When the rst reaction run was performed in the range of 250–
260 °C for 10 hours, the maximum conversion was 14% at 260 °
C and only isomers of C17 were obtained. When the second run
was started at 270 °C, almost no hydrocracking occurred; thus,
the reaction was performed in the range of 300–304 °C. The
eptadecane using 0.5Pt/b(100)60A without pre-reduction H2 pressure

RSC Adv., 2025, 15, 23165–23173 | 23167
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Fig. 2 Carbon number distribution of products in the second hydrocracking run of n-heptadecane using pre-reduced 0.5Pt/b(100)60A. Transfer
order in reaction temp.: 270/ 300/ 304/ 303/ 302/ 301 °C. H2 pressure 0.5 MPa, gas flow rate 300 cm3 min−1, WHSV 2.3 h−1, catalyst
2.0 g.
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order of temperature examined was: 300 °C /304 °C /303 °C
/302 °C/301 °C. The conversion reached 100% at 304 °C and
then the temperature was decreased. The detailed reaction
proles are shown in Fig. 2. Although the amount of gaseous
products increased and the selectivity for C8–C14 fraction was
distributed in the range of 39–55%, less than that shown in
Fig. 1, high selectivity for C8 and C9 was also observed. In the
third run, the reaction temperature was increased from 295 °C
to 300 °C and the conversion increased from 85% to 100%.
However, the selectivity for C8–C14 was less than 27% and
isomerization occurred with a selectivity of more than 50% at
each temperature. Therefore, the hydrocracking was started at
310 °C in the fourth run. The results are shown in Fig. 3. Aer it
was conrmed that the conversion of n-C17 reached 100% and
that signicant amounts of gaseous products were observed at
310 °C, the reaction temperature was decreased by 2 °C to 300 °
C. The conversions were 99–100% even when the temperature
was reduced from 308 °C to 300 °C while the selectivity for the
C8–C14 fraction decreased from 63% to 50%. In the fourth run,
high yields of C8–C14 were achieved by tuning the temperature
while the high selectivity for C8 and C9 disappeared and
products with C8–C12 were obtained equally, indicating that
Fig. 3 Carbon number distribution of products in the fourth hydrocracki
order in reaction temp.: 310/ 308/ 306/ 304/ 302/ 300 °C. H2

2.0 g.

23168 | RSC Adv., 2025, 15, 23165–23173
highly active sites giving C8 and C9 selectively are deactivated,
probably because the reactor was cooled to 25 °C between runs
and coke deposition might occur at the highly active sites.

When the content of b-zeolite was increased in 0.5Pt/b(100)
35A, the conversion increased signicantly. The results are
shown in Fig. 4. The reaction was started at 250 °C and the
conversion was 57% at 255 °C. However, the conversion reached
100% at 260 °C and only gaseous products and the C5 fraction
were selectively obtained, and no C8–C14 fraction was observed.
When the temperature was decreased to 245 °C and 250 °C,
high conversions of 80% and 96% were maintained while the
major products were the C17 isomers. Therefore, ne tuning of
temperature was performed; the results are shown in Fig. 5.
Aer the reaction was started at 260 °C and 100% of conversion
and the formation of gaseous products as a major component
were conrmed, the reaction was traced in the order of 250 °C
/ 251 °C / 252 °C / 253 °C / 254 °C. The conversion
increased from 92% to 95%, the selectivity for C17 isomers or
C8–C14 fractions decreased, and the selectivity for gaseous
products increased. C17 isomers were major products at
250–252 °C while gaseous products were major products at
253 °C and 254 °C. Therefore, the C8–C14 fraction could not be
ng run of n-heptadecane using pre-reduced 0.5Pt/b(100)60A. Transfer
pressure 0.5 MPa, gas flow rate 300 cm3 min−1, WHSV 2.3 h−1, catalyst

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Carbon number distribution of products in hydrocracking of n-
heptadecane using pre-reduced 0.5Pt/b(100)35A. Transfer order in
reaction temp.: 250 / 255 / 260 / 245 / 250 °C. H2 pressure
0.5 MPa, gas flow rate 300 cm3 min−1, WHSV 2.3 h−1, catalyst 2.0 g.

Fig. 5 Carbon number distribution of products in hydrocracking of n-
heptadecane using pre-reduced 0.5Pt/b(100)35A. Transfer order in
reaction temp.: 260 / 250 / 251 / 252 / 253 / 254 °C. H2

pressure 0.5 MPa, gas flow rate 300 cm3 min−1, WHSV 2.3 h−1, catalyst
2.0 g.

Fig. 6 Reaction mechanism for selective production of C8 and C9
fractions on 0.5Pt/b(100)60A in the second run.
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obtained as major products, indicating that the high content of
b-zeolite renders the reaction difficult to control due to the
presence of larger amounts of highly active sites.
Fig. 7 Hypothetical reaction routes on 0.5Pt/b(100)60A at 303 °C in
the second run.
3.2 Change in reaction mechanisms using 0.5Pt/b(100)60A

Fig. 6 shows the probable reaction mechanism for the selective
production of C8 and C9 fractions on 0.5Pt/b(100)60A in the
second run. In order to obtain C8 and C9 fractions selectively,
a carbenium ion should be formed at the C8 or C10 position and
a double bond should be formed between the C8 and C9 posi-
tions. The formation of the double bond could occur on Pt. The
bending angle vibration of carbon–carbon bonds around the C9
position would be the most stable among those of all carbons in
n-C17 because the vibration of these bonds does not bring about
the rotation of the n-C17 molecule due to the bilateral symmetry
at the C9 position. It is assumed that the possibility of this
vibration could be high. The possibility that a hydrogen at the
C9 position could approach the Pt species and interact with it
would be the highest among the possibilities of hydrogens in
a n-C17 molecule. Thus, the C–H bond activation at the C9
position occurs on Pt active species for these reasons, followed
by dehydrogenation to form an olen. The olen interacts with
a nearby acid site on the zeolite to form a carbenium ion at the
© 2025 The Author(s). Published by the Royal Society of Chemistry
C8 position because this carbenium has a less bulky alkyl chain
with seven carbons. Subsequent b-scission at the C9–C10 bond
would produce C9 and C8 hydrocarbons selectively.

Fig. 7 shows the hypothetical reaction routes on 0.5Pt/b(100)
60A at 303 °C in the second run where C3, C4, C5 C7, C8, C9 and
C10 fractions appeared. According to these routes, secondary
carbenium ions are formed at the C8, C6, C4 and C2 positions,
which subsequently undergo b-scission at the longer alkyl
chains, suggesting that the longer alkyl chains could be cleaved
more easily because these would be subjected to a heavier load.
These results suggest that the secondary carbenium ion at the
C8 position would interact with hydrogen at C6, C4 and C2,
probably because such interactions form 4-, 6-, and 8-
membered rings through the carbenium ion and each hydrogen
atom, respectively, and the interaction through the 6-membered
ring would be most probable.

Fig. 8 shows the reaction mechanism on 0.5Pt/b(100)60A in
the fourth run. This mechanism can use the assumptions made
for 0.5Pt/Y(100)35A,2 where secondary carbenium ions are
formed at positions C2 to C16 equally, aliphatic hydrocarbons
from C3 to C14 are formed, C1 and C2 fractions are not formed,
and b-scission proceeds with the same probability. According to
these assumptions, the jet fuel fraction from C8 to C14 would be
generated in 75% yield, which is consistent with the observed
jet fuel yield of 73%, which indicates that the mechanism stated
above would give the most probable routes. From the results of
carbon number distribution in jet fuel fraction for the fourth
run of 0.5Pt/b(100)60A shown in Fig. 3, it seems that the
RSC Adv., 2025, 15, 23165–23173 | 23169
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Fig. 8 Reaction mechanism on 0.5Pt/b(100)60A in the fourth run.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
Ju

ly
 2

02
5.

 D
ow

nl
oa

de
d 

on
 1

1/
2/

20
25

 4
:5

9:
39

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
hydrocracking of n-C17 proceeded by a mechanism similar to
that suggested for 0.5Pt/Y(100)35A.

Catalyst 0.5Pt/b(100)60A contains 2.6 × 10−5 mol per g Pt
and 8.2 × 10−5 mol per g Al in b(100) and the Al/Pt ratio was 3.2.
To obtain the higher selectivity for C8 and C9, the dehydroge-
nation at the C9 position on Pt and the interaction between the
generated olen and a nearby acid site must proceed immedi-
ately within the micropores of the b-zeolite. It seems that such
selective production of C8 and C9 shown in the second run of
0.5Pt/b(100)60A (Fig. 2) proceeded at highly active sites where Pt
and the acid sites are in close proximity. However, the high
selectivity for C8 and C9 was lost in fourth run of 0.5Pt/b(100)
60A (Fig. 3). As b-zeolite content was 25% and Pt is loaded on
not only zeolite but also Al2O3, the amount of Pt loaded on the
inside of the micropore in the b-zeolite would be signicantly
lower. Further, highly active sites where Pt and the acid site are
in close proximity may bemuch fewer. Such active sites where Pt
species and the acid sites co-exist within the micropores of the
b-zeolite may be deactivated during the repeated runs because
the catalyst is held at 25 °C for a long time between runs and
olens near the Pt species could be cyclized to form aromatic
species and coke-like material.

Recently, hydrocracking of long-chained hydrocarbons
producing jet fuel has also been reported.58–61 It was shown that
polyolen hydrocracking using Ru/Y-zeolite catalysts was
promoted when both metal and Brønsted acid sites are present
and that the distance between metal and acid sites could deter-
mine this effect.58 The distance between themetal and acid sites is
also important in our hydrocracking of n-C17 using 0.5Pt/b(100)
60A; the closer the olens on metal sites are to the acid sites, the
more easily the former interacts with the latter, leading to the
higher selectivity for C8 and C9 production. In the hydrocracking
of n-C16 using Pt/SAPO-11, the 37% yield of jet fuel was higher
than that using Pt/HUSY, probably because of the weaker acidity
of SAPO-11 than that of HUSY.59 This result suggests that the acid
site density is one of the most important factors determining jet
fuel yield. While b(100) afforded an appropriate acid density in
this study, more appropriate acid densities on the zeolite could be
achieved by controlling its SiO2/Al2O3 ratio and structure, such as
in terms of pore size. This also suggests that a more appropriate
active metal density within a zeolite could be important and that
the best mix of acid and metal sites could give the highest
selectivity for the jet fuel fraction.
23170 | RSC Adv., 2025, 15, 23165–23173
4. Conclusions

Hydrocracking of FT wax or biomass-derived oils, such as fat, is
one of the most promising methods for producing the jet fuel
fraction of C8–C16. In the present study, n-C17 hydrocracking
was performed using b-zeolite-Al2O3 composite-supported Pt
catalysts in a xed-bed reactor under the conditions of H2

0.5 MPa, 300 mL min−1, WHSV 2.3 h−1, and catalyst weight 2 g.
When 0.5Pt/b(100)60A was used (containing 0.5 wt% Pt, 25 wt%
b-zeolite with SiO2/Al2O3 = 100, 60 wt% of g-Al2O3 and 15 wt%
binder), initially at 300 °C and then at 250 °C, the jet fuel
fraction of C8–C14 was obtained with 79% selectivity and 97%
conversion. In this run, the selectivity for the C8 and C9 frac-
tions was very high. To obtain reproducibly high selectivity for
C8 and C9 fractions, the reaction of n-C17 was repeated under
the same conditions aer 0.5Pt/b(100)60A was pre-reduced at
300 °C. High selectivity for the C8 and C9 fractions was observed
in the second run but was lost on the fourth run. The reasons
for the high selectivity was discussed and the importance of the
best mix of both acid and metal site densities within the zeolite
micropore was suggested to lead to selective jet fuel production
in the hydrocracking of long-chained hydrocarbons.
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D. Y. Murzin, Hydrocracking of hexadecane to jet fuel
components over hierarchical Ru-modied faujasite
zeolite, Fuel, 2020, 278, 118193, DOI: 10.1016/
j.fuel.2020.118193.

16 J. Sun, Y. Li, C. Mu, J. Wei, Y. Zhao, X. Ma and S. Wang,
Supported heteropolyacids catalysts for the selective
hydrocracking and isomerization of n-C16 to produce jet
fuel, Appl. Catal., A, 2020, 598, 117556, DOI: 10.1016/
j.apcata.2020.117556.

17 R. Brosius, P. J. Kooyman and J. C. Q. Fletcher, Selective
Formation of Linear Alkanes from n-Hexadecane Primary
Hydrocracking in Shape-Selective MFI Zeolites by
Competitive Adsorption of Water, ACS Catal., 2016, 6,
7710–7715, DOI: 10.1021/acscatal.6b02223.

18 Y. K. Krisnandi, I. R. Saragi, R. Sihombing, R. Ekananda,
I. P. Sari, B. E. Grith and J. V. Hanna, Synthesis and
Characterization of Crystalline NaY-Zeolite from Belitung
Kaolin as Catalyst for n-Hexadecane Cracking, Crystals,
2019, 9, 404–417, DOI: 10.3390/cryst9080404.

19 X. Wang, Z. Yu, J. Sun, Q. Wei, H. Liu, W. Huang, L. Zhao,
M. Si and Y. Zhou, Synthesis of Small Crystal Size Y Zeolite
Catalysts with High Hydrocracking Performance on n-
Hexadecane, Energy Fuels, 2022, 36, 13817–13832, DOI:
10.1021/acs.energyfuels.2c02851.

20 J. Weitkamp, P. A. Jacobs and J. A. Martens, Isomerization
and hydrocracking of C9 through C16 n-alkanes on Pt/
HZSM-5 zeolite, Appl. Catal., 1983, 8, 123–141.

21 E. J. P. Feijen, J. A. Martens and P. A. Jacobs, Isomerization
and hydrocracking of decane and heptadecane on cubic
and hexagonal faujasite zeolites and their intergrowth
structures, Stud. Surf. Sci. Catal., 1996, 101, 721–729, DOI:
10.1016/S0167-2991(96)80283-7.

22 V. Calemma, S. Peratello and C. Perego, Hydroisomerization
and hydrocracking of long chain n-alkanes on Pt/amorphous
SiO2–Al2O3 catalyst, Appl. Catal., A, 2000, 190, 207–218.

23 K.-C. Park and S.-K. Ihm, Comparison of Pt/zeolite catalysts
for n-hexadecane hydroisomerization, Appl. Catal., A, 2000,
203, 201–209.

24 I. Rossetti, C. Gambaro and V. Calemma, Hydrocracking of
long chain linear paraffins, Chem. Eng. J., 2009, 154, 295–
301.

25 J. Kang, W. Ma, R. A. Keogh, W. D. Shafer, G. Jacobs and
B. H. Davis, Hydrocracking and hydroisomerization of n-
hexadecane, noctacosane and Fischer–Tropsch wax over
a Pt/SiO2–Al2O3 catalyst, Catal. Lett., 2012, 142, 1295–1305.

26 F. Regali, M. Boutonnet and S. Jaras, Hydrocracking of n-
hexadecane on noble metal/silica–alumina catalysts, Catal.
Today, 2013, 214, 12–18.

27 F. Regali, L. F. Liotta, A. M. Venezia, V. Montes,
M. Boutonnet and S. Jaras, Effect of metal loading on
activity, selectivity and deactivation behavior of Pd/silica–
alumina catalysts in the hydroconversion of n-hexadecane,
Catal. Today, 2014, 223, 87–96.
RSC Adv., 2025, 15, 23165–23173 | 23171

https://doi.org/10.1021/acsomega.3c07678
https://doi.org/10.1021/acsomega.3c07678
https://doi.org/10.1021/acs.energyfuels.0c04400
https://doi.org/10.1021/acs.energyfuels.0c04400
https://doi.org/10.1021/acsomega.0c02711
https://doi.org/10.1021/acsomega.0c02711
https://doi.org/10.1016/j.cej.2014.11.042
https://doi.org/10.1016/j.fuproc.2014.09.011
https://doi.org/10.1016/j.fuproc.2014.09.011
https://doi.org/10.3390/molecules26237172
https://doi.org/10.1016/j.fuel.2021.121008
https://doi.org/10.1016/j.fuproc.2022.107259
https://doi.org/10.1016/j.micromeso.2022.111902
https://doi.org/10.1016/j.micromeso.2022.111902
https://doi.org/10.1016/j.fuel.2023.128286
https://doi.org/10.1016/j.apcatb.2019.117756
https://doi.org/10.1016/j.jiec.2022.03.039
https://doi.org/10.1016/j.fuel.2020.118193
https://doi.org/10.1016/j.fuel.2020.118193
https://doi.org/10.1016/j.apcata.2020.117556
https://doi.org/10.1016/j.apcata.2020.117556
https://doi.org/10.1021/acscatal.6b02223
https://doi.org/10.3390/cryst9080404
https://doi.org/10.1021/acs.energyfuels.2c02851
https://doi.org/10.1016/S0167-2991(96)80283-7
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra02332g


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

4 
Ju

ly
 2

02
5.

 D
ow

nl
oa

de
d 

on
 1

1/
2/

20
25

 4
:5

9:
39

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
28 P. Lanzafame, S. Perathoner, G. Centi, E. Heracleous,
E. F. Iliopoulou, K. S. Triantafyllidis and A. A. Lappas,
Effect of the structure and mesoporosity in Ni/Zeolite
catalysts for n-hexadecane hydroisomerisation and
hydrocracking, ChemCatChem, 2017, 9, 1632–1640.
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