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Sustainability Spotlight Statement

Chemical recycling is an important issue for achieving a sustainable society. Zeolites 
have been used as catalysts for the recovery of valuable chemicals from polymers 
because product distribution can be controlled by the catalyst design, unlike thermal 
cracking. Until now, zeolites with large or medium micropores (e.g., Y, Beta, ZSM-5) 
have been mainly applied in polymer cracking for chemical recycling. In this work, we 
first demonstrated that SSZ-13 (a zeolite with small micropores) nanoparticles showed 
high light olefin yield (ca. 40%) on low-density polyethylene cracking. The spent SSZ-
13 can be reused for 2nd and 3rd LDPE cracking without an oxidative regeneration. This 
work shows that SSZ-13 nanoparticles are suitable as catalysts for sustainable chemical 
recycling technology.
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Sustainable chemical recycling of low-density polyethylene into 
light olefins over nano-sized SSZ-13
Yoshiki Murata, a Ryuga Nakai, a Koji Miyake,*a,b Yoshiaki Uchida, a Atsushi Mizusawa, c Tadashi Kubo, 

c and Norikazu Nishiyama a,b 

As the demand for sustainable resource utilization increases, chemical recycling of plastic waste is emerging as a promising 
solution. In this study, we aimed to enhance the yield of light olefins (ethylene, propylene, and butene) from the catalytic 
decomposition of low-density polyethylene (LDPE) using nano-sized SSZ-13 zeolite. SSZ-13 nanoparticles were synthesized 
via the dry gel conversion method to increase the surface area and catalytic activity. The small-pore eight-membered ring 
structure of SSZ-13 limits the diffusion of long-chain polyolefins, leading to LDPE cracking occurring primarily on the external 
surface. Compared to commercially available SSZ-13, nano-SSZ-13 exhibited a significant improvement in decomposition 
activity and light olefin yield. The light olefin yield over the nano-sized SSZ-13 was ca. 40%, which is higher than that over 
commercially available ZSM-5. Surface-specific ion exchange treatments clarified the role of Brønsted acid sites located on 
the external surface. In catalysts like SSZ-13, where reactions occur predominantly on the external surface, coke deposition 
inside the pores has a limited impact on diffusion, thereby suppressing catalyst deactivation.The catalyst maintained high 
performance over three consecutive reaction cycles without regeneration, despite the reused catalyst containing coke inside 
micropores, indicating that the primary active sites are located on the external surface. Moreover, SSZ-13 offers an 
additional advantage over other zeolites in that it can be readily reused by removing coke deposited only on its external 
surface.This study proposes a novel design strategy for controlling product distribution in polyolefin catalytic cracking by 
tuning the particle size and surface acidity of zeolites.

1. Introduction
Approximately 400 million tons of plastic are discarded 

annually worldwide. In recent years, the acceleration of the 
SDGs and the transition toward a circular economy have made 
the development of plastic recycling technologies increasingly 
important.1–8 This study focuses on the degradation of low-
density polyethylene (LDPE), which constitutes a large portion 
of plastic waste.9

There are three major methods of plastic recycling: thermal 
recycling, material recycling, and chemical recycling.10,11 
Thermal recycling involves incinerating waste plastics to 
recover heat energy; however, it poses environmental 
concerns due to the high emissions of carbon dioxide. 
Material recycling, which involves remelting and remolding 
waste plastics, often results in a decline in product quality. 

Consequently, chemical recycling has recently gained 
attention as a promising approach.12–16 This method 
chemically decomposes waste plastics and converts them into 

other valuable chemical compounds. Among these, light 
olefins—such as ethylene, propylene, and butylene—are 
particularly valuable due to their high demand as feedstocks 
for products like styrene foam and PET bottles.17–19

Plastic pyrolysis typically occurs at high temperatures, and 
a key challenge lies in controlling the composition of the 
resulting products. Zeolites have proven to be highly effective 
catalysts in plastic pyrolysis.20–22 Zeolites are porous 
aluminosilicates with a three-dimensional network of 
interconnected tetrahedral units. Their Brønsted acidity has 
been reported to promote the degradation of LDPE and 
facilitate the formation of light olefins.23–32

Previous studies have frequently employed beta-type and 
MFI-type zeolites.33–38 Zeolites can be classified by pore size: 
beta-type zeolites have a pore size of approximately 0.6–0.7 
nm and are categorized as large-pore zeolites, while MFI-type 
zeolites, with pore sizes of approximately 0.5–0.6 nm, are 
classified as medium-pore zeolites. The relatively large pores 
allow intermediate species to diffuse into the internal 
structure, enabling product selectivity through shape-
selective catalysis.39–42

Among zeolites, SSZ-13, which has a pore size of 0.35–0.45 
nm and falls into the category of small-pore zeolites, is 
considered a promising catalyst due to its strong acidity and 
high shape selectivity for light olefins.43 However, no prior 
studies have explored the use of SSZ-13 in LDPE degradation, 
possibly because its small pore size limits the diffusion of the 
reactants and intermediates. Furthermore, since SSZ-13 has 
also been reported in few other reaction systems for the same 
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reason, its application to other reaction systems is anticipated 
in the future.44 Based on this, we hypothesized that the 
external surface of SSZ-13 plays a more significant role in the 
degradation reaction than its internal micropores.

In this study, we synthesized SSZ-13 nanoparticles via dry gel 
conversion with the aim of improving the yield of light olefins 
from LDPE pyrolysis. It has been reported that, when zeolites 
are employed as catalysts, a light olefin yield of approximately 
40% is considered high.45,46 By selectively using the surface of 
SSZ-13, we aimed to accelerate the reaction rate and evaluate 
both the total yield of light olefins and the catalytic durability 
of SSZ-13 during LDPE degradation.

2. Experimental
2.1 Synthesis of SSZ-13 by Dry Gel Conversion Method

SSZ-13 zeolite was synthesized using a dry gel conversion 
method, as described in our previous literature.47,48 
Trimethyladamantylammonium hydroxide (20 wt% TMAdaOH 
in H2O, SACHEM, Inc.), NaOH (Wako Pure Chemical Industries, 
Ltd), colloidal silica (Ludox HS-40 Sigma-Aldrich) and 
aluminum triisopropoxide (Nacalai Tesque, INC) were used to 
prepare precursor solutions. The molar ratio of the precursor 
solution was 25 SiO2 : 1 Al2O3 : 1 Na2O : 15 TMAdaOH. The 
precursor solution was stirred at room temperature for 6 h. 
The solution was dried at 90 °C to obtain a dried gel. The dried 
gel and water were transferred to an autoclave at a mass ratio 
of 1:2 and crystallized at 160 °C for 96 h under steam. The 
resulting powder was washed by centrifugation three times 
with deionized water, dried at 90 °C overnight, and calcined at 
600 °C for 5 h. The synthesized zeolite was donated as SSZ-13-
DGC.

2.2 Ion exchange for SSZ-13-DGC
First, a conventional protonated SSZ-13 was prepared using 

1 mol/L of NH4Cl (FUJIFILM Wako Pure Chemical Co.) solution. 
The mass ratio of 1 mol/L of NH4Cl solution and SSZ-13-DGC 
was 30, and the mixture was stirred on a hot stirrer at 180 °C 
for 24 h in a Teflon container. The resulting powder was 
washed by centrifugation three times with deionized water, 
dried at 90°C overnight, and calcined at 600°C for 5 h. The 
resulting sample was denoted as SSZ-13-DGC-H. To investigate 
the acidity on the external surface of SSZ-13, we performed an 
ion exchange treatment for SSZ-13-DGC by the same 
procedure using tetrapropylammonium bromide (TPABr) 
solution instead of NH4Cl solution. The resulting sample was 
denoted as SSZ-13-DGC-S-H.
As a comparison, to obtain SSZ-13 DGC without protons, SSZ-
13-DGC was mixed with an aqueous NaCl solution, which 
becomes saturated dissolved at room temperature, and 
placed in a Teflon container and stirred on a hot stirrer at 
180 °C for 24 h. The resulting powder was washed by 
centrifugation three times with deionized water, dried at 90°C 
overnight, and calcined at 600°C for 5 h. The resulting sample 
was designated as SSZ-13-DGC-Na.

2.3 Comparison with commercially available SSZ-13 and ZSM-
5

Two commercial SSZ-13s with different particle sizes were 
purchased for comparison with SSZ-13-DGC. They are denoted 
as SSZ-13(1) (ACS MATERIAL) and SSZ-13(2) (TOSOH 
CORPORATION), respectively. A commercial ZSM-5 (822HOA, 
Tosoh, SiO2/Al2O3 =24) was used. Since the commercial 
product is in a protonated form, it is hereafter referred to as 
ZSM-5-H.

2.4 Characterization
The crystal structures of all the products were characterized 

by X-ray diffraction (XRD) patterns measured on a PANalytical 
X’Pert-MPD diffractometer using Cu-Kα radiation. The 
morphologies and particle sizes of the samples were observed 
using a JEOL JCM-7000 scanning electron microscope (SEM) 
and a Hitachi H800 transmission electron microscope (TEM). 
To obtain physical information about the samples, N2 
adsorption measurements were conducted at -196 °C using a 
BELSORP-Max instrument (MicrotracBel). Before the N2 
adsorption measurements, the samples were heated to 250 °C 
under a vacuum. The acidic properties of the sample were 
evaluated by NH3 temperature programmed desorption (NH3-
TPD) measurements using a BEL CAT II and BEL mass 
(MicrotracBel). The acid state in the sample was also 
evaluated using Fourier Transform Infrared Spectroscopy (FT-
IR) with pyridine (C5H5N) as the probe molecule.

2.5 Low density polyethylene cracking
The catalytic activity of the synthesized catalysts was 

evaluated by cracking low-density polyethylene (LDPE) using 
thermogravimetric (TG) analysis with a DTG-60A (SHIMADZU). 
LDPE was manufactured by ThermoFisher SCIENTIFIC (500 
micron, 0.94 g/cm3). The catalyst/LDPE mixture or pure LDPE 
was placed in an alumina cell for thermogravimetric analysis. 
The mass ratio of the catalyst/LDPE mixture was fixed at 1/4.
When LDPE is cracked at elevated temperatures, it gasifies 
and its mass gradually decreases. In this study, “Thalf” is 
defined as the temperature at which the mass of LDPE is 
reduced by half, and it is treated as an indicator of catalytic 
performance.
The catalytic performance was then evaluated by examining 
the LDPE cracking products. The exhaust gas generated during 
the cracking reaction was collected in a gas bag using a cold 
trap with ice water. The mass gain of the trap after the 
reaction was considered as the mass of the solid and liquid 
products and their yields (YS+L) were calculated on a mass 
basis. The amount of coke deposited was evaluated using TG 
at a heating rate of 5 °C/min under air. The produce (YC) was 
calculated on a mass basis. The weight loss from 350 to 600 °C 
was attributed to the combustion of the deposited coke. The 
yield of gaseous products (YG) was calculated by the following 
equation: YG = 100 − (YS+L + YC). The yield of each gas product 
was analyzed using a gas chromatograph (SHIMADZU GC-
2025) equipped with a flame ionization detector and the yields 
of light olefins (YLO) were calculated using the following 
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equation: YLO = YG(XC2H4 + XC3H6 + XC4H8), where X is the 
selectivity of each product.

3. Results & discussion
To confirm the crystal structures of commercial samples and SSZ-

13-DGC, XRD measurements were carried out. All samples 
exhibited the same peaks corresponding to the CHA structure49,50 

withtout any other peaks derived from some impurities as show 
in Fig. 1(a). The commercial samples and SSZ-13 had a CHA 
structure with high purity. To examine the effect of particle size on 
LDPE cracking, three samples with different particle sizes of the two 
commercial products and SSZ-13-DGC were compared. 
The SEM images revealed the following order of particle sizes: 
SSZ-13(2) > SSZ-13(1) > SSZ-13-DGC, as shown in Fig. 1(b). 

Table 1 Physical properties of SSZ-13-DGC, SSZ-13(1) and SSZ-
13(2).

 Table 2 Thalf values of SSZ-13-DGC-H, SSZ-13(1), SSZ-13(2) and 
Thermal cracking.

The particle size of SSZ-13 was reduced using the DGC method. It 
is known that the nucleation density is high and the crystal growth 
is suppressed during crystallization in the DGC method, leading to 
the formation of smaller particles. 

The particle sizes of SSZ-13 (2) and SSZ-13 (1) were approximately 
2-4 μm and 1 μm, respectively. TEM observation was performed to 
investigate the particle size of SSZ-13-DGC. Fig.1(c) shows that the 
particle size of SSZ-13 was 100-150 nm. The external specific 
surface areas and total specific surface areas were measured by N2 
adsorption measurements, and the results are shown in Table 1. 
High BET surface areas were obtained due to the presence of 
micropores. The external surface areas of SSZ-13 increased with 
decreasing particle size. The Si/Al ratios were determined by EDX 

samples
SBET

[m2/g]
Sext

[m2/g]
Si/Al

[-]
Particle

size [nm]
SSZ-13(2) 558.1 1.3 13.01 2000-4000
SSZ-13(1) 434.6 18.4 5.01 1000

SSZ-13-DGC 613.0 28.6 4.17 100-150

samples Thalf[oC]
SSZ-13-DGC-H 394

SSZ-13(1) 433
SSZ-13(2) 449

Thermal cracking 462
Fig.2 TG curves obtained in the catalytic cracking of 
LDPE with SSZ-13-DGC, SSZ-13(1) and SSZ-13(2).

Fig. 1 a) XRD patterns of each sample and b) SEM images of each sample and c) TEM images of SSZ-13-DGC, SSZ-13(1) and SSZ-13(2).

Page 4 of 10RSC Sustainability

R
S

C
S

us
ta

in
ab

ili
ty

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Ja

nu
ar

y 
20

26
. D

ow
nl

oa
de

d 
on

 1
/2

0/
20

26
 1

2:
04

:2
4 

PM
. 

 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 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.

View Article Online
DOI: 10.1039/D5SU00602C

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5su00602c


ARTICLE Journal Name

4 | J. Name . , 2012, 00 , 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

analysis. The ratios of SSZ-13 (1) and SSZ-13-DGC were lower than 
that of SSZ-13 (2). 
The results of the LDPE catalytic cracking reaction test using 
thermogravimetry are presented in Fig. 2. The thermogravimetric 
results showed that the decomposition temperature decreased 
with decreasing particle size and increasing specific surface area.　
Meanwhile, there was no strong relationship between the intensity 
of the NH3-TPD profiles (Fig. S1) and the LDPE half-life temperature 
(Thalf) values (Table 2). Thus, it was found that the decomposition 
was promoted not by thermal cracking but by the reaction with the 
acid sites on the external surface, and that the particle size, rather 
than the acid sites inside the micropores, contributed to the 
decomposition temperature. GC was used to analyze the product 
distribution during LDPE cracking with and without the catalysts. 
First, the selectivities of gas, liquid+wax, and coke were calculated 
using a mass balance (Fig. 3(a)). The gas yield increased with 
decreasing particle size and increasing specific surface area. The 
detailed distributions of the gaseous products were analyzed using 
GC, as shown in Fig. 3(b). The yields of light olefins for each sample 
are also shown in Fig. 3(c). There was a significant difference in 
product distribution in gas. The gas yield increased with decreasing 
particle size, and the yield of light olefins also increased. 
Additionally, LDPE decomposition reaction tests were conducted 
by adjusting the catalyst amount to achieve the same Al content as 
LDPE based on the Si/Al ratio (Fig. S2 and S3). These results further 
confirm the significant influence of particle size. 

Fig. 4 a) NH3-TPD profiles and b) FT-IR spectra of SSZ-13-DGC-H, 
SSZ-1-DGC-S-H and SSZ-13-DGC-Na.

Fig. 3 a) Yields for each phase, b) gas product distribution and c) yield for light olefins (ethylene + propylene + butene) in catalytic cracking 
of LDPE over SSZ-13-DGC-H, SSZ-13(1) and SSZ-13(2).

Scheme 1. Preparation method for SSZ-13-DGC-S-H
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Next, to elucidate the role of the external surface in the LDPE 
degradation reaction, we compared SSZ-13-DGC-S-H, which is 
proton-exchanged only on the external surface for SSZ-13-DGC, 
and SSZ-13-DGC-Na, which has no acid sites by Na ion exchange 
(Scheme 1). There was no particular change in particle size before 
and after ion exchange (Fig. S4). 

In zeolite catalysts, two peaks are generally observed, with the 
high-temperature side said to originate from Brønsted acids.51 The 
NH3-TPD measurement results shown in Fig. 4(a) confirm that the 
overall Brønsted acid amount has decreased in SSZ-13-DGC-S-H 
and SSZ-13-DGC-Na compared to SSZ-13-DGC, as evidenced by the 
reduction in peak intensity approximately 500–600°C. Next, we 
measured FT-IR spectra with pyridine as a probe molecule. Pyridine 
molecule has a kinetic diameter (0.57 nm)52–55, which is larger than 
the micropore size of SSZ-13 zeolites. Since pyridine cannot 
penetrate into the micropores of SSZ-13, this measurement can be 
used to evaluate the acidity on the external surface of SSZ-13 
zeolites.26 A Brønsted acid peak is observed at 1580 cm⁻¹ in FT-IR 
measurements using pyridine.56 Therefore, based on the FT-IR 
measurement results shown in Fig. 4(b), we confirmed the 
introduction of Brønsted acid in the order of SSZ-13-DGC and SSZ-
13-DGC-S-H. In the case of SSZ-13-DGC-Na, although a similar peak 
appears to be present, it is smaller compared to the others, 
indicating that it does not possess Brønsted acid sites. Combining 
these results with the NH3-TPD measurement results, it is inferred 
that only the surface of SSZ-13-DGC-S-H underwent proton 
exchange.

GC was used to analyze the product distribution during LDPE 
cracking with and without the catalysts. First, the selectivities of gas, 
liquid+wax, and coke were calculated from a mass balance (Fig. 
5(a)). The detailed distributions of the gaseous products were 
analyzed using GC, as shown in Fig. 5(b). The yields of light olefins 
for each sample are also shown in Fig. 5(c).

In SSZ-13-DGC-Na, the reaction was assumed to have made little 
progress because of the lack of an acid point, given the high liquid 
yield. In SSZ-13-DGC and SSZ-13-DGC-S-H, the yields of C4 olefins 
were both high; since the pore size of SSZ-13 is suitable for C2 and 
C3 olefins, we can assume that the reaction proceeds mainly on the 
external surface rather than by shape selectivity inside the pore. In 

addition, the difference in the yield of light olefins between SSZ-13-
DGC-H and SSZ-13-DGC-S-H is attributed to the difference in the 
number of acid sites on the external surface. As shown in Fig. 4, this 
is because the bulky tetrapropylammonium ions cannot fully 
exchange protons on all external surface sites.

The catalysts containing coke after the LDPE decomposition 
reaction of SSZ-13-DGC-H and SSZ-13-DGC-S-H were named SSZ-
13-DGC-H-coke and SSZ-13-DGC-S-H-coke, respectively. From the 
adsorption isotherms of SSZ-13-DGC-H-coke and SSZ-13-DGC-S-H-
coke, it can be inferred that the coke blocks the pores in the same 
way (Fig. S5). SSZ-13-DGC-H-coke and SSZ-13-DGC-S-H-coke show 
similar values in Sbet and Sext, respectively (Table S1). This suggests 
that coke precipitates in the same location and amount inside the 
pores and on the surface of SSZ-13.
  From the discussion so far, it is clear that the reaction proceeds 

mainly on the external surface of SSZ-13 in the LDPE decomposition 
reaction, while ZSM-5 and other catalysts use the inside of the pore 
as the reaction field.  As the LDPE decomposition reaction proceeds, 
coke is deposited inside the pore and diffusion in the pore becomes 
limited, leading to deactivation. Therefore, we believe that the SSZ-
13 catalyst, whose reaction field is mainly on the external surface, 
was considered to be resistant to repeated use without being 
affected by coke deposition. So, we repeated the LDPE 
decomposition reaction test three times using ZSM-5-H. (The 
characterization data of ZSM-5-H is shown in Fig. S6 and Table S2.)

The detailed results are summarized in Fig. 6. The result of the first 
reaction test is indicated as SSZ-13-DGC-H-1st. (This refers to the 
same sample as SSZ-13-DGC-H.) The second and third samples used 
repeatedly are denoted as SSZ-13-DGC-2nd and SSZ-13-DGC-3rd, 
respectively. The catalyst after the first reaction was directly used 
without any regeneration processes, which means that the coke-
deposited catalysts were used directly for the second and third 
reactions. The second and third reactions were subsequently 
performed in the same manner, using four times the LDPE-to-
catalyst mass ratio. In the first reaction (Fig. 6), SSZ-13-DGC 
exhibited higher coke deposition and light olefin yield than ZSM-5. 
In addition, SSZ-13-DGC produced ethylene, whereas ZSM-5 did not 
produce ethylene. Based on the currently available data, and 
lacking alternative analytical methods at this stage, these results 

Fig. 5 a) Yields for each phase, b) gas product distribution and c) yield for light olefins (ethylene + propylene + butene) in catalytic 
cracking of LDPE over catalyst-free, SSZ-13-DGC-H, SSZ-13-DGC-S-H and SSZ-13-DGC-Na.
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imply that a part of the reaction may occur inside the micropores 
of the CHA structure, although the reaction occurs mainly on the 
external surface. Then, almost all reactants that entered into the 
micropores were converted into coke due to the excess reactions 
caused by low diffusivity inside the small micropores. Meanwhile, 
a reaction benefiting from the shape selectivity partially occurred, 
resulting in the production of ethylene over SSZ-13-DGC. 
Additionally, SSZ-13 exhibited a higher propane yield than ZSM-5. 
Hydrogen transfer reaction57,58 should be promoted due to the 
higher acidity and smaller micropores than ZSM-5. In the second 
reaction, the catalytic performance was maintained although SSZ-
13-DGC has a large amount of coke (16.7 wt %: The mass ratio of 
deposited coke and catalyst was analyzed using thermogravimetric 
analysis.), indicating that the main reaction occurred on the 
external surface because the micropores are blocked by coke. 
Ethylene was produced even in the second reaction as for SSZ-13-
DGC, implying that shape selectivity was not completely lost. It may 
be thought that micropores near the external surface were not 
blocked by coke because micropore adsorption was not lost 
completely according to N2 adsorption isotherms (Fig. S3). This may 
be because the diffusivity in the microrepores near the external 
surface is higher than that in the micropores in the deep inside the 
particles. The micropores near the external surface induced the 
shape selectivity of the CHA structure, leading to the production of 
ethylene even in the second reaction over the SSZ-13-DGC. In the 
third reaction, SSZ-13-DGC showed similar light olefin yield, and 
SSZ-13-DGC showed higher light olefin yields than ZSM-5 from the 
first to the third reaction (Fig. 6(c)). Thus, SSZ-13-DGC is an effective 
catalyst for producing light olefins by LDPE cracking. In contrast, the 
liquid yield increased with an increase in the cycle number. This is 
because acid sites on the external surface were partially covered by 
coke with an increase in the cycle number. In addition, although 
the decrease was slight, the yield of light olefins also decreased for 
SSZ-13-DGC compared to ZSM-5-H. This may be due to the coke 
partially covering the acid sites on the external surface, reducing 
the activity of the decomposition reaction. However, SSZ-13 is less 
susceptible to coke deposition, since the reaction occurs mainly on 
its external surface as discussed above. In this experiment, it 
maintained a light-olefin yield of more than 36% up to the third 

cycle. Due to this characteristic, it can be considered that the nano-
sized SSZ-13 is useful for the production of light olefins even in its 
unmodified form, compared to other zeolites.46 In terms of catalyst 
regeneration, ZSM-5 requires the removal of coke inside the pores, 
whereas SSZ-13 requires the removal of coke only on the external 
surface; therefore, it is assumed that catalyst regeneration can be 
performed at lower temperatures.

4.Conclusions 
Nano-sized SSZ-13 zeolites were synthesized via the dry gel 
conversion method and exhibited excellent catalytic performance 
in the decomposition of LDPE. These zeolites possess a CHA-type 
framework, small particle size (100-150 nm), and high external 
surface area, which together enhance catalytic activity by exposing 
more accessible acid sites. NH₃-TPD and pyridine-FTIR analyses 
confirmed that Brønsted acid sites on the external surface play a 
crucial role in promoting LDPE decomposition. When Protons of the 
acid sites were exchanged to Na ions, catalytic activity declined 
significantly, highlighting their importance. The nano-SSZ-13 
catalyst effectively lowered the decomposition temperature of 
LDPE and increased the gas yield, particularly of light olefins such 
as ethylene and propylene. Reaction tests further demonstrated 
that reducing particle size and increasing external surface area 
contribute to improved light olefin yields, achieving a high yield of 
40%. The catalytic reaction was found to occur predominantly on 
the external surface, with limited contribution from internal 
micropores. Despite coke formation during repeated use, the 
catalyst maintained high activity over three cycles without 
regeneration. In contrast, ZSM-5 exhibited rapid deactivation due 
to pore blockage by coke. Moreover, compared with other zeolites, 
SSZ-13 offers the advantage of maintaining high catalytic 
performance by simply removing coke deposited on its external 
surface. These findings demonstrate that nano-structured SSZ-13 is 
a highly active and stable catalyst for the efficient conversion of 
LDPE into valuable light olefins.

Author Contributions

Fig. 6 a) Yields for each phase, b) gas product distribution and c) yield for light olefins obtained in repeated catalytic cracking of LDPE over 
SSZ-13-DGC-H and ZSM-5-H.
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