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A B S T R A C T

Thermochemical conversion of plastic wastes is a promising approach to produce alternative energy-based fuels.
Herein, we conducted catalytic fast co-pyrolysis of polycarbonate (PC) and polystyrene (PS) to generate aromatic
hydrocarbons using HZSM-5 (Zeolite Socony Mobil-5, hydrogen, Aluminosilicate) as a catalyst. The results in-
dicated that employing HZSM-5 in the catalytic conversion of PC facilitated the synthesis of aromatic hydro-
carbons in comparison to the non-catalytic run. A competitive reaction between aromatic hydrocarbons and
aromatic oxygenates was observed within the studied temperature region, and catalytic degradation temperature
of 700 °C maximized the competing reaction towards the formation of targeted aromatic hydrocarbons at the
expense of phenolic products. Catalyst type also played a vital role in the catalytic decomposition of PC wastes,
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and HZSM-5 with different Si/Al molar ratios produced more aromatic hydrocarbons than HY (Zeolite Y, hy-
drogen, Faujasite). Regarding the effect of Si/Al molar ration in HZSM-5 on the distribution of monocyclic
aromatic hydrocarbons (MAHs), a Si/Al molar ratio of 38 maximized benzene formation with an advanced factor
of 5.1. Catalytic fast co-pyrolysis of PC with hydrogen-rich plastic wastes including polypropylene (PP), poly-
ethylene (PE), and polystyrene (PS) favored the production of MAHs, and PS was the most effective hydrogen
donor with a ∼2.5-fold increase. The additive effect of MAHs increased at first and then decreased when the PC
percentage was elevated from 30 % to 90 %, achieving the maximum value of 32.4 % at 70 % PC.

1. Introduction

Bisphenol A polycarbonate (PC) is a leading engineering plastic due
to its excellent chemical and physical properties, including good
thermal stability and ductility, excellent transparency, and high me-
chanical strength (Tang et al., 2019; Antonakou et al., 2014a;
Antonakou and Achilias, 2012). Therefore, PC has been extensively
employed in electrical and electronic appliances and automotive in-
dustry, with an annual production of ∼6 million tons (Do et al., 2018).
However, the massive employment of PC polymers has resulted in an
abundance of PC wastes that need to be disposed of. Conventional
waste management methods for plastic wastes such as incineration
and/or landfill are not suitable for PC wastes, as these processes lead to
the release of bisphenol A (an endocrine disruptor) which is potentially
harmful to both humans and environment (Antonakou et al., 2014b).
Hence, more efforts are still needed in exploring environmentally
friendly and cost-efficient approaches to effectively dispose of PC
wastes.

Among the recycling methods to treat plastic wastes, the thermo-
chemical conversion of plastic polymers into alternative energy-based
resources has received considerable attention (Yao et al., 2018a; Shahid
et al., 2019). Typically, fast pyrolysis (FP) which is conducted in the
absence of oxygen at moderate temperature, targeting at the production
of value-added chemicals and/or fuel additives, has been recognized as
a meaningful utilization approach (Yao et al., 2018b; Mehmood et al.,
2019). However, one of the drawbacks of FP is the wide distribution of
pyrolytic compounds and low content of specific targets such as aro-
matic hydrocarbons. Thus, employing suitable catalysts in the FP (i.e.,
catalytic fast pyrolysis, CFP) is beneficial to the thermochemical de-
composition of plastics by tailoring product composition (Xue and Bai,
2018; Zhang et al., 2019a). It’s noteworthy that acidic zeolites with
strong acidity and distinct pore structure, such as HZSM-5 (Zeolite
Socony Mobil-5, hydrogen, Aluminosilicate) and HY (Zeolite Y, hy-
drogen, Faujasite), have been proven as effective catalysts which fa-
cilitate the CeC bond scission and the formation of aromatic hydro-
carbons (Sebestyén et al., 2017; Park et al., 2019a). Moreover, aromatic
hydrocarbons, in particular for monocyclic ones including benzene,
toluene, and xylene, are basic organic chemicals with great market
demand (Zhang et al., 2018). For instance, toluene can be blended into
gasoline because of its high octane number or utilized as a feedstock to
produce polyurethanes (Zhang et al., 2019b). In this regard, catalytic
conversion of PC over acidic zeolites to generate aromatic hydrocarbons
could be a promising way to dispose of plastic wastes.

Although employing catalysts in the catalytic conversion of PC is
beneficial to form aromatic hydrocarbons, the high oxygen content and
low H/C effective ratio of PC also limited the generation of desirable
aromatic products. Zhang et al. (2011) reported that elevating the H/C
effective ratio in feedstocks promoted the formation of olefins and
aromatics in the catalytic fast pyrolysis of biomass-derived samples, and
a high H/C effective ratio of feedstocks also boosted the stability of
HZSM-5 by mitigating coke accumulation. Therefore, hydrogen-rich
waste plastic polymers, including polypropylene (PP) and polyethylene
(PE), were extensively used as hydrogen donors in the co-pyrolysis of
biomass to enhance the production of aromatic hydrocarbons (Park
et al., 2018; Rezaei et al., 2017; Wang et al., 2019). For instance, Ryu
et al., (2019) conducted the co-pyrolysis of cellulose and LLDPE (linear

low-density polyethylene, LLDPE) over MgO-impregnated catalysts,
and it was observed that LLDPE co-fed with cellulose produced more
aromatic hydrocarbons. However, to the best of our knowledge, co-
feeding PC with hydrogen-rich plastics such as PE, PP, and polystyrene
(PS) to improve the H/C effective ratio of feedstocks, in particular with
an emphasis on advanced generation of monocyclic aromatic hydro-
carbons (MAHs), has not been reported yet.

In the present study, catalytic fast co-pyrolysis of PC with hydrogen-
rich plastics over HZSM-5 or HY was conducted. The effect of reaction
temperature on catalytic degradation of PC wastes and the distribution
of pyrolytic volatile matters was explored at first. Subsequently, the
influence of catalyst type and Si/Al molar ratio in HZSM-5 on the for-
mation of aromatic hydrocarbons were investigated to screen suitable
catalysts in the catalytic conversion of PC. Thirdly, hydrogen-rich
plastic wastes including PP, PE, and PS, were employed to co-pyrolyze
with PC for improved production of targeted aromatic hydrocarbons,
and the optimal hydrogen donor was screened. Finally, the additive
effect between PC and PS during the co-pyrolysis process was thor-
oughly studied to maximize the formation of MAHs.

2. Experimental

2.1. Materials

Powdered polymer plastics (∼0.15mm), which include PE, PS, PP,
and PC, were obtained from Huachuang Polymer Materials Company in
Guangdong province, China. The elemental analysis of plastic samples
was conducted, and the results are shown in Table S1. HY and HZSM-5
(Si/Al molar ratio: 25, 38, and 50), were provided by the Catalyst Plant
of Nankai University, Tianjin, China, and they were used as received.

2.2. Experimental method

Catalytic and non-catalytic degradation of plastic wastes were per-
formed by an analytical micro pyrolyzer (5200, CDS Analytical, USA)
connected with a gas chromatography/mass spectrometry (GC/MS,
7890A/5975C, Agilent). The plastic samples (∼1mg) and catalysts
(∼1.5mg) were loaded in a quartz tube that was 20mm in length and
2mm in diameter, and the schematic diagram of the quartz tube is
shown in Fig. S1. The heating rate was kept at 20 °C/ms and the re-
tention time was 15 s, and analytical high purity helium (99.999 %)
was used as the carrier gas. The NIST MS library database was em-
ployed to identify the pyrolytic volatile matters, and the content of
pyrolytic vapors was determined by the peak area of the total ion
current (TIC) chromatogram, which is the same methodology as re-
ported by Zhang et al. (2019c) and Kassargy et al. (2019). Moreover,
each experiment was repeated at least twice to ensure reproducibility.

The relative selectivity of aromatic hydrocarbons or phenolic pro-
ducts (Sap) was calculated based on related studies (Zhang et al., 2017a,
b), shown as below:

=
∑

S P
Pap
s

ap (1)

where Ps and ΣPap are the peak area of specific products and the total
peak area of aromatic hydrocarbons or phenols, respectively.

To evaluate the performance of studied catalysts in the catalytic
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conversion of plastic wastes, the advanced factor (Af) of MAHs was
calculated, shown as follows:

=
−

A
p p

pf
s i c i

c i

( ) ( )

( ) (2)

where pc i( ) is the TIC area of specific MAHs obtained from the non-
catalytic trial, ps i( ) is the TIC area of specific MAHs obtained from
catalytic conversion of plastic wastes over HY or HZSM-5 with different
Si/Al molar ratios.

3. Results and discussion

3.1. Optimization of reaction temperature

It is well known that catalyst is crucial to catalytic degradation of
plastics since it tailors product distribution and improves the quality of
pyrolytic vapors by selectively producing more desirable fractions. In
this work, a comparative study of non-catalytic and catalytic fast pyr-
olysis of PC was conducted at first, with an emphasis on exploring the
effect of catalyst on the production of aromatic hydrocarbons. The re-
action temperature was kept at 700 °C, and HZSM-5 with a Si/Al molar
ratio of 38 was employed as a catalyst. Fig. 1 shows the GC/MS chro-
matograms of pyrolytic products derived from both non-catalytic and
catalytic conversion of PC polymers (pyrolytic products derived from
non-catalytic as a function of reaction temperature shown in Fig. S2).
Typically, thermochemical decomposition of PC produced a series of
aromatic compounds including aromatic hydrocarbons (such as ben-
zene, toluene, and naphthalene) and phenolic products such as phenol
and cresols. As expected, compared to the non-catalytic trial, an in-
troduction of HZSM-5 (38) in the catalytic degradation of PC con-
siderably produced more aromatic hydrocarbons with a ∼5-fold in-
crease, while the phenolic products were dramatically inhibited.
Generally, the presence of acidic catalysts with Brønsted acid sites
promoted the formation of H+ attack oligomers, which further fa-
cilitated the production of aromatic hydrocarbons by cracking (C-C and
C-O breaking), dehydration, decarboxylation, decarbonylation, deal-
koxylation, and aromatization (Bai et al., 2019; Mullen and Boateng,
2010; Ben and Ragauskas, 2013). Besides, pyrolytic gas products (CO&
CO2) were accelerated in the presence of HZSM-5, indicating deox-
ygenation reactions such as decarbonylation and decarboxylation were
enhanced. Therefore, introducing HZSM-5 facilitated the degradation of
PC and improved the quality of pyrolytic volatile matters by forming
more targeted aromatic hydrocarbons.

1. CO&CO2; 2. benzene; 3. toluene; 4. ethylbenzene; 5. p-xylene; 6.
penylethyne; 7. styrene; 8. phenol; 9. benzene, 1-propynyl-; 10. cresol;
11. naphthalene; 12. naphthalene, 1-methyl-; 13. naphthalene, 2-me-
thyl-; 14. p-iso propenylphenol; 15. biphenyl; 16. biphenylene; 17.
fluorene.

Fig. 2 illustrates the pyrolytic products derived from catalytic fast
pyrolysis of PC over HZSM-5 as a function of reaction temperature
(ranging from 600 °C to 800 °C with a temperature interval of 50 °C). As
indicated, catalytic degradation temperature played a determining role
in the conversion of PC polymers as a competitive reaction between
aromatic hydrocarbons and aromatic oxygenates was observed within
the studied temperature region. More specifically, there was a sig-
nificant increase in aromatic hydrocarbons when elevating the reaction
temperature from 600 °C to 700 °C, while further increasing the tem-
perature to 800 °C suppressed the formation. Conversely, aromatic
oxygenates decreased at first and then slightly increased with the
lowest obtained at 700 °C. Hence, a catalytic degradation temperature
of 700 °C maximized the competitive reaction towards the generation of
aromatic hydrocarbons at the expense of phenolic products.

Moreover, the distribution of aromatic hydrocarbons and oxyge-
nates are also illustrated in Fig. 2. The aromatic hydrocarbons com-
prised of MAHs (such as benzene, toluene, ethylbenzene, xylenes, and
styrene) and BAHs (bicyclic aromatic hydrocarbons, dominated by

naphthalene and its derivates), and the pyrolytic aromatic oxygenates
mainly were phenols, benzofurans, and negligible esters. As indicated,
MAHs tended to increase at first and then decreased with the highest
content achieving at 700 °C, and a similar trend was observed for BAHs.
Concerning phenolic compounds produced in the catalytic conversion
of PC over HZSM-5, elevating reaction temperature from 600 °C to
700 °C resulted in a prominent decrease, however, further increasing
the reaction temperature to 800 °C slightly promoted the generation.
Regarding benzofurans and esters, the content increased at first and
then decreased with the highest value obtained at 700 °C. Overall, since
aromatic hydrocarbons were desired products, and a reaction tem-
perature of 700 °C maximized their production, therefore, the catalytic
temperature was fixed at 700 °C.

3.2. Effect of catalyst type and Si/Al molar ratio in HZSM-5

During the catalytic conversion of plastic wastes, catalyst type and
Si/Al molar ratio of HZSM-5 are also of importance to produce desirable
aromatic hydrocarbons. In order to study the effect of catalyst type and
Si/Al molar ratio of HZSM-5 on the generation of aromatic hydro-
carbons in the catalytic fast pyrolysis of PC, catalysts including HY
(Faujasite) and HZSM-5 (Aluminosilicate) with different Si/Al ratios
(25, 38, and 50) were used, and the experimental results are presented
in Fig. 3. As shown, compared to HY, HZSM-5 with varying Si/Al molar
ratios were more active in producing aromatic hydrocarbons (both
MAHs and BAHs), for instance, the total aromatic hydrocarbons ob-
tained from HZSM-5 (38) catalyzed run was 1.6-fold greater than that
achieved from the HY catalyzed trial. This might be attributed to the
shape selectivity of HZSM-5 which led to the production of aromatic
hydrocarbons. Specifically, compared to HY, the pore size of HZSM-5
(ca. 5.6 Å vs. ca. 7.6 Å for HY) is similar to the kinetic diameters of
aromatic hydrocarbons (5.85 Å for benzene, toluene, and p-xylene),
suggesting that HZSM-5 is more effective to produce MAHs (Jae et al.,
2011). However, regarding the pyrolytic aromatic oxygenates, HY and
HZSM-5 (50) produced comparable aromatic oxygenates (Fig. 3d),
while HZSM-5 (25) and HZSM-5 (38) suppressed the generation with
the lowest content attained at HZSM-5 (25). More specifically, phenols
were enhanced with the elevating of the Si/Al molar ratio in HZSM-5.
While for the benzofurans and esters, HZSM-5 (38) was more beneficial
to their production.

To further investigate the effect of catalyst type and Si/Al molar
ratio in HZSM-5 on the production of MAHs, Fig. 4 shows the dis-
tribution and advanced factor of main MAHs attained from catalytic
fast pyrolysis of PC wastes. As observed, the distribution of MAHs was
dominated by benzene and toluene, and HZSM-5 (38) maximized
benzene formation with an advanced factor of 5.1 followed by HZSM-5

Fig. 1. GC/MS chromatograms derived non-catalytic and catalytic fast pyrolysis
of PC over HZSM-5: Reaction temperature: 700 °C; Si/Al molar ratio: 38.
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(25) with a value of 4.0. A similar trend was observed for toluene and
styrene as the advanced factors were increased to 1.95 and 2.7 in the
presence of HZSM-5 (38), respectively. Conversely, HZSM-5 (38) was
less effective to generate ethylbenzene and p-xylene as the advanced
factors decreased at first and then increased within the studied Si/Al
molar ratio range. Given HZSM-5 (38) was more effective to form both
MAHs and BAHs, hence, it was screened for catalytic degradation of PC
wastes.

3.3. Catalytic co-pyrolysis of PC with hydrogen-rich plastic wastes

As mentioned, the H/C effective ratio of feedstocks plays a vital role
in generating aromatic hydrocarbons. Our previous work indicated that
catalytic fast co-pyrolysis of biomass with hydrogen-rich plastic wastes

enhanced the production of aromatic hydrocarbons (Wang et al., 2019).
Therefore, to improve the H/C effective ratio of feedstocks (0.50 for PC,
Table S1) for producing more MAHs, plastics including PE, PP, and PS
were used as hydrogen donors (H/C effective ratios shown in Table S1)
to co-feed with PC (mass ratio: 1:1) over HZSM-5 (38), and the ex-
perimental results are presented in Fig. 5. As observed, compared to
catalytic conversion of pure PC, catalytic fast co-pyrolysis of PC with
hydrogen-rich plastics facilitated the generation of MAHs at different
levels. In a typical co-pyrolysis of PC and hydrogen-rich plastics over
the HZSM-5 run, the PC-derived phenolic products are stabilized either
by abstracting hydrogen atoms from plastic-derived alkanes or by ac-
cepting hydrogen atoms released from the aromatization of alkenes (Yu
et al., 2019). Subsequently, the stabilized simple phenolic compounds
and light olefins (known as “hydrocarbon pool”) originated from

Fig. 2. Pyrolytic products obtained from catalytic fast pyrolysis of PC over HZSM-5(38).

Fig. 3. Pyrolytic products obtained from catalytic fast pyrolysis of PC wastes over HY and HZSM-5: Effect of catalyst type and Si/Al molar ratio in HZSM-5; Red
dashed line: control derived from non-catalytic run; HZSM-5 with Si/Al molar ratios of 25, 38, and 50 were labeled as HZSM-5(25), HZSM-5(38), and HZSM-5(30),
respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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primary cracking of hydrogen donors enter into the catalyst pores to-
gether to produce aromatic hydrocarbons via dihydroxylation, Diels-
Alder cyclization, and aromatization reactions in the presence of HZSM-
5 as shown in Scheme 1 (Park et al., 2019b; Zhang et al., 2016).

Among the hydrogen donors, PS was the most effective as a ∼2.5-
fold increase in MAHs was produced (GC/MS chromatograms shown in
Fig. 6). Table 1 shows the detailed distribution of MAHs obtained from
catalytic fast pyrolysis of pure PC, PS, and co-pyrolysis of PC with PS.
As indicated, MAHs were significantly promoted upon using PS to co-
pyrolyze with PC in comparison to those obtained from catalytic de-
gradation of pure PC or PS. For example, benzene and toluene increased
from 18.7 % and 9.7 % for pure PS to 26.3 % and 13.7 % in the co-
pyrolysis run, respectively. Of particular interest was that the total
MAHs reached 76.6 % in the catalytic fast co-pyrolysis run as opposed
to 63.8 % and 22.6 % for catalytic conversion of pure PS and PC, re-
spectively. Bai et al. (2019) also reached a similar conclusion who
studied the depolymerization of high impact polystyrene (HIPS) using
supercritical water, and it was observed that hydrogenation and de-
methylation are responsible for the production of stable MAHs such as
toluene and ethylbenzene at a high reaction temperature.

Moreover, the theoretical MAHs which were calculated by linear
superposition of individual feedstock with the assumption of no inter-
actions in the co-pyrolysis process also was conducted, and the results
are embedded in Fig. 5. For instance, when PE was employed, the
theoretical value was calculated by the following equation:

where YPC and YPE are the peak areas of specific aromatic hydro-
carbons obtained from catalytic fast pyrolysis of PC and PE,

respectively. X1 and X2 are the mass percentages of PC and PE in total
feedstocks.

As shown in Fig. 5, in the co-pyrolysis of PC with PS or PP trial, the
experimental MAHs were higher than theoretical ones, indicating that
there was a positive additive effect between the blended feedstocks
which facilitated the generation of MAHs. Meanwhile, Fig. 7 presents
the advanced factor of main MAHs attained from the co-pyrolysis of PC
and PS over HZSM-5 (38). As observed, all the studied monocyclic
aromatic targets were promoted as the advanced factors derived from
the co-pyrolysis process were higher than those obtained from catalytic
conversion of pure PC. For example, the advanced factor of styrene
attained from co-pyrolysis reached 43.5, which corresponded to a 204.2
% yield increase over the catalytic degradation of PC only.

Regarding the formation of BAHs, the use of PE or PP to co-feed
with PC reduced their production, while an opposite trend was ob-
served upon employing PS as a hydrogen donor. For phenolic products,
as expected, co-pyrolysis of PC with other hydrogen-rich plastics in-
hibited phenols formation as opposed to the catalytic conversion of
pure PC, and the lowest content was attained in the PC co-fed with PP
run. For instance, the relative content of phenols was 25.1 % in the
catalytic degradation of pure PC, while it decreased to 6.3 %, 6.2 %,
and 8.5 % when PS, PP, or PE was employed to co-pyrolyze with PC,
respectively. In summary, since co-pyrolysis PC with PS not only
maximized the MAHs with a high content of 76.6 % but also con-
siderably inhibited the phenolic products, therefore, PS was selected as
an optimal hydrogen donor to conduct the co-pyrolysis experiments.

Fig. 4. Distribution and advanced factor of MAHs obtained from catalytic conversion of PC over HY and HZSM-5 with varying Si/Al molar ratios; Red dashed line:
control derived from the non-catalytic run. HZSM-5 with Si/Al molar ratios of 25, 38, and 50 were labeled as HZSM-5(25), HZSM-5(38), and HZSM-5(30), re-
spectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Fig. 5. Pyrolytic aromatic products obtained from catalytic fast co-pyrolysis of PC and hydrogen-rich plastic wastes.
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3.4. Production of aromatic hydrocarbons as a function of PC percentage in
the feedstock blends

To further study the effect of PC percentage in feedstock blends (i.e.
varying H/C effective ratios) on the formation of aromatic

hydrocarbons, experiments for co-pyrolysis of PC and PS over HZSM-5
with PC percentage ranging from 30 % to 90 % were conducted, and the
pyrolytic products are illustrated in Fig. 8. Moreover, the additive effect
(Ad, %) between PC and PS in the co-pyrolysis process also was calcu-
lated, shown as below:

=
−

×A
Experimental Theoretical

Experimental
100%d

As indicated, the content of total aromatic hydrocarbons gradually
decreased with the increasing of PC percentage, while the additive

Scheme 1. Proposed reaction pathway in the co-pyrolysis of PC with hydrogen-rich plastic wastes over HZSM-5 to produce aromatic hydrocarbons.

Fig. 6. GC/MS chromatograms derived from catalytic fast co-pyrolysis of PC
with other plastic wastes over HZSM-5 (38).

Table 1
The detailed distribution of MAHs obtained from catalytic conversion of pure
PS, pure PC, and catalytic co-pyrolysis of PC and PS over HZSM-5 (38).

Chemical Name Pure PC PC+PS (1:1) b Pure PS

R.T. a Area (%) R.T. a Area (%) R.T. a Area (%)

MAHs (Total) 22.6 76.6 63.8
Benzene 2.7 10.8 2.7 26.3 2.7 18.7
Toluene 4.1 5.3 4.1 13.7 4.1 9.7
Ethylbenzene 5.8 0.3 5.9 5.4 5.9 3.9
p-Xylene 6.0 0.8 6.0 1.6 6.0 1.1
Styrene 6.5 1.8 6.6 21.3 6.7 21.3
Methyl-styrene 8.4 0.2 8.4 3.1 8.4 1.8
Benzene, 2-propenyl- – – 9.4 0.6 9.4 0.3
Benzene, 1-ethenyl-2-

methyl-
– – 9.5 0.8 8.7 0.3

Benzene, 1-propynyl- 9.8 2.9 10.0 0.2 9.5 0.9
Benzene, 1-ethenyl-3-

ethyl-
– – 10.6 0.5 10.6 0.5

1H-Indene, 1-methyl- 11.9 0.2 11.9 1.1 11.9 1.3
1H-Indene, 3-methyl- 12.1 0.2 12.1 1.1 12.1 1.3

a Retention time (Min).
b Mass ratio.
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effect increased at first and then decreased with the highest value of
12.1 % obtained at 70 % PC. Additionally, the theoretical aromatic
hydrocarbons were higher than the experimental ones when the PC
percentage was elevated to 90 %, indicating a negative additive effect
(-15.0 %) might occur which suppressed the production. Similarly, in
the case of MAHs formed in the co-pyrolysis as a function of PC per-
centage, the content decreased when the PC percentage was increased
from 30 % to 90 %. However, of particular note was that no negative
additive effect for MAHs was observed within the studied full PC per-
centage range. Specifically, the additive effect increased from
5.6%–32.4% as the PC percentage elevated from 30 % to 70 %, and
further elevating the percentage to 90 % dramatically lowered it to 5.9
%. Regarding the BAHs, as depicted in Fig. 8c, compared to the theo-
retical content, employing PS to co-feed with PC suppressed their for-
mation as the additive effects were negative. Conversely, in the case of

phenolic products, phenols gradually increased as the PC percentage
was elevated from 30 % to 90 %, and negative additive effects (< -40
%) were observed when the percentage was below 50 %. However,
higher PC proportion in feedstock blends was beneficial to form phenols
as the additive effect increased to 41.6 % (at 70 %) and 37.7 % (at 90
%), respectively.

Fig. 9 depicts the distribution of MAHs, BAHs, and phenols obtained
from the co-pyrolysis of PC and PS as a function of PC percentage. As
described in Fig. 9a, the product distribution of MAHs was dominated
by styrene at a low PC percentage of 30 %, and negligible xylene was
produced under this condition. For benzene, the content increased
when the PC percentage was elevated from 30 % to 50 %, however,
further elevating the PC percentage to 70 % or 90 % inhibited its for-
mation. In the case of ethylbenzene, 50 % and 70 % PC proportion
produced comparable ethylbenzene, while a higher PC percentage de-
clined its production.

Concerning the distribution of BAHs, as illustrated in Fig. 9b, the
BAHs mainly were naphthalene and its derivates with naphthalene
being the predominant. Naphthalene was slightly inhibited when the
PC percentage increased from 30 % and 50 %, however, further in-
creasing the PC percentage to 70 % resulted in a more significant de-
crease. Similarly, elevating the PC percentage from 30 % to 90 % also
lowered methyl-naphthalene. In the case of dihydro-naphthalene, di-
methyl-naphthalene, and ethyl-naphthalene (DDE), as shown, the
generation of DDE was negligible with a low total content of ∼1 %.
More specifically, dihydro-naphthalene slightly fluctuated as the PC
percentage increased from 30 % to 90 %, while elevating PC percentage
inhibited the production of dimethyl-naphthalene and ethyl-naphtha-
lene.

For phenolic products (mainly were phenol, cresols, and p-iso pro-
penylphenol), as indicated in Fig. 9c, the distribution was dominated by
phenol within the studied PC percentage range. For instance, the re-
lative selectivity to phenol was 78.4 % and 56.9 % when the PC per-
centage was 30 % and 50 %, respectively (Fig. S3). Furthermore, ele-
vating the PC percentage was beneficial to phenol as the content

Fig. 7. The advanced factor of MAHs attained from catalytic conversion of pure
PC and co-pyrolysis of PS and PC blends over HZSM-5 (38).

Fig. 8. Pyrolytic products derived from catalytic fast co-pyrolysis of PC and PS: Effect of PC percentage in feedstock blends.
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increased gradually. Similarly, increasing PC percentage facilitated the
relative selectivity of cresols as it increased from 8.5 % (for 30 % PC,
Fig. S3) to 28.4 % at 90 % PC. For the production of p-isopropenyl-
phenol, the content was increased when the PC percentage was elevated
from 30 % to 70 %, while subsequently increasing the PC percentage to
90 % led to a contrary tendency.

4. Conclusions

Aromatic hydrocarbons were significantly facilitated in the HZSM-5
catalyzed run compared to those obtained non-catalytically, and a re-
action temperature of 700 °C resulted in a ∼5-fold increase. The dis-
tribution of MAHs was dominated by benzene and toluene in the cat-
alytic conversion of pure PC over HZSM-5, and HZSM-5 (38) was more
beneficial to form benzene with an advanced factor of 5.1 followed by
HZSM-5 (25). Co-feeding PS with PC promoted all the studied mono-
cyclic aromatic targets, and the additive factor of styrene attained from
co-pyrolysis of PC and PS reached 43.5, indicating a 204.2 % increase in
yield was attained in comparison to the catalytic degradation of pure
PC. A positive additive effect of PC and PS for the production of MAHs
was observed within the investigated PC percentage range, and a PC
percentage of 70 % maximized the additive effect.
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