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Influence of Char Intermediates
on Synergistic Effects During
Co-Pyrolysis of Pinewood and
Polycarbonate
Combined use of plastic and biomass wastes offers promising pathway for simultaneous
energy production and waste disposal. In this article, the co-pyrolysis of pinewood and
polycarbonate (PC) was performed in a ﬁxed bed reactor to quantify their synergistic interaction on the product output and determine the effect of char intermediates on the synergistic effects. The extent of synergistic effects was obtained via a direct comparison of results
from co-pyrolysis of pinewood–polycarbonate mixture with the weighted average values
from pyrolysis of individual components. The observed synergistic effects were further
examined from the inﬂuence of char intermediates using tailored feedstock conﬁgurations
to gain more insights into the synergistic mechanism. The results showed co-pyrolysis
resulted in enhancement by 33% in H2, 26% in CO, and 19% in total syngas yields compared to their weighted values from individual pyrolysis. Co-pyrolysis also exhibited superiority in energy recovery with the overall energy efﬁciency promoted from 42.9% to 48.6%.
Deconvolution of synergistic effects revealed that pinewood char catalytically enhanced PC
degradation, while the effect of PC char on pinewood pyrolysis was minimal. This article
provides results on deconvolved understanding of synergistic effects in co-pyrolysis of lignocellulosic biomass and PC wastes, which is very helpful in designing clean and efﬁcient
energy recovery systems from these waste resources. [DOI: 10.1115/1.4049464]
Keywords: lignocellulosic biomass, waste polycarbonate, co-pyrolysis, synergistic effects,
feedstock conﬁguration, alternative energy sources, energy conversion/systems, energy
extraction of energy from its natural resource, energy from biomass

Ashwani K. Gupta1
The Combustion Laboratory,
Department of Mechanical Engineering,
University of Maryland,
College Park, MD 20742
e-mail: akgupta@umd.edu

1 Introduction
Energy Outlook 2020 by the British Petroleum (BP) Company
cites that the world energy demand is expected to increase by
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some 33% in the next 20 years to support the growing population
and rapid urbanization [1]. These growing energy demands need
to be met by developing sustainable and versatile energy solutions
based on renewable resources while also recovering waste materials
to decrease the net greenhouse gas emissions and establishing circular utilization of these energy resources for carbon neutral operation.
Biomass comprises mainly forestry wood, agricultural residues, and
energy crops, which is an ideal renewable energy resource with
abundant availability of around 100 billion metric tons per year
[2] and short carbon cycle to provide recyclable carbonaceous
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H2 and syngas yields. Xue et al. [20] showed that the co-pyrolysis
of high-density polyethylene (HDPE) and red oak in a ﬂuidized bed
reactor leads to enhanced production of oxygenated compounds
such as furan and acids and inhibited formation of char, while the
particulates from HDPE blocked the biochar pores as observed by
the lowered Brunauer–Emmett–Teller (BET) surface area of the
char. Déparrois et al. [21] reported that the H2 and syngas yields
were signiﬁcantly improved from co-pyrolysis of polystyrene
(PS) and paper blends compared to the weighted average values
from individual components’ pyrolysis and that the blend with PS
mass content of 20% provided the highest synergistic enhancement
in syngas formation. Burra and Gupta [22] revealed enhanced
carbon conversion from co-pyrolysis of different plastic wastes
with pinewood, while analysis using the distributed activation
energy model showed that the overlap of decomposition temperatures of plastic and biomass was a prerequisite for these thermogravimetric analysis (TGA)-observed synergistic effects.
Although the co-processing of biomass and plastic wastes has
received considerable attention in the literature, most available
studies were conducted with the combination of biomass and different polyoleﬁns (such as polyethylene (PE), polypropylene (PP), and
polystyrene (PS)). Very limited information is available on the
co-pyrolysis of biomass and PC with a focus on understanding the
synergistic effects. Possible suggestions for the synergistic
pathway included enhanced plastic degradation by reactive radicals
from biomass decomposition [23,24] and catalytic inﬂuence of
biomass char on plastic degradation [25]. It is noteworthy that these
investigations were all carried out with the evenly mixed biomass–
plastic blends. In the co-pyrolyis of certain biomass and plastic mixtures, the intermediates evolved can interact with the two different
feedstocks, in addition to the interaction between the volatiles and
the feedstock, volatiles and chars, solid feedstocks and chars. All of
these interactions contribute to the overall synergy. Thus, understanding their contributions to synergistic effects is necessary. Utilization of evenly mixed feedstocks for co-pyrolysis studies is ill
equipped to unravel these intricate interaction pathways and their
inﬂuence on synergistic product enhancement. This motivated us to
systematically investigate the synergistic effects in co-pyrolysis of
lignocellulosic biomass and PC wastes.
In the present work, the co-pyrolysis of pinewood and PC was performed in a ﬁxed bed reactor at 900 °C with a focus on the extent of
synergistic effects and the possible underlying mechanism. The
extent of synergistic effects on syngas evolution, cumulative
syngas yield, and char residue yield was quantiﬁed via a direct comparison of results from co-pyrolysis of pinewood–polycarbonate
mixture with the calculated weighted-averaging values based on
the initial feedstock mass fractions from individual pyrolysis. The
separated contributions from the catalytic effects of chars from the
feedstock components to the overall synergy were evaluated based
on the deﬁned feedstock conﬁgurations. These results are necessary
to realize sustainable and reliable energy production from the
increased utilization of lignocellulosic biomass and PC wastes.

2 Experimental
2.1 Materials. Pinewood pellets and bisphenol A polycarbonate were used as the representative lignocellulosic biomass and
waste plastics, respectively, to investigate the possible synergistic
effects during their co-pyrolysis. The pinewood pellets of around
8 mm (diameter) × 12 mm (length) were obtained from Drax
Biomass. Bisphenol A polycarbonate pellets had characteristic
size of 2 mm (diameter) × 4 mm (length) with an average molecular
 W ) of 45,000 g/mol and were obtained from Sigmaweight (M
Aldrich. Both pinewood and polycarbonate were dried at 105 °C
for 8 h before their use. Table 1 provides the ultimate analyses,
proximate analyses, and lower heating values (LHV) of these feedstocks obtained using elemental analyzer (Vario EL cube,
Germany), proximate analyzer (UV-02053-00, USA), and rapid calorimeter (5E-KCIII, China) based on China’s National Standard
Transactions of the ASME
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resource to derive carbon based energy, fuels, and chemicals compatible with existing fossil fuel infrastructure [3]. However, these
biomass resources (especially lignocellulosic biomass from forestry
and agricultural residues) are subject to seasonal availability issues
and thus require other supplementary feedstocks for sustainable and
stable energy output throughout the year.
Plastics are fossil fuel-derived materials but have become indispensable in the modern society. Among these various synthetic polymers, bisphenol A polycarbonate (PC) is a commonly used plastic
due to its high impact strength, excellent thermal resistance, and
superior electrical insulation properties, and often ﬁnds greater use
in building and construction, automobile industry, and data storage
devices (such as compact discs) [4,5]. Global PC production has steadily increased over the recent past, reaching 6 million metric tons in
2017 [6]. However, only a small portion (around 7%) of the produced
PC was recycled leading to signiﬁcant amounts of PC being landﬁlled [7]. Landﬁlling as a disposal pathway is not sustainable since
PC wastes are nonbiodegradable, and all land resources are limited
in addition to environmental concerns of leaching of bisphenol A,
which is identiﬁed as an endocrine disruptor and can induce a
series of adverse effects on the ecosystem and human health [8]. Furthermore, from the perspective of energy recovery, landﬁlling PC
wastes results in a remarkable loss of potential fossil fuel energy
resource stored in PC plastic. Hence, it is vital to develop effective
and environmentally friendly approaches for the sustainable disposal
of PC wastes possibly with energy or chemical recovery.
Thermochemical processes, such as pyrolysis and gasiﬁcation,
offer versatile and promising solutions to convert biomass and
plastic wastes into fuels and value-added chemicals, which help
address issues on both energy production and waste management.
Pyrolysis involves anaerobic thermal decomposition of carbonaceous solids performed for syngas production (with dominating
components being H2, CO, CO2, and light hydrocarbons), condensable vapors (referred as tar or pyrolysis oil), and solid residue
(referred as char). In contrast, gasiﬁcation involves pyrolysis in
the presence of mild oxidation using added steam, CO2, air, or
their mixture to reform the feedstock materials to produce enhanced
syngas, while minimizing tar, and char. Even here, pyrolysis is the
ﬁrst step, which is followed by pyrolytic vapor reforming and char
gasiﬁcation to effectively improve the syngas yield [9]. The yields
and properties of products from these thermochemical processes are
highly dependent on the operation parameters (such as temperature
and gasifying agent) and feedstock composition. Typically, lignocellulosic biomass is characterized by the three-dimensional polymerized structure constituting of cellulose, hemicellulose, and
lignin, resulting in complex pyrolysis behavior [10]. The abundant
oxygenate content in lignocellulosic biomass leads to the formation
of reactive oxygenated species such as furan/pyran derivatives and
anhydrosugars along with oxygenated radicals such as OH during
its pyrolysis [11]. Conversely, plastics degradation proceeds via
random-scission mechanism with the pyrolysis products greatly
dependent on the monomer structure [12]. The use of plastic materials as feedstock for pyrolysis and gasiﬁcation offers beneﬁts of
feedstock uniformity, high energy density, as well as low ash and
moisture contents, which favor sustainable production of syngas
with high heating value. However, high-temperature viscous behavior and low thermal conductivity of plastics lead to critical material
handling issues. Severe agglomeration of bed materials, blockage of
feeding system, and deﬂuidization due to viscous plastic melt were
reported in ﬂuidized bed reactors [13,14]. Most recently,
co-processing of plastic wastes with biomass has attracted
growing attention as it not only provides pathways for simultaneous
energy production and waste valorization but also helps to address
the operating problems raised by the viscous plastics and supplementing the biomass during its off-seasonal crisis [15,16].
Co-processing of biomass–plastic mixtures was reported to cause
nonadditive synergistic behavior compared to those from individual
component feedstocks during pyrolysis/gasiﬁcation [17,18]. Initial
studies on steam co-gasiﬁcation of polyethylene (PE) and wood
chips by Ahmed et al. [19] revealed synergistic enhancement of

Table 1 Ultimate analyses, proximate analyses, and LHV of pinewood and polycarbonate
Ultimate analysis (wt%)a

Pinewood (PW)
Polycarbonate (PC)

Proximate analysis (wt%)b

C

H

N

S

Oc

Moisture

Ash

Volatile

Fixed carbon

LHV (MJ/kg)

48.72
75.31

6.52
5.55

0.23
0.00

0.12
0.03

44.41
19.11

0.0
0.0

0.2
0.0

85.6
79.4

14.2
20.6

17.65
25.51

a

Dry ash free basis.
Dry basis after heating at 105 °C for 8 h.
Calculated by difference.

b
c

2.2 Reactor Facility. Co-pyrolysis of pinewood and polycarbonate were carried out using a lab-scale semi-batch reactor facility
consisting of two electrically heated furnaces (gas preheater and
pyrolysis reactor), condensers, pump, ﬁlter, gas sampling unit,
and micro gas chromatograph (micro GC), see Fig. 1. Further
details about the facility are given in Refs. [18,19]. Before each
experiment, Ar (purity: 99.998%) was used to purge the system
to remove any gas residues from a previous run. N2 (purity:
99.998%) was used as the inert tracer gas for the quantitative analysis of product gases that evolved from pyrolysis. The tests were
conducted at the pyrolysis reactor temperature of 900 °C. A
quartz cylindrical tube was used to hold the sample that allowed
for easy sample introduction and char residue extraction from the
pyrolysis reactor. For each experiment, 35 g sample with tailored
feedstock conﬁgurations was introduced to the pyrolysis reactor
at the set-point temperature via a quick disconnect coupling. The
electricity consumption of the electric furnace during the

endothermic pyrolysis process was recorded by an electrical
meter (EML-2000, Canada).
Product gases from the pyrolysis reactor were passed through ice
bath condensers to remove tar and moisture. The dry and tar free
gas mixture was analyzed using a micro GC (Agilent 3000A,
USA) to determine the molar fractions of N2, H2, CO, CO2, CH4,
C2H2, C2H4, and C2H6 in the evolved product gases with accuracy
up to ±0.1%. Sampling bottles were used to collect the samples in
case of sampling at shorter times than that needed for the analysis
by the GC. The pyrolysis experiments were carried out until
21 min, at which the evolved product gases were negligible. Based
on the GC measurements and the known trace gas ﬂowrate (N2),
the mass ﬂowrate and the cumulative yield of each gas component
from pyrolysis were determined as widely used in our previous
studies [30,31]. All experiments were repeated three times, and the
average value was reported here.
The details of tailored feedstock conﬁgurations are shown in Fig. 2.
The co-pyrolysis cases reported here were performed at 900 °C with
the weight ratio of pinewood (PW) to polycarbonate (PC) ﬁxed at
1:1. Cases 1–3 were arranged to quantify the extent of synergistic
effects. Speciﬁcally, case 1 (denoted as Mix) was the co-pyrolysis
case with evenly mixed conﬁguration. Case 2 and Case 3 were the
pyrolysis of PW and PC as individual feedstocks, which were
employed as the baseline cases to identify the possible synergistic

Fig. 1 Schematic diagram of the experimental facility
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GB/T 31391 [26], GB/T 212 [27], and GB/T 213 [28], respectively,
for pinewood. The data for polycarbonate were obtained from the
literature as these characteristics in plastic wastes were expected
to be uniform [7,29].

provide information on the effect of char from PW and PC on each
other’s decomposition. Note that char used here was prepared from
the individual pyrolysis of PW and PC at 900 °C for 21 min,
which was the same condition as that of co-pyrolysis of PW–PC
mixture. Moreover, the amount of char used (PW char 6.5 g, PC
char 7.9 g) was determined based on the mass ratio of PW to PC at
1:1 after the mass of char was converted to that of original feedstock
(PW 35 g, PC 35 g).

3 Results and Discussion

effects in co-pyrolysis. The extent of synergistic effects then can be
evaluated via a direct comparison between the results from
co-pyrolysis of PW–PC mixture with the corresponding weighted
average values from pyrolysis of individual components, using Eqs.
(1) and (2). In these equations, YPW, YPC, and YMix are the experimental
values (gas ﬂowrate and yield, energy yield, char yield, or other parameters) from individual PW pyrolysis, individual PC pyrolysis, and
co-pyrolysis of evenly mixed PW–PC mixture, respectively; YWeighted
is the weighted average values based on Eq. (1), α is the mass fraction of
PW in the mixed feedstock, and ΔY is the extend of synergistic effects.
YWeighted = αYPW + (1 − α)YPC
ΔY =

YMix − YWeighted
YWeighted

(1)
(2)

Cases 4 and 5 were deployed to understand the roles of PW char
and PC char in co-pyrolysis. Case 4 involved the pyrolysis of PC
in the presence of PW char, and Case 5 considered the pyrolysis of
PW in the presence of PC char. These two cases are expected to

Overall energy efficiency
=

Eoutput,syngas
× 100%
Einput,feedstock + Einput,electricity

(3)

Fig. 3 (a) Mass distribution of gas, tar, and char products and (b) cumulative yields of different gas components from co-pyrolysis of PW–PC mixture and individual pyrolysis of PW and PC
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Fig. 2 Tailored feedstock conﬁgurations and experiment cases

3.1 Quantiﬁed Synergistic Effects in Mixture Pyrolysis.
Figure 3(a) shows the mass yield distribution of gas, tar, and char
products from co-pyrolysis of PW–PC mixture and individual pyrolysis of PW and PC. High aromatic content and better thermal stability
due to the phenolic monomer structure in PC compared to PW
resulted in higher tar and char yields but lower gas yield during pyrolysis. The co-pyrolysis of PW and PC led to a noticeable rise in gas
yield from 67.6 wt% to 77.2 wt% while decreasing tar (from 11.8
wt% to 7.7 wt%) and char (from 20.6% to 15.1 wt%) yields compared
to the weighted values from individual pyrolysis. This result indicates that the synergistic effects in co-pyrolysis of PW and PC not
only involved mutual volatiles interactions to occur in gas phase
but also included volatiles–solid interactions toward enhanced net
conversion of solid feedstock to gases/vapors. Figure 3(b) shows
the cumulative mass yields of different gas components from
co-pyrolysis and individual pyrolysis. The results show that H2
and CO yields from co-pyrolysis were enhanced by 33% and 26%,
respectively, compared to the weighted average values from individual pyrolysis, while a slight reduction (∼6%) in CnHm yield was
observed in co-pyrolysis. Accordingly, the total syngas yield (considered here as the mixture of H2, CO, and CnHm) was enhanced
by 19% in co-pyrolysis. In addition, cumulative CO2 yield from
co-pyrolysis was similar to the weighted value, which shows the positive outcomes of co-pyrolysis with remarkable enhancement in
syngas yield, while the unwanted CO2 yield remained unchanged.
Syngas composition (vol%) from co-pyrolysis and individual pyrolysis is illustrated in Fig. 4. The co-pyrolysis of PW and PC brought a
noticeable elevation in H2 and CO volume fractions but a slight
decrease in CnHm volume fraction compared to the weighted
values, suggesting the improved syngas quality. This improved
syngas quality from co-pyrolysis is useful for the clean combustion
of syngas for direct energy production and other versatile applications involving synthesis of value-added chemicals.

PW and PC resulted in a remarkable enhancement in syngas
energy, while the electricity consumption remained almost
unchanged (see Fig. 5(b)). This signiﬁcant elevation in energy efﬁciency signiﬁes the need for co-pyrolysis for energy production.

Figure 5(a) shows the comparison of overall energy efﬁciency
between co-pyrolysis and individual pyrolysis of PW and PC.
Overall energy efﬁciency considered here was deﬁned as the ratio
of energy extracted as caloriﬁc content of syngas to the overall
energy spent in its production [31], see Eq. (3), where Eoutput,
syngas refers to the caloriﬁc content of the evolved syngas, Einput,
feedstock refers to the energy input from caloriﬁc content in original
feedstock, and Einput, electricity refers to the energy input from electricity consumption by the heating furnace to support the endothermic pyrolysis. This parameter provides important information for
evaluating the feasibility of co-pyrolysis and individual pyrolysis
in energy recovery aspect. As shown in Fig. 5(a), the overall
energy efﬁciency increased steeply in the initial stage (0–
10.3 min) and then gradually decreased as the reaction time prolonged for all the cases examined here. A rapid increase in the
initial stage was due to intense syngas evolution. This was then followed by a gradual decline because the feedstock reached nearly
complete conversion, while the energy input (i.e., electricity consumption) was still needed to cover the heat losses from the pyrolysis reactor. Figure 5(a) also shows the overall energy efﬁciency
reached peak value at the reaction time of 10.3 min. This result
can be helpful in providing reactor design requirements for determining the optimal feedstock residence time without losing
energy efﬁciency. The co-pyrolysis of PW and PC led to a 5.7%
point increase in overall energy efﬁciency compared to the
weighted value, because the synergistic effects in co-pyrolysis of

Fig. 5 Comparison of (a) overall energy efﬁciency and (b) energy input and output over 10.3 min between
co-pyrolysis of PW–PC mixture and individual pyrolysis of PW and PC
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Fig. 4 Cumulative syngas composition from co-pyrolysis of
PW–PC mixture and individual pyrolysis of PW and PC

3.2 Effect of Feedstock Chars on Synergistic Interaction.
The contributions of PW char and PC char toward the observed
synergistic effects in co-pyrolysis of PW–PC mixture were evaluated with two speciﬁc pyrolysis scenarios of pyrolysis of PC in
the presence of PW char (denoted as Mix (PC + PWchar)) and
pyrolysis of PW in the presence of PC char (denoted as Mix
(PW + PCchar)). In the case of co-pyrolysis of PW–PC mixture,
PW attained charring stage in parallel with the proceeding of PC
degradation, while by the time PC char was formed, PW had
reached nearly complete conversion. Hence, the interactions
between PW char and PC melt were expected to be more pronounced than interactions between PC char of PW feedstock in
co-pyrolysis of PW–PC mixture due to the improved overlap.
Even though the overlap between PC char and PW may be insignificant in co-pyrolysis, the pyrolysis case of PW in the presence of PC
char (Mix (PW + PCchar)) was still designed to verify whether PC
char had some inﬂuences on PW decomposition.
Figure 6 shows the evolution of the ﬂowrates of (a) H2, (b) CO,
(c) CnHm, and (d) CO2 from pyrolysis of PC, PW char, and PC +
PW char mixture. The results showed that PW char alone did not
yield any gas product, but the addition of PW char in PC remarkably
promoted H2 and CO ﬂowrates but decreased CnHm ﬂowrate from
PC. The cumulative H2 yield increased from 0.95 g for pure PC
pyrolysis to 1.08 g for pyrolysis of PC + PW char mixture. Similar
enhancement in CO yield from 10.31 g to 11.68 g and decline in
CnHm yield from 3.38 g to 3.07 g were observed in pyrolysis of
PC + PW char mixture. These results indicated that the addition
of PW char signiﬁcantly affected PC decomposition. The changes
in gas yields presented here can be interpreted by the following
pathways. PC pyrolysis yielded a wide range of phenolic intermediates with hydroxyl groups (Caromatic–OH) and ester groups
(Caromatic–O–C) bonded to the benzene ring. Based on the bond dissociation energies in the order of CaromaticO–C < Caromatic–OC <
Caromatic–OH [32,33], during PC pyrolysis, the cleavage of CaromaticO–C bond tended to occur ﬁrst, resulting in the release of aliphatic
hydrocarbon side chains, followed by cracking reactions to form
light hydrocarbons. While in the case of pyrolysis of PW + PC
char mixture, PC degraded in the presence of abundant alkali and
alkaline earth metals (AAEMs) from PW char. It is reported that
AAEMs in biomass char and the porous carbon in the char had catalytic effect in deoxygenation of phenolic intermediates [34],
thereby enhancing the cleavage of Caromatic–OC and Caromatic–OH
bonds to form more oxygen-containing groups, followed by

Fig. 7 Evolution of the ﬂowrates of (a) H2, (b) CO, (c) CnHm, and (d) CO2 from pyrolysis of PW, PC char, and PW +
PC char mixture
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Fig. 6 Evolution of the ﬂowrates of (a) H2, (b) CO, (c) CnHm, and (d) CO2 from pyrolysis of PC, PW char, and PC +
PW char mixture

decarbonylation and cracking reactions to yield more CO and H2 at
the expense of declined CnHm yield. In addition, AAEMs and
porous carbon in biomass char catalyzed the cracking of PC
oligomers and primary pyrolysis products [35], contributing to
enhanced H2 formation. Wang et al. [36] reported that the inherent
AAEMs in biomass had negative inﬂuence on yields of both light
hydrocarbons and aromatic hydrocarbons from pyrolysis. Antonakou et al. [5] found that employing basic metal oxides (CaO and
MgO) as catalysts for PC pyrolysis enhanced the formation of
low-molecular-weight compounds and the yields of H2 and CO
were signiﬁcantly promoted. The catalytic effect of AAEM on Boudouard reaction has been reported in many gasiﬁcation investigations to promote char reactivity [37]. In our case, char residue
from pyrolysis of PC + PW char mixture was 13.4 g, which was
lower than the calculated value 14.4 g (assuming PW char had no
interaction with PC during pyrolysis), conﬁrming that the presence
of AAEM in PW char facilitated the Boudouard reaction causing
decreased CO2 and char yields.
Figure 7 shows the evolution of the ﬂowrates of (a) H2, (b) CO,
(c) CnHm, and (d) CO2 from pyrolysis of PW, PC char, and PW +
PC char mixture. It can be observed that the ﬂowrates of all gas
components from pyrolysis of PW + PC char mixture almost coincided with the results from pure PW pyrolysis, suggesting the negligible effect of PC char on PW decomposition. The inertness of PC
char for PW pyrolysis presented here was mainly attributed to the
lack of catalytic activity of PC char toward deoxygenation, cracking, and Boudouard reaction pathways due to the absence of
AAEMs and active porosity as shown in our previous study that
the BET surface area of char from pinewood pyrolysis was approximately threefold higher than that from polymer pyrolysis [17]. The
relatively lower surface area of PC char led to insufﬁcient active
sites to support the interactions between PC char and PW that
lead to negligible effect of PC char on PW pyrolysis. The results
shown here reveals that PW char contributed to the synergistic
effects in co-pyrolysis of PW and PC, while PC char can be considered as an inert material during co-pyrolysis process.
Based on the aforementioned analyses, synergistic mechanism
and some of the possible synergistic pathways in co-pyrolysis of
PW and PC are illustrated in Fig. 8, including feedstock–feedstock
physical interactions and catalytic effects of PW char and PC char.
When PW–PC mixture was heated to around 160 °C (over PC’s
glass transition temperature), PC transitioned to viscous melt-phase
Journal of Energy Resources Technology

due to its thermoplasticity. PW pellets in the mixture were then
immersed or incorporated in the PC melt. The formed PC melt
acted as a physical barrier, which hindered the transport of
evolved PW volatiles out of the mixture and impeded the heat
input to support the endothermic pyrolysis process. This physical
interaction between PW pellets and PC melt resulted in delayed
syngas evolution in co-pyrolysis of PW–PC mixture compared to
the co-pyrolysis with separated feedstock conﬁgurations.
Figure 8(b) shows the catalytic effects of PW char and PC char in
co-pyrolysis of PW and PC. PW char contained abundant AAEMs
and developed porous structure, which facilitated the deoxygenation and cracking of phenolic intermediates to generate more CO
and H2 but less CnHm. Moreover, the abundant AAEMs in PW
char catalytically favored the Boudouard reaction, resulting in
CO2 consumption and subsequently enhancing the CO yield.
However, PC char was characterized with no AAEMs and poor
porous structure, which showed no catalytic effect and can be considered as an inert material during the co-pyrolysis process.

4 Conclusions
Co-pyrolysis of pinewood and polycarbonate using tailored feedstock conﬁgurations was examined to determine the extent of synergistic effects and gain enhanced understanding of the separate
contributions of chars to the overall synergy. The results showed
that the co-pyrolysis of pinewood and polycarbonate strongly
affected mass distribution of gas, tar, and char products due to the
presence of synergistic effects. H2 yield, CO yield, and total
syngas yield from co-pyrolysis were enhanced by 33%, 26%, and
19%, respectively, compared to the weighted average values from
pyrolysis of individual components, while char and tar yields
remarkably decreased in co-pyrolysis. Co-pyrolysis of these two
feedstocks also showed enhanced syngas quality and improved
overall energy efﬁciency, which signiﬁed the important advantages
of co-utilization of biomass and plastic waste for energy production.
Co-pyrolysis of polycarbonate in the presence of pinewood char
indicated that the developed porous structure and considerable
AAEMs in pinewood char catalytically facilitated the deoxygenation and cracking of phenolic intermediates in polycarbonate volatiles to yield more CO and H2, in parallel with catalytically
enhanced Boudouard reaction leading to CO2 consumption and
MAY 2021, Vol. 143 / 052107-7
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Fig. 8 Tested synergistic pathways in co-pyrolysis of PW and PC: (a) feedstock–feedstock physical interactions
and (b) catalytic effects of PW char and PC char

decreased char yield. However, polycarbonate char showed no
inﬂuence on pinewood pyrolysis mainly due to its poor porous
structure and absence of AAEMs.
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