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Abstract
In-situ catalytic pyrolysis has simple process configuration and low cost. Ex-situ catalytic pyrolysis can optimize the pyrolysis
capacity and upgrade catalysis, and the catalytic can be reused. But there have been few studies researched on compare in-situ and
ex-situ catalytic pyrolysis of the OS performed in similar reactor with two kinds of catalytic. This paper study the pyrolysis of oily
sludge (OS) uses CaO and oily pyrolysis char as catalytic at 700 °C. Through analysis the pyrolysis oil (PO), pyrolysis solid (PS)
and pyrolysis gas (PG) during pyrolysis procedure to research the difference between in-situ and ex-situ catalytic pyrolysis. The
gas chromatography-mass spectrometry (GC-MS) results show that CaO was conducive to the synthesis of aromatics, which
content more than aliphatics and heterocyclics in CaO-i (i: in-situ) and CaO-e (e: ex-situ) groups. However, char greatly inhibits
the production of aromatic compounds and promotes the production of aliphatic compounds. Gas chromatography (GC) results
present that the char and CaO can greatly increase the content of combustible gas and the content reach to 85.85%, the pyrolysis
gas (PG) keep at the highest combustion performance in char-CaO-i group. Meanwhile, compared with uncatalyzed groups, the
content of CH4 and CO increased about 2.05% and 3.93%, respectively. Fourier transform infrared spectroscopy (FT-IR) show
that char and CaO reduce the function groups number of pyrolysis solid (PS), and it shows that the pyrolysis reaction is more
complete. This research is expecting to provide theory support for catalytic pyrolysis of OS.
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Introduction

The rapid development of economy and industry are insep-
arable from the consumption of fossil energy such as oil
and gas. During the explored process of fossil energy, large
number of Oily sludge (OS) will be produced. OS is a
complex mixture which generally consisting of 30–50
wt.% water, 30–80 wt.% oil, and 10–20 wt.% solids

(Abdel Azim, et al. 2011; Huang, et al. 2014). The OS
contains a variety of teratogenic and carcinogenic toxic
substances, such as heavy metals, benzene, phenols, an-
thracene, pyrene, and so on (Liu, et al. 2009). Improper
disposal of OS is detrimental to human beings and the
environment (Cheng, et al. 2017). Due to the complex
characteristics of OS, scholars raise various treatment
methods including solidification (Karamalidis and
Voudrias 2007; Leonard and Stegemann 2010), ultrasonic
(Al-Zahrani and Putra 2013; Check and Mowla 2013; Jin,
et al. 2012), solvent extraction (Al-Zahrani and Putra 2013;
Zubaidy and Abouelnasr 2010), bioremediation (Cameotra
and Singh 2008; Mrayyan and Battikhi 2005), landfill, in-
cineration (Hou, et al. 2014; Liu, et al. 2009; Zhou, et al.
2009), and pyrolysis (Shie, et al. 2003; Wang, et al. 2007).
Generally speaking, landfill will cause secondary pollution
of soil and water, solvent extraction usually consumes a
large amount of organic solvents and pollution of the en-
vironment, and incineration will consume a large amount
of electricity and with high cos (Elektorowicz and Habibi
2005; Hu, et al. 2013; Shie et al., 2004a, b).
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Up to now, pyrolysis is a promising method to recycle
resources from OS (Egazar’yants, et al. 2015). Pyrolysis of
OS at temperatures is ranging usually from 100 to 800 °C in
an inert atmosphere (e.g., CO2 and N2). It is easily to obtain of
pyrolysis solid (PS), pyrolysis oil (PO), and pyrolysis gas
(PG) products and emits fewer air pollutants (e.g., NOx and
SO2) compared to combustion. Moreover, after pyrolysis, the
heavy metals can be retained in PS, and the PO and PG prod-
ucts can be reprocessed into fuels and chemicals (Song, et al.
2018; Wu et al., 2019a, b). So, the application of OS pyrolysis
is identified as an efficient way to promote economic sustain-
able development and waste value-added utilization (Salman,
et al. 2017;Wu et al., 2019a, b). However, it has been reported
that the oil sludge is a kind of fuel with high volatile content
and low heat value. Its main heat release is caused by the
uniform combustion of volatiles matter. The pyrolysis will
lead to unstable combustion without catalytic during the
process. Lu et al. (2015) investigated that with the increase
of pyrolysis temperature, the heavy metal content in biochar
would increase significantly due to enrichment at non-
catalytic condition. Jin et al. (2016) found that most of the
heavy metals exist in the oxizable and residual forms after
pyrolysis, especially at 600 °C. This would result in a signif-
icant decline in bioavailability and leading to a very low eco-
logical risk of biochar exposed to the environment.

In addition, it is found that catalytic affect the pyrolysis
process of OS, such as the production yield of different phase.
In recent years, as a kind of carbon-based catalysts, char has
been widely used in the pyrolysis reforming of organic com-
pounds. The researchers believe that metal-containing char is
more active than metal-none char in terms of catalytic activity
of gasification; it can promote PO cracking and volatile
reforming (Fuentes-Cano, et al. 2013; Min, et al. 2011;
Wang, et al. 2011). Some researchers studied the influence
mechanism of char on PO and found that the presence of alkali
and alkaline earth metals (AAEMs) could promote the sec-
ondary cracking of heavy PO and improve the quality of PO
(Wang et al., 2017a, b; Zhao, et al. 2019; Zhao, et al. 2018).
However, purchase char which containing precious metals is
expensive, difficult and hard to treat the residue. In addition,
catalytic reforming processes are carried out at higher temper-
atures helpful to ensure adequate levels of PO cracking, which
may result in the evaporation of some AAEMs to the gaseous
state (Gilbert, et al. 2009; Shen, et al. 2015; Zhang, et al.
2013). So, researchers are more and more interested in using
cheap AAEMs as catalyst, such as calcium-based catalyst
(Iliopoulou, et al. 2012; Yang, et al. 2019). Shie et al.
(2003); 2004a, b) researched the effect of calcium-based cat-
alyst on oil products from catalytic pyrolysis of sludge, and
the results showed that Ca species improved the quality of PO.
Chen et al. (2017) studied the influence of CaO on PO com-
position of different pyrolysis objects, the results showed that
CaO could reduce the yield of PO, and the concentration of

organic acids in PO would decrease with the increase of CaO
content. The presence of Ca has a significant influence on the
distribution of pyrolysis products, but its activity is greatly
affected by pyrolysis temperature.

However, there have been few studies researched on com-
pare in-situ and ex-situ catalytic pyrolysis of the OS per-
formed in similar reactors with two kinds of catalytic. In this
study, the formation mechanism of three phase products (PO,
PS, and PG) in in-situ and ex-situ catalytic pyrolysis of sludge
was investigated, and the characteristics of the two catalytic
methods were compared.

Material and methods

Materials

The raw OS sample used in the pyrolysis experiments was
taken from Tuha oilfield (Turpan, Xinjiang Uygur
Autonomous Region, China), and the moisture content of
raw OS was about 26.55 wt.%. Before the experiments, the
OS was dried (105 °C for 24 h) and then ground it into a 100
mesh to obtain dry basis OS sample. The proximate and ulti-
mate analysis of dry basis OS are shown in Table 1. The oily
pyrolysis char was prepared by pyrolysis of dry basis OS
sample at 700 °C without catalyst, and it was also ground into
100 mesh.

Experimental equipment and conditions

The catalytic pyrolysis experiments were carried out in a hor-
izontal quartz tube fixed-bed reactor system which has two
heating stages as shown in Fig. 1. The length of the fixed-
bed reactor is 610 mm and the inner diameter is 40 mm, and
a perforated plate in the middle of the quartz tube divides it
into two zones. In temperature gradient experiments (non-cat-
alyst), 100 g OS was put into the reactor, and 300 mL/min of
nitrogen was pumped for 20 min to drain the air out of the
reactor before the experiments. Subsequently, the pyrolysis
process at a heating rate of 10 °C/min from the room temper-
ature to 600, 650, 700, 750 and 800 °C andmaintained for 1 h.
Then the flow rate of nitrogen was adjusted to 100 ml/min
when the experiments started. In catalytic pyrolysis

Table 1 The proximate and ultimate analysis of dry basis OS

Proximate analysis (wt.%) Ultimate analysis (wt.%)

Ash Volatile Fixed carbon* C H O* N S

75.47 17.39 7.14 63.38 7.25 26.71 0.32 2.34

*By difference
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experiments, 110 g feedstock of OS and catalysts (char or
CaO) at a ratio of 10:1 was put into the reactor. As shown in
Fig. 1, the OS was placed in the stage 1, the catalyst was
dispersed in the porous catalytic device, then the catalytic
device was placed in the stage 2, and the pyrolysis temperature
of stage 1and 2 were both kept at 700 °C. The heating rate and
nitrogen flow rate of the catalytic pyrolysis experiments were
consistent with the temperature gradient experiments. Mixed
gas passed through a cold trap and condensable gas was col-
lected in condensate bottles. The non-condensable gas (PG)
discharged into the gas collecting bag through gas washing
cylinder. After the tube furnace temperature dropped to ambi-
ent temperature, the PO from the condensate bottles and the
PS from the quartz tank were taken out and weighed by re-
spectively. In the in-situ catalytic pyrolysis experiments, the
amount of catalyst was subtracted from the total weight of
so l id to ca l cu l a t e the amoun t o f PS produc t s .
Correspondingly, the gas yield was determined by mass bal-
ance. The yield of three phase products from the pyrolysis was
calculated as follows.

PS yield wt:%ð Þ ¼ mass of solid

mass of OS
� 100% ð1Þ

PO yield wt:%ð Þ ¼ mass of oil

mass of OS
� 100% ð2Þ

PG yield wt:%ð Þ ¼ 100%−PS yield wt:%ð Þ−PO yield wt:%ð Þ ð3Þ

Analytical methods

The relative content of C, H, O, N, and S in POweremeasured
by an elemental analyzer (Vario EL cube, Elementar
Analysensysteme GmbH, Germany). The components of PO
were analyzed by a 6890N- 5975B type GC-MS (Agilent,
Agilent Technologies Inc., USA), equipped with a capillary

column (30 m × 0.25 mm inner diameter, with 0.25 μm film
thickness, Restek). The GC injector port temperature was 250
°C. The column oven temperature was 80 °C. The ion tem-
perature was 200 °C with a flow split ratio of 30:1. The col-
umn oven temperature was increased from 80 to 250 °C at a
heating rate of 5 °C/min. The scan mode was scan, the
scanned area from m/z 50 to 500, and the solvent interval
was 3 min.

The PG was analyzed by GC-5890N gas chromatograph
(Nanjing Kejie Analysis Instrument Co. Ltd., China),
equipped with a thermal conductivity detector. The pressure
of the partial pressure gauge was maintained at 0.3 ~ 0.4 MPa
(hold 10 min) and then turn on the instrument the set the oven
temperature at 60 °C and the injector temperature maintained
at 150 °C and the detector temperature maintained at 100 °C
and held for 20 min. Data were acquired and analyzed by
N2000 chromatography workstation software.

The PS was detected by Fourier transform infrared spectra
analysis (ALPHA, Bruker Corporation, Germany). Take 0.2 g
of KBr (Aladdin Chemical Reagent Co., Ltd, Shanghai,
China) powder and 1 mg of OS sample and thoroughly grind
it in an agate mortar, and the test conditions were as follows:
test resolution is 4 cm−1, the number of scans was 15 times and
the test range were 400–4000 cm−1. Data were acquired and
analyzed by OPUS software.

Results and discussion

Pyrolysis products distribution

PO, PS, and PG were the primary products during OS pyrol-
ysis experiments. The three-phase products distribution in
temperature gradient pyrolysis experiments (non-catalyst)
was shown in Fig. 2. At 600 °C, the reaction was incomplete,
and some volatile components have not been emitted.

Fig. 1 Horizontal quartz tube fixed-bed reactor system
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Therefore, PO and PS had the highest yield, which was 12.88
% and 84.23 %, respectively, while PG had the lowest yield,
which was 2.89 %. It is due to that temperature below at 600
°C pyrolysis reaction kept at a lower cracking of heavy hydro-
carbon components (C6-C20) (Huang, et al. 2015). With the
temperature increased from 600 to 800 °C, the yield of PG
was gradually increased, and it reached a maximum (10.50
%), and a decrease in the PO yield was observed. The varia-
tion of PS yield was not noticeable, and the result indicated
that the PG was mainly attributed to the cracking of the PO
(Lin, et al. 2019).

Pyrolysis oil (PO) characteristics

The components of PO from OS were complex, which were
determined by the GC-MS. The PO yields from the
uncatalyzed pyrolysis of OS under different temperatures are
showed in Fig. 3. To further analyze the components of the
pyrolysis oil product, the components of the PO were separat-
ed into three fractions (heterocyclics, aliphatics, and aro-
matics) as shown in Fig. 3a. It shows that the major compo-
nents of the PO were aromatics; however the content of het-
erocyclics was low, and the phenomenon was consistent with
the other authors (Rodriguez, et al. 2001). This was due to the
content of olefins in the OS was mainly, while its oxygen
content is relatively low. Furthermore, nitrogen is almost zero,
it shown in Fig. 3 b and c shows the influence of temperature
on the main 10 principal compounds production during the
non-catalytic pyrolysis. As can be seen, the PO were mainly
composed of phenol, ketone, monocyclic aromatic hydrocar-
bons (MAHs), and furan; meanwhile, the total content reached
from 80.85% (700 °C) to 89.18% (750 °C). It can be seen
from Fig. 3d that the C6-C11 reached a minimum (79.44 %)

at 600 °C and the maximum (85.92%) at 700 °C. As temper-
ature continues to increase from 700 to 800 °C, a little de-
crease in the C6-C11 was observed.

The molar ratio of H/C reached a maximum (1.32) and the
O/C reached a minimum (0.20). Meanwhile, the C6-C11
reached a maximum (85.92%) at 700 °C. Therefore, we con-
tinue to choose 700 °C as different pyrolysis conditions to
explore the characters of in-situ and ex-situ catalytic pyrolysis.

It can be seen from Fig. 4a the content of aromatics is
always higher in in-situ groups than ex-situ groups.
Meanwhile, the addition of CaO has significantly improved
the content of aromatics compounds. The result showed that
the content of aromatics compounds up to 85.32% in CaO-i
group, while the maximum value in char-i group was only
61.99 %. It might be due to calcium-based catalysts promoted
the aromatization of aliphatics and generated a large number
of aromatics (Luo, et al. 2020). However, compared with
CaO-i group, the char-CaO-i group caused the yield of aro-
matics decreased, but heterocyclics increased. It might be due
to char promoted cyclization to form heterocyclics.
Specifically, it may be due to the strength of ionic bond may
affect the yield of aromatics, so, char with relatively weak
ionic bonds can decrease the yield of aromatics. Meanwhile,
Ohtsuka and Asami have pointed out that the additions of CaO
can improve the qualities of PO because of the fine CaO
particles with high reactive sites Shie et al. (2004a, b).

Figure 4b shows the relative content of C, H, O, and N
under different conditions. The relative contents of C and H
have little change, but the contents of O and N have changed
obviously between in-situ and ex-situ catalytic pyrolysis. The
maximum difference in the relative content of O was 12.07%
between CaO-e and CaO-i groups; it indicated that Ca2+ can
promote the fracture of oxygen-containing functional groups
which reform of light gas at 700 °C (Khan and Seshadri 1991).
The O/C molar ratios of CaO-i group were the lowest (0.03),
which demonstrated that CaO was beneficial to increase the
saturation and calorific value of liquid products (Ellis, et al.
2015; Jones, et al. 2005).

As performed in Fig. 4c, the products distribution was
dominated by phenol and followed by ketone and furan;
meanwhile, the total content reached from 48.94 to 81.69%.
Phenol primarily originated from the decomposition of mac-
romolecular aromatic compounds. Compared with char, the
CaO can decompose of the aldehyde more efficiently, which
might be due to CaO can easily break the carbon-oxygen
double bond on the aldehyde group(-CHO). Meanwhile, the
content of N-containing non-heterocyclic compounds (N-
NHR) changed significantly between in-situ and ex-situ. The
results showed that char and CaO can be easily fixed the
nitrogen on the branch chain of the ring compound in char-
CaO-i group.

The distribution of different carbon numbers in PO is
shown in Fig. 4d. The contents of C6-C11 (gasoline fraction)

Fig. 2 The three-phase products distribution in temperature gradient py-
rolysis experiments
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Fig. 3 Distribution of PO
compounds in temperature
gradient pyrolysis experiments. a
Heterocyclics, aliphatics, and
aromatics contents of PO. b
Carbon, hydrogen, oxygen,
nitrogen contents of PO. c
Different functional compounds
contents of PO. d Different
carbon numbers contents of PO

Fig. 4 Distribution of PO
compounds in catalytic pyrolysis
experiments. a Heterocyclics,
aliphatics, and aromatics contents
of PO. b Carbon, hydrogen,
oxygen, nitrogen contents of PO.
c Different functional compounds
contents of PO. d Different
carbon numbers contents of PO
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were the highest (65.85–99.71%), similar to that of gasoline
and the contents of C11-C20 (diesel fraction) was relatively
low. The highest content of C20+ was 5.81 % in char-e group,
and other groups were 0%. CaO can increase the content of
C6-C11 significantly, and it indicated CaO can depolymeriza-
tion of macromolecular compounds. The content of C6-C11
was reached maximum value (99.71 %) in char-CaO-i group,
and it shows that CaO and char have a synergistic effect on
depolymerization of macromolecular compounds.

Pyrolysis gas (PG) characteristics

CxHyOz can be represented as OS, and the pyrolysis reaction
could happen as follows:

CxHyOz→aH2 þ bCOþ cCO2 þ dH2Oþ eCH4

þ fCxHyþ jTarþ kChar ð4Þ

CnHm þ nCO2→
m

2
H2 þ 2nCO ð5Þ

2H2Oþ CH4→4H2 þ CO2 ð6Þ
CnH2n þ nH2→nCH4 ð7Þ
COþ H2O→CO2 þ H2 ð8Þ
Cþ CO2→2CO ð9Þ
Cþ H2O→COþ H2 ð10Þ

The relative contents of CO, H2, CH4, and CO2 in PG were
determined by GC. As shown in Fig. 5, the main components
of PG were H2 and CO2, accounted for 61.25–79.78%.
Compared to 600 °C, the relative contents of H2 at 650, 700,
750, and 800 °C were increased by 14.78%, 12.29%, 10.24%,
and 1.75%, respectively. In addition, the relative contents of

CO2 were decreased by 13.78%, 16.83%, 14.43%, and
15.27%, respectively. These may be due to the promotion of
dehydrogenation, decarboxylation, and decarbonylation at
high temperature (Lin, et al. 2019).

The relative content of H2 was approximate to maximum
(59.30%) at 650 °C, but the gas yield was relatively low. This
phenomenonmay be due to incomplete pyrolysis of OS at this
temperature, and some volatile hydrocarbons were converted
into PS as a result of thermal dehydrogenation (Huang, et al.
2015). An increasing trend in CO yield was observed with the
increasing temperature, and it was due to thermal cracking of
carbonyl groups (C=O), ether bond (C-O-C), and the cracking
of volatile compounds including oxygen heterocyclic com-
pounds and ketones (Li, et al. 2018).

At 700 °C, the relative content of CO2 in the PG was the
lowest (17.43 %), and the relative content of combustible gas
(H2, CH4, and CO) was the highest (82.57%). So, the PG had
the best combustion performance and the highest calorific
value and the catalytic pyrolysis experiments operated at this
temperature.

Fig. 6 shows the PG compositions diagram of OS obtained
under different catalytic conditions at 700 °C. It can be seen
from Fig. 6 that the relative content of H2 was lowest
(16.24%), and the relative content of CO was highest (32.03
%) in the char-e group. Thesemay be due to the char can break
C-H of CnHm and C=O of CO2 and generated H2 and CO.
Particularly, the relative content of CO increases significantly,
and the reaction was as Eq. (5). Compared with char-e group,
in the char-i group, the relative content of CO2 slightly in-
creased (1.19 %), and the relative content of H2 increased
significantly (29.10%). However, the relative content of CH4

decreased significantly (20.83%). On the one hand, this may
be due to char can break the bond of O-H inH2O and break the

Fig. 5 Distribution of composition of PG in temperature gradient
pyrolysis experiments

Fig. 6 Distribution of composition of PG in catalytic pyrolysis
experiments
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bond of C-H in CH4; the reaction was as Eq. (6). On the other
hand, this may be due to the bond energy of C-C was lower
than that of the C-H bond; the C-C bond could be easily
broken in the volatile matter in char-e group. Meanwhile, the
cleavage of alkanes which contains more carbon atoms will
form new kinds of alkanes (short fragment alkanes and long
fragment alkenes), and the free radicals formed can mutually
combine freely with hydrogen atoms (Chen, et al. 2016). It
indicated that the char may capture hydrogen atoms in the OS
to form to CH4. So, the relative content of CH4 in char-e group
was higher than that in the char-i group, and the relative con-
tent of H2 shown the opposite trend, as shown in reaction Eq.
(7).

The relative content of CO2 in CaO-e group was little
higher than CaO-i group. It may due to CaO prompted the
water-gas shift reaction Eq. (8) to produce more H2 and a little
of CO2. The yield of CO was increased especially in CaO-i
group because of CaO could promote the decarbonylation
reaction through break the C-O bond of organic substances
(Xu, et al. 2017). Meanwhile, it may due to the product of
carboxyl group cracking converted CO2 into CO, as shown in
reaction Eq. (9) (Li et al., 2018; Yuan et al., 2012). Compared
with char, CaO had a better catalytic effect on the production
of H2. The yield of H2 derived from the CaO catalyst groups
was higher than char catalyst groups; it has been reported that
alkaline-earth metals could promote the production of H2 by
catalyzing hydrogen production reactions and CaO may have
better catalytic performance to pyrolysis of the OS (Hu, et al.
2015; Li, et al. 2018).

In char-CaO-i group, the dual-catalyst has a significant
synergistic effect on the production of H2. Char at 700 °C
can promote the bond-breaking reformation of gaseous
water molecules and CH4, and finally generated H2 and
CO2, the reaction was as Eq. (6). CaO can promote the
reaction of carbon in PS with gaseous water molecules to
generate CO and H2; the reaction was shown in Eq. (10).
At the same time, the CO2 produced by the reaction of
Eq. (6) was reacted with carbon in PS under the action of
CaO to produce CO; the reaction was shown in Eq. (9).
Therefore, the relative content of combustible gas up to
85.85%, the PG kept at the highest combustion perfor-
mance in char-CaO-i group. Specifically, the relative con-
tent of H2 increased significantly, CO increased a little,
but CO2 was decreased.

Pyrolysis solid (PS) characteristics

From Fig. 7(a), it can be seen that the stretching vibration
peaks observed at about 3600 cm−1 can be assigned to exis-
tence of free and intermolecular bonded O-H groups, and the
stretching peak of O-H increased from 600 to 750 °C, while
the transmittance of O-H peak decreased significantly at 800
°C. The O-H bond had strong polarity when the temperature at

750 °C, which indicated the presence of some isolated pheno-
lic hydroxyl groups in the PS at 750 °C (Sharma, et al. 2002).
The stretching vibration peaks observed at about 1600 cm−1

can be assigned to CO-N, and the strongest stretching vibra-
tion at 750 °C. This may be that the NH2 group was more
likely to combine with C=O at this temperature and a newCO-
N group was formed. The C=O stretching vibration intensity
decreased significantly at 750 °C; this phenomenon just ex-
plained the reason for the formation of CO-N, and it indicated
that C=O was compatible with the presence of acids and alde-
hydes (Xu, et al. 2017). The oxygen-containing groups (CO-
N, C-O, C=O, and C-O-C) from 1800 to 900 cm−1 were al-
most not changed at different temperatures. The peak from
750 to 550 cm−1 corresponded to inorganic and organic halo-
gens compounds or sulfur-containing substances in the PS,
and it had little affected by temperature (Gao, et al. 2017).

According to Fig. 7b, the absorption peaks observed at
about 3400, 1600, and 1080 cm−1 were N-H, CO-N, and
C=O, respectively, and they were significantly weakened
both in CaO-e and CaO-i groups. Especially in CaO-e
group, the N-H deformation vibration peak almost disap-
peared, and this may be caused by NH2 asymmetric
stretching. The absorption peak strength of CO-N around
at 1600 cm−1 decreased significantly in CaO-e and CaO-i
groups. This could be due to the inhibition of the unsatu-
rated absorption of NH2 at the α or β position of the C=O
bond on the aliphatic open-chain ketones. The absorption
peak strength of C=O at about 1080 cm−1 decreased sig-
nificantly in CaO-e group. This may be due to the conju-
gation of the C=O bonds with α, β double bonds or aryl
groups under the catalysis of CaO to shift the the C=O
absorption band to a slightly lower wavenumber position
and reduce its strength. In addition, the O=C=O charac-
teristic peak at about 2350cm−1 may be due to the fixed of
CO2 by the CaO catalyst in PS.

According to Fig. 7c, a result similar to that of Fig. 7b
was obtained, but in char-i group, a slightly absorption
peak appeared at about 2350 cm−1 in the PS and the
stretching vibration of O=C=O was shown at here. The
absorption peak around at 1500 cm−1 to 1400 cm−1 was
the characteristic peak of C-O. Compared with 700 °C,
the C-O peak was relatively broad, and its position was
offset about 100 cm−1 in the char-i group. The absorption
at this region was considered to be related to the
stretching vibration of only a C-O link. Figure 7d was
an infrared comparison chart of pyrolysis of OS at 700
°C and in char-CaO-i group. According to Fig. 7d, the
absorption peak strength of CO-N and C-O around at
1600 cm−1 and 1400 cm−1, respectively, decreased signif-
icantly in char-CaO-i group. These may be due to the
synergistic effect of char and CaO, so the bond breakage
of CO-N and C-O were more likely to occur. As can be
seen from Fig. 7, compared with temperature gradient
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pyrolysis experiments, char and calcium oxide show sim-
ilar effects, and they can inhibit the formation of nitrogen-
containing radical groups on the surface of PS in the cat-
alytic pyrolysis experiments.

Conclusion

The catalytic pyrolysis experiment of OS which use CaO and
char reveals the relationship of different catalytic conditions
which were carried out in a fixed-bed reactor. The effects of
catalyst on the products were investigated, and the possible
reaction mechanism was discussed. At 700 °C, the PG has the
highest combustible gas composition, and it has the best com-
bustion performance. Meanwhile, PO has the lowest oxygen
content and excellent industrial application potential. CaO and
char have opposite effects on the production of aromatics and
aliphatics compounds in PO. In in-situ groups, char and CaO
are beneficial to the production of H2 and CO, respectively. In
ex-situ groups, char and CaO are beneficial to the production
of CH4, CO, and H2, respectively. In char-CaO-i group, CaO
and char have a synergistic effect on the depolymerization of
macromolecular compounds in the PO. At the same time, they
can weaken the nitrogen fixation performance on the PS sur-
face. The two catalysts have excellent pyrolysis performance

under different pyrolysis conditions and have high social
value.
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