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State Key Laboratory of Clean Energy Ulilization, Zhejiang University, Hangzhou, China

The evolution behavior of the light tar during coal fast pyrolysis under inert gas,
simulated fuel gas (SFG) atmosphere, and catalytic reformation of simulated (CRS)
fuel gas over Ni/Al,O5 was studied in this article. The light tar was recovered from the
distillation of the crude tar at the temperature of 300°C and subsequently subjected to
detection through the GC-MS analysis. It was found that both SFG and CRS over Ni/
Al,O5 significantly enhanced the light tar yield, but a little effect was shown on the heavy
tar yield. According to the molecular structure characteristics, the compounds in the
light tar could be classified into several groups: aromatic components, phenol
components, aliphatic components, heteroatom components, and O-containing
components (phenol compounds excluded). It was demonstrated that the selectivity
of each component in the light tar varied significantly with the pyrolysis atmosphere and
temperature. The evolution of the aromatic components took the dominant role in the
light tar produced at high temperature. The SFG and CRS contributed markedly to
enhancing the evolution of the O-aromatic components in the light tar, whereas they
suppressed the evolution of the O-aliphatic components and the phenol components in
the light tar at high temperature.

Keywords: fast pyrolysis, light tar, SFG, CRS over Al203 catalyst, selectivity

INTRODUCTION

To alleviate the pressure on the environment pollution from the direct coal fired power generation,
some effective efforts were paid to high-valued and clean coal utilization (Ding et al., 2020). In
particular, the coal tar evolving from the coal poly-generation could be widely used as chemical
feedstock for extracting high-value chemicals and as crude oil for producing diesel oil and gasoline at
adequate reaction conditions (Qi et al., 2014; Gang et al., 2018). Many of such efforts were devoted to
pursuing more tar yield. Several types of reactors were used for coal pyrolysis, such as fixed bed
reactor, Curie Point reactor, moving bed reactor, and fluidized bed reactor. The experimental results
showed that the fluidized bed reactor was a promising way to achieve high tar yield. More tar yield
was normally obtained during the coal fast pyrolysis in a fluidized bed reactor for industry (Gonenc
et al., 1990). Meanwhile the heavy components in the crude tar took a high proportion in the crude
tar produced through a fluidized bed reactor and made some inconvenience for further utilization (Li
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TABLE 1 | Composition of the Ni/Al,Og catalyst.

Catalyst Component (%)
Ni Al (o] Si Ca Fe
Ni/Al,O3 3.95 48.7 48.84 0.7 0.93 0.88

and Suzuki, 2010; Liu et al., 2016). High value compounds, such
as BTX (benzene, toluene, and xylene) and PCX (phenol, cresol,
and xylenol), were concentrated in light components in the crude
tar yield, and pursuing more light tar yield during the coal
pyrolysis process was preferable.

The hydro-pyrolysis was a considerably effective way to
improve the light tar yield (Strugnell and Patrick, 1996;
Ariunaa et al, 2007; Scaccia et al, 2012). The hydrogen
atmosphere could provide hydrogen active radicals which were
used to stabilize the volatile intermediates from the coal pyrolysis
and enhance the light tar evolution (Liu, 2014). But the expensive
hydrogen also increases the cost of the hydro-pyrolysis. Seeking
inexpensive substitution of H, for lowing the cost of the coal
hydro-pyrolysis was necessary. The reductive mixtures of CH,
and H, were selected to promote the light tar yield (Cypres and
Baoqing, 1988; Smith et al., 1989; Fidalgo et al., 2014). In addition,
the fuel gas produced from the coal conversion process with high
contents of H,, CH,, and CO was selected as a cheap substitution
of expensive pure H, for the coal hydro-pyrolysis (Brackman-
Danheux et al., 1992; Brackman-Danheux et al.,, 1995; Liao et al.,
1998; Ni et al.,, 2014). Compared to the natural gas and pure
hydrogen, this coal fuel gas was not needed to afford extra
expense of transportation, purification, and separation of the
atmosphere. In addition, the CO gas also facilitated enhancing the
light tar evolution during the coal pyrolysis. These were far-
reaching significant to improve the light tar yield at a low cost
through the coal hydro-pyrolysis because all the raw materials
were from coal. Meanwhile these experimental results revealed
that the activity of the mixture gas was related to H,, but CH, was
inert and showed little effect on improving the light tar yield.

The catalytic pyrolysis was another effective way to strengthen
the light tar evolution. It had been revealed that CH, reform
reaction activated by kinds of catalysts produced some active
radicals, such as CHy- and H- (Suuberg et al., 1980; Guo et al,,
2014). These free radicals from the CH, dissociation could be
used to stabilize the intermediate coal radicals and improve the
light tar yield by integrating the coal pyrolysis with the methane
reformation process (Wu et al., 2018; Jin et al., 2019; Zhao et al,,
2019; Lv et al, 2020). Noble metals, such as Pt, Pd, and Ru,
showed perfect performance on activating the CH, reformation
process but they were so expensive which made them hardly
deployed in the industrial scale coal pyrolysis (Mattos et al., 2003;
Porosoff et al., 2015; Usman et al., 2015; Chung and Chang, 2016).
Alternatively, the transition metals, such as Ni, Co, and Mo, used
as an economic substitution of the noble metals also presented
significantly positive effects on catalyzing the CH, reform
reaction (Li et al, 2015; Amin et al, 2016; Karthikeyan et al,
2017; Mousavi et al., 2017; Bilge et al., 2018; Zhang et al., 2018). So
far, most of coal pyrolysis integrating with the catalytic
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TABLE 2 | Micro structure parameters of base and catalyst.

Catalyst Parameters
Pore volume (malg) Specific Pore size (nm)
surface area (m%/g)
Al,O3 162.46 0.54 13.23

4 %Ni/Al,O3 138.36 0.46 13.87

reformation reaction activated by the transition catalysts was
operated in the fixed bed reactor. However, compared to the
fluidized and stirred status of the coal particles in the fluidized bed
reactor, the static status of the coal particles in the fixed bed
reactor resulted in weak release of volatile matter products, such
as tar and char, which led to relatively low tar and gas yield.

In our previous research, the poly-generation system
integrating a CFB combustion reactor and a CFB pyrolysis
reactor into a combined system had been constructed and
operated well to produce coal fuel gases, tar and char (Ni
et al,, 2014). Some parts of the coal fuel gas released from the
coal pyrolysis reactor were recycled to the coal pyrolysis reactor as
the fluidizing gas of the coal hydro-pyrolysis in this poly-
generation system. On the basis of previous work, in this
research work, the attention was mainly focused on the
integration of the fuel gas catalytic reformation and the coal
pyrolysis to further promote the light tar yield. In order to carry
out the experiment conveniently, we simplified the pyrolysis
process. The heat was provided by electric silicon carbide rod.
The simulated fuel gas was prepared from cylinders and used as a
substitution of the fuel gas that evolved from the coal pyrolysis.
The coal fast pyrolysis in a fluidized bed reactor integrated with
the catalytic reformation of simulated fuel gas (CRS), a mixture of
H,, CH,, CO, and CO,, was deployed over the Ni/Al,O; catalyst
to confirm the promotion of the light tar yield. The coal pyrolysis
both under the simulated fuel gas (SFG) atmosphere and under
the N, atmosphere was also performed to further unveil the roles
of SFG and CRS, respectively. In addition, the components of the
light tar were classified into several groups according to the
characteristics of the molecular structure and the evolution
behavior of these groups during the coal pyrolysis under three
different atmospheres was also investigated.

EXPERIMENTAL SECTION
Preparation of the Ni/Al,O; Catalyst

The aluminum oxide (Al,03) particles with the size of 3-5 mm
were dried at 105°C for 8 h in an oven. The ferric nitrate crystals
were dissolved in ion-free water and 4 wt% of ferric nitrate
solution was obtained. Then the Al,O; particles mentioned
above were immersed into this ferric nitrate solution and
maintained for 12h. The ALO; particles with loading ferric
nitrate were calcined at 600°C for 4h. Finally, the calcined
Al O3 particles were heated and reduced at 500°C for 3h in
the H, atmosphere. The obtained Ni/Al, O3 catalyst was collected
and used for the coal fast pyrolysis. The composition of the Ni/
Al,O; catalyst was analyzed through an energy dispersive
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FIGURE 1 | The schematic of the coal fast pyrolysis in a fluidized bed reactor.
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TABLE 3 | The property analysis of the parent coal.

Coal Proximate analysis (wt%, ad)
M A Vv FC
Bituminous 412 1.2 28.56 56.12

spectrum (EDS) instrument, and the analysis results are
presented in Table 1. In addition, the micro structure of the
Ni/ALO; catalyst was measured through the BET surface area
measurement, and the results are listed in Table 2.

Experimental Process

The thermogravimetric analysis (TG) was carried out through
Mettler-Toledo TGA/SDTA85le. The coal particles were
crushed, and 20 mg pulverized coal sample was loaded into
the crucible and heated from 20 to 1,000°C with a heating rate
of 20°C/min and then held for 30 min.

The fast pyrolysis of the bituminous coal was operated at
500-800°C in a bench-scale fluidized bed reactor. The schematic
of the fast pyrolysis process is shown in Figure 1. The fluidized
bed reactor consisted of three main parts: preheating part (20 mm
id. and 4.3 m in length), reaction part (50 mm i.d. and 1.2 m in
length), and tar recovery system. The preheating section and the
reaction section were heated to target temperature by electric
silicon carbide rods. The tar recovery system is cooled by the
mixture of ethanol and dry ice whose temperature could reach
nearly —-30°C.

The crushed coal particles with the size of 1-2 mm were
selected as feedstock. The results of the proximate analysis and
the ultimate analysis of bituminous coal are shown in Table 3.

Ultimate analysis (wt%, daf)
C H o N S

75.32 6.8 16.76 0.74 0.38

The N, gas and the simulated fuel gas were used as fluidizing gas.
According to previous research results (Ni et al., 2014), the main
components of the fuel gas released from the coal pyrolysis in the
fluidized bed reactor were CH,, H,, CO, and CO,. The
concentrations of CHy, H,, CO, and CO, in the fuel gas
produced at 600°C and recycled to the pyrolysis reactor were
approximately 25-35%, 25-35%, 15-25%, and 5-15%,
respectively. So the components of CH,, H,, CO, and CO, in
the simulated fuel gas were prepared in a ratio of 3:3:2:1 for this
research. The flow rate of the fluidizing gas was kept at 30L/min
controlled by the mass flowmeters. The silica sands with a
diameter of 0.2-0.4 mm were chosen as the fluidizing material
of the fluidized bed reactor. As illustrated in Figure 1, the Ni
catalyst was installed in the upstream location between the
preheating section and the reaction section in order to activate
the fluidizing gas prior to reaching the reaction zone of the
fluidizing bed reactor.

When the target pyrolysis temperature was achieved, the coal
particles were fed into the fluidized bed reactor through sand
hopper located at the top of the reactor. The feed rate of coal was
set at 30 g per trial. The coal particles were maintained for 3 min
in the reaction zone of the fluidized bed reactor. Then the formed
char and silica sands were both discharged into char hopper
located at the bottom of the reactor. Then the hot mixture of the
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FIGURE 2 | Effect of the coal pyrolysis temperature on the yield of crude tar (A) and char (B).
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char and silica sands in the char hopper was cooled to ambient
temperature at the atmosphere of nitrogen gas. The hot volatile
products that evolved from the bituminous coal fast pyrolysis in
the reactor were carried by the fluidizing gas into the tar recovery
system. The crude tar components in the hot volatile products
were condensed and trapped in the tar recovery system. This
resulted in the separation of the crude tar and fuel gas.
The uncondensed fuel gas flow out from the tar recovery
system. The collected tar product would be subjected to
further analysis. The experimental data listed in this article
were the averages of three repeated experiments.

Tar Recovery and Measurement

The crude coal tar produced from the coal fast pyrolysis was
recovered through dichloromethane solution from the trap
located in the cooling bath at —20°C. The water product was
separated from the mixture of the crude tar and dichloromethane
solution through a pear-shaped funnel. The mixture of the crude
tar and dichloromethane solution was subsequently subjected to
de-dichloromethane treatment by a rotary evaporation. Then the
obtained crude tar was distilled at 300°C and 100 mbar by Buchi-
585 evaporator to achieve light tar recovery from the crude tar.
The GC-MS analysis was then employed to detect the distribution
of the main compounds contained in the light tar fraction. The
capillary column was equipped by GC to separate the light
compounds of the light tar. The maximum temperature of the
oven of GC could reach 300°C. The temperature program was the
same as that in a previously published literature (Li et al., 2016).
Finally, all the obtained GC-MS data were subjected to a
systematical analysis according to the characteristics of the
aromatic ring structure of molecular of compounds.

RESULTS AND DISCUSSION

Light Tar Evolution Behavior

The crude tar yield under CRS over the Ni/Al,O; catalyst, SFG, and
N, atmosphere as a function of pyrolysis temperature are presented in
Figure 2A. It could be observed that the crude tar yield increased
firstly and subsequently decreased with the coal pyrolysis temperature

100 F —— N, atmosphere
—~ 90 F
=
5
5 8ot
5]
=
70 |
60
1 1 1 1 1 1
0 200 400 600 800 1000
Pyrolysis temperature (°C)
FIGURE 3 | TGA profiles of bituminous coal under the N, atmosphere.

increasing. The maximum tar yield was achieved at 600°C under the
three different atmospheres. According to the weight loss behavior
under the N, atmosphere shown in Figure 3, the primary coal
pyrolysis was initiated at approximately 400°C. With temperature
increasing, the primary pyrolysis reaction became stronger and
enhanced the tar oil evolution. However, when the pyrolysis
temperature increased to above 600°C, the second pyrolysis
reaction happened and the volatile products from pyrolysis were
consumed as reactants. As a result, the tar yield was declined at higher
pyrolysis temperature due to the second pyrolysis reaction.

The crude tar yield under the CRS and SFG atmosphere showed
a higher level than that under the N, atmosphere. Moreover, the
crude tar yield under the CRS atmosphere was the highest. The
maximum yields under the SFG and N, atmospheres were 11 and
9.7 wt%, respectively. With coupling the catalytic reformation of
the simulated fuel gas, the highest tar yield under the CRS
atmosphere increased to 13 wt%, which was 1.2 and 1.34 times
those under the SFG and N, atmospheres, respectively. The char
yield curves listed in Figure 2B declined with the pyrolysis
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FIGURE 4 | Total gas volume produced under different atmosphere.

temperature. The char yield under the SFG and CRS atmospheres
was lower than that under the N, atmosphere.

It had been published that the -CH, and -H radicals could be
formed in the CH, reformation reactions (Guo et al., 2014),
which could be used to stabilize the intermediate radicals that
originated from the coal pyrolysis and suppress the crosslink
reactions that happened between the macro-molecular radicals to
improve the tar yield. These reformation reactions were more
active at high temperature and more small radicals were produced
to stabilize the coal pyrolysis free radicals. As a result, more crude
tar was obtained under the CSR atmosphere than that under the
SFG and N, atmospheres, respectively, especially at high pyrolysis
temperature.

The total volumes of the gas products under different
atmospheres are shown in Figure 4. At 500-600°C, the
volume of gas products from the coal pyrolysis under SFG
(CP-SFG) and the coal pyrolysis integrated with CRS (CP-
CRS) was less than that of the sum of the gas products from
the coal pyrolysis under N, (CP-N;) plus the volume of SFG
which was fed into the reactor. The decrease in the gas volume
suggested that some gas components were activated to produce
free radicals to take part in the coal pyrolysis and resulted in
increment of the crude tar yield listed in Figure 2A. However,
when the temperature increased to 800°C, the gas products yield
of CP-SFG and CP-CRS increased to a higher level than that of
CP-N, plus SFG.

Further analysis was conducted, and the gas components
volume difference between CP-CRS and CP-N, plus SFG at
different temperature is shown in Figure 5. The CP-CRS
process had a marked decrease of H, and CH, at 500-600°C
after the Ni/Al,O; catalyst. This further suggested that H, and
CH, were activated by the Ni/Al,O; catalyst and took part in the
coal pyrolysis and increased the crude tar yield. At 800°C, the
strong reform reaction of CH4 and CO, achieved a considerable
increase of H, and CO with a sharp decrease of CH, and CO,
after the Ni/Al,O; catalyst. More free radicals or active gas

High-Valued Coal Utilization

formed in the catalytic reform reaction process participated in
the pyrolysis reaction and suppressed the decline of the tar yield.
Meanwhile the increase of the H, and CO products made
significant contributions to the increment of the total gas
volume under SFG and CRS in Figure 4 at high temperature.

The evolution behavior of the crude tar yield was further
elucidated in terms of the light tar and the heavy tar. The yields of
the light tar and the heavy tar under the three different
atmospheres are shown in Figures 6A,B, respectively. At
500°C, the light tar yield under N,, SFG, and CRS was 4.28,
5.51, and 6.44 wt%, respectively. The order of the light tar yield
from high to low was CRS, SFG, and N,. The same variation trend
of the light tar yield under the three different atmospheres is also
observed in Figure 6A at 600-800°C. This suggested that the SFG
and CRS over Ni/Al,O; were much better to promote the light tar
evolution. What is more, the promotion under CRS over Ni/
Al,O; was stronger than that under SFG. The heavy tar yield
under the three different atmospheres kept a nearly same level,
approximately 4.61-4.78 wt% at 500°C, 4.90-4.95 wt% at 600°C,
and 3.62-3.65 wt% at 700°C as shown in Figure 6B. A little
promotion effect of SFG and CRS on the heavy tar yield could be
observed.

By comprehensive comparative consideration of the light tar
yield and the heavy tar yield shown in Figures 6A,B, it was found
that SFG and CRS over Ni/Al,O; were preferable to enhance the
evolution of the light tar but not the heavy tar during the coal fast
pyrolysis in the fluidized bed reactor. This enhancement of the
light tar evolution under SFG and CRS made main contributions
to increasing the crude tar yield listed in Figure 2A. This was
mainly because the molecular weight of the components in the
light tar was smaller than that in the heavy tar and the number of
molecules of the light tar components was much larger than that
of the heavy tar components. As a result, it leaded that the active
species from SFG and CRS were captured and bonded more

-
o [¢)] o

Gas volume (L)

'
o

-10 1 . 1 . 1 . 1
500 600 700 800

Pyrolysis temperature (°C)

FIGURE 5 | Volume difference of the gas components between SFG
plus CP-N, and CP-CRS versus temperature.
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strongly by precursors of light tar than that by precursors of heavy
tar. This superiority strengthened the light tar releasing but
restrained the heavy tar evolution during the coal fast
pyrolysis process under SFG and CRS in the fluidized bed reactor.

In addition, the water yield was a distinct indicator of the
catalytic reform reaction of CH, and the de-hydroxyl reaction of
the phenol components. The water yield under the three different
atmospheres at different temperature is presented in Figure 7.
With the coal pyrolysis temperature increasing, the curve of the
water yield under N, was flat and the curves of the water yield
under SFG and CRS ascended sharply. The difference between the
water yield under N, and that under SFG and CRS increased
significantly when the pyrolysis temperature increased to above

w
(o2}

N,
SFG
CRS over Ni/Al,O4

- - N w
N o ES o
T T T T

Selectivity of phenols in light tar (area%)
[«

500 600 700 800
Pyrolysis temperature (°C)

FIGURE 8 | The selectivity of the phenol components under different
atmosphere.

700°C at which the catalytic reformation reaction happened,
shown in Figure 5, and the de-hydroxyl reaction of phenols
occurred, presented in Figure 8. More free radicals formed under
CRS enhanced the two reactions mentioned above and more
water yield was obtained under CRS over Ni/ALO5.

The Characterization of the Light Tar
Components

The systematical analysis of the data obtained from the GC-MS
detection of the light tar was conducted. For better understanding
of the evolution and distribution behavior of the light tar
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TABLE 4 | The information of the detailed contents of each category.

Categories

Aromatic components

Aliphatic components

Phenol components

O-containing components (phenols excluded)

Chain hydrocarbon compounds

High-Valued Coal Utilization

Contents

Benzene, naphthalene, anthracene, and their homologues

Phenol, naphthol, anthranol, and their homologues
O-aliphatics: alcohols, aldehydes, ketones, esters, ethers, etc. O-aromatics: benzofuran, 1H-indenol, dibenzofuran, 1H-

Inden-1-ol, 2,3-dihydro-, etc. and their derivatives

Other heteroatom components

Pyridine, quinoline, heterocycle compounds, and their derivatives
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FIGURE 9 | The selectivity of the components in the light tar.

components in this article, both several hundred aromatic
compounds and some non-aromatic compounds discovered in
the light tar were classified into five categories: aromatic
components, aliphatic components, phenol components,
O-containing components (phenols excluded), and other
heteroatom components according to the characteristics of the
molecular structure and the functional groups. The information
of the detailed contents of each category is illustrated in Table 4.

The Evolution Behavior of the Series Varying

With the Coal Pyrolysis Temperature

The selectivity of each category in the light tar that evolved from
the coal fast pyrolysis under SFG is listed in Figure 9. At 500°C,
the selectivity of the aromatic components in the light tar
accounted for approximately 30 area%. The selectivity of the
phenol components, aliphatic components, and heteroatom
compounds remained at a similar level with the values of 20.2
area%, 18.3 area%, and 16.7 area%, respectively. The
O-containing components (phenol compounds excluded)
presented a lowest selectivity among all the components in the
light tar. With the coal pyrolysis temperature increasing, the
selectivity of the aromatic components increased monotonously
and reached the maximum level at 800°C, accounting for more
than 50 area% of the total components’ peak area, whereas the

80
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2
£
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o
@©
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320 -
=
=
5]
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[7]
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Pyrolysis temperature (°C)
FIGURE 10 | The selectivity of the aromatic components under different
atmosphere.

selectivity of the aliphatic components and the heteroatom
components decreased. For the phenol components, the
maximum selectivity of 25.7 area% was achieved at 600°C and
then decreased with the pyrolysis temperature further growing.
The selectivity of the O-containing components showed little
variation with the coal pyrolysis temperature.

As shown in Figure 10, the selectivity of the aromatic
components produced both under the N, atmosphere and
under CRS over Ni/AL,O; catalyst increased monotonously
with the coal pyrolysis temperature as well. In addition, at
different temperature, the selectivity of the aromatic
components that evolved under CRS over Ni/AL,O; catalyst
presented the highest level (64.7 area% at 800°C), followed by
that under SFG (58.3 area% at 800°C) and N, (56.5 area% at
800°C) in order. These revealed that, compared to the N,
atmosphere, the SFG made a stronger effect on improving the
evolution of the aromatic components during the coal fast
pyrolysis. The fuel gas atmosphere activated by the Ni catalyst
could further enhance the evolution of the aromatic components.

These improvements of the aromatic components’ selectivity
under the atmosphere of SFG and CRS over Ni/Al,O5; were
achieved at the cost of the phenol components consumption.
The de-hydroxyl reaction of the phenol components in the light
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FIGURE 11 | The selectivity of the O-containing compounds under
different atmosphere.

tar could happen at pyrolysis temperature above 700°C. H free
radicals formed in the SFG atmosphere facilitated these de-
hydroxyl reactions through the combination of H radicals and
hydroxyl groups. The selectivity of the phenol components
shown in Figure 8 decreased from 24.4 area% under N,
atmosphere to 17.2 area% under SFG at 700°C. More free
radicals could form under CRS over Ni/Al,O; and further
enhanced these de-hydroxyl reactions. The selectivity of the
phenol components reduced to 14.8 area% under CRS.
Meanwhile these de-hydroxyl reactions were verified by the
increment of the water yield listed in Figure 7 under the SFG
atmosphere and activated SFG atmosphere. As a result, the de-
hydroxyl reactions did a favor to the conversion from the phenol
components to the aromatic components and led the selectivity
of the aromatic components to increase markedly under SFG
and CRS over Ni/AlLO;.

In the other aspect, it was also observed in Figure 11 that the
selectivity of the phenol components was higher under SFG than
under N, atmosphere at 500°C. It was indicated that the free
radicals from SFG could be used to enhance the phenol
components evolution when the de-hydroxyl reaction had not
happened at low temperature. More free radicals could be
produced under CRS over Ni/Al,O5 and further enhanced the
phenol components evolution at a low temperature.

In contrast to the phenol components, the selectivity of the
O-containing components (phenols excluded) in the light tar (15
area% at 500°C) listed in Figure 11 which evolved under SFG was
much lower than that under the N, atmosphere (26 area% at 500°C)
at low pyrolysis temperature. The evolution of the O-containing
components (phenols excluded) was suppressed under SFG and CRS
over Ni/Al,O; at low pyrolysis temperature of 500-600°C. As
temperature increased (700-800°C), the selectivity of the
O-containing components under the N, atmosphere decreased to
a level similar to that under SFG and CRS over Ni/Al,Os.

-
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FIGURE 12 | The selectivity of the O-aliphatic components under
different atmosphere.
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FIGURE 13 | The selectivity of the O-aromatic components under
different atmosphere.

Meanwhile the selectivity of the O-containing components
under SFG and CRS over Ni/Al,O; kept a relatively constant level
at 500-800°C, respectively. The further analysis was conducted by
classifying the O-containing components into two sub-categories
consisting of O-aromatic components and O-aliphatic
components according to the characteristics of the molecular
structure. Under the N, atmosphere, the selectivity of both the
O-aromatic components and the O-aliphatic components in the
light tar decreased with the increase of the coal pyrolysis
temperature. Meanwhile, under the other two atmospheres,
the selectivity of the O-aromatic components and the
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O-aliphatic components presented a different variation with the
coal pyrolysis temperature increasing.

For the O-aliphatic components listed in Figure 12, the selectivity
in the light tar under SFG and CRS over Ni/Al,O; was decreased with
the coal pyrolysis temperature. On the contrary, the selectivity of the
O-aromatic components in the light tar shown in Figure 13 produced
under SFG and CRS over Ni/ALOj; catalyst increased with the
increase of the coal pyrolysis temperature. At 500-600°C, the
selectivity of the O-aromatic components that evolved under SFG
and CRS over Ni/ALO; was lower than that under the N,
atmosphere. When the pyrolysis temperature increased to above
700°C, at which the second pyrolysis reaction happened, the
selectivity of the O-aromatic components under SFG and CRS
over Ni/ALO; increased to a higher level than that under the N,
atmosphere. This was because, at low pyrolysis temperature, the H
radicals abounding in SFG and CRS were combined with oxygen
existing in volatile products and suppressed the O-aromatic
components evolution during the coal fast pyrolysis. At high
pyrolysis temperature above 700°C, the reforming reaction
between CH,; and CO, happened. More O-containing active
species were formed and facilitated the formation of O-containing
heterocycle structure which combined to the aromatic ring structure.
It led to the production of more O-aromatic components and
increasing the selectivity of O-aromatics in the light tar.

CONCLUSION

The evolution behavior of the light tar during the coal fast
pyrolysis at 500-800°C in a fluidized bed reactor under N,
SFG, and CRS over Ni/Al,O; was investigated in this article.
More crude tar yield was obtained from the coal fast pyrolysis
under SFG and CRS over Ni/AlL,Os;. Compared to the N,
atmosphere, the SFG and CRS over Ni/Al,O; could strengthen
significantly the light tar evolution, but the heavy tar yield was
scarcely promoted by SFG and CRS over Ni/Al,O;. The selectivity
of only the aromatic components in the light tar was increased
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