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Coal pyrolysis under synthesis gas hydrogen and nitrogen
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Abstract Chinese Xundian Mongolian Shiveeovoo lignites and Khoot oil shale are pyrolyzed under synthesis gas

SG  at temperature range from 400 C to 800 C for lignite and from 300 °C to 600 C for oil shale with heating rate of
10 C/min in a fixed bed reactor. The results were compared with those obtained by pyrolysis under hydrogen and nitro-
gen. The results showed that unlike pyrolysis at high pressure there are only slight different in the yields of char and tar
among pyrolyses under various gases at room pressure for lignite while higher liquid yield with lower yields of char and
gas was obtained in pyrolysis of oil shale under SG and H, than under N,. It is found that the pyrite S can be easily re-
moved to partially convert to organic S under various gaseous atmosphere and the total sulfur removal for oil shale is
much less than lignite which might be related to its high ash content. The higher total sulfur removal and less organic S
content in the presence of SG in comparison with those under N, and even under H, in pyrolysis of Xundian lignite might
result from the action of CO in SG. However CO does not show its function in pyrolysis of Khoot oil shale which
might also be related to the high ash content. The results reported show the possibility of using synthesis gas instead of
pure hydrogen as the reactive gas for coal hydropyrolysis.
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China and Mongolia are the countries of lack of
oil source with relative rich in coal resource. How to
convert coal into oil is a major project in both coun-
tries which will affect the national safety and the e-
conomic sustainable development.

Hydropyrolysis HyPy is a pyrolysis process
under hydrogen. Compared with pyrolysis under inert
gas the quantity and quality of tar are improved and
low sulfur char is produced in HyPy due to that the
thermally released free radicals can be stabilized by
capturing hydrogen to produce tar with low molecular
weight compounds and that most sulfur in coal can be
removed as gaseous H,S ' > . Thus HyPy provides a
route for the production of liquid from coals and ex-
tensive studies on HyPy have been reported. Howev-
er because of the high cost of pure hydrogen HyPy
is not a feasible process and coal pyrolysis using chea-
per hydrogen rich gases such as coke-oven gas

COG and synthesis gas SG in stead of pure hy-
drogen has been proposed * . Pyrolysis under COG
was investigated more detail in our lab however

pyrolysis under SG was less studied especially for oil
shale *” . For increasing coal utilization efficiency
and mitigate the pollution multi-generation process
has been proposed as the future clean coal technolo-
gy which is mainly based on coal gasification with
synthesis gas production ® . Thus it might be possi-
ble to pyrolyze coal under SG as the 1st step in the
multi-generation technology.

The purpose of this work is to study the possibili-
ty of using SG instead of pure hydrogen as the reac-
tive gas for pyrolysis of coal and oil shale. The results
will be compared with those obtained in pyrolysis un-
der H, and N,. The desulfurization in pyrolysis under
SG is also investigated.

1 Experimental

1.1 Samples Mongolian Shiveeovoo lignite

Khoot oil shale and Chinese Xundian lignite with par-
ticle size from 60 to 80 mesh were used in this study.
Their characteristics including approximate and ele-
mental analyses the sulfur form and ash composition
are shown in Tables 1 ~3.

Table 1 Proximate and ultimate analysis of samples
Proximate analysis w ,./% Ultimate analysis w ./ % H/C
Sample M A V C H N S o atom. ratio
Shiveeovoo 10. 89 16.10 34.16 54.95 4.70 1.55 0.51 20.22 1.03
Xundian 10. 00 15.92 46.42 53.39 4.39 1.09 1.64 21.79 0.99
Khoot 3.40 83.11 13.13 6.86 1.08 0.32 1.40 4.38 1.89

* -by difference
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Table 2 Sulfur forms of samples 1w,/ %

Synthesis gas was produced by methanol decom-

Samples S, s, S, S, position and provided by the Institute of Coal Chemis-
Xundian coal L oa o0 0.63 0.01 try with the following composition vol% H,
64.82% CO 31. 60% CH, 2. 43% CO,
Khoot oil shale 1.40 1.14 0.20 0.06 0.64% and N, 0.51%.
Table 3 Ash composition of the Khoot oil shale w /%
Sio, Al,O, Fe,0, CaO Na,O K,O P,O0, MgO TiO,
55.8 14.5 6.15 13.6 1.22 2.58 0.06 3.93 0.56

1.2 Pyrolysis Pyrolysis test was performed in a
quartz tube reactor containing 5 g coal samples or 10 g
Mongolian Khoot oil shale samples at temperature
ranging from 400 C to 800 C for coal and from
300 C to 600 C for oil shale with a heating rate of
10 C/min and a flow rate of 150 mL/min under SG

H, and N, atmospheres at the atmosphere pressure.
The liquid containing tar and water was collected in a
cold trap. The gases were sampled regularly and ana-
lyzed by GC. After reaction the char was weighted
and collected. The sulfur removal SR was calculat-
ed according to the following equation

St coal — St char X Y
SR = S x 100%
t coal

where S, ., total sulfur in raw coal S
sulfur in char Y yield of char.

The Eschka analytical procedure was used to de-
termine the total sulfur in coal and chars. The sulfur
forms in coal and char was analyzed according to GB-
215-82. Briefly sulfate S was extracted with HCI and

total

t char
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Product yields in pyrolysis of Khoot oil shale un-
der H, SG and N, at 600 C is shown in Table 4.
Due to high ash content in Khoot oil shale the a-
mount of liquid after pyrolysis was not enough to sep-
arate the water and tar. In comparison with lignite
from Figure 1 marked difference in product yield is
found in pyrolysis under various gases i.e. higher
liquid yield with lower yields of char and gas was ob-

Owater under H, achar under N,
Ogas under H, <«tar under N, s%gas under N,

measured gravimetrically and then the residue was
further extracted with HNO, to determine pyrolytic S.
The content of organic S was calculated by subtraction
of the inorganic S from the total S.

2 Results and discussion

2.1 Pyrolysis under SG H, and N, Figure 1
show the product yields in pyrolysis of Mongolian
Shiveeovoo and Chinese Xundian lignites at different
temperature under H, SG and N,. It seems that un-
like pyrolysis at high pressure * there are only slight
different in the yields of char and tar among pyrolyses
under various gases at atmosphere pressure for both
lignites indicating that gaseous hydrogen shows its
notable hydrogenation ability only at high pressure. It
is also found that water yield is higher for both lig-
nites due to their high oxygen content. Compared
with Shiveeovoo lignite tar yield is higher for Xundi-
an lignite which should be related to its higher con-
tent of volatile matter.
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and Xundian right lignites under SG H, and N,
* water under N,

tained in pyrolysis under SG and H, than under N,.
Table 1 indicates that the molecular ratio of H/C in
oil shale reaches higher than 1. 8 while only about
1.0 for lignite showing that oil shale mainly contains
aliphatic structure which can be thermally decom-
posed to form free radicals and then be hydrogenated
easily by gaseous hydrogen at even normal pressure.
The conversion of oil shale during pyrolysis is much
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higher than that of lignite as shown in Figure 2. It is
also found that there is no significant difference be-
tween the product yields in both pyrolyses under SG
and H, implying that SG can replace H, in pyrolysis
of oil shale and lignite.

Table 4 Product yields in pyrolysis of Khoot
oil shale under H, SG and N, at 600 °C
Product distribution w ./ %

Atmosphere —
char liquid gas
SG 25.8 66.3 7.9
H, 25.6 67.9 6.5
N, 32.4 52.4 15.2
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2.2 Desulfurization Figures 3 ~4 and Tables 5
~ 6 show the desulfurization of Xundian coal and
Khoot oil shale and the removal of various sulfur
forms in pyrolysis under various gases. It is found that
more than 90% of pyrite S was removed for both sam-
ples despite of different samples and various atmos-
pheres indicating that pyrite S can be easily removed.
The total sulfur removal of oil shale is much less than
that of lignite which may be related to the high ash
content especially the alkaline-earth minerals that can
trap H,S liberated during pyrolysis ' . It is found that
the organic sulfur in both samples increases in pyroly-
sis under various gases. The increasing trend of pyrite
S removal with increasing temperatures seems to be i-
dentical with the increase of organic S in pyrolysis of
oil shale and lignite as shown in Table 5 and 6 impl-
ying that the sulfur released in pyrite decomposition
during pyrolysis could react with the organic char ma-
trix and get incorporation in coal matrix * . It is also
found that the total sulfur removal is higher in the
presence of SG in comparison with that under N, and
even under H, in pyrolysis of Xundian lignite. More
sulfur including decomposition of pyrite S and partial
organic S might react with CO to form COS ' lead-
ing to high desulfurization in the presence of SG. The

less content of organic S in lignite char obtained by
pyrolysis under SG in comparison with those under H,
and N, may also prove the action of CO in SG. How-
ever CO does not show its function in pyrolysis of
Khoot oil shale which may also be resulted from the
high ash content especially its high content of CaO
as shown in Table 3. It was reported that the addition
of CaO had remarkable effect on reducing H,S and
COS throughout the whole pyrolysis temperature * .
The minerals in coal may catalyze the decomposition
or inhibit the formation of COS "' .
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Table 5 Sulfur form and desulfurization in
pyrolysis of Khoot oil shale under

H, SG and N, at 600 °C
Desulfurization /%

Sulfur forms w /%
S S S SR, SR, SR,

Atmosphere
S( p s o t

Raw coal 1.35 1.10 0.19 0.06

SG 1.15 0.06 0.08 1.01 26.2 95.3 63.5
H, 1.09 0.08 0.03 0.98 26.2 93.7 86.3
N, 1.21 0.12 0.14 0.95 21.6 90.5 35.5
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Table 6 Sulfur form and desulfurization in pyrolysis
of Xundian lignite under H, SG and N, at 600 °C
Sulfur forms w /%

Desulfurization /%

Atmosphere—g =g =S S, "SR, SR, SR
Raw coal 1.48 0.90 0.57 0.01
SG  0.64 0.12 0.11 0.41  80.5 94.0 91.3
H, 1.24 0.03 0.21 1.00 62.1 98.5 83.3
N, 1.25 0.06 0.23 0.96  60.3 96.9 81.0
3 Conclusions

Chinese Xundian lignite Mongolian Shiveeovoo
lignite and Khoot oil shale are pyrolyzed under syn-
thesis gas atmosphere and the results were compared
with those obtained by pyrolysis under hydrogen and
nitrogen. Some conclusions can be drawn as follows

1 Unlike pyrolysis at high pressure there are only
slight different in the yields of char and tar among py-
rolyses under various gases at room pressure for lig-
nite while higher liquid yield with lower yields of
char and gas was obtained in pyrolysis under SG and
H, than under N,.
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