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Abstract: Inherent minerals play a
significant role in the thermal conversion
of coal. However, the influence
mechanism of the interactions among
minerals on the generation of tar during
coal pyrolysis remains unclear. To

investigate the mechanism of the effect

Kaolinite Metakaolin

of acidic mineral components on the behavior of Ca*" during coal pyrolysis, several samples were prepared by HCI and HF

washing and Ca®" ion exchanging. The pyrolysis behaviors of the experimental coal samples were examined in a fixed-bed

reactor. During the acid washing process, the ash content was effectively reduced, while the contents of organic elements such as

carbon and hydrogen were also decreased. The loading of ion-exchangeable calcium enhanced the thermal weight loss rate of the

coal sample in the 500-550 °C range, and the corresponding peak temperature shifted from 530 to 514 °C for the coal without

Ca. When coal was pyrolyzed at a final temperature of 600 °C with a slow heating rate, kaolinite in acidic mineral components

undergoes dehydroxylation to form metakaolin, and the content of small aromatic rings (<6 rings) in the char pyrolyzed by Ca-

loaded coal sample was lower than that of the coal sample after acid washing. Due to the coexistence of acidic mineral

components with ion-exchangeable Ca, the content of aliphatic hydrocarbons in the pyrolysis tar of YL-HCI-Ca reached 21.98%,

significantly higher than 13.60% in the corresponding pyrolysis tar of YL-De-Ca. From the apparent results, it can be found that

the acidic mineral components inhibit the adverse effect of ion exchangeable Ca®* on the lightening of coal tar.
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China is one of the world’s largest producers and
consumers of energy, and coal functions as the “Ballast
stone” and “stabilizer” of energy security. Low rank coal is
abundant in China; however, the high oxygen content and
low calorific value of low rank coal limit the supply as
power fuel. Pyrolysis is a suitable technology for low rank
coal conversion, which can take advantage of its high
volatile matter and reactivity to obtain semi-coke, gas and
tar. After subsequent separation and processing, coal tar
could be converted into high value-added products such as
special fuels, fine chemicals and carbon materials™.
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However, lower tar yield and the high content of heavy
components in tar pose significant challenges to process
equipment operation and subsequent product separation.
Therefore, effective measures should be taken to increase
the yield of coal tar and improve the product selectivity, by
which a long-term stable operation of low rank coal
pyrolysis can be effectively promoted.

Coal pyrolysis process involves complex reactions, and
the inherent minerals in coal significantly influence the
production of coal tar®?. Calcium-based minerals
commonly occur as inherent mineral components in coal™,
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especially for the abundant coal resources discovered in
Zhundong, Xinjiang, with the content of CaO in the ash
reaching over 40%". As a common occurrence form of Ca,
the ion-exchangeable calcium forms chemical bonds with
organic matter, and its mechanism of action is closely
related to both the primary cracking of coal and the
secondary reactions of volatiles. Scholars have done a lot of
work on the effect of Ca®* on the coal pyrolysis. However,
due to the complexity of coal structure and pyrolysis
processes, the addition method of Ca and pyrolysis
conditions significantly influence the pyrolysis mechanism.
The conclusion obtained from research varies with
literature. The main methods of Ca addition include ion
exchange, impregnation and mechanical mixing. Compared
to coal samples without Ca addition, the coal loaded with
ion exchanged Ca”" shows a declining trend in the yields of
semi-coke and tar under low-temperature slow pyrolysis
conditions®”), while Ca-impregnated coal results in an
increased semi-coke yield®*.. The coal mixed with calcium
acetate by mechanical mixing exhibits a decreased semi-
coke yield and an increased tar yield in the high-
temperature pyrolysisl'”. Also, the addition method of Ca
affects the physicochemical structure of coal. Coal
undergoes impregnation and rinsing by Ca®* solution during
ion exchanging reaction, leading to the formation
of —COOCa bonds and more pore structure. Calcium
compounds disperse on the coal surface and within the
pores uniformly during impregnation, which may lead to
pore blockage. The mechanical mixing method mixes solid
samples containing calcium compounds with coal powder,
which cannot achieve complete uniform dispersion and only
allows surface contact between Ca and coal. Pyrolysis
conditions such as heating rate, final pyrolysis temperature,
and residence time regulate the heat and mass transfer
processes during coal pyrolysis and influence the effect of
Cal* ™12 Bao et al.*** found that ion-exchangeable Ca
undergoes different chemical reactions with temperature
rising. The form of Ca is transformed, accompanied by
organic matter cracking, resulting in the varying yield and
composition of volatiles. As a divalent ion, Ca*" acts as a
cross-linking site in the coal structure. During pyrolysis, the
tight structure inhibits the release of volatiles. Ca combines
with —COQO in coal or the carbon matrix in semi-coke and
decomposes continually, causing secondary reactions of tar
precursor, which may crack into gases or form coke.
Additionally, during slow low-temperature pyrolysis, Ca*"
increases the proportion of polycyclic aromatic
hydrocarbons in tar, enhancing the content of heavy
fraction'®. The research also indicates that Ca’®* has an
adverse effect on the yield and light fraction of coal tar
under slow low-temperature pyrolysis conditions.

Acidic components of minerals in coal are compounds
containing Si and Al, such as SiO,, kaolinite and Al,O;, etc.
SiO, is stable during low temperature pyrolysis, primarily
exhibiting a physical effect on the coal pyrolysis, i.e., the

mineral particles are doped between organic substances,
which hinder the contact of organic substances, thus
affecting the mass transfer process!'®. Kaolinite can
facilitate the release of tar precursors from the surface of
coal char to form tar during low-temperature pyrolysis.
Acid-modified kaolinite can promote the generation of light
components in tar through catalytic effects!”. By adding
Al O; to a coal, the thermal reactivity of coal is significantly
enhanced at 580 °C, and the release of volatile matter
increases!'®. From the above studies, it can be concluded
that the acidic mineral components exhibit inert or
beneficial effects on the coal tar production under low-
temperature pyrolysis conditions.

The affecting mechanisms of minerals on the coal
pyrolysis are not completely the same. During the thermal
conversion, minerals have many effects on organic matter
evolution, resulting in changes in the primary cracking of
coal and the secondary reaction of volatile matter™" 2",
Researchers have employed diversified minerals to regulate
the thermal transformation process™ *%. Currently, most
studies about the interaction between minerals focus on the
gasification process, while the influence mechanism of
minerals on the tar generation in the coal pyrolysis process
is still unclear. Therefore, further research on the combined
effect of different types of minerals on the generation and
transformation of tar during coal pyrolysis is necessary to
provide theoretical basis for improving the quality of coal
tar. This study aims to investigate the influence of acidic
components of minerals on the reaction behavior of ion-
exchangeable Ca in the coal pyrolysis process, especially on
the generation mechanism of pyrolysis tar. Coal samples
under minerals removing completely or removing metal
minerals by hydrochloric acid to retain the acidic
components of minerals are selected as the samples for
loading Ca*". Calcium acetate is used as the ion-exchange
material, and the calcium is loaded into the organic structure
of the coal by ion exchangeable reaction. The pyrolysis
behavior and products of different coal samples are tested to
explore the influence of mineral types on the generation
mechanism of tar.

1 Experimental

1.1 Experimental material

The coal used in the experiment was from Yili, Xinjiang,
with particle sizes of 0.15-0.18 mm, which was denoted as
YL. The coal sample was dried in a vacuum oven at 105 °C
for 12 h before using. The proximate and ultimate analyses
of YL was carried out in accordance with the standards of
GB/T212—2008 and GB/T31391—2015, and the results
are shown in Table 1. The analysis of ash composition was
carried out in accordance with the GB/T1574—2007
standard, and the results are shown in Table 2.
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Table 1 Proximate and ultimate analyses of coal
Proximate analysis w/% Ultimate analysis wg,/% Atomic ratio
S,

Sample Aq Viat C H Oa1 N . H/C o/C
YL 9.29 36.46 76.47 4.01 >17.69 0.77 1.06 0.63 >0.17
YL-HCI 3.71 34.99 75.58 4.05 >18.73 1.03 0.46 0.64 >0.19
YL-De 1.10 34.54 76.10 3.88 >18.50 1.03 0.48 0.61 >0.18
YL-HCI-Ca 6.09 38.01 76.32 3.73 >18.36 1.01 0.58 0.59 >0.18
YL-De-Ca 5.26 37.55 75.79 3.69 >19.06 1.00 0.45 0.58 >0.19

i by difference.
Table 2 Ash composition analysis of YL

Ash composition SiO, AlO, Fe,0, CaO MgO TiO, SO, K,O Na,O P,0;

Content w/% 13.95 9.36 23.98 18.98 5.30 0.38 26.71 0.52 0.25 0.042

The inherent minerals in coal are removed by the
stepwise acid leaching method. The specific steps are as
follows. Coal sample and 5 mol/L HCI solution were mixed
in a ratio of 1:10 (g:mL) in a beaker at room temperature.
After stirring evenly, let the mixture stand still. Then, the
mixture was stirred for 3 min every 3 h with a total reaction
time of 12 h. Afterwards, filtration was conducted and the
chloride ions were completely washed away by deionized
water. The obtained coal was dried in a vacuum oven at
105 °C for 24 h, which is denoted as YL-HCI
Subsequently, YL-HC] and 12 mol/L HF solution were
mixed in a ratio of 1:10 (g:mL) in a plastic beaker. The
next operating process is the same as HCI treating. The
filter cake was washed with deionized water until the filtrate
became neutral, and the washed coal was dried in a vacuum
drying oven at 105 °C for 24 h, which is denoted as YL-De.

The specific steps of ion exchangeable reaction are as
follows. YL-HCI1 and YL-De were mixed with 1.5 mol/L
calcium acetate solution in a ratio of 1:10 (g:mL) in a
beaker respectively. After stirring for 12 h, the mixture was
washed with a large amount of water and filtered. Then the
filter cake was dried at 105 °C for 24 h. The coal samples
prepared by ion exchanging are denoted as YL-HCI-Ca and
YL-De-Ca.

Electric furnace

g

1.2 Pyrolysis experiments

5.00 g coal sample was placed in a fixed bed reactor with
a quartz plate. Argon gas was introduced, and the gas flow
rate was maintained at 100 mL/min. The reactor was heated
at a rate of 10 °C/min to 600 °C, and retained for 30 min.
The resulting volatile products flowed into a gas-washing
bottle containing CH,ClI, for collecting tar, and the pyrolysis
gas was collected in a gas bag after filtration and drying.
The tar and char yields were obtained by weighing, the
water content was determined by Karl Fischer water
analyzer, and the collected gas was analyzed by a gas
chromatography (GC). The chars obtained from the fixed
bed pyrolysis reactor were named as YL-HCI-Char, YL-De-
Char, YL-HCI-Ca-Char and YL-De-Ca-Char, respectively.
The tar composition was analyzed by a two-dimensional gas
chromatography-mass spectrometry instrument (GCxCC-
MS). Each experiment was repeated at least twice to ensure
the accuracy of data. Due to the inevitable mass loss during
the experiment, the sum of all the product yield was lower
than 100%.
experiment is shown in Figure 1.

A brief process flow of the pyrolysis
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Fig. 1

Schematic diagram of the fixed-bed pyrolysis reaction process
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1.3 Characterization

The organic structure and functional groups in coal
samples were analyzed using a Fourier Transform Infrared
Spectrophotometer (FT-IR, INVENIO-R). After mixing the
coal sample with potassium bromide powder and pressing it
into a pellet, the sample was scanned in a wavelength range
of 400—4000 cm™'. The specific surface area and pore size
distribution of the coal samples were measured using a
physical adsorption instrument (QUADRASORB evo),
from which the total specific surface area and total pore
volume were obtained using the BET method. The crystal
structure of minerals was analyzed using an X-ray
diffraction spectrometer (XRD, Mini Flex 600 type). And a
thermal gravimetric analysis (TG, SETARAM) was
conducted to get the thermal weight loss curve of the coal
sample. About 10 mg sample was placed in a corundum
crucible and heated from room temperature to 1050 °C at
10 °C/min in an argon gas flow of 100 mL/min.

2 Results and discussion

2.1 Effect of ion exchange on coal basic properties

The basic properties of the coal sample prepared are
shown in Table 1. The ash content showed that acid
washing effectively removed the mineral components in
coal, and the ash content increased again due to the loading
of Ca® by ion exchange, indicating that Ca*" was
successfully added to the acid-washed coal sample. After
leaching metal minerals with HCI, the volatile matter
decreased from 36.46% of YL to 34.99%, while the volatile
matter of YL-HCI-Ca increased to 38.01%, indicating that
the Ca by ion exchange is positive to the evolution of
volatile matter. From the H/C atomic ratio of the coal
sample, it can be seen that the acid washing and Ca*
loading processes have a certain impact on the carbon and
hydrogen composition of the coal. Some small molecular
compounds in coal have been leached out during the
process, so the H/C atomic ratio of pretreated coal
decreased. In addition, it is worth noting that the S content
decreased significantly after acid washing, indicating that
most of the sulfur in YL is inorganic sulfur, which was
casily leached out during the demineralization process.

To investigate the effect of ion exchange on the chemical
structure of the coal, an infrared spectroscopy analysis was
performed on the acid-washed coal and the sample with
Ca™ loading, and the results are shown in Figure 2. The
characteristic position of —COOH is at 1700 cm™’, and it can
be seen that the peak intensity here decreased significantly
after ion exchange, proving that the ion exchange reaction
converted the structural M—COOH (where M represents the
organic structure of coal) into M—COO—Ca—. However, the
structures such as aliphatic “CH;, —CH,— and aromatic C=C
did not exhibit obvious change, proving that the ion
exchange did not destroy the main structure of the coal.

—CH, —COOH
—OH _cH,

Aromatic C=C

——YL-De
——YL-De-Ca
——YL-HCI
——YL-HCI-Ca

3750 3000 2250 1500 750
Wavenumber/cm™

Fig. 2 Infrared spectra of acid-washed coal and coal samples
loaded with Ca**

2.2 Effect of Ca®* and acidic mineral components on
the thermal reactivity of coal

To investigate the thermal reactivity of coal samples, the
TG and DTG (differential thermal gravity) curves of coal
were obtained. Because the ash content of coal could
interference the results, the data were converted to the dry
ash-free basis (daf) in this section. The results are shown in
Figure 3. Coal samples not only underwent changes in the
content of minerals but also lost low molecular weight
compounds during the acid washing and ion exchange
reaction*®!, The content of hydrogen in low molecular
weight compounds is relatively high, so the loss of organic
substances would lead to a decrease in the hydrogen content
of coal®. Meanwhile, the loss of minerals and low
molecular weight compounds would cause changes in the
physical structure, with an increase in specific surface area
(Table 3). The developed pore structure is conducive to the
diffusion of wvolatile matter produced during pyrolysis.
Therefore, the thermal weight loss behavior of coal is the
result of the combined effects of multiple factors. The TG
curves show that there is little difference in the weight loss
of coal samples below 450 °C. With the temperature rising,
the differences gradually become more obvious, and the
order of final weight loss is: YL-De < YL-HCI < YL-HCI-
Ca < YL-De-Ca. The DTG curves show that the maximum
weight loss rates of the coal samples are very close, but the
weight loss rates between 500 and 550 °C are significantly
different. The peak temperature of the weight loss rate of
the coal samples loaded with Ca is approximately 514 °C,
which is 16 °C lower than that of the corresponding coal
samples without ion exchange. Moreover, the weight loss
rates of YL-De-Ca and YL-HCI-Ca are also higher at the
peak temperature, indicating that the thermal reactivity of
coal is higher and the cracking ability is enhanced after
loading Ca®'. Tt has also been observed that the trend or
difference in the reactivity of coal or biomass before and
after adding Ca varies with temperature in other
research””] indicating that the thermal reactivity
behavior with Ca is related to the temperature.
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Fig. 3 TG-DTG curves of acid washed coal and coal samples loaded with Ca*

Table 3 Surface area and parameters of pore structure of acid
washed sample

BET surface  Total pore volume Average pore
Sample 2 -1 3 -1 .

area/(m g ) /(em™-g ) diameter/nm
YL-HCI 3.5258 0.0081 9.2441
YL-De 4.1204 0.0092 8.9309

2.3 Distribution of products obtained from fixed-bed
reactor pyrolysis

The yields of products obtained from coal pyrolysis in the
fixed-bed reactor are shown in Figure 4. During the acid
washing process, the loss of minerals and small molecular
compounds increased the pore volume and specific surface
area, while the hydrogen content decreased. During the
process of loading Ca, the hydrogen of carboxyl groups
decreases due to the ion exchangeable reaction and more
small molecular compounds are dissolved in the solution,
resulting in a decrease in the H/C atomic ratio of coal loaded
with Ca?". The distribution of the pyrolysis products is also
affected by these factors. The tar yield of YL-HCl is 10.03%,
significantly lower than that of other coal samples. YL-HCI
was just undergone one step acid washing. Although YL-
HCI had a high H/C atomic ratio, its specific surface area
was smaller, and the diffusion of volatile matter was the

[_1Oxygenated compounds ] Heterocyclic compounds

] Aromatics [ Aliphatics

120
(a)

100 |

S g0t

]

o

£

S 60

o

2

=

2 40t
20

YL-De YL-De-Ca YL-HCl YL-HCI-Ca
Sample

most unfavorable among the coal samples, resulting in a
low yield of tar. However, the tar yields of YL-De, YL-De-
Ca and YL-HCI-Ca did not show a significant difference.
The reason is that the physical structure, the organic matter
type changes and the loading of ionic exchangeable Ca®* all
have an impact on the pyrolysis process, and the tar yield is
related to the combined effect of multiple factors.

The composition of the tar fractions is shown in Figure 5.
The proportions of aliphatic hydrocarbons in coal tar
obtained by YL-HCI and YL-De pyrolysis were 29.74% and
21.36%, respectively, while the contents of aromatic
compounds were 47.37% and 54.25%, respectively.

100 [ Tar [ Water [] Gas [_]Char
o
51
T
= Il
=
Q L
s 50
25

YL-De YL-De-Ca YL-HCl YL-HCI-Ca
Sample

Fig. 4 Product distribution of coal pyrolysis in the
fixed-bed reactor

[ Polycyclic aromatics ~ [_]Monocyclic aromatics

75 1 (b)

60- .
 m—

45

30
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YL-De YL-De-Ca YL-HClI YL-HCI-Ca
Sample

(a): Group composition of tar; (b): Distribution of aromatics.

Fig. 5 Group composition of tar derived from fixed bed pyrolysis
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It is indicated that the existence of silicon-aluminum
minerals in coal can promote the formation of aliphatic
hydrocarbons. Compared with the corresponding ion
exchangeable coal samples YL-De-Ca and YL-HCI-Ca, the
contents of aliphatic hydrocarbons in coal tar produced by
YL-De and YL-HCI pyrolysis were higher. This suggests
that after loading Ca®', the aliphatic compounds produced
by the pyrolysis of coal underwent an aromatization
reaction, especially the formation of polycyclic aromatic
compounds was enhanced. The proportions of aromatic and
aliphatic compounds obtained from the pyrolysis process of
YL-HCI-Ca were 59.41% and 21.98%, respectively, which
are between those of the tar fractions obtained from YL-
HCl and YL-De-Ca pyrolysis. The oxygen-containing
compounds in the tar produced from ion exchangeable coal
sample became lower than that from coal without Ca. The
type of oxygen-containing functional groups in coal had
changed during the ion-exchange process. With the
breaking and forming of bonds between Ca and organic
matter, the migration path of oxygen in the system is also
affected!.

2.4 Structural analyses of coal and the char

2.4.1 XRD analysis

Figure 6 shows the XRD spectra of different coal samples
and the char obtained from fixed-bed coal pyrolysis. It can
be seen that the HCI insoluble crystalline minerals in YL
used mainly consist of SiO,, kaolinite and pyrite. Pyrite is
insoluble in HF, therefore, it still exists in YL-De. There is
a difference in affecting the coal pyrolysis between SiO,
and kaolinite. SiO, did not change during coal pyrolysis
because SiO, is stable at 600 °C and cannot participate in
the chemical reactions. It dispersed as an impurity in the
organic structure of the coal during pyrolysis and mainly
affects the contact of organic matter. As a result, the
influence on the production of pyrolysis tar is little!),
Comparing the XRD spectra of YL-HCI and its pyrolysis
char YL-HCI-Char, it was found that kaolinite crystals
disappeared after pyrolysis, indicating that the kaolinite
structure transformed during pyrolysis.

1 ALSi,05(OH), 2 SiO, —— YL-De-Ca-Char
3 FeS, 4Fe, S — YL-De-Char
—— YL-HCI-Ca-Char

—— YL-HCI-Char
— YL-HCI
—— YL-De

Intensity

10 20 30 40 50 60
20/(°)

Fig. 6 XRD patterns of coal and char

The studies by Fabbri et al.” have confirmed that the
hydroxyl groups in kaolinite gradually decompose under
thermal condition, and the aluminum-oxygen octahedral
framework is destroyed, leading to a transition of kaolinite
from a crystalline to an amorphous structure. The
dehydroxylation effect is the strongest at 525 °C. As the
pyrolysis temperature was 600 °C in this work, the
dehydroxylation was complete. As a result, the
characteristic diffraction peaks of kaolinite disappeared and
metakaolin was formed. Although pyrolysis changed the
coordination structure of Al from AlY' to AlY and Al"Y, in
the case of only calcination, metakaolin did not have acidic
centers and would not catalyze the volatile matter
cracking!"”. However, if the dehydroxylation reaction of
kaolinite is accompanied by coal pyrolysis, hydroxyl groups
may participate in the reactions among coal volatile matter.
Hydroxyl groups can lower the energy barrier for aromatic
ring cracking®” and induce the aromatic ring deformation
and ring opening. When tar precursor in the coal
macromolecular structure cross-linking with Ca undergoes
aromaticization reaction, the hydroxyl groups can attack the
aromatic compounds and lead to the subsequent cracking,
generating more aliphatic hydrocarbons. This can also
explain the results of tar composition obtained from YL-
HCI and YL-De pyrolysis. In addition, SiO, and kaolinite
dispersed in the coal organic matter and can generate a
spatial steric hindrance, which inhibits the cross-linking of
coal molecules to some extent.

2.4.2 Analysis of char by Raman spectroscopy

Raman spectra of the char obtained from fixed-bed coal
pyrolysis is shown in Figure 7(a). The spectra within the
range of 800—1800 cm™ were fitted using the ten-peak
method!"***, which is shown in Figure 7(b). The specific
location and attributions are as follows. The G peak at
1590 cm™ corresponds to the E,, vibration of the aromatic
ring plane; the G, peak at 1700 cm™ corresponds to the
carbonyl structure; the Gy peak at 1540 cm™ corresponds to
the aromatic ring of 3—5 rings; the V, peak at 1465 cm™
corresponds to the vibration of methyl, methylene
functional groups or semi-circular aromatic rings; the Vg
peak at 1380 cm™ corresponds to the vibration of methyl
functional groups or semi-circular aromatic rings; the D
peak at 1300 cm™ corresponds to the highly ordered carbon
materials with a large aromatic ring system of no less than
six rings; the S peak at 1185 ¢cm ' corresponds to C—C and
C—H bonds between the aromatic group and alkyl group;
the S, peak at 1230 cm™' corresponds to the aromatic alkyl
ether with a bridge bond structure; the S; peak at 1060 cm™
corresponds to C—H bond of the aromatic ring; the R peak
at 960—800 cm™" corresponds to C—C bond of alkanes and
cyclic alkanes. Ap/4,, represents the proportion of large
aromatic structures of =6 rings, and Ag.vev/Ap
represents the ratio of the small aromatic ring structures (<5
rings) to the large aromatic ring structures. As shown in
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Table 4, YL-De-Ca-Char had a higher 4,/4,, value and a
lower value of A, vy, /Ap than YL-De-Char. The results
indicated that small aromatic rings transformed into large
aromatic ring structures during the pyrolysis process with
addition of Ca®’, and the content of large aromatic ring
structures in the char increased. However, the Ap/A,, values
of YL-HCI-Char and YL-HCI-Ca-Char were similar,
indicating that the retaining quartz and kaolinite to some
extent suppresses the thermal decomposition and
condensation reaction caused by ion exchange. The Ap/A4,,
value of the char obtained from the pyrolysis of the coal
sample with quartz and kaolinite was higher than the
corresponding value of the char obtained from the coal

sample treated by HCI-HF, whereas the corresponding
AgGevesvy/Ap  value was lower, indicating that the
aromaticity of char with clay mineral is higher and the
hydrogen content is lower. However, as shown in the
elemental analysis in Table 1, the H/C atomic ratio of coal
sample with mineral acid components was higher. The
proportion of aliphatic compounds in the pyrolysis tar of the
coal sample with mineral acid components was higher than
that of the corresponding coal washed by HCI-HF,
indicating that the acidic mineral components can act on the
hydrogen transfer reaction in the pyrolysis process,
promoting the transfer of hydrogen to the volatile matter.

G
@ YL HCI-Char ®
—— YL-HCI-Ca-Char
—— YL-De-Char
—— YL-De-Ca-Char
z z Pl
g g v, Gy
= =
S
L
R S 6
| /)
800 1000 1200 1400 1600 1800 800 1000 1200 1400 1600 1800
Raman shift/cm™ Raman shift/cm™
Fig. 7 Raman spectra of pyrolysis char and the example of fitting curves
Table 4 Fitting parameters of raman spectra
Sample A G vesvpy [Ap Ap/Aq
YL-De-Char 2.3101 0.1514
YL-De-Ca-Char 2.0832 0.1665
YL-HCI-Char 1.8482 0.1751
YL-HCI-Ca-Char 1.7714 0.1706

3 Conclusions

Coal samples with different mineral components were
prepared through HCI acid washing or HCI-HF acid
washing. The samples were followed to load Ca*" by ion
exchangeable reaction. The distribution and composition of
coal pyrolysis products in a fixed-bed reactor were
investigated, and the conclusions were drawn as follows.

During the acid washing and ion exchangeable reactions,
both the physical and chemical structures of coal changed.
Some small molecular compounds in the coal samples were
dissolved in the solution besides the minerals. The two-step
HCI-HF acid washing makes the pore volume and specific
surface area of the coal sample larger than that of the HCl
washing samples. The H/C atomic ratio values of YL-De,
YL-HCI, YL-De-Ca and YL-HCI-Ca were 0.61, 0.64, 0.58
and 0.59, respectively.

The TG-DTG analyses of coal indicates that the thermal
reactivity of coal with Ca is high and the cracking ability is
enhanced. When the final temperature of coal pyrolysis
reaches 600 °C, kaolinite will undergo dehydroxylation

reaction. As a result, the acidic mineral component in coal
promotes the transfer of hydrogen to the volatile matter
during coal pyrolysis process. The coexistence of ion-
exchangeable Ca® and acidic mineral components can
increase the content of aliphatic compounds in coal tar.
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