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Abstract—Same amounts of moisture were removed from Ximeng lignite (XL) with different particle size ranges pre-
treated at different drying temperatures. The effect of conventional drying on the grindability of the XLs was investi-
gated. Increasing the drying temperature improved the grindability of all the samples. The results of scanning electron
microscopy and mercury intrusion porosimetry revealed that the dominant mechanism enhancing the grindability of
XL with high moisture was the pore structure destruction induced by the steam jet flow generated with the removal of
moisture. Especially, the development of large fractures had a strong connection with the change in the grindability.
According to the pore size distribution, the internal structure of the 2.5-4.0 mm coal samples did not develop well
under high drying temperature because of the exceedingly short heating time. Therefore, coal particle size, drying tem-
perature, and heating time must be coordinated well to achieve the enhanced drying effect. The grindability of XL had
a negative linear correlation with the pore volume fractal dimension, revealing the possibility of fractal dimension for

the analysis of lignite grindability.
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INTRODUCTION

Low rank coals, occupying nearly half of the reserved coals in
the world, have been considered as a potential primary source of
energy and chemicals [1]. Lignite is a low-rank coal characterized
by high moisture content, low calorific value, and easy spontaneous
combustion, which limits its industrial application [2]. Thus, lig-
nite is often used as fuel for pithead power plants or as a chemical
raw material. Pulverization is a necessary step in the utilization of
raw coal. In fact, the milling system must consume considerable
energy, which partly determines the cost of the whole utilization
process [3]. The following factors affect coal hardness: coal rank,
moisture content, petrography, distribution, and mineral type [4-
7]. Among all factors that affect lignite grindability, moisture con-
tent is the most easily altered. Dehydration also substantially im-
proves the calorific value of lignite and increases the utilization rate
of resources. Thus, dehydrating lignite is a necessary step prior to
the substances intensive processing and further utilization [1].

Many drying methods, including the conventional approach or
the use of microwaves or waste-heat gas, are used to dehydrate coal
and consequently increase coal grindability [8-11]. The pre-heat-
ing treatment of coal samples can induce structural microfractures
in coal, which is helpful in improving coal grindability. Marland et
al. [12] compared the grindability of microwave-exposed coals to
conventionally heated coals. The grindability of coal samples treated
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at 250°C for 60 min was increased to about 20%, and similar
results were achieved when the coal sample was treated for only
3 min under microwave irradiation. Zhu et al. [13] compared the
different effects of conventional heating and microwave irradiation
on lignite grindability. After 0.5 min of microwave irradiation, the
grindability of the coal sample was increased by 44.03%, and the
moisture content became 29.66%. By contrast, the coal sample
treated at 150 °C for 20 min attained an increment in grindability
by 39.91% and a moisture content of 24.63%. Given these find-
ings, researchers pointed out that the speed of moisture removal is
the more important factor in the dehydration process for improv-
ing the grindability of high-moisture-content coal. Lester et al. [14]
investigated the grindability changes of coal samples exposed under
8 kW microwave irradiation for 0.1 s. Results showed that although
residence times were short, the grindability of each coal sample was
increased substantially. Furthermore, the exceedingly short resi-
dence times rendered the effects on the petrographic and chemi-
cal characteristics negligible. When the coal samples are heated by
microwave, the moisture within the coal particle is transferred from
the internal structure to the external environment by steam-pres-
sure-driven jet flow [15]. The jet flow destroys the pore structure
of the coal particles, thereby improving coal grindability. There-
fore, given its internal heating characteristic, microwave irradia-
tion achieves a higher dehydration rate and affects the coal sample
to a significantly greater extent than those in conventional drying.
The behavior of porous materials in comminution processes is
strongly affected by porosity type, which may be characterized by
different void shapes and interconnection degrees [16]. As a typi-
cal porous material, lignite exhibits a breakage behavior closely con-
nected to its inherent internal pore structure. Fractal geometry
provides a new perspective for studying the irregular microscopic
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pore structure of coal samples. Moreover, considerable work has
been achieved in applying fractal geometry to the study of coal
micropore structures. For instance, Mahamud and Novo [17] inves-
tigated the fractal characterization of four bituminous coals and
the corresponding coal sample oxidized in air at 543 K for differ-
ent time periods. Fractal dimensions calculated with different meth-
ods similarly changed and were sensitive to oxidation treatment.
The evolution of the fractal dimension of coals with oxidation was
controlled by two dominant mechanisms: the oxidation of the
pore surface and the access of mercury to previously non-accessi-
ble regions. Cheng et al. [18] studied the pore fractal structures
and combustion dynamics of cokes derived from the pyrolysis of
18 typical Chinese power coals using low-temperature nitrogen
absorption. They found that the cokes derived from lignite pyroly-
sis possessed larger pore fractal dimensions, and therefore achieved
lower ignition temperatures and higher burnout efficiencies than
those from lean coal and anthracite pyrolysis. Hu et al. [19] ana-
lyzed the surface structures of parent coal and char with different
burn-off ratios. They introduced fractal theory to scanning elec-
tron microscopy (SEM) image analysis and utilized the particle sur-
face fractal dimension to quantitatively describe the surface character
of the coal/char particles. The particle surface fractal dimension
(D,,) was determined by SEM image analysis, whereas the inter-
nal surface fractal dimension (D,) was determined by N, isotherm
adsorption/desorption. With increasing carbon burn-off ratios, the
D, initially increased and then decreased. The changes in D; of
the three Chinese coals were similar to their Sgzr development. As
discussed above, fractal theory has a strong ability to describe irregu-
lar coal structure.

Although various drying methods have been used to improve
coal grindability; few have paid attention to the relationship between
the specific development status of fractures in the coal body and
grindability changes. Given its high dehydration rate, microwave
irradiation offers a more significant influence on coal grindability
than other methods. Hence, we adopted the conventional heating
method to allow Ximeng lignites (XLs) lose the same quantity of
moisture at different temperatures. Different dehydration rates
were achieved for each sample, and the effects of different dehy-
dration rates on the grindability of the XLs were investigated. Based
on the experiment of SEM, mercury intrusion porosimetry, and
fractal theory, the controlled mechanisms of the increment in the
grindability of XLs treated by different temperatures were dis-
cussed. This study aimed to provide references for processing and
utilizing XLs.

EXPERIMENTAL

1. Materials

The lignite used in this study was derived from the Ximeng
region of Inner Mongolia, which is the largest producer of lignite
in China. Naturally dried XLs were crushed using a jaw crusher
and then screened into three mono size ranges (1.0-1.6, 1.6-2.5,
and 2.5-4.0 mm) by a standard sieve. The proximate analysis for
the coal is given in Table 1. Details of the proximate changes were
not included in this paper because such changes, except in mois-
ture content, were found negligible. Moreover, moisture content is

Table 1. Proximate analysis of the sample

Coal My, A Vdaf chaf Qpad
sample (%) (%) (%) (%) (/g
XL 25.82 11.67 47.65 52.35 18122

a controlled variable in this experiment, that is, all the samples lost
the same quantity of moisture.

2. Methods

2-1. Conventional Drying Experiments

Conventional drying experiments were carried out on an elec-
tronic moisture analyzer (MA35, Sartorius group, German). Sam-
ples were heated by two powerful metal, tubular-shaped heating
elements (also called dark radiators). Uniform distribution of the
heat rays was achieved by using an integrated reflector. Sample
quality was monitored momentarily with the thermogravimetric
method, allowing us to quantitatively remove moisture by con-
trolling the heating time. During the conventional drying experi-
ments, 20 g of XL was uniformly spread in a disposable sample pan
and then dehydrated under different temperatures (50 °C, 80 °C,
110°C, and 140 °C) until 20% of their total quantity was lost and
changed to 16 g. Three mono size ranges (1.0-1.6, 1.6-2.5, and 2.5-
4.0 mm) were adopted, and each size was treated under four tem-
perature conditions. Thus, 12 groups of experiments were carried out.
2-2. Grindability Tests

A frequency conversion planetary ball mill (XQM-2L, Nanjing
Kexi Instruments Research Institute, China) was used to grind
both the treated and untreated XLs. During the grindability tests,
the mill consisted of two 500 mL steel cylinders with six steel balls
of 2 cm diameter inside each cylinder. These balls freely move up
and down at the designed operating speed. Approximately 16 g of
XL was uniformly spread in each steel cylinder. The revolution
velocity of the grail was 100 rpm, and the rotation velocity of the
steel cylinder was 200 rpm. The operating condition was deter-
mined after numerous pre-experiments. The grinding times of the
XLs were set to 20, 40, 60, 80, and 100s. The ground product was
sieved to obtain the top size fraction of each mono size range sam-
ple (ie., after milling the particles whose size is still in 2.5 to 4.0
mm range are the top size fraction of the 2.5-4.0 mm samples). Each
particle size fraction was weighed, and the corresponding mass
fraction was calculated.

Grindability is the level of difficulty for particles to be pulver-
ized in milling process. After grinding different materials under the
same conditions, the particle size distribution of the milled materi-
als would represent the ‘grindability’ The better grindability the
material has, the more fine particles there will be. The grindability
can be expressed as a numeric value by weighing the mass of dif-
ferent particle size. For example, in the Hardgrove Grindability
Index (HGI) test, the sample is sieved and weighed to determine
the mass of —75 pm fraction after milling. By comparing the mass
of =75 um fraction with the calibration chart, the HGI of coal is
determined [20]. The breakage rates of the coal samples (S;) of
certain particle size fractions are different at each particle size and
can be acquired through grinding tests. Previous studies [21,22]
showed that S; corresponds to a certain particle size fraction that
can be used to evaluate coal sample grindability and connects with
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the HGI. Higher breakage rates result in better grindability. Once
effective breakage occurs in the mill, the breakage rate can be mod-
eled on the basis of first-order grinding kinetics. When consider-
ing only the top size fraction, the simplest expression that can be
used to calculate the breakage rate S, is shown in the following
equation [21]:

1(W1—(t)

=§,xt, 1
n Wl(O 1>< ()

where t is the grinding time (min); w;(0) is the relative amount
of the top size particles in the mill at time 0, which is 100%; w(t)
is the mass fraction of the top size particles in the mill at time t
(%); and S, is the breakage rate of the top size particles (min™").
Therefore, the breakage rate S, can be calculated by plotting the nat-
ural logarithm of the relative amount of top size particles against
the grinding time. The slope of the straight line should be equal to S,.
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Fig. 1. Variation in breakage behavior of raw coal with size fraction
2.5-4.0 mm.

Fig. 2. SEM images of untreated and heated coal samples at 2.5-4.0 mm.

April, 2017



Mechanism underlying the effect of conventional drying on the grinding characteristics of Ximeng lignite

2-3. SEM and Mercury Injection Experiments

The surface micro-topography of the XLs was measured by
SEM (SIRION-100, FEI, Netherlands).

Mercury intrusion porosimetry (MIP) data were obtained on
an automatic mercury porosimeter (AutoPore IV 9510, Micromer-
itics, USA). All samples were dried at 50 °C in a vacuum drying
oven before determination to ensure the absence of moisture in
the samples during the mercury injection experiments.

2-4. Calculation of Fractal Dimension

To overcome the interfacial tension between the mercury and
the solid, a pressure P(r) must be exerted on the mercury before
the mercury fills a pore of size . For a cylindrical pore, P and r are
related by the well-known Washburn equation [23]. According to
this equation and the Menger Sponge fractal model, the fractal
dimension can be calculated with the following equation [17,24]:

ln(i—\g oc(D-4)InP, )

where P is the pressure, V is the cumulative intrusion volume that
corresponds to B and D is the fractal dimension. The fractal dimen-
sion of the surface of the porous medium can then be obtained
simply from the slope of the In-In plot of dV/dP versus P

RESULTS AND DISCUSSION

1. Repetitive Experiments
The data accuracy of the grindability tests directly affects the S,
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calculation. Therefore, the reproducibility of the sample grindabil-
ity should be considered. In this study, the particle size range of
XL with size fraction 2.5-4.0 mm was the widest and likely increased
sampling error. Consequently, four 16 g XLs of size fraction 2.5-
4.0 mm were ground for 20, 40, 60, 80, and 100s, respectively. As
shown in Fig. 1, the reproducibility of the sample grindability lay
within the range +2.57%, indicating that the grindability test data
were highly reliable.
2. SEM Characterization

SEM analyses of the treated and untreated XLs were helpful in
understanding the effects of different drying methods on the physi-
cal structure of XLs. The surface of the raw coal was smoother
and had fewer cracks than the treated samples (Fig. 2). After pro-
cessing in different drying temperatures, fractures and cracks were
induced in the treated XLs because of thermal stress or steam jet
flow. The different drying temperatures or different dehydration
rates exerted varying effects on the physical structural damage in
the XLs. Higher drying temperatures resulted in more microfrac-
tures and cracks, as shown in the image. The cracks in the treated
XLs enhanced the samples grindability [14,22].
3. Grindability Tests

With increasing grinding time, the mass fraction on the top size
of the XLs decreased sharply at the beginning (Fig. 3). Meanwhile,
Fig. 4 shows the relationships between the natural logarithm of the
oversized mass fraction and grinding time for all samples. The
slopes obtained by linear fit corresponded to the breakage rates of
the top size particles for the XLs (Table 2). The corresponding R’
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Fig. 3. Relationship between remaining mass fraction and grinding time for all samples.
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Table 2. Specific rate of breakage data (S,) for all samples

Coal sample Drying condition (°C) S, (s) Increment in grindability (%) R’
Raw coal 0.00259 0 0.9870
50 0.00433 67.18 0.9963
1.0-1.6 mm 80 0.00689 166.02 0.9877
110 0.00930 259.07 0.9903
140 0.00988 281.47 0.9988
Raw coal 0.00263 0 0.9886
50 0.00584 122.05 0.9993
1.6-2.5 mm 80 0.01092 315.21 0.9969
110 0.01136 331.94 0.9823
140 0.01759 568.82 0.9995
Raw coal 0.00512 0 0.9979
50 0.01073 109.57 0.9891
2.5-4.0 mm 80 0.01302 154.30 0.9924
110 0.01577 208.01 0.9904
140 0.01672 226.56 0.9989

values were higher than 0.98, which indicated good fit (Table 2,
Fig. 4). The breakage rates of the heat-treated XLs of different par-
ticle size ranges increased with rising heating temperature. The
increment in grindability of each treated sample is calculated by
the following method: using its breakage rate to be divided by the
raw coal’s breakage rate, after that using the quotient subtract 100%

April, 2017

and the result is the increment in grindability.

When the heating temperature was 140 °C, the increment in
grindability of the heat-treated XL increased from 226.56% in the
2.5-4.0 mm particle size range to 568.82% in the 1.6-2.5 mm parti-
cle size range. In contrast, the increment in grindability of all the
samples treated under 50 °C was much less than those of the oth-



Mechanism underlying the effect of conventional drying on the grinding characteristics of Ximeng lignite 1255
Table 3. Dehydration time for all samples
Coal sample 1.0-1.6 mm 1.6-2.5 mm 2.5-4.0 mm
Drying condition (°C) 50 80 110 140 50 80 110 140 50 80 110 140
Dehydration time (min) 57 21 12 8.9 63 22 11 9.4 97 26 12 10

ers. The dehydration time of 50 °C was at least twice longer than
under 80°C (Table 3). When the heating temperature was 50 °C,
the dehydration time of the coal sample was much slower than that
in other conditions. Hence, dehydration rate is an important con-
dition that affects the increment in coal grindability. At constant
temperature, smaller particle sizes had higher dehydration rates
(Table 3). This result can be explained by the notion that smaller
coal particle sizes provide larger specific surface areas and hence,
higher efficiency in thermal conductivity.

Coal samples of different particle sizes treated under different
temperatures showed different grinding behaviors and comminut-
ing characters. This result was attained because of the variation in
the development of internal fractures (pore structure) among the
coal samples. A quantitative analysis of coal sample internal frac-
tures was performed through the mercury injection experiment,
and the relationship between fracture development and grindabil-
ity would be explained in the following section.

4. Relationship between Pore Characteristics and Grindability
4-1. Pore Distribution Characteristics

Given the MIP experiments, if the pressure was less than 0.5
MPa (corresponding to a pore diameter larger than 24,000 nm),
the increase in pore volume was primarily due to mercury intru-
sion into the inter-particle voids, and the surface or internal pores
could not be observed at these pressures. Thus, 24,000 nm (0.5
MPa) was regarded as the upper limit. When the pressure exceeded

Table 4. Proportion of the three types of fracture for all samples

100 MPa, the corresponding pore diameter was smaller than 13 nm.
But because the non-continuous measurement of the mercury
intrusion porosimeter used in the experiment, its measuring points
were concentrated in 3-6nm at this time. In this diameter, the
mercury was immersed in the gap between molecules; hence, pores
of this size could not stand the fracture development caused by
dehydration. Thus, 13 nm (100 Mpa) was considered as the lower
limit. The porosity of this range (13-24,000 nm) was basically around
10% (Table 5). This result indicates that the pores in this range, as
the internal structure of coal, were stable.

The operation of the mercury intrusion porosimeter was divided
into two steps of high and low pressures, generating an obvious
discontinuity in data point between the two steps for each sample.
The parting point (3,850 nm) of the high and low pressures was
denoted as the first segmentation point of the research range (13-
24,000 nm). The term “micropore” is now reserved for pores not
wider than ~2 nm. The wider pore range of 2-50 nm, which were
particularly significant in the context of capillary condensation, were
designated as mesopores, and those wider than 50 nm were called
macropores [25]. Results of mercury injection experiments show
that the pore distribution of all coal samples in the 50 nm place
was not continuous as usual. The 50 nm value corresponded to
another discontinuity point in the pore distribution in coal. Thus,
the 50 nm point was regarded as the second segmentation point of
the research range. Finally, the research range (13-24,000 nm) was

Drying condition Large fracture (%) Medium fracture (%) Small fracture (%)
Coal sample o
O 3,850 nm<d<24,000 nm 50 nm<d<24,000 nm 13 nm<d<24,000 nm
50 16.0314 57.8630 26.1056
80 18.2006 59.8075 21.9919
1.0-1.6 mm
110 18.7464 61.7124 19.5413
140 20.3553 62.2858 17.3588
50 16.0891 62.9570 20.9539
80 18.5033 61.7726 19.7241
1.6-2.5 mm
110 19.7124 61.9299 18.3577
140 22.1042 61.5957 16.3001
50 16.7263 55.8925 27.3812
80 20.1601 57.8378 22.0021
2.5-40 mm
110 23.0069 50.1948 26.7983
140 26.3324 52.1181 21.5494
Table 5. Porosity for all samples (13 nm<d<24,000 nm)
Coal sample 1.0-1.6 mm 1.6-2.5mm 2.5-40 mm
Drying condition (°C) 50 80 110 140 50 80 110 140 50 80 110 140
Porosity (%) 10.14 10.69 11.76 11.63 11.22 11.01 12.30 11.75 9.69 10.57 10.18 10.00
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Fig. 5. Linear fitting of the proportion of large fractures and breakage rates.

divided into three parts: 13-50 nm (called small fracture in this
paper), 50-3,850 nm (medium fracture), and 3,850-24,000 nm (large
fracture). Table 4 lists the proportion of the three fracture types in
the range of 13<d<24,000 nm.

The large fracture proportion in all the coal samples increased
with increasing heating temperature. The linear fitted curves of the
large fracture’s proportion and the breakage rates of samples of all
particle sizes are shown in Fig. 5. The corresponding R* values
were at least higher than 0.77, which indicated good fit. This result
means that the grindability of the XLs was strongly influenced by
the proportion of large fractures. For a certain size of XL, higher
heating temperature and dehydration result in larger proportions
of large fractures, consequently enhancing grindability.

The proportion of medium fractures was related to both heat-
ing temperature and the particle size of the coal sample. For the
XLs of 1.0-1.6 mm particle size, the proportion of medium frac-
tures increased with augmenting heating temperature. This result
indicates that when the particle size was small, the sample remained
heated thoroughly despite the progressive shortening of the heat-
ing time. The medium fracture in the internal portion of coal may
develop well. For the 1.6-2.5 mm XLs, the proportion of medium
fractures was substantially unchanged with increasing heating tem-
perature. The fractal feature of XL, or self-similarity, is discussed in
the next section of this paper. Larger fractures were mainly devel-
oped from the smaller fractures. Therefore, although such propor-
tion was not considerably altered, the proportion of large fractures
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increased and hence enabled the medium fractures to develop and
compensate for large fractures. This result suggests that with the
rise in heating temperature, the heating time was shortened, but
the 1.6-2.5 mm XLs may still have been heated thoroughly. For the
2.5-4.0mm XLs, the proportion of medium fractures slightly in-
creased when the heating temperature changed from 50 °C to 80 °C.
However, the continued increment in heating temperature beyond
such point decreased the proportion of medium fractures. This
observation was achieved because during conventional drying,
heat transfers from the surface of the sample to the internal part
through conduction, which gradually increases the sample tem-
perature. Short heating times and large particle sizes may lead to
insufficient and uneven heating of the whole coal particle. This
occurrence may cause the coal particle to dry only on its surface,
leaving the core with considerable moisture. When breaking this
kind of partly dried coal, the break will probably occur only on the
surface. Only surface comminution will probably occur but not
the volume comminution, which is unfavorable for further pulver-
ization. Therefore, in actual production, coal particle size, heating
temperature, and heating time must be coordinated well to achieve
improved drying effects and successful and easy coal particle pul-
verization.

With rising heating temperature, the proportion of small frac-
tures shrank, except for the 2.5-4.0 mm XLs treated under 80 °C
and 110 °C. The porosity did not substantially vary; hence, the de-
creased proportion of the smallest structure in the research range
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Fig. 6. Fractal fitting curves of mercury porosimetry data in the pressure range 0.5-100 MPa.

implies that the whole pore structure has developed. In particular,
the small fractures developed into larger fractures. With the increase
in heating temperature, large fractures developed, thereby destroy-
ing the structural strength of the coal sample, which importantly
determines the enhanced grindability of XLs.
4-2. Pore Fractal Characteristics

In the range of 13-24,000 nm, all the samples showed fractal
behavior, as described by the model in Eq. (2). The correspond-
ing R values were all higher than 0.99, which indicated good fit.
Given the space limitation, not all the fitting images are shown in
this paper. Fig. 6 shows the data plotted in the form In(dV/dP)
versus In(P) for the 2.5-4.0 mm particle size samples. The detailed
data for all the samples are listed in Table 6. The fractal dimen-
sion of all the samples was higher than 3. These values are non-
physical from a geometric perspective, but merely describe the
heterogeneity of the pore structure from the mathematical view-
point. Friesen et al. [24] studied the fractal dimension of low-ranked
coal and found that at pressures higher than about 12 MPa, the
fractal dimensions for both samples undergo drastic changes to
values D>3. The group believed that this finding was achieved
because the increase in the volume of intruding mercury, as mea-
sured by MIP at high pressures, was due to a decrease in bulk vol-
ume during sample compression rather than to any sampling of
the surface pores. Lai and Wang [26] investigated the fractal char-
acteristics of tight gas sandstones using high-pressure mercury
intrusion techniques. In their experiment, the calculated fractal

Table 6. Fractal dimension and fitting precision data for all samples

Drying condition

Fractal dimension

Coal sample o R?
P (0) (D)
50 3.1125 0.9974
80 3.0941 0.9968
1.0-1.6 mm
110 3.0807 0.9975
140 3.0784 0.9974
50 3.1305 0.9971
1.6-2.5 mm 80 3.1111 0.9969
110 3.1292 0.9971
140 3.0897 0.9971
50 3.1427 0.9968
80 3.1324 0.9968
2.5-4.0 mm
110 3.0964 0.9966
140 3.0747 0.9954

dimension was larger than 3.0 in the large-scale range (4.2 to 9.5;
average, 6.4); the pore structure referring to large pores became
more complex. They speculated that the longer microfractures and
larger macropores connected by microfractures cannot be simply
assumed to comprise a cylindrical shape. Hence, the pressure re-
mained low, but the fractal dimension was much larger than 3. Li
et al. [27] found that the fractal dimensions of geysers rocks are
mostly larger than 3. They emphasized that the fractal dimension

Korean J. Chem. Eng.(Vol. 34, No. 4)
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Fig. 7. Linear fitting of the fractal dimension and the breakage rate.

values may differ if various fractal models or approaches are used to
match capillary pressure data. However, this notion would not change
the relationship between fractal dimension and heterogeneity. In
other words, larger fractal dimensions result in greater heterogeneity.

For each particle size of the XLs, the fractal dimensions decreased
with rising heating temperature (Fig. 6). Related to the relation-
ship between heating temperature and grindability, we conclude
that smaller fractal dimensions generate better XL grindability (Fig.
7). In essence, limited space (the porosity of all samples did not
substantially vary) was filled with large fractures when the heating
temperature was high, such that the heterogeneity was lower than
the space filled with small fractures. This phenomenon indicates that
when heating temperature is increased, the fractal dimension of XLs
is lowered, a finding consistent with the above-mentioned notions.

The grindability of the XLs was closely connected to pore struc-
ture, and the experiments proved that the fractal dimension of
XLs could well reflect its pore structure. Hence, a method that uses
fractal dimension to express XL grindability should be developed.
Furthermore, this method is related to the mechanism underlying
grindability changes and could therefore better indicate lignite grind-
ability than other methods.

CONCLUSIONS

The grindability of XL can be dramatically improved by conven-
tional drying at different drying temperatures. The physicochemi-

April, 2017

cal analysis results showed that the dominant mechanism enhancing
the grindability of XL with high moisture under conventional dry-
ing was the pore structure destruction induced by the steam jet
flow generated with the removal of moisture. With the increase in
the drying temperature, the increment in the grindability of the
1.6-2.5 mm coal sample was the highest, whereas that of the 2.5-
4.0 mm coal sample was the lowest. According to the pore struc-
ture analysis, the presence of the large fractures within XL resulted
in the better grindability. The internal structure of XL was not fully
developed because the heating time was exceedingly short for the
2.5-4.0mm coal sample pretreated at 140 °C, affecting its further
pulverization. Therefore, coal particle size, heating temperature,
and heating time should be coordinated well to achieve an eco-
nomical and efficient drying process. The fractal analysis of the
internal pore structure revealed that there was a negative linear cor-
relation between the fractal dimension and the grindability of XL.
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