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Abstract
The combustion behaviors and pollutants emission characteristics during co-combustion of bituminous coal semicoke and 
lignite were investigated by thermogravimetric analyzer coupled with Fourier transform infrared spectrometer (TG-FTIR). 
Results showed the addition of lignite could lower the ignition and burnout temperature and also enhance the comprehensive 
combustion performance of blends. High heating rate could improve the combustion intensity and corresponding combustion 
characteristic indexes. The activation energy analysis by distributed activation energy model (DAEM) and Ozawa–Flynn–Wall 
(OFW) methods at lignite blend ratio of 40% indicated its distribution was consistent with the combustion process of blends. 
An obvious activation energy jump occurred at conversion rate range of 0.4–0.55 due to the poor ignition performance of 
semicoke. The average activation energy obtained by DAEM and OFW methods was 101.69 kJ mol−1 and 109.12 kJ mol−1, 
respectively. With the increase of lignite blend ratios, CO and  CO2 emission gradually decreased. Meanwhile, NO emission 
increased, while  NO2 and  SO2 emission ascended after an initial decline. Semicoke had certain suppression effect on NOx 
and  SO2 emission. The minimum  NO2 and  SO2 emission was obtained at lignite blend ratio of 20%.
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Introduction

Pyrolysis has become one of the most efficient and clean 
technologies to realize cascade utilization of low rank coal, 
especially in China [1]. Semicoke is the solid product of 
low-rank coal pyrolysis process, and it is generally used 
in the chemical and metallurgical industry. But compared 
with its rapidly increasing production, the semicoke con-
sumption in traditional industry is relatively limited [2]. As 
a result, large amount of semicoke piles up which causes 
great damage to the land, water and air and also the waste of 
resources. Due to the high calorific value and low pollution 
elements content, semicoke can be used as high grade and 
clean fuel. However, the volatile content in semicoke is very 
low and may result in the difficulty of ignition and burnout 

[3]. Co-combustion with high volatile fuel is a feasible way 
to avoid these drawbacks [4]. In recent years, because of 
the gradual depletion and rising price of high-grade coal, 
lignite-fired power plants grow rapidly, especially near the 
lignite mines [5]. Lignite is one of the low rank coals and 
has high volatile content. Hence, co-combustion of semicoke 
with lignite can effectively improve the ignition and burnout 
performance of semicoke which is promising for its large-
scale utilization in existing lignite-fired power plants.

The co-combustion of different coals and coal with 
biomass or sewage sludge has been widely studied [6–8]. 
By contrast, the studies on the co-combustion of coal and 
its semicoke are few. Hu et al. [9] studied the combustion 
characteristics of bituminous coal blended with semicoke 
by use of thermogravimetric analyzer (TGA) and drop 
tube furnace. The results showed semicoke blending could 
increase ignition and burnout temperatures and reduce NOx 
emission under certain conditions. Similar works were also 
conducted by Zhang et al. [10], and a linear regression 
model was established to predict the NO conversion during 
co-combustion. Yao et al. [11] found ignition temperature 
of semicoke blended bituminous coal in 21%O2/79%CO2 
atmosphere was higher than that in air. With the increase of 
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 O2 concentration in oxy-fuel combustion, the co-combustion 
characteristics could be improved, but the activation energy 
gradually increased. Yuan et al. [12] pointed out in the co-
combustion of lignite and semichar, the homogeneous igni-
tion was dominant at low semichar fraction, while hetero-
geneous ignition was easier when the fraction of semichar 
was above 50%. Better burnout characteristics appeared in 
the region of 10–60% semichar fraction. Chen et al. [13] 
investigated the co-combustion characteristics of bituminous 
coal/char mixtures after reduction reaction with NO by a 
microfluidized bed analyzer and found the combustion reac-
tivity of blends became worse and NO cumulative emission 
increased with the increase of char ratio. Ding et al. [14] 
studied the co-combustion characteristics of low-rank coal 
semicoke and municipal solid waste at different atmosphere. 
The results indicated the addition of municipal solid waste 
and higher oxygen concentration improved the co-combus-
tion performance of blends and oxy-fuel atmosphere was 
conducive to semicoke burnout.

As listed above, there are fewer studies focused on the 
co-combustion of semicoke and lignite. In this research, 
the co-combustion behaviors of semicoke and lignite were 
investigated by use of TG-FTIR. The combustion, kinetics 
and gaseous pollutants emission characteristics during co-
combustion were discussed in detail. The results will provide 
useful support for the large-scale utilization of semicoke.

Experimental

Samples

Semicoke was provided by Shaanxi Coal and Chemical 
Industry Group Co., Ltd (Shaanxi Province, China). It was 
the pyrolysis product of Shenmu bituminous coal. Lignite 
was collected from Naomaohu district (Xinjiang Province, 
China). Both the semicoke and lignite samples were prepared 
according to Chinese standard GB 474–2008 and pulverized 
to particle size of 75 μm. The proximate, ultimate, ash and 

heating value analysis of the samples was conducted according 
to Chinese standard (GB/T 212–2008, DL/T 568–2013, DL/T 
1037–2016 and GB/T 213–2008, respectively), and the results 
are shown in Tables 1 and 2. They were directly mixed accord-
ing to the lignite blend ratios (the mass fraction of lignite in 
the blends). The lignite blend ratios were 0, 20%, 40%, 60%, 
80% and 100%, respectively. 

TG‑FTIR apparatus and methods

TG-FTIR experiments were carried out on a METTLER-
TOLEDO TGA 2 thermogravimetric analyzer coupled with a 
BRUKER TENSOR II Fourier transform infrared spectrome-
ter. In each TG experiment, about 10 mg samples was used and 
then heated to 1000 °C under air atmosphere of 60 mL min−1. 
The heating rate was 10, 20 and 30 °C min−1, respectively. 
The gaseous products of TG experiments were directly sent to 
the FTIR through a heated transfer line with the temperature 
of 250 °C. The spectrum range of FTIR was 600–4000 cm−1 
with a resolution of 4 cm−1 and scanning times of 8. The TGA 
experiments were repeated twice to ensure the reproducibility, 
and the results showed good repeatability.

Data analysis methods

Characteristic parameters were defined to evaluate the co-
combustion performance of semicoke and lignite. Temperature 
when the sample began to burn was ignition temperature (Ti) 
and could be determined by TG-DTG tangent method [15, 
16]. Burnout temperature (Tf) was defined as the temperature 
when the mass loss reached 98% of the total mass loss [17]. 
The comprehensive combustion index S, ignition index Di and 
burnout index Df were determined by the equation as follows 
[18, 19]:

(1)S =
DTGmDTGa

T
2
i
Tf

Table 1  Proximate and ultimate 
analysis of samples (air dry 
basis)

M moisture, V volatile, A ash, FC fixed carbon, LHV lower heating value, * by difference

Samples Proximate analysis/mass% Ultimate analysis/mass% LHV

M V A FC* C H N S O* MJ/kg

Semicoke 10.20 7.96 9.87 71.97 72.45 1.29 0.87 0.38 4.94 23.04
Lignite 18.68 38.10 5.31 37.91 57.33 3.88 0.85 0.38 13.57 22.06

Table 2  Ash analysis of 
samples (mass%)

Samples SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O

Semicoke ash 35.93 1.48 1.15 34.66 3.77 13.39 0.65
Lignite ash 25.67 12.72 15.46 25.50 3.53 0.26 4.24
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where  DTGm was the maximum mass loss rate,  DTGa 
was the average mass loss rate (from ignition to burn-
out). ti, tm and tf were the corresponding time of ignition, 
maximum mass loss rate and burnout, respectively. Δt1/2 
was the time span of DTG/  DTGm = 0.5 in the both sides 
of DTG curve peak.

CO2, CO, NO,  NO2 and  SO2 were identified by their 
characteristic bands in infrared absorbance spectra and 
used to evaluate the gaseous pollutants emission char-
acteristics during co-combustion. The typical infrared 
characteristic peaks of  CO2, CO, NO,  NO2, and  SO2 
were 2360, 2176, 1520, 1762 and 1342 cm−1, respectively 
[20–22].

(2)Di =
DTGm

titm

(3)Df =
DTGm

Δt1∕2tmtf

Results and discussion

Co‑combustion characteristics of semicoke 
and lignite

Influence of lignite blend ratios

Figure 1 shows the TG and DTG curves as a function of 
temperature under different lignite blend ratios (heating rate 
is 20 °C min−1). The corresponding parameters of TG and 
DTG curves are shown in Table 3. From Fig. 1, both the 
semicoke and lignite have three mass loss stages. The mois-
ture removal stage at the temperature lower than 200 °C and 
the residue decomposition stage after burnout are not further 
discussed in the present paper. The main mass loss stage of 
semicoke is in the temperature range of 410–750 °C with a 
DTG peak at 619 °C while that of lignite is in the tempera-
ture range of 217–550 °C with a DTG peak at 389 °C.

When lignite blend ratios are 20–60%, the combustion 
process of blends has two main mass loss stages. With 
the increase of lignite blend ratios, the first DTG peak 
increases, while the second DTG peak decreases. Both the 
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Fig. 1  TG (a) and DTG (b) curves at different lignite blend ratios (heating rate 20 °C min−1)

Table 3  TG and DTG curves parameters at different lignite blend ratios and heating rates

Lignite ratios β/oC  min−1 Stage 1 Stage 2 Tm/oC DTGm/%  min−1 DTGa/%  min−1

Interval/oC Mass loss/% Interval/oC Mass loss/%

0 20 – – 410–750 86.6 619.0 8.43 6.67
20% 20 248–476 18.4 476–685 65.7 610.7 8.56 6.27
40% 20 236–502 37.1 502–651 46.4 589.0 8.03 5.57
60% 20 221–520 54.5 520–620 28.9 409.7 7.76 5.97
80% 20 216–585 82.8 – – 400.0 8.78 6.34
100% 20 217–550 83.3 – – 389.0 9.81 7.28
40% 10 222–475 36.9 475–596 47.2 559.0 6.36 3.35
40% 30 237–455 21.6 455–706 61.8 604.5 8.74 7.05
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corresponding temperature of DTG peaks decreases and 
TG curves integrally shifts to the lower temperature zone 
which means the combustion of blends is ahead of time. 
It can be attributed to the increasing volatile content of 
blends after addition of lignite. The heat release in volatile 
combustion process will preheat semicoke and promote 
the combustion of semicoke in advance [19]. When lignite 
blend ratio is 80%, the DTG curve only has one mass loss 
peak which is similar to lignite. It also confirms that the 
combustion period of semicoke is greatly moved up and 
has been mixed with lignite combustion stage.

Table 4 shows the co-combustion characteristic param-
eters at different lignite blend ratios. Obviously, both Ti 
and Tf gradually decrease with the increasing lignite 
blend ratios. When lignite blend ratio increases to 80%, 
Ti and Tf of the blends are 159 °C and 153 °C lower than 
that of semicoke, respectively. Accordingly, Di increases 
from 1.2 × 10–2 to 2.97 × 10–2, Df increases 0.75 × 10–3 to 
1.65 × 10–3 and S increases from 2.93 × 10–7 to 7.72 × 10–7. 
It means ignition, burnout and comprehensive combustion 
performance of blends has been greatly enhanced with the 
addition of lignite.

Influence of heating rates

Figure 2 shows the TG and DTG curves of blends (lignite 
blend ratio is 40%) at different heating rates (10, 20 and 
30 °C min−1). The corresponding combustion characteris-
tic parameters are also listed in Table 3 and Table 4. With 
the increase of heating rates, TG and DTG curves move to 
the higher-temperature zone and the main mass loss occurs 
in wider temperature ranges. Besides, all of the Ti, Tm and 
Tf gradually increase which indicates that the combustion 
is postponed. It can be attributed to the hysteresis between 
the heating temperature of TGA and the actual temperature 
of fuel particles [23]. However, the heat transfer intensity 
from the surface of fuel particles to the center can also be 
enhanced at high heating rates [24]. Therefore, the maxi-
mum and average mass loss rates rapidly increase with the 
increasing heating rates which means the combustion inten-
sity of blends is improved. As a result, the S, Di and Df of 
blends also gradually increase.

Kinetic analysis

Two model-free methods, the distributed activation energy 
model (DAEM) method and Ozawa–Flynn–Wall (OFW) 

Table 4  Co-combustion 
characteristic parameters at 
different lignite blend ratios and 
heating rates

Lignite ratios β/oC  min−1 Ti/oC Tf/oC S × 10–7/
min−2oC−3

Di × 10–2/min−3 Df × 10–3/min−3

0 20 508.6 742.7 2.93 1.20 0.75
20% 20 471.5 682.0 3.54 1.34 1.14
40% 20 366.7 647.7 5.14 1.71 1.48
60% 20 360.4 617.3 5.78 2.47 1.55
80% 20 349.7 589.7 7.72 2.97 1.65
100% 20 337.3 545.0 11.52 3.56 2.39
40% 10 362.2 593.5 2.74 0.36 0.29
40% 30 369.0 702.5 6.44 4.04 1.97
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Fig. 2  TG (a) and DTG (b) curves at different heating rates (lignite blend ratio is 40%)
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method were used to evaluate the change of activation 
energy during co-combustion process. A typical condition 
with lignite blend ratio of 40% and heating rate of 10, 20 
and 30 °C min−1 was selected for kinetic analysis. DAEM 
method determines the kinetic parameters by assuming that 
an infinite number of first-order parallel reactions occur 
simultaneously and the activation energy of these reactions 
are described as a Gaussian distribution [25]. It is widely 
used in the kinetic study of solid fuels thermochemical con-
version process and has been proven to be effective [26]. The 
classical DAEM kinetic equation simplified by Miura–Maki 
method is shown in Eq. (4) [27, 28]. The OFW kinetic equa-
tion simplified by Doyle’s approximation is shown in Eq. (5) 
[29, 30].

 where, x is conversion rate. Ea, A, β and R are the activation 
energy, pre-exponential factor, heating rates and universal 
gas constant, respectively. For a certain value of x, Ea can 
be obtained from the slope of the fitting straight line of ln 
β/T2 or ln β versus 1/T at different heating rates. Then, the 
change of Ea can be obtained by the similar calculation at 
different values of x.

Figure 3a shows the change of Ea determined by DAEM 
and OFW methods at different x (0.15–0.95). The detailed 
data can be found in Table 5. All of the coefficients  (R2) 
obtained by DAEM and OFW methods are greater than 
0.93 and 0.95, respectively. Moreover, the values and 
change tendency of Ea obtained by the two methods are 
close to each other which show good accuracy. From 
Fig. 3a, the change of activation energy can be divided 

(4)ln

[

�

T2

]

= −
Ea

R

1

T
+ ln

[

AR

Ea

]

+0.6075

(5)ln � = −1.052
Ea

R

1

T
+ C

into three stages. In the first stage (conversion rate range 
of 0.15–0.40), activation energy rapidly decreases. When 
volatile is released and begins to burn (the correspond-
ing conversion rate of volatile ignition is around 0.15), 
the released heat and increased porosity enhance reac-
tions between oxygen and the blends which reduces the 
activation energy [31, 32]. For the second stage (conver-
sion rate range of 0.40–0.55), the initial temperature is 
437.7, 465.1 and 489.2 °C, while the end temperature is 
508.2, 530.3 and 552.0 °C, respectively (depending on the 
heating rates). Compared with the DTG curves in Fig. 2b, 
it is just the transition stage from lignite combustion to 
semicoke combustion. Due to the gradual burnout of vola-
tile and the difficulty of semicoke ignition, the activation 
energy begins to increase. The third stage (conversion 
rate range of 0.55–0.95) is the combustion of semicoke. 
Though fixed carbon combustion is difficult and has large 
activation energy, once it is ignited, its combustion is 
violent and the activation energy will drop rapidly even 
lower than volatile combustion [33]. The average activa-
tion energy obtained by DAEM method and OFW method 
in the whole co-combustion process is 101.69 kJ mol−1 
and 109.12 kJ mol−1, respectively. 

In order to further verify the reliability of DAEM 
method, the conversion curves of x versus T are re-cal-
culated through Eq. (4) and obtained Ea and A by DAEM 
method. The comparison of calculated and experimental 
conversion curves of x versus T at the different heating 
rates is shown in Fig. 3b. From Fig. 3b, the calculated con-
version curves are generally in good agreement with the 
experimental values. A tiny difference appears at the late 
period of conversion due to the slightly declining accuracy 
of kinetic analysis. The Pearson correlation coefficients of 
calculated and experimental results are greater than 0.99, 
indicating that the kinetic parameters obtained by DAEM 
method are reliable.
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Gaseous pollutants emission characteristics

CO and  CO2 emission

Figure 4 shows the CO and  CO2 emission curves at differ-
ent lignite blend ratios. The corresponding integral values 
are shown in Table 6. Because the samples mass used in 
TG experiments are not exactly the same, the values listed 
in Table 6 are the total integral areas divided by the sam-
ple mass. The CO and  CO2 emission temperature of semi-
coke is around 450–750 °C, while that of lignite is around 
350–600 °C. It is consistent with the main mass loss stages 
of semicoke and lignite. The CO and  CO2 emission curves of 
blends have two absorption peaks. As the increase of lignite 

Table 5  Kinetic parameters 
determined by DAEM and 
OFW methods

x DAEM method OFW method

Slope Intercept R2 Ea/kJ  mol−1 Slope Intercept R2 Ea/kJ  mol−1

0.15 − 19,974.5 36.35 0.9746 166.07 − 21,267.4 35.78 0.9777 168.08
0.20 − 19,795.5 20.84 0.9709 164.58 − 21,137.2 34.39 0.9746 167.05
0.25 − 16,449.9 19.38 0.9593 136.76 − 17,822.2 28.87 0.9654 140.85
0.30 − 12,793.9 13.81 0.9612 106.37 − 14,196.4 23.14 0.9688 112.19
0.35 − 10,672.0 8.03 0.9716 88.73 − 12,107.0 19.76 0.9784 95.68
0.40 − 10,150.9 4.60 0.9768 84.39 − 11,622.1 18.68 0.9827 91.85
0.45 − 11,101.1 3.48 0.9669 92.29 − 12,615.5 19.55 0.9748 99.70
0.50 − 14,155.3 4.29 0.9510 117.69 − 15,721.0 22.98 0.9605 124.24
0.55 − 14,610.3 7.66 0.9589 121.47 − 16,215.7 23.10 0.9669 128.15
0.60 − 13,792.4 7.72 0.9555 114.67 − 15,428.7 21.75 0.9647 121.93
0.65 − 12,537.8 6.34 0.9480 104.24 − 14,201.2 19.98 0.9598 112.23
0.70 − 11,203.5 4.53 0.9459 93.15 − 12,891.4 18.18 0.9596 101.88
0.75 − 10,001.5 2.70 0.9429 83.15 − 11,713.0 16.59 0.9590 92.57
0.80 − 8897.5 1.09 0.9411 73.97 − 10,632.4 15.16 0.9596 84.03
0.85 − 8012.2 − 0.37 0.9389 66.61 − 9770.5 14.02 0.9599 77.22
0.90 − 7240.5 − 1.54 0.9365 60.20 − 9023.5 13.03 0.9603 71.31
0.95 − 6546.4 − 2.56 0.9314 54.43 − 8357.9 12.13 0.9594 66.05
average – – – 101.69 – – – 109.12
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Fig. 4  CO (a) and  CO2 (b) emission curves at different lignite blend ratios

Table 6  Integral values of CO,  CO2, NO,  NO2 and  SO2 at different 
lignite blend ratios (per mg of blends)

Lignite ratios CO CO2 NO NO2 SO2

0 0.8360 13.6229 0.2462 0.3368 0.2561
20% 0.8180 13.3198 0.2472 0.3071 0.2558
40% 0.7169 12.9180 0.2511 0.3386 0.2762
60% 0.6990 12.6085 0.2534 0.3598 0.2958
80% 0.6260 12.1207 0.2582 0.4095 0.3132
100% 0.5656 11.2581 0.2621 0.4285 0.3405
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blend ratio, the first absorption peak corresponding to lig-
nite combustion ascends, while the second absorption peak 
generated by semicoke combustion descends. From Table 6, 
it can be found that both CO and  CO2 emission values gradu-
ally decrease with the increase of lignite blend ratios. It indi-
cates CO and  CO2 emission during co-combustion is mainly 
determined by the carbon content in the blends.

NOx emission

Figure 5 shows the NOx emission curves changing with tem-
perature at different lignite blend ratios. As shown in Fig. 5, 
NO and  NO2 emission tendency is close to CO and  CO2. 
The nitrogen in semicoke tends to be released at high tem-
perature, while the nitrogen release temperature of lignite 
is low. The NOx emission curves of blends locate between 
semicoke and lignite. An extra tiny peak appears at around 
100 °C which is mainly the interference of  H2O. From the 
NOx integral values shown in Table 6, with the increas-
ing lignite blend ratio, NO emission gradually increases, 
whereas  NO2 emission rises after an initial decrease. NO 

and  NO2 emission of semicoke is 0.2462 and 0.3368, respec-
tively, while that of lignite is 0.2621 and 0.4285. Obviously, 
the growth of  NO2 emission is larger than NO emission. It 
indicates  NO2 is easier to be formed in lignite combustion. 
Lignite is the geologically youngest coal and has high oxy-
gen containing groups such as –HO2 and –OH. Hence, the 
formation reaction of  NO2 shown in Eq. (6) and Eq. (7) will 
be more intense [34].

In order to further evaluate the interaction between semi-
coke and lignite on NOx emission, the comparison of experi-
mental and calculated NOx integral areas is shown in Fig. 6. 
The calculated NOx integral area is defined in Eq. (8).

(6)NO + HO2 → NO2 + OH

(7)NO + OH → NO2 + H

(8)IAcalculation = �semicokeIAsemicoke + �ligniteIAlignite
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IAsemicoke and  IAlignite are the integral area of individual 
semicoke and lignite, respectively, and αsemicoke and αlignite 
are their corresponding blend ratios.

From Fig. 6, all of the experimental NOx values are lower 
than calculated values which indicate suppression effect on 
NOx emission exists in co-combustion. The differences 
between calculated and experimental values will shrink 
with the increase of lignite blend ratios, especially for the 
 NO2 emission. It implies semicoke is beneficial to reduce the 
NOx emission in the co-combustion. The literature shows 
coal char is effective on NOx reduction by the heterogeneous 
reaction between NO and char [35]. Semicoke has higher 
char content and therefore can better suppress the NOx emis-
sion. Besides, from Table 6, more CO will be produced in 
semicoke combustion. As a result, the homogeneous reduc-
tion reaction between CO and NOx will be enhanced [36]. In 
addition, the abundant metallic components (Ca, Fe, Na and 
K) in ash (shown in Table 2) also have catalytic effect on the 
reduction reaction of NOx with coal char and CO which fur-
ther reduce the NOx emission [37, 38]. When lignite blend 
ratio is 20%, the suppression effect on  NO2 is even stronger 
than the motivating influence of added lignite which results 
in the minimum  NO2 emission.

SO2 emission

The emission curves of  SO2 varying with temperature are 
shown in Fig. 7a. The peak temperature of  SO2 release curve 
for semicoke is 645 °C which is much higher than that of 
lignite (461 °C). With the increase of lignite blend ratios, 
 SO2 tends to be released at low temperature. From Table 6, 
the total  SO2 emission for semicoke is 0.2561 which is 
obviously lower than lignite (0.3405). However, as shown 
in Table 1, the sulfur content in semicoke is the same as 
lignite. It indicates sulfur in semicoke is difficult to release 
in co-combustion process. This can be interpreted from 
two factors. Firstly, semicoke is the pyrolysis product of 

bituminous coal and incombustible sulfate sulfur is enriched 
in semicoke [39]. Secondly, from Table 1 and Table 2, semi-
coke has higher alkaline and alkali metal content in the ash. 
Therefore, self-retention of sulfur by semicoke ash is more 
significant [40]. From Table 6, it can be also obtained that 
the total  SO2 emission increases with the increasing lignite 
blend ratios except for a slight decline at 20%.

Figure 7b shows the comparison of calculated and experi-
mental  SO2 emission. The calculation method is the same as 
NOx emission. From Fig. 7b, the calculated  SO2 emission is 
always higher than experimental values. It means inhibiting 
effect on  SO2 emission also exists in the co-combustion. 
As mentioned above, semicoke has well self-desulfurization 
capability which is also effective in the combustion pro-
cess of blends. The more semicoke the blends contain, the 
stronger the  SO2 inhibiting effect is. This can be confirmed 
by the narrowing gap between calculated and experimental 
values with the increase of lignite blend ratio. As a result, 
the minimum  SO2 emission is obtained at lignite blend ratio 
of 20%.

Conclusions

Co-combustion behaviors of semicoke and lignite were 
investigated by TG-FTIR. The results show the combustion 
characteristics of semicoke were greatly improved and the 
gaseous pollutants could also be reduced with the addition 
of lignite. The main conclusions are summarized as follows:

(1) The addition of lignite can lower the ignition and burn-
out temperature and improve ignition index Di, burnout 
index Df and comprehensive combustion index S. The 
Di, Df and S increase from 1.2 × 10–2 to 2.97 × 10–2, 
0.75 × 10–3 to 1.65 × 10–3 and 0.91 × 10–7 to 1.66 × 10–7, 
respectively, when lignite blend ratio increases to 
80%. High heating rates can improve the combustion 
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intensity and corresponding combustion characteristic 
indexes.

(2) The activation energy distribution determined by 
DAEM and OFW methods is consistent. An obvious 
activation energy jump occurs at conversion rate range 
of 0.4–0.55 because of the poor ignition performance 
of semicoke. The average activation energy obtained 
by DAEM and OFW methods is 101.69 kJ mol−1 and 
109.12 kJ mol−1, respectively.

(3) With the increase of lignite blend ratio, the CO and 
 CO2 emission gradually decrease. Simultaneously, the 
NO emission increases, while the  NO2 and  SO2 emis-
sion rises after an initial decrease. Semicoke has cer-
tain suppression effect on NOx and  SO2 emission. The 
minimum  NO2 and  SO2 emission is obtained at lignite 
blend ratio of 20%.
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