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1. Introduction

There is considerable interest in the use of biomass for power 
generation in Korea. This is due to the fact that the use of biomass 
is neutral for CO2 emissions, that is, the combustion of biomass 
does not produce any CO2. Recently, many counties have initiated 
various incentive to encourage the utilization of biomass for power 
generation. With Renewable Energy Portfolio Standard (RPS) start-
ed in 2012, the power generation companies in Korea have to 
generate certain amounts of electric power by using the new 
and renewable energy resource. According to RPS, the power 
generation by the new and renewable energy resource was 2% 
of the total power generation in 2012, and it will reach 12% 
in 2024. Among the new and renewable energy source, the co-firing 
of biomass with coal has been used in the coal-fired power plant 
in order to meet with the requirement of RPS. The wood pellet 
(WP) and saw dust (SD) has been used in many coal-fired power 
plants in Korea.

There are differences in the combustion characteristics of coal 
and biomass, and it is mainly due to the fact that the volatile 
portion of biomass is higher than that of coal. The ratio of volatile 
to fixed carbon for biomass is typically greater than 4.0, whereas 
for coal it is always less than 1.0 [1, 2]. In the biomass-coal blend, 

the pyrolysis of biomass occurs earlier with the higher portion 
of volatile comparing to coal, so the combustion of biomass occurs 
very rapidly, and subsequently affects the combustion of coal 
in the blend. Since the role of biomass pyrolysis is quite important 
to describe the overall combustion characteristics of the blend, 
there have been many Thermo-gravimetric analyzer (TGA) studies 
on the pyrolysis characteristics of the biomass-coal blend and 
the interaction in the blend [3-14]. The understanding from the 
TGA studies would provide the basic knowledge for describing 
the combustion of biomass-coal blends in a utility boiler. 
Concerning the pyrolysis of biomass-coal blend, there have been 
different points of view on the interaction between biomass and 
coal in the blend. Some studies have reported no-interaction be-
tween the components in the biomass-coal blend [3-9], while 
other studies present the opposite results [10-14]. 

To evaluate the extent of interaction in the biomass-coal blends, 
the char yields and characteristic temperatures were employed 
whether the interaction in the blend occurs or not [5-6]. Some 
studies used the difference between the experimental and theoret-
ical thermogravimetric (TG) and differential thermogravimateric 
(DTG) curves, and another studies used the maximum rate of 
weight DTG and its temperature [7-9]. On the while, Wu et al. 
[15] investigated the effect of lignocelluloses components 
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(cellulose, hemicelluloses and lignin) on the synergistics of the 
blends of individual components and bituminous coal. Depending 
on the temperature ranges and blending ratio, each component 
showed the positive or negative synergistic effects on the thermal 
behavior of bituminous coal. They concluded that three compo-
nents compete each other to generate positive or negative syner-
gistics on the pyrolysis of biomass-coal, and it may result in 
the conflicting results on the existing of synergistc effect. 

In the present study, the temperature programmed, non-iso-
thermal thermogravimetric analysis was adopted to study the 
pyrolysis behavior of the biomass-coal blend as well as the inter-
action between biomass and coal in the blend. WP and SD were 
blended with bituminous coal at the ratios of 20:80, 40:60, 60:40, 
80:20 for biomass and coal on the basis of weight percentage. 
The interaction of three biomass (WP and SD) with bituminous 
coal in their blends was evaluated with all TGA experimental 
parameters, that is, the maximum rate of weight loss, characteristic 
temperatures, char yields, and the calculated TG curves. The 
kinetic data for the blends were obtained with the multi stage 
Coats and Redfern method, and the lignocellulose components 
in the blends were calculated for all blends, and the positive 
and negative effects of them on the interaction was discussed. 
In the present study, the interaction between the individual compo-
nents in the blends was investigated in terms of the kinetic data, 
char yield as well as the characteristic data from TGA curves. 
The extent of interaction was quantified with the numeric value, 
and it is significantly addressed in this study. 

2. Experimental

2.1. Materials

Glencore coal which is Austrailian bituminous coal was collected 
from a 500 MW power plant which is co-firing WP with coal, 
and the coal was ground and sieved to be less than 75 μm (200 
mesh). The biomass types used in the present study were WP 

Table 1. Properties of Biomass and Coal 

Material WP SD Coal 

Proximate analysis (wt.%) 　 　 　
   moisture 7.11 7.78 9.81 

   ash 1.57 7.98 8.53 

   volatile 80.53 72.63 34.52 

   fixed carbon 10.82 11.64 47.13 

Ultimate analysis (wt.%) 　 　 　
   C 54.11 55.70 78.58 

   H 6.83 6.69 5.25 

   O 38.45 37.58 13.74 

   N 0.63 0.01 2.01 

   S 0.01 0.01 0.42 

Heating value (kcal/kg) 4,409 4,308 6,761 

Lignocellulosic composition (wt.%) 　 　 　
   acetone solution 1.01 0.60 

   hot-water extract 14.26 13.25 

   ligin 33.27 26.00 

   hemicellulose 20.32 22.29 

   cellulose 31.14 37.85 　

and SD, and their size was prepared to be less than 75 μm. The 
biomass-coal blends were made with the blending ratios of 20:80, 
40:60, 60:40, 80:20 on the basis of weight percentage. Ultimate and 
proximate analysis, chemical ingredients of coal and biomass were 
given in Table 1. Fig. 1(a) and 1(b) show the photo of WP and SD.

2.2. Thermogravimetric Experiment

TGA (Setsys Evolution, Setaram) was used to characterize the 
pyrolysis behavior of the present biomass-coal blends under the 

a b

Fig. 1. Photo of (a) wood pellet and (b) saw dust.
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temperature programmed, non-isothermal heating mode. The 
heating rate used in the present TGA tests was 10℃/min from 
room temperature to 1,000℃. To minimize the experimental error, 
the diffusion effect on the sample was checked with several sample 
weight and reaction flow rates. Approximately 10 mg sample 
and N2 of 100 mL/min were used in all TGA tests. Those sample 
weight and gas flow were obtained from the preliminary tests 
to ensure the chemically controlled condition. 

2.3. Kinetic Analysis

In analyzing the non-isothermal kinetic parameters for the py-
rolysis of solid fuel, the kinetic equation is written as




 




 (1)

where x is the conversion fraction of fuel sample, t is the time 
in minutes, and x is given by

 





(2)

W, Wi, Wf represent the instantaneous, initial and final weights 
of the sample, respectively. In the pyrolysis experiments, Wi was 
taken at the temperature of 120℃ after the moisture evolution 
and Wf was taken at 1,000℃. The value of Wf means the sum 
of fixed carbon and ash in the sample. 

For a constant heating    , Eq. (1) is rearranged as follows:
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For most reactions, the value of 2RT/E is very small (2RT/E 
« 1) and the process of pyrolysis is assumed to be first order 
reaction (n = 1). The approximate integration of Eq. (3) gives 
the Coats and Redfern equation and it is given as:
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(4)

In this equation, the activation energy (E) and frequency factor 
(A) are obtained from the slope (-E/R) and intercept of the regression 

line, respectively.
To describe the thermal behavior of biomass-coal blends, the 

first order, multi-stage reaction scheme has been frequently used 
[16-18] The present study adopted this reaction scheme, namely, 
the multi stage, Coats and Redfern equation, and the kinetic param-
eters for each stage were obtained for the present samples. The 
experimental conversion curves of the pyrolysis for the samples 
were again fitted with the obtained kinetic parameters to ensure 
the validity of the present kinetic analysis.

The kinetic parameters obtained from Coats and Redfern equa-
tion were used to ensure the validity of the present kinetic analysis. 
The integration of Eq. (3), and it is given as follows:
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The experimental conversion data were compared with the 
conversion data (x) of Eq. (5) obtained with the values of A and 
E values from Eq. (4). 

3. Results and Discussion

3.1. Single Fuels

The TG and the DTG curves for coal, WP and SD are shown 
in Fig. 1(a) and 1(b), respectively. After the moisture evolution 
up to the temperature of 150°C, the pyrolysis starts at 354°C 
for coal, 206°C and 187°C for WP and SD, respectively. WP and 
SD exhibit the similar shapes of TG and DTG curves. Their peaks 
of about 8.6 wt.%/min in DTG curves occur around 351°C and 
the values are much higher than 1.66 wt.%/min of bituminous 
coal. The DTG curves of WP and SD in Fig. 2(b) appear to be 
a typical shape of woody biomass, showing a rapid weight loss 
originated from the pyrolysis of hemicelluloses and cellulose, 
and then the subsequent weight losses from the lignin pyrolysis. 
It has been reported that the pyrolysis for woody biomass starts 
around 200°C with hemicelluloses in the parent biomass and 
reaches the peak around 364°C, while the decomposition of lignin 
occurs around 200-900°C and peaks around 360-407°C [19]. 

To characterize the pyrolysis behavior in TG and DTG curves, 

a b

Fig. 2. TG and DTG curves for biomass and coal.
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the initial temperature (IT) has been used, and defined as the 
temperature at which the rate of weight loss exceeded 0.3 
wt.%/min. The burnout temperature (BT) is the temperature at 
which the rate of weight loss decreased to 0.3 wt.%/min. The 
temperature at which the rate of weight loss was maximum is 
defined as peak temperature (PT). 

The maximum rates of weight loss at PT, [d(W/W0)/dt]max, is 
designated as R (wt.%/min). The values for IT, PT, BT, R and 
the char yields for the present biomass-coal blends are given 
in Table 2. The values of IT indicate that the initiation of pyrolysis 
is an order of SD, WP and coal. The higher R and lower IT values 

for biomass tell us the biomass has more volatiles and quicker 
evolution than those of coal. BT indicates that the pyrolysis finish 
at the temperatures of 513°C - 525°C for biomass, and 698°C 
for coal. The characteristic temperatures and peak heights for 
WP and SD are similar since their constituents and compositions 
are very close to each other. 

3.2. Biomass-coal Blends

The TG & DTG curves of WP and SD-coal blends are given in 
Fig. 3(a) to 3(d), respectively. The curves for parent coal and 
biomass are also given in the same figures. The calculated weight 

Table 2. Characteristic Parameters for the Present Biomass-coal Blends

Pyrolysis IT (°C) PT1 (°C) R1 (wt.%/min) PT2 (°C) R2 (wt.%/min) BT (°C) char yield (wt.%)

Coal 100 354 445 1.66 　 　 698 60.8 

wt.%
of WP

20 248 351 1.87 445 1.37 632 52.5 

40 230 351 3.61 445 1.16 612 42.6 

60 213 351 5.14 420 1.05 580 35.7 

80 211 351 6.99 544 27.5 

100 206 351 8.63 513 19.2 

wt.%
of SD

20 249 350 1.83 428 1.46 691 53.9 

40 232 351 3.46 420 1.28 612 45.9 

60 217 351 5.14 428 1.05 597 38.6 

80 213 352 6.74 577 30.8 

100 187 351 8.57 525 23.6 

 

a b

c d

Fig. 3. The experimental and calculated TG and DTG curves for the blends.
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loss of the blends, Wcal, is expressed as follows:

    (6)

where xb and xc are the mass fractions of biomass and coal in 
the blends, and Wb, and Wc are the weight losses of biomass 
and coal, respectively. 

The calculated rate of weight loss, (dW/dt)cal, is the weighted 
summation of the individual rate of weight loss, (dW/dt)b 
and (dW/dt)c for biomass and coal, respectively, and it is given 
ass: 



 


 

 




 


(7)

In Fig. 3(a) to 3(d), the experimental TG and DTG curves (points) 
for WP and SD-coal blends are compared with the calculated 
ones (lines). As seen in Fig. 3, the experimental points are almost 
overlapped with the calculated lines. WP and SD-coal blends 
exhibited two stages for weight loss (See Fig. 2(b)). The first peaks 
stem from biomass and the second peaks from coal during the 
pyrolysis, and their shapes and heights are linearly proportional 
to the blending ratio. The experimental TG and DTG curves are 
well described by the calculated curves, which mean the additive 
rule is quite acceptable for the present biomass-coal blends. In 
other words, there is no interaction between biomass and coal 

in the present pyrolysis experiments, and this is further discussed 
in the following section. 

3.3. Kinetic Parameters

The activation energies (E) and frequency factors (A) for the 
present WP and SD-coal blends are given in Tables 3 and 4, 
respectively. The experimental conversion (x) of the coal and 
WP are given in Fig. 4(a) and 4(c), together with the fitted conversion 
data (lines). The respective Arrhenius plots are given in Fig. 4(b) 
and 4(d). In the cases of SD, the conversion data and Arrhenius 
plot are quite similar to those for WP, so they are not given 
in Fig. 6. 

The coal pyrolysis behavior is divided into three stages: The 
first stage ranges up to the conversion of 12%, and the second 
stage take places in the conversion from 13% to 58%. Finally, 
the third stage shows relatively slow evolution. Table 4 shows 
the values of A and E for three stages. In the second stage, 64 
kJ/mol and 2,637 min-1 for A and E agree with those of other 
researcher [20]. The pyrolysis of WP and SD mainly take place 
up to the conversions of 86% and 83% in the temperature range 
of 152-403°C, respectively, and then the remnant volatiles are 
slowly evolved in the second stage. The respective activation 
energies of 73 and 67 kJ/mol and the frequency factors of 725,100 
and 65,262 min-1 for WP and SD comparably coincide with the 
values given by other researchers [20]. 

a b

c d

Fig. 4. Conversions and Arrhenius plots for the pyrolysis of coal and WP.
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For the 60:40 and 40:60 WP-coal blends, Arrhenius plots are 
presented in Fig. 5(a) and 5(b), respectively. In the cases of SD-coal 
blends, Arrhenius plots are quite similar to those of WP, so they 
are not given. Fig. 5(a) and 5(b) show that the 60:40 WP-coal 
blend is adequate to use two stage pyrolysis, while three stages 
are more acceptable for the 40:60 WP-coal blend. When the per-
centage of WP and SD decrease from 100% to 60% in the blends, 
the two stages are acceptable, but further decrease shows that 

Table 3. Kinetic Parameters for the Pyrolysis of WP-coal Blends

WP
wt.%

Temp.
(°C)

E
(kJ/mol)

A
(min-1)

x R2

1st stage 　 　 　 　 　
100 152-402 73.39 275,100 0.0-0.86 0.9964 

80 152-402 70.21 118,854 0.0-0.80 0.9988 

60 152-402 66.13 40,920 0.0-0.73 0.9950 

40 152-385 63.10 16,902 0.0-0.55 0.9972 

20 152-385 54.06 1,579 0.0-0.38 0.9977 

(coal) 0 152-385 17.50 0.13 0.0-0.12 0.9900 

2nd stage 　 　 　 　 　
100 403-1,000  0.55 0.0027 0.87-1.03 -

80 403-1,000  1.18 0.0063 0.81-1.03 -

60 403-1,000  4.73 0.0362 0.74-1.03 -

40 386-505 12.24 0.2533 0.56-0.78 0.9806 

20 385-488 23.63 2.2633 0.39-0.67 0.9762 

(coal) 0 386-505 64.11 2,637 0.13-0.58 0.9933 

3rd stage 　 　 　 　 　
100

80

60

40 506-1,000  2.92 0.0141 0.78-1.03 0.9582 

20 489-1,000  9.05 0.0901 0.68-1.03 0.9829 

(coal) 0 506-1,000 13.29 0.1837 0.59-1.03 0.9937 

three stages are more acceptable to describe the pyrolysis of the 
blends. The activation energies and frequency factors for WP 
and SD-coal blends are summarized in Table 3 and 4, stating 
that the blends which are less than 50% of WP and SD in the 
blends follow two stage pyrolysis and the blends exceeded 50% 
follow three stage pyrolysis. When the percentage of WP and 
SD decreases in the blends, values for A and E in the first stage 
have a decreasing trend but increasing trends in the second and 

Table 4. Kinetic Parameters for the Pyrolysis of SD-coal Blends

SD
wt.%

Temp.
(°C)

E
(kJ/mol)

A
(min-1)

x R2

1st stage 　 　 　 　 　
100 152-403 67.11 65,262 0.0-0.83 0.9974 

80 152-404 66.79 50,002 0.0-0.75 0.9972 

60 152-403 63.70 21,804 0.0-0.67 0.9972 

40 152-385 60.48 8,359 0.0-0.51 0.9981 

20 152-385 47.52 335 0.0-0.35 0.9968 

(coal) 0 152-385 17.50 0.13 0.0-0.12 0.9900 

2nd stage 　 　 　 　 　
100 404-1,000  0.59 0.0031 0.84-1.03 -

80 405-1,000  1.43 0.0071 0.76-1.03 -

60 404-1,000  4.90 0.0433 0.68-1.03 -

40 386-505 15.57 0.5333 0.52-0.80 0.9916 

20 386-505 27.29 4.5733 0.36-0.70 0.9868 

(coal) 0 386-505 64.11 2,637 0.13-0.58 0.9933 

3rd stage 　 　 　 　 　
100

80

60

40 506-1,000  5.87 0.0436 0.81-1.03 0.9560 

20 506-1,000  9.30 0.0944 0.71-1.03 0.9866 

(coal) 0 506-1,000 13.29 0.1837 0.59-1.03 0.9937 

  

a b

Fig. 5. Arrhenius plots for the pyrolysis of WP-coal blends.
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third stages, and this is due to that the activation energy in the 
first stage mainly attributes to WP and SD pyrolysis. The second 
and third stages mainly stem from coal. The pyrolysis reactivity 
of biomass is higher than that of coal, so A and E decrease with 
the decrease of biomass in the blend, while the increase of A 
and E in the second and third stages is resulted from the increase 
of coal in the blend. The linear relationship between the activation 
energy and blending ratio indicates that the rates of pyrolysis 
of the present blends do not affected by the rates of individual 
components, so the pyrolysis of the blends are independent with 
each component.  

3.4. Interaction between Biomass and Coal in the Blend

To evaluate the interaction in the blends, it is necessary to check 
the deviation between the experimental and calculated TG and 
DTG curves. The characteristic parameters such as char yield, 
IT, BT, PT and R can be used to investigate the interaction between 
biomass and coal in the blends. 

3.4.1. Deviation between the experimental and calculated TG and 
DTG results 

RMSTG and RMSDTG, have been used to evaluate the extent of 
interaction in the blend [21], and they are given as follows:

  



  

 
 

 
 



(8)

  

  







 






 


 








 




(9)

where Wexp is the experimental weight of the blends, and Wcal 
is given by Eq. (8), and n refers to the number of weight data. 

The term  

 


 is the experimental rate of the weight loss, 

and 

 


 is given by Eq. (9). The term 

 


 is the ex-

perimental maximum value in the DTG curve. 

Table 5. The Values of RMSTG and RMSDTG for Biomass-coal Blends

wt.% of 
biomass

RMS_TG RMS_DTG

WP SD WP SD

20 0.7 0.7 4.3 3.8 

40 1.7 0.4 2.4 2.7 

60 0.4 0.6 1.4 1.9 

80 0.4 0.7 0.8 1.1 

The values of RMSTG and RMSDTG for the present WP and 
SD-coal blends are summarized in Table 5. Fig. 6 shows the values 

of  
 

  and  

 






 




 for WP-coal blends. At 

the tested temperature ranges, there are no abrupt and distinct 
variations in the RMSTG and RMSDTG curves. The samples of 
SD-coal blends show the similar variation in their curves. The 
RMSTG values for WP and SD-coal blends are all less than 0.7% 
except for 1.7% for 40:60 WP-coal blend. As seen in Fig. 6(a) 
and Table 5, the values of  

 
  for all blends are almost 

within ± 2.3%, which are relatively small values when comparing 
them to the values of 17.4% [20] and 11.09% [22]. The present 
values are quite reasonable to be accepted as no-interaction be-
tween two components in the blends. The evidence of no-inter-
action between the present biomass-coal blends can be seen in 

the values of RMSDTG in Table 5 and 

 






 




 in Fig. 

6(b). The values of RMSDTG for WP and SD-coal blends are ranged 
from 0.8 to 4.4%, which are reasonable values compared to 6% 
given by the independent parallel reaction scheme of other re-

searcher [20]. The values of  

 






 




  in Fig. 6(b) are 

almost remained within ± 0.4 for all blends, which is thought 
to be no-interaction in the present biomass-coal blends. 

3.4.2. Char yields
If there is no interaction between biomass and coal in the blend, 
the char yields of the blend would be an arithmetic average of 

a b

Fig. 6. RMSTG and RMSDTG for WP-coal blends.
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Fig. 7. Char yield against the blending ratio.

the individual char yield in additive manner, namely, a linear 
relationship between the char yield and the blending ratio. The 
present char yields of coal, WP, SD and their blends depending 
on the blending ratio are plotted in Fig. 7, and the linear relation-
ship between the present biomass and coal indicate 
no-interaction. The linear relationship between the char yields 
and the blending ratio is consistent with the results of other 
researchers [5, 7, 9]

3.4.3. Maximum reaction rates and characteristic temperatures
The variation of the characteristic temperatures and the maximum 
reaction rates depending on the blending ratio is worthwhile to 
check the interaction in the biomass-coal blends. As shown in 
Table 2, the first peak temperatures (PT1) are remained within 
± 1.0°C at 351°C for WP and SD-coal blends. Fig. 8 shows the 
variations of peak heights depending on the blending ratio. As 
explained above, the maximum rates of weight loss at PT, 
[d(W/W0)/dt]max, is designated as the peak height, R (wt.%/min). 
The first peak heights (R1) are varied linearly with the blending 
ratio. The second peaks for WP and SD-coal blends are appeared 
at the blending ratios of 20:80, 40:60 and 60:40, and their peak 
heights (R2) linearly decrease with increase of WP and SD percen-
tages in the blends. The peak temperatures (PT2) for WP and 
SD are remained at 445°C and 428°C, respectively. The constant 
peak temperatures (PT1 and PT2) are originated from biomass 
and coal, respectively, and the peak heights (R1 and R2) are linearly 
proportional to the blending ratio. This shows that the pyrolysis 
of coal and biomass in the blend occur independently.

As given in Table 2 and Fig. 8, the biomass-coal blend pyrolysis 
starts around 211-213°C. The ITs of the blends decrease gradually 
with the increase of biomass percentage in the blends. The present 
biomass has BT of 513-577°C, and the increase of biomass percent-
age in the blends leads to decrease of the BT. The present relation-
ship of IT and BT with the blending ratio is consistent with 
the findings of other researchers [7, 22]. From the characteristic 
temperatures and the peak heights in Fig. 5(a) and 5(b), it can 
be concluded that there are no-interactions in the pyrolysis of 
the present biomass-coal blends. 

Overall, the no-interaction between the individual components 
in the blends has appeared, and it means that the rates of pyrolysis 

Fig. 8. Peak heights against the blending ratio.

for the present biomass and coal do not affect each other. However, 
overall combustion efficiencies of the blends would be varied 
with the combustion of volatiles and char resulted from the 
pyrolysis. 

3.4.4. Lignocellulose components in the blends
Among lignocellulosic components, cellulose has exhibited the 
positive effects on the pylolysis behavior of its blends with bitumi-
nous coal, while hemicelluloses and lignin, the positive or negative 
effects depend on the blending ratio and reaction temperature 
range, as reported by Wu et al. [15]. For example, the addition 
of cellulose (25%, 50% and 75%) to bituminous coal resulted 
in the positive effect in their blends, which means the acceleration 
of decomposition of bituminous coal in the temperature range 
above 360°C. For hemicellulose, the negative effects were showed 
with the blends of 25%, 50% and 75% hemicellulose and bitumi-
nous coals over the temperature range of 200-950°C. The adding 
of lignin to bituminous coal yielded the positive effect under 
50% and 75% lignin percentage in the blends from room temper-
ature to 950°C, while the 25% addition of lignin to bituminous 
coal resulted in the positive effect for the pyrolysis of bituminous 
coal. In the studies of Wu et al. [15], the positive or negative 
effects with the addition of lingocellulose components in the 
blends were explained with the increases diffusion of volatiles 
on the cellulose and coal, blocking effect on the volatile evolution 
of the blends, and the swelling of lignin component with some 
melting and blocking of the pore. They mentioned that three 
main components may compete against each other during the 
pyrolysis, so the synergistic effects in the blends may depends 
on the competition effects of three model components. 

For the present biomass-coal blends, three lignocellulose com-
ponents are all remained under about 25 wt.% in the blends. 
For example, the 80:20 WP-coal blend showed that the respective 
mass percentages of cellulose, hemicellulose and lignin in the 
blend are about 20%, 13% and 21%. For the 80:20 SD-coal blend, 
they are about 22%, 13% and 15%, respectively. All samples 
tested in this study, the weight percentages of lignocellulose com-
ponents are all under 25% (See Table 1). According to the results 
on the degree of synergistic effect expressed in terms of ΔW= 
Wexp-Wcal, the positive effect was revealed for 25% cellulose and 
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25% lignin components blended with 75% bituminous coal, while 
the blend of 25% hemicellulose and 75% bituminous coal yielded 
the negative effect. Their relative sensitivities of cellulose, hemi-
cellulose and lignin on the positive (+) and negative (-) effect 
are calculated to be -1.03, +1.0 and -2.15. The no-interaction 
between the present biomass-coal blends might be the overall 
competition of positive and negative effects of lignocellulose com-
ponents which are mostly under 25 wt.% in the present blends. 
Since the positive and negative effects varied with the blending 
ratio and temperature range, further studies for the effects of 
lignocellulose components on the synergies in the biomass-coal 
blends are necessary.

4. Conclusions

In this study, the pyrolysis characteristics of biomass-coal blends 
have been examined through thermogravimetric analysis. WP and 
SD were blended with bituminous coal. The interaction between 
biomass and bituminous coal in the blend was evaluated in terms 
of the maximum rate of weight loss, characteristic temperatures, 
char yields, and the calculated and experimental thermogravi-
metric curves.

For the biomass-coal blends, the first peaks came from biomass 
and the second peaks came from coal. The calculated TG and 
DTG curves of the blends well coincide with the experimental 
curves, and the deviations between the experimental and calcu-
lated TG and DTG curves were very small. The linear relationship 
between the blending ratio and char yields is presented for the 
present biomass-coal blends, and the peak height gave the linearity 
against the blending ratio. 

The kinetic data for the present biomass-coal blends were ob-
tained with the Coats and Redfern equation. The activation energy 
and frequency factor for the biomass-coal blends are linearly pro-
portional to the blending ratio. The lignocellulose components 
in the present blends are evaluated to assess the interaction, and 
the competition among components needs to be further studied. 
From the TGA results, it has concluded that there is no significant 
interaction in the present biomass-coal blends. 
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