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Abstract—Co-firing technology is an essential part of reaching 

23% EBT in 2025, where Coal-fired power plant still dominates 

Indonesian power plant situation. On the other hand, the use of 

biomass co-firing increases the risk of slagging fouling. An effort 

to reduce the risk is a test with DTF on a temperature probe 

according to the Coal-fired power plant conditions. The results of 

these tests were observed using SEM technology, especially in 

terms of morphology. SEM test results of ash deposit observation 

from lignite ash coal blend for probe temperature 550°C (fouling) 

and probe temperature 600°C and 700°C (slagging) is considered 

safe. It showed on SEM image and EDS analysis which alkali and 

iron content still at safe limits while for SEM observation of ash 

deposit from blending of lignite ash coal blend and 10% sawdust 

showed that SEM image and EDS analysis for probe temperature 

550°C and 600°C is considered safe. However, at probe 

temperature 700°C even from EDS analysis is safe, but from 

SEM image it showed sintering began to form. 
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I. INTRODUCTION 

Currently, Indonesia is making every effort to achieve EBT 
23% in 2025 [1]. On the other hand, coal power plants are still 
dominant in Indonesia [2]. With such conditions, biomass co-
firing is the right technology choice because its implementation 
does not have to make large investments to build new power 
plants compared to other methods. The fact that Indonesian 
coal availability is in the low range and medium-range coal, 
generally Coal-fired power plant uses blending coal according 
to the initial design of the Coal-fired power plant. 

Generally, the study of co-firing with the addition of 
biomass into coal will affect the characterization of slagging 
and fouling, mainly from various things in it, especially alkali 
[3]. The tendency of high slagging and fouling can interfere 

with the power plant's performance and efficiency [4]. 
Slagging and fouling are generally caused by the ash 
composition of the fuel used. According to Hare et al. [5], one 
of the leading causes of slagging fouling is fuel. By co-firing 
biomass, the alkaline ash, especially potassium (K2O) will 
show a high number where the safe limit for evaluating 
alkaline content is below 0.3% of the total ash [6]. Potassium 
content in the ash could melt and react with other elements at 
500-600°C [7].  The need for supercritical generator 
technology requires a higher steam temperature of up to 700°C. 

The potential for slagging and fouling must be succeeded 
early by presenting predictions, one of which is doing a 
combustion test with a Drop Tube Furnace (DTF) because DTF 
can be considered the same as Coal-fired power plant to predict 
the risk of slagging and fouling, the result of slagging material 
was observed using SEM. This research was carried out by 
conducting observations with SEM of lignite coal blending 
product’s combustion with 10% sawdust biomass in a DTF 
with a surrounding temperature about 1200℃, and probe 
temperatures are 550℃, 600℃ and 700℃ with 5% excess 
oxygen. These results were observed based on the type of ash 
[8–11]. 

II. EXPERIMENTAL 

A. Equipment 

The equipment used in this study was a Jeol JSM 6510-LA 
Scanning Electron Microscope with a Moxtrex 550i thin film 
on an IXRF spectrometer. Besides that, it also uses FEI Quanta 
650 with Oxford EDS for certain parts. 
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B. Coal and Biomass Samples 

The sample used in this research is coal blending adjusted 
to the biomass characteristics to be used. The biomass that will 
be used in this research is sawdust. The coal blended with 
sawdust biomass with a composition of 90% coal and 10% 
sawdust, which will then be called C10 in this study. The 
following are ash fusion temperature and ash analysis test 
results from coal and C10. 

TABLE I.  AFT AND AAS ANALYSIS OF COAL AND COAL+10% BIOMASS 

Parameter Coal C10 

Total Sulfur % db 0.63 0.57 

Ash Content % db 6.78 6.60 

AFT Reducing 

Deformation ⸰C atm 1140 1110 

Spherical ⸰C atm 1200 1180 

Hemisphere ⸰C atm 1220 1220 

Flow ⸰C atm 1260 1260 

AFT Oxidizing 

Deformation ⸰C atm 1220 1150 

Spherical ⸰C atm 1250 1220 

Hemisphere ⸰C atm 1260 1260 

Flow ⸰C atm 1280 1300 

Ash Analysis 

SiO2 % in ash 51.20 50.54 

Al2O3 % in ash 14.34 15.63 

Fe2O3 % in ash 7.83 8.54 

CaO % in ash 8.72 8.43 

MgO % in ash 2.82 2.69 

TiO2 % in ash 0.48 0.58 

Na2O % in ash 3.63 3.31 

K2O % in ash 0.83 0.79 

Mn3O4 % in ash 0.09 0.10 

P2O5 % in ash 0.20 0.30 

SO3 % in ash 9.62 8.68 

   db :  dry basis 

III. RESULTS AND DISCUSSION 

From the test results shown in Table 1, there is not much 
difference between the results shown by the coal test and the 
blend of coal and 10% biomass (C10). The decrease occurred 
in the total sulfur and total ash content, while the AFT results 

was a slight change that was not too significant, this indicated 
an increase in the risk of slagging fouling. For ash composition, 
generally SiO2, Al2O3 are medium, Fe2O3 and CaO are low, 
and Na2O and SO3 are relatively high indicates fouling. 

Coal and C10 are burned at DTF with specifications 
according to reference [11-13], the temperature probe is also 
similar. SEM observed the ash results from the DTF burn test 
shown in Figure 1. In principle, SEM observations can be 
categorized as a classification of deposit material into Metallic, 
Amorphous, Vescular, Sintered [8]. Meanwhile, Laursen et al. 
[9] classified SEM observations into Porous Deposits, Powder 
Deposits, Iron Rice Deposits, Semi Fused Slags and Fused 
Slags. Furthermore, Wang et al. [11] detailed the SEM results 
surface and the elements that make up the slagging particles. It 
is described based on grain size, color, texture, and explained 
the elements of nature concerning the EDS results of each 
element's properties and effects [13]. Following are the results 
of SEM imaging carried out on each probe tested on the DTF. 

 
Fig. 1. Probe sample various temperature from combustion coal and C10 in 

DTF. 

Figure 2 (a) depicts morphologically of 550°C probe is 
dominated by flakes with about 100 microns in size or smaller. 
The dominant dust color is bright, which indicates that the 
elements have more atomic weight than other elements. There 
are also spheres about 20 microns in size, and this usually 
represents an element with a Fe content. At 100x 
magnification, an area provides information that the bright 
color is an element with the dominance of Si, Al, and O, even 
though there is a small Fe. While there is a reasonably large Fe 
element in other areas, around 33%, this point is very high 
compared to other elements. From the observations that have 
been made, it shows that the K element is in moderate amounts 
and Na is low. 

 

 

 

   

(a) (b) (c) 

Fig. 2. SEM results of coal (a) Probe 550; (b) Probe 600; (c) Probe 700. 
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Same as with the previous probes, Figure 2 (b) depict 
morphologically of 600°C probe is dominated by ash in the 
form of flakes. The average size is about 100 microns, although 
some are slightly larger. Although it is not much, there is also a 
relatively small amount of melt due to alkali. An element that 
should be suspected is Fe, even though its size is small and 
relatively minimal. The predominance of bright white indicates 
Si. In general, the elements at 100x magnification were 
dominated by Si with bit of Al and K (average less than 1%). 
Other elements were not detected. Some balls show melting 
even though they are not dominant. 

Based on observations of the coal probe at temperature 
700°C, Figure 2 (c) depicts morphologically there were still 
many grains and flakes with sizes that were dominated by sizes 
below 100 microns, even though there were sintering material 
and balls but not much compared to flake material. By the 

element side, it can be stated that this probe is still within 
reasonable limits when looking at the element. Compared with 
Figure 2 (b), the risk of sintering from this probe is more 
significant even though it still looks safe. 

Furthermore, Figure 3 (a) of 550°C C10 probe shows no 
significant difference in morphology comparing probe with the 
probe in Figure 2 (a). Minerals that appear are also dominated 
by 100 microns size or below. Several materials look like balls 
or balls with holes. The shape of these spheres is more 
numerous than the 550°C coal probe (Figure 2 (a)). There is 
also a small cylindrical material that usually represents high 
amounts of Al. The colour does not differ much compared to 
the coal probe. 

 

 
 

(a) (b) 

 
(c) 

Fig. 3. SEM results of coal and 10% biomass blend (C10) (a) Probe 550; (b) Probe 600; (c) Probe 700. 

Figure 3 (b) of 600°C C10 probe compared to Figure 2 (b), 
this probe has more material with 100 microns in size. 
Likewise, when compared with the 550°C C10 probe (Figure 3 
(a)). In terms of colour, there is no significant difference when 
compared with the 600°C coal probe (Figure 2 (b)) or the 
550°C C10 probe (Figure 3 (a)). The material in the form of 
long cylindrical is also visible on this probe. Co-firing carried 
out using this biomass is still considered reasonable and safe. 

Figure 3 (c) shows morphologically of 700°C C10 probe, 
there are more melts and spheres than the 700℃ coal probe 
(Figure 2 (c)) and 600℃ C10 probe (Figure 3 (b)), as well as 
the material in the form of a long cylindrical which is usually 
considered Al. However, melted material found no larger than 
200 microns. Considering a large amount of sintering material 
in cylindrical shape and melts compared to 700℃ coal probe 
and 600℃ C10 probe, further tests can be considered. 

IV.  CONCLUSIONS 

The research shows the results of the combustion and the 
results of the SEM imagine observation. Furthermore, it can be 
concluded that SEM observation of ash deposit from lignite ash 
coal blend for probe temperature 550°C (fouling) and probe 
temperature 600°C and 700°C (slagging) is considered safe, it 
showed on SEM image and EDS analysis which alkali and iron 
content still at safe limits. SEM observation of ash deposit from 
blending of lignite ash coal blend and 10% sawdust showed 
that SEM image and EDS analysis for probe temperature 
550°C and 600°C is considered safe, but at probe temperature 
700°C even from EDS analysis is safe, but from SEM image it 
showed sintering begin to form, it needs to be watched out. 
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