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Abstract 
The devolatilization is an endothermic stage occurring upon fuel particle feeding in 
a hot environment. It is strongly dependent on the heat transfer rate that is high in 
fluidized beds. The direct observation of the particle behavior in fluidized bed is a 
simple and effective technique for getting information on the devolatilization time 
and the number of bubbles issuing from the fuel particle. The benefits of the 
pelletization in improving the particle properties would also affect the 
devolatilization behavior. The paper reports on experiments of devolatilization of 
different fuel pellets in fluidized bed. The experimental technique was mainly 
based on the visual observation of the bed surface, the data-acquisition by a video-
camera and the post-process elaboration of the frame sequences. Devolatilization 
times of dozens of seconds were measured, longer than those of no-pellettized 
fuels. 
 
Introduction 
The fluidized bed technology is awarded to be flexible and reliable for thermo-
chemical processes of fossil and biogenic fuels. Upon feeding into a hot fluidized 
bed, a fuel particle undergoes a series of processes from the initial release of the 
moisture to the final transformation into ashes [1]. Among these, the 
devolatilization is the stage that occurs immediately after the release of moisture 
(drying); the organic volatile matters gradually leave the particle, which is 
transformed into a porous light char particle.  
The devolatilization (or pyrolysis), often occurring in parallel with drying, is an 
endothermic sub-process. Its rate is strongly dependent on the heat transfer rate 
from the surrounding ambient to the particle that in the case of the fluidized bed is 
high [2]. The devolatilization can be accompanied by the parallel occurrence of the 
primary fragmentation, leading to generation of multiple fragments [1]. In this 
case, the total time required for the devolatilization decreases, being strictly 
dependent on the mean particle size.  
The bubbles issuing from a fuel particle during the devolatilization, so called 
“endogenous” bubbles [3], rise the bed and erupt at the surface where they burn-
off. The direct observation of the particle behavior in fluidized bed permits to have 
information on the devolatilization time and bubble associated phenomena.  
Nowadays, there is a growing interest toward the pelletization of biomass fuels and 
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residues as measure for increasing the bulk density and for 
homogenizing/strengthening the fuel particles [4]. Benefits of the pelletization can 
be particularly appealing at small scale application, thanks to simpler handling and 
metering fuel devices. The scope of the research is to provide insights into the 
devolatilization phenomena of fuel pellets that are not completely characterized 
yet. 
 
Experimental 
Apparatus for devolatilization  
The experimental apparatus for determining the particle behavior during 
devolatilization stage is a 120 mm ID, 500 mm high fluidized bed, which is heated 
by means of an external electrical furnace. The fluidization column is open in the 
top side, allowing the visual observation of the bed surface. A fixed bed of 3/8" 
stainless steel balls acts as gas distributor in the bottom. A flow-meter is used for 
measuring the air flow rate for fluidization, whereas the bed temperature T is 
measured with a submerged thermocouple inserted. 
The bed material was silica sand having two sizes: 200-450 μm (fine) and 600-800 
μm (coarse). The bed was kept under slightly bubbling fluidization regime (U-Umf 
= 6 cm/s) with a total expanded height of about 250 mm. 
The basic technique, referred to as “free pellet”, for fuel feeding consists in 
throwing a pellet from the open side. In alternative, a cage was used for introducing 
a single pellet at fixed bed heights of about 8 cm from the bed surface, keeping it in 
that position during the whole test. A digital video-camera was used for recording 
from the top during each test. Post processing of the acquired frame sequences was 
accomplished by means of the free software “VirtualDub” by Avery Lee. 
Fuels 
Beech rods, commercial wood pellets (spruce), and purposely made wood-coal 
pellets were used for the experiments. Two different coals were considered: 
German brown coal (GBC) and Polish bituminous coal (PC) with a coal/wood 
mass ratio equal to 30/70. The properties of the parent fuels are reported in Table 1. 
The fuel rank with respect to the volatiles content is: beech >spruce > GBC > PC. 
Photographs of the pellets are shown in Figure 1.  
 

 
Figure 1. Fuels used for the experiments (A: beech, B: Spruce, C: GBC, D: PC). 
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Table 1. Properties of parent fuel and pellets. 
 

Parent fuel Spruce 
wood 

German brown 
coal 

Polish coal Beech 
wood 

LHV, MJ/kg daf 18.5 24.1 31.0 17.37 
Proximate analysis  

Fixed C, % 17.1 36.6 54.9 17.23 
Volatiles, % 74.2 41.7 28.8 82.82 

Ash, % 0.3 3.0 8.6 1.16 
Moisture, % 8.4 18.7 7.7 5.41 

Ultimate analysis (daf)  
C, % daf 49.4 67.9 79.1 49.11 
H, % daf 5.9 5.1 4.5 6.72 
S, % daf 0.1 0.5 0.5 <0.01 
N, % daf 0.1 0.8 1.3 0.13 
Cl, % daf <0.01 0.06 0.4 <0.01 
O, % daf 44.4 25.7 14.2 44.62 

 Spruce GBC PC Beech 
Diameter, mm 6 6 6 6 
Length, mm 10-15 10-15 10-15 10-15 
Composition 100% 

spruce 
70% spruce  
30% GBC 

70% spruce  
30% PC 

100% 
wood 

Moisture 9.2 8.4 6.85 15 
Density ,kg/m^3 1150 1200 1160 720 

 
Results 
The tests were carried out at a bed temperature of the bed of 750°C. The 
fluidization velocity U was 11 cm/s (fine sand) and 21 cm/s (coarse sand), 
corresponding to equal excess of fluidization velocity U-Umf = 6 cm/s.  
Figure 2 displays frames obtained during a test. For each recorded frame, invert 
and emboss filters were applied to better recognize the phenomena under 
observation (Fig 2). In general, upon a short delay from pellet feeding, smoke and 
flames appeared during the entire devolatilization time, lasting dozens of seconds. 
There was no evidence of the occurrence of primary fragmentation during the 
devolatilization of all four kinds of fuels (“free pellet” technique).  



 
XXXV Meeting of the Italian Section of the Combustion Institute 

4 
 

 
Figure 2. Frames obtained by video-recording the bed surface during the 

devolatilization of a single pellet (1st col. no filter, 2nd col. invert filter, 3rd col. 
emboss filter). 1st row) GBC, pellet in cage, submerged flame. 2nd row) GBC, pellet 

in cage, superficial flame. 3rd row) GBC, free pellet, superficial flame. 
 
From the analysis of the frame sequences, two kinds of events can be 
distinguished: i) the eruption of a “hot bubble” produced by bursting a submerged 
fuel-rich bubble, ii) the generation of “flames” at the bed surface upon ignition of 
fuel vapors that escape the bed. The analysis of the frames obtained with “free 
pellet” shows that the fuel particle stably remains on the bed surface during the 
devolatilization step. Therefore, the observed events were limited in this case to 
flames only. In general, the size of the area covered by the “hot bubble” and 
“flame” events is in the range 3-6 cm. More specifically, PC pellets, having the 
lowest content of volatiles, gave rise to smaller and less recognizable events. Thus, 
the assumed tdev is representative of the interval during which rapid and violent 
emission of volatiles occurs, which is likely to favor undesirable segregation 
phenomena between fuel and air. The measured values of the devolatilization time 
obtained with spruce, GBC, PC pellets and beech samples for fine sand at 750°C 
are shown in Fig. 3 for “cage”. The trend reported is consistent with the volatile 
content of the pellets (spruce > GBC > PC) a longer tdev being needed for complete 
devolatilization of pellets having larger volatiles content. This behavior is not 
followed by the samples of beech that, having lower density, show the shortest 
devolatilization time. The measured times differ significantly among pellets: spruce 
had roughly double tdev than PC.  In contrast, for “free pellet” a reduced variation of 
tdev can be noted in the “free pellet” configuration among different pellets and the 
trend is reverted: PC > GBC > spruce > wood. It is worth noting that tdev does not 
change for spruce switching from “cage” to “free pellet”, whereas wood, GBC and 
PC exhibit a significantly higher devolatilization time under “free pellet” condition. 
This is an obvious consequence of the reduced surface of heat transfer between the 
pellet and the bed when the pellet floats over the bed surface. The observation of 
the spruce behavior indicates that the flame issuing from the pellet is more stable 
and larger, partly explaining the reverted trend of tdev results. The time evolution of 
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“flame” and “hot bubble” events for spruce pellet in fine sand is displayed in Fig. 
4. Generally the number of “hot bubble” already exceeds that of “flame” events. 
No flames were observed for coarse sand experiments. PC pellets gave rise to a 
limited Ne in fine sand, whereas no events were observed in coarse sand. In 
general, the event distribution is rather uniform during the entire devolatilization 
step, although the flame events are more frequent at beginning. The number of 
events is function of the particle nature: spruce > GBC > PC > beech. Congruent 
with the results concerning the devolatilization time, a higher content of volatiles 
leads to a large number of gaseous bubbles that ignite inside the bed or erupt at its 
surface with exception of the beech wood, as consequence of its lower density. 
When the particle is kept at fixed bed height (cage), the segregation mechanism of 
the volatiles via the formation of rising bubbles, is partly counter-balanced by the 
cross diffusion in the bed.  
 

 
Figure 3. Devolatilization time for spruce, GBC, PC pellets and beech ("cage", 

fine sand). 
 
Conclusions 
The devolatilization behavior of fuel pellets was studied. In general, upon a short 
delay from pellet feeding, smoke/flames appeared during the entire devolatilization 
time, lasting dozens of seconds. Two kinds of events can be distinguished: i) the 
eruption of a “hot bubble” produced by bursting a submerged fuel-rich bubble, ii) 
the generation of “flames” at the bed surface. In general, the equivalent diameter of 
the area covered by the “hot bubble” and “flame” events is in the range 3-6 cm. 
The trend of the devolatilization time and the number of “hot bubble” and “flame” 
events is consistent with the volatile content of the pellets (spruce > GBC > PC > 
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wood). 
From a practical point of view, all factors forcing the pellets to stay submerged in 
the bed during the devolatilization or favoring the lateral dispersion of the volatiles 
are beneficial for reducing the bed bypass of the volatiles and enhancing their 
conversion in the bed. Apart from other benefits, the pelletization may be also 
effective in improving the particle conversion, via a longer devolatilization time.  
 
 

 
 

Figure 4. Number of “hot bubbles” and flames for pellets in cage (fine sand). 
 
Nomenclature 
Ne number of “flame” and “hot bubble” events 
tdev devolatilization time 
U fluidization velocity 
Umf minimum fluidization velocity 
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