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Abstract 
The pyrolysis of particles of glucomannan, the main component of softwood 
hemicelluloses, is investigated in a fluidized-bed reactor. A first set of experiments 
is carried out for temperatures in the range 530-690K to determine yields and 
composition of products. The most abundant are char, water and carbon dioxide. 
The condensable organic fraction mainly consists of acetic acid, formic acid, 
hydroxypropanone, hydroxyacetaldehyde and furfuryl alcohol.  
 
Introduction 
Hemicelluloses are structural polysaccarides of the plant cell wall in close 
association with cellulose and lignin, forming the lignocellulosic biomass. These 
polysaccarides are generally heterogeneous build-up of different hexoses (C6-
sugars) and pentoses (C5-sugars) sometimes in addition to uronic acids. They have 
a lower degree of polymerization than cellulose, are largely soluble in alkali, and 
also more easily hydrolyzed. Their amount is usually between 20% and 30% of the 
dry matter of wood and up to 35% for some agricultural residues.  
Hemicelluloses are the least thermally stable among biomass components and their 
pyrolytic behavior is of paramount importance for improving the knowledge of 
process fundamentals and the design of effective conversion systems. In particular, 
for the torrefaction process, carried out at temperatures of 473-593K, the 
decomposition of hemicellulose is the main chemical reaction [1-2]. A significant 
number of studies is available concerning the chemical kinetics and products of 
pyrolysis of xylan, used as a model compound for hardwood hemicelluloses. On 
the contrary, glucomannan and galacto-glucomannan, the main components of 
softwood hemicelluloses, have never been studied in detail, although the wood 
pyrolysis characteristics are known to be affected by the hardwood or softwood 
species [3,4].  
In this study a laboratory scale fluidized-bed reactor is applied to investigate the 
pyrolytic behavior of commercial glucomannan at several temperatures. This 
system allows the process to be conducted under isothermal conditions, in this way 
producing data that can be applied for various reactor configurations.  
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Materials and methods 
Commercial glucomannan AS (Dr. Behr GmbH, D), also indicated as Konjac 
glucomamman, is isolated from the corm of Amorphophallus Konjac and used in 
this study. According to the producers, the sample as received presents contents of 
moisture, ash and protein of 9.8, 3.8 and 2.9%, respectively.  
The experiments are performed in a laboratory scale system [5], consisting of a 
fluidized bed electrically heated by a furnace. Nitrogen, fed through a jacket at the 
reactor top, is also preheated and distributed by a perforated metal plate supporting 
the bed. The bed material is calcined sand and the volumetric gas flow rate is 
varied with the bed temperature so as to achieve in all cases a superficial velocity 
about 2.5 times higher than that at minimum fluidization conditions. Temperature 
profiles along the reactor axis are measured by four thermocouples. The expanded 
bed is isothermal at a temperature determined by a proper set point of the furnace, 
but gradients in the upper part are high. However, this is not a drawback given that 
only the expanded bed characteristics are of interest.  
The experiments are carried out to determine the yields and composition of 
products of glucomannan pyrolysis. Once the desired temperature of the expanded 
bed is attained, Th, the sample is instantaneously fed at a distance of about 0.15 m 
from the flow distributor. Nitrogen and volatile pyrolysis products pass through a 
condensation train consisting of two water/ice cooled condensers, two wet 
scrubbers, three cotton wool traps, and a silica gel bed (all connected in series). 
Gas sampling and analysis are made at selected times allowing the exit volumetric 
flow rate and mass of each gaseous species to be determined. The liquid products 
are stored at a temperature of 277 K with no light exposure. After filtration, 
chemical analysis is made by means of GC/MS, according to the method 
previously developed [6,7].  
 
 
Results 
Experiments to determine the yields and composition of the products of 
glucomannan pyrolysis are made for temperatures of the expanded bed, Th, in the 
range 530-690K. The examination of the temporal profiles of temperature, at four 
positions along the reactor axis, and rate of gas release from the time of the batch 
feed to complete conversion indicates that two main behaviors can be identified 
(Figs.1A-1B). For the less severe heating conditions (Th=605K, Fig.1A), it appears 
that sample feeding is associated with a rapid diminution in the temperature at the 
positions 0.11-0.15 m, followed by an equally rapid increase towards the initial bed 
temperature. The temperature at 0.06 m is initially not affected and then shows the 
same qualitative profile as those of the upper zone, even though the minimum 
value is considerable higher. It can be observed that highly variable temperature 
dynamics, established from the feeding time up to about 40s, are not associated 
with gas production. Therefore they can be essentially attributed to feed pre-
heating from ambient conditions to temperatures sufficiently high for the beginning 
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of the pyrolysis reactions. Thus during the initial transients, glucomannan, fed at 
about 0.15 m, mixes with the hot sand, first in the upper zone (0.11-0.13 m) and 
then in the more lower zones (0.06 m), and is heated. For times longer than 40 s the 
temperature profiles become flat with barely increasing values.  

 
Figure 1A-1B. Time profiles of the bed temperature, at different heights, and the 

rate of gas release (time derivative of the gas mass fraction) for heating 
temperatures of 605K (A) and 690K (B) during glucomannan pyrolysis. 
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The very small differences between the temperatures recorded at the various 
positions suggest that the single glucomannan particles preserve their identity 
during heating and degradation and that the temperature of the solid phase and that 
of the gas phase are approximately the same during the conversion process. Also, 
all the particles react under comparable thermal conditions independently from 
their position in the bed. In reality glucomannan conversion does not take place 
under truly isothermal conditions but the actual temperature of the reacting 
particles slowly increases with time and always remains below the initial bed 
heating temperature. The conditions that reproduce heating dynamics qualitatively 
similar to those discussed here are established for heating temperatures between 
530 and 605K. 
The temperature profiles measured for more severe heating conditions (heating 
temperatures above 605K, Fig.1B) are representative of completely different 
dynamics. Apart from the anticipation in the beginning of the reaction process (at 
about 25s), pyrolysis takes place under highly variable thermal conditions that are 
dependent on the bed height. Moreover, the lowest part of the bed (thermocouple 
positioned at a bed height of 0.06 m) remains at the initial conditions, indicating 
that it is not the site where feed particles are heated and degraded. To explain these 
dynamics it should be taken into consideration that glucomannan powder 
undergoes thermal softening. Given the high heating temperatures, feed particles 
reach the softening point before they mix with the hot sand, leading to partial 
agglomeration of the sample where the identity of the single particles is, for a large 
part, lost. It is likely that the sample remains mainly positioned at the top of the bed 
with the actual heating rates depending on the size/shape of particle agglomerates. 
Therefore they may become slower than those observed at lower heating 
temperatures when good mixing of the feed with sand takes place before the 
softening point is reached and the glucomannan particles preserve their identity 
during the conversion process. In fact, the comparison between the curves of the 
gas release rate reported in Figs.1A-1B reveal that, for the latter case, as a 
consequence of lower heating rates, conversion takes place over a wider time 
interval with a lower peak in the gas release rate. Particle agglomerates, which 
form at the higher heating temperatures, have been observed [8] by means of 
Scanning Electron Microscope (SEM) images.  
The main information on the pyrolysis products of glucomannan is shown in Fig.2 
for the yields of the lumped classes of pyrolysis products (char, gas, organics and 
water) and gaseous species (CO and CO2) versus the heating temperature. The 
same qualitative trends typically observed for lignocellulosic fuels are again 
established. From the quantitative point of view, the yields of solid product vary 
from a maximum of about 53% to a minimum around 31% which is attained for 
heating temperatures of 660K and above. The yields of gas and organics increase 
from about 10 and 4%, respectively, to maximum values around 15%. However, it 
can be reasonably assumed that the contribution of about 8-9%, representing the 
unsuccessful complete mass closure, should be ascribed to organic compounds 
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(this would lead to yields of organic compounds varying between 12-23%). Water 
yields are around 27%. The gas consists of CO2 (yields between 7-11%) and CO 
(yields between 3-4%). As discussed in [8], the organic fraction includes 
carboxylic acids, alcohols, aldehydes, ketones, furans, sugars and other minor 
compounds which are quantitatively dependent on the heating temperature. The 
main species include acetic acid, hydroxyacetaldehyde, hydroxypropanone, formic 
acid, levoglucosan, acetoxyacetone, propionic acid, hydroxybutanone, 
butyrolactone, furfural, acetylfuran and furfuryl alcohol. 

 
Figure 2. Yields of product classes (char, gas, organics and water) and CO and 

CO2 from glucomannan pyrolysis versus the heating temperature. 
 
 
Conclusions 
The findings of this study are in agreement with the analysis about the torrefaction 
products of wood/biomass which are the result of hemicellulose degradation. CO2 
is always the chief gaseous product, independently from the hemicellulose 
properties. As for the condensable products, water is the most abundant. In 
particular for the torrefaction of pine wood, comprising galacto-glucomannan 
hemicellulose, it corresponds to about 75-52% of the liquid produced over the 
temperature range 513-593K, which compares well with the figures of this study 
(86-64% of the liquid produced). The composition of the organic fraction is 
affected by the hemicellulose properties. In agreement with the results found for 
pine wood torrefacion, acetic acid, formic acid, hydroxypropanone, 
hydroxyacetaldehyde and furfuryl alcohol are the main organic product of 
glucomannan pyrolysis.  
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