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   Abstract−−−−−−−− The physical activation of charcoal
from eucalyptus wood has produced excellent results
in laboratory tests. The obtained activated carbons
have good adsorbent properties with surface areas
over 500 m2/g, low density and moderate attrition
resistance. The activation process is strongly endo-
thermic and involves gasification of the carbona-
ceous char by oxidation with either water vapor or
carbon dioxide in the temperature range of 1073 –
1373 K. This process is carried out in either directly
or indirectly fired activators, such as rotary kilns.
The goal of this work is to describe the performance
analysis carried out on a pilot rotary kiln, using a
previously developed steady state mathematical
model. The comparison between simulated and ex-
perimentally data has been reported in a previous
paper. The model accounts for the complex transfer
and reaction phenomena, which occur inside the
kiln. The model was solved by a finite difference
method. The solution predicts solid, freeboard gas,
and wall temperature axial profiles, as well as the
mass variations in the solid and freeboard gas, due to
activation reaction and solid drying. The perform-
ance of the activator can be measured through its
production rate, burn off, and solid temperature
profile. To analyze the influence of different operat-
ing conditions on the equipment performance, the
main operating variables (i.e., gas, steam, and solid
flow rate, residence time, and solid temperature)
have been studied. The results obtained from the
sensitivity analysis allow for the identification of the
operation variables that can be optimized.
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I. INTRODUCTION
Activated carbon (AC) is a well known adsorbent mate-
rial, which finds its use mainly in chemical, mining and
food industries, and also in other important applications
as purification and deodoration processes, water treat-
ment, medicine, etc. (Yehaskel, 1978, Bansal et al.
1988). In Argentina, large volumes of AC are imported
from China, USA, Japan and Brazil. Therefore, there is
an increasing interest in the development of technology
to cope with the local demand.

Studies of physical activation at laboratory scale
have been performed on charcoal samples obtained
from various raw materials, for example, eucalyptus
wood (which is an abundant and low-cost material in
the Cuyo region, Argentina), fruit stones, residues from
the manufacture of olive and grape oils, poplar wood,
olive tree wood and grape stalk (Deiana et al. 1998).
Using these data, approximate kinetic expressions were
also developed (Martínez, 1998). Furthermore, a pilot-
scale rotary kiln has been built for experimental studies
of the physical activation process of charcoal obtained
from raw materials of the region.

Rotary kilns are used by almost all important AC
world manufacturers (i.e. Norit & Co.). Although
Boateng and Barr published in 1996 a general thermal
model for a rotary kiln that included heat transfer within
the bed, studies about the modeling of the activation
process of charcoal with water vapor in rotary kilns are
lacking in the open literature. On the other hand, there is
abundant literature of studies about the process physical
chemistry at laboratory scale, and also about physical
and chemical characterization of the product (Tancredi
et al. 1996). Due to the specificity arising from each raw
material, there are not published studies on the activa-
tion reaction kinetics, because of the difficulties associ-
ated with proposing general-type kinetics for the proc-
ess. The majority of published papers on the activation
and re-activation processes at pilot scale are empirical
(Smith, 1979; Laine et al. 1991), and a mathematical
model to predict the steady state and dynamic behavior
of rotary kilns for the activation of charcoal is not avail-
able at present.

The present work describe the performance analysis
carried out on a pilot rotary kiln, using a previously de-
veloped steady state mathematical model (Ortiz et al.
2003), aiming to obtain valuable information for the
proper selection of operating conditions and design pa-
rameters.

II. ROTARY KILN MODELING
The rotary kiln under study basically consists of a cy-
lindrical shell, which rotates about a slightly inclined,
horizontal axis. The hot gases and carbon flow counter
currently in direct contact with each other in the shell.
Water vapor is injected in counter current with the sol-
ids, at the discharge end. See Figure 1 for an outline of


