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Dehydration of Ethanol-Water Mixture Using Activated
Carbons from Sawdust and Palm Kernel Shells

A. N. Anozie,1 E. E. Okuhon,1 F. N. Osuolale,2 and J. K. Adewole1
1Department of Chemical Engineering, Obafemi Awolowo University, Ile-Ife, Nigeria
2Department of Chemical Engineering, Ladoke Akintola University of Technology,
Ogbomoso, Nigeria

This work was carried out to determine the optimum conditions
for preparing activated carbons from sawdust and palm kernel shells
(PKS); the maximum initial water concentration in feed solution to
produce anhydrous ethanol using the adsorbents; and the effects of
initial water concentration on water removal efficiency, selectivity,
and adsorption capacity. The sawdust was chemically activated with
ammonium chloride as catalyst while the PKS was carbonized and
steam activated. Different particle sizes of the activated carbons
were used in the study. The optimum conditions for preparing
the activated carbons were established. It was found that only the
activated sawdust particle sizes could break the ethanol-water
azeotropic composition in feed solutions containing 5–9% (v/v)
water to produce anhydrous ethanol. Powdered activated sawdust
particles had the highest adsorption capacity compared to all the
other particle sizes. The water removal efficiency, selectivity of
water-to-ethanol adsorption, and adsorption capacity were higher
at low initial water concentrations.

Keywords activated carbon; anhydrous ethanol; ethanol-water
mixture; palm kernel shells; particle size; sawdust

INTRODUCTION

The highest ethanol concentration that can be obtained
by simple fractional distillation is about 95% (w=w)
because it forms an azeotrope with water at this compo-
sition. Azeotropic distillation has been used to overcome
this problem for large scale production of anhydrous etha-
nol (1). However, the inherent drawbacks such as the
addition of a third component (called an entrainer) to the
mixture, large cost of entrainer recovery, the inevitable
entrainer losses, and choices of materials of construction
make the production of anhydrous ethanol by azeotropic
distillation on a small scale not feasible. On a small scale,
anhydrous ethanol can be obtained by an adsorption
operation. In that operation, a solute is selectively retained
on the surface of a solid adsorbent. The underlying

mechanism of attachment could be physical, chemical, or
electrostatic in nature. Adsorbents are characterized by
very large adsorbing internal surface area per unit weight
of the material (2). Frequently used commercial adsorbents
include silica gel and activated carbons (3). Silica gel can be
used to completely dehydrate the 95% ethanol mixture to
absolute alcohol (4).

There has been a growing research interest in produc-
ing activated carbons from industrial and agricultural
by-products and sometimes biological materials. Exam-
ples of such materials are—palm kernel fiber (5), oil palm
fiber (6), jackfruit peel (7), coconut husk (8), carica
papaya (9), rice husk ash (10), flyash (11), eggshell waste
(12), bamboo (13), marine green macroalga (14), and algal
Spirogyra (15). Activated carbons derived from these
materials are not only cheaper but are environmentally
friendly as well (16). Activated sawdust has been success-
fully applied for the removal of: toxic metal Cr (VI) from
aqueous solutions (17), Cu (II) ions from solutions (18),
and dyes from textile effluents (19). Similarly, activated
carbon produced from tamarind wood has been applied
efficiently for the removal of Cr (VI) from waste water
(20). Activated carbons produced from palm kernel
shells have been applied for the removal of odor from
water in household water filters (21), and in gas-phase
adsorption (22).

The pore structure of an adsorbent is highly influenced
by the parameters of its production such as catalyst-to-
carbon ratio, activation time, activation temperature,
and particle size. It is necessary to establish the optimal
conditions for the production of high efficiency activated
carbons. The response surface method of optimization
has been employed to derive the best batch process
parameters for the production of activated carbons
(8,23–25).

Freundlich and Langmuir developed adsorption
isotherms for liquid-phase adsorption. The Freundlich
isotherm (26) is empirical and is given by the equation:

q ¼ KCn ð1Þ
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where q is defined as the adsorption capacity and is the
amount of solute adsorbed per unit weight of adsorbent,
C is the equilibrium concentration of the solute in solution,
while K and n are empirical constants. K is proportional to
the active surface area of the adsorbent, and n is adsorption
exponent. The smaller the value of n, the more effectively
the solute is removed from solution or held by the adsorb-
ent. The Langmuir isotherm (26) has a theoretical basis and
is given by the equation:

q ¼ qoC=ðK þ CÞ ð2Þ

where qo and K are empirical constants.
In this study the adsorption capacity was evaluated with

experimental data using the equation:

q ¼ ðCo � CÞVq=W ð3Þ

where Co is the initial concentration of water in solution
(volume fraction), C is the adsorption equilibrium water
concentration in solution (volume fraction), V is the initial
volume of the solution (cm3), q is the density of water (g=
cm3), and W is the mass of carbon (g). The water removal
efficiency, g (%) (27), was evaluated using the equation:

g ¼ ðCo � CÞ100=Co ð4Þ

where concentration terms are in percent volume.
It is important that the adsorbent used in a particular

adsorption system adsorbs the desired component and
rejects, or only slightly adsorbs, the other component.
For the ethanol-water system, it is desirable to adsorb
the water and not the ethanol. The relative separation,
or selectivity, between two components A and B in an
adsorption system, is defined as:

aAB ¼ XAYB=XBYA ð5Þ

where XA is the mole fraction of component A in the
adsorbed phase, XB is the mole fraction of component
B in the adsorbed phase, YA is the mole fraction of compo-
nent A in the fluid phase, and YB is the mole fraction of
component B in the fluid phase. Equation (5) gives the sel-
ectivity of water-to-ethanol adsorption, and the selectivity
of ethanol-to-water adsorption, aBA, is the reciprocal of
Eq. (5).

Very little work has been done on the use of activated
carbons for the dehydration of ethanol to produce anhy-
drous ethanol. The objectives of this study were to deter-
mine: (a) the optimum conditions for the production of
activated carbons from sawdust by chemical activation
method and from palm kernel shells by steam activation
method for the sorption of water from ethanol; (b) the
maximum initial water concentration for the production
of anhydrous ethanol using the activated carbons; and (c)

the effects of initial water concentration on water removal
efficiency, selectivity, and adsorption capacity.

MATERIALS AND METHODS

Preparation of Chemically Activated Carbon from
Sawdust (ASD)

Sawdust sample was obtained from a local sawmill in
Ile-Ife town. It was dried and ground to about 0.14mm
using CYCLOTEC sample mill (Model 1093, TECATOR
CD, Sweden). The catalyst was ammonium chloride. For
a given catalyst-to-sawdust mass ratio, a paste of the mix-
ture formed was allowed to stand for 2 hours and then
dried. The dried material was transferred into a crucible
and activated. After activation, the resultant activated car-
bon was rinsed with water to leach out all traces of
ammonium chloride. It was oven dried at 105�C for three
hours and then ground to a fine powder of particle size
S0 (0.063–0.100mm). The powdered activated carbon was
mixed with dilute molasses as binder, allowed to stand
for two hours, and was formed into briquettes manually.
The briquettes were dried in an oven at a temperature of
140�C for two hours. To completely free the briquettes of
any traces of molasses, the briquettes were carbonized at
a temperature of 550�C for ten minutes. The Seliwanoff
test was carried out on the carbonized briquettes to further
detect any traces of molasses. The molasses-free briquettes
were crushed and sieved to give particle sizes of S1 (1.180–
2.057mm), S2 (2.057–2.812mm), S3 (2.812–3.350mm), and
S4 (3.350–4.000mm).

Preparation of Steam Activated Carbon from Palm
Kernel Shells (APKS)

Fresh palm kernel shells obtained from a market in
Ile-Ife were washed and then dried. The method of Oge-
dengbe et al. (21) was adopted for the carbonization.
Accordingly, the palm kernel shells were carbonized in a
metal crucible at 500�C until the cessation of white fumes
from the crucible signifying the removal of all the organic
matter in the palm kernel shells. Subsequently, they were
subjected to rapid cooling by soaking them in water to
make more pores available and thus increase their internal
surface area. A weight loss of about 70% was noted in the
carbonized shells. Thereafter, it was crushed and sieved
into four different particle sizes: P1 (1.180–2.057mm), P2

(2.057–2.812mm), P3 (2.812–3.350mm), and P4 (3.350–
4.000mm). A measured volume of the carbonized palm
kernel shells taken from one size group was steam activated
in a custom made metal furnace. The activated carbon was
allowed to cool in air and later boiled for 2.5 hours in water
to dissolve out all the inorganic constituents and other
impurities. The cleaned, activated palm kernel shells were
finally oven dried at a temperature of 120�C for 1.5 hours.
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Procedure for Adsorption Experiments

The adsorption experiments for powdered activated
sawdust were carried out in tightly sealed sample bottles.
The known weight of the powdered activated sawdust
and the known volume and concentration of ethanol-water
mixture in a sample bottle were brought to equilibrium by
means of a gyratory shaker (Model G25-R, Brunswick,
England) at a temperature of 25�C, a speed of 250 rpm,
and for 12 minutes. The solution was centrifuged and the
supernatant liquid removed for refractive index and density
measurements.

For the granulated activated carbons from sawdust
and palm kernel shells, the experimental runs were carried
out in an adsorption column. The column was packed with
a known weight of granulated activated carbon from one
size group and different concentrations of ethanol-water
mixture were poured through. The concentrations of
ethanol-in-water were determined using both the refractive
index and density methods for pre- and post-column
samples.

For refractive index measurements, an Abbe refrac-
tometer (Model 60, Abbe, England) was employed.
An ethanol-water refractive index calibration table was
prepared by determining the refractive indices of
ethanol-water mixtures at different concentrations. The
mixtures were prepared from absolute ethanol and distilled
water. In preparing the mixtures, large volumes of ethanol
and water were used in order to minimize errors. It was
noted that at very high ethanol concentrations, the sensi-
tivity of the refractometer to changes in concentration
decreased. Therefore, only density measurements were used
in such ranges. Specific gravity bottles were used for the
density measurements. Literature values of ethanol-water
density measurements were read off (28). The purity of
the anhydrous ethanol obtained was tested using gas
chromatographic techniques.

Determination of Optimum Conditions for Preparing
ASD and APKS

In preparing chemically activated powdered sawdust,
the catalyst-to-sawdust ratio, the activation temperature
and activation time were varied in order to determine the
optimal values. Chemical activation of the sawdust was
carried out at varying catalyst-to-sawdust mass ratios of
1:2, 1:1, and 2:1; varying activation temperatures of 500,
600, 700, and 800�C; and varying activation times of 1,
1.5, 2, 2.5, and 3 hours.

For steam-activated palm kernel shells, since the
optimum carbonization parameters had been established
(21), three activation parameters were investigated, namely,
activation temperature, activation time, and particle size.
Steam activation was carried out at varying activation
temperatures of 600, 700, 800, 900, and 1000�C; varying

activation times of 2, 3, 4, 5, and 6 hours; and varying
particle sizes P1, P2, P3, and P4.

The ranges of values for the parameters investigated
were chosen based on literature. To investigate a para-
meter, the others were fixed and the parameter under inves-
tigation was varied. After preparing the activated carbons
at the varying conditions, adsorption experiments were car-
ried out to determine the best operating conditions which
gave the highest adsorption equilibrium concentration of
ethanol in solution and the highest selectivity of water-to-
ethanol adsorption.

Production of Anhydrous Ethanol and Effects of Initial
Water Concentration on Water Removal Efficiency,
Selectivity, and Adsorption Capacity

Each particle size group of the activated carbons
(prepared at the optimum conditions for high perform-
ance) and ethanol-water mixtures having 5, 6, 7, 8, and
9% (v=v) initial water concentration were employed in
adsorption experiments to determine the maximum initial
water concentration and adsorption capacities for the
production of anhydrous ethanol. Similarly, each particle
size group of the activated carbons and ethanol-water
mixtures having 10, 20, 30, 40, and 50% (v=v) initial water
concentration were employed in adsorption experiments to
determine the effects of initial water concentration and
particle size on the water removal efficiency, selectivity,
and adsorption capacity.

RESULTS AND DISCUSSION

Optimum Conditions for Production of ASD

In the production of powdered ASD, the effects of vary-
ing catalyst-to-sawdust mass ratio on the adsorption equi-
librium concentration of ethanol and on the selectivity of
water-to-ethanol adsorption are presented in Table 1 (Data
Row 1). It was observed that the highest adsorption equi-
librium concentration of ethanol and the highest selectivity
of water-to-ethanol adsorption occurred at catalyst-to-saw-
dust mass ratio of 1:1 and this represents the optimum
(local) catalyst-to-sawdust mass ratio. This shows that
below or above this ratio under- or over-activation takes
place. Increasing the catalyst-to-carbon mass ratio above
the optimum value has been found to reduce performance
of activated carbon (7).

During the production of powdered ASD, the effects of
varying activation temperature on the adsorption equilib-
rium concentration of ethanol and on the selectivity of
water-to-ethanol adsorption are also presented in Table 1
(Data Row 2). It was observed that the optimum (local)
activation temperature is 600�C. As the activation tempera-
ture increased, increase and subsequent decrease in the
adsorptive performance indicators may be explained from
the fact that during activation, increase in temperature
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favors the opening up of pores and thus enhancing the
adsorptive performance (8). Further increase however, in
activation temperature may cause structural alteration of
the activation surface.

In the production of powdered ASD, the effects of
varying activation time on the adsorption equilibrium
concentration of ethanol and on the selectivity of water-to-
ethanol adsorption are again shown in Table 1 (Data Row
3). It was observed that the optimum (local) activation time
is 2 hours. As the activation time increased, the increase
and subsequent decrease in the adsorptive performance
indicators may also be explained as due to under- and
over-activation with time. It was observed that the
variation of time did not show much effect on adsorptive
performance as compared to variation of activation
temperature (29).

Optimum Conditions for Production of APKS

During the production of APKS, the effects of varying
activation temperature on the adsorption equilibrium con-
centration of ethanol and on the selectivity of water-to-
ethanol adsorption, for all the particle sizes, are shown in
Table 2 (Columns 1–5). As the activation temperature
increased, the adsorption equilibrium concentration of
ethanol and the selectivity of water-to-ethanol adsorption
first increased with increase in temperature and later
decreased. The explanation of the observed trend is similar
to that of ASD. It was observed that the optimum (local)
activation temperatures for the particle sizes P1, P2, P3,
and P4 were 700, 800, 800, and 900�C, respectively. This
showed that the optimum activation temperature increased
with increase in particle size. The highest adsorption

equilibrium concentration of ethanol of 67% and selectivity
of water-to-ethanol adsorption of 2.03 were obtained for
particle sizes P1 and P2 at their optimum activation tem-
peratures.

In the production of APKS, the effects of varying acti-
vation time on the adsorption equilibrium concentration
of ethanol and on the selectivity of water-to-ethanol
adsorption, for all the particle sizes, are also shown in
Table 2 (Columns 1, 6–9). As the activation time increased,
the adsorption equilibrium concentration of ethanol and
the selectivity of water-to-ethanol adsorption first
increased with rise in activation time and later decreased.
This initial increase and subsequent decrease in the adsorp-
tive performance indicators may be due to initial avail-
ability of more adsorption sites at the onset of the
activation process (10). It was observed that the optimum
(local) activation times for particle sizes P1, P2, P3, and
P4 were 4, 4, 4, and 5 hours, respectively. This showed that
the optimum activation time was constant for three particle
sizes and different only for the largest particle size. The
highest adsorption equilibrium concentration of ethanol
of 68% and selectivity of water-to-ethanol adsorption
of 2.13 were obtained for particle sizes P1 and P2 at their
optimum activation time of 4 hours.

The results presented in Table 2 for APKS showed
that adsorption is favored by smaller particle sizes. Particle
sizes P1 and P2 had the highest and the same adsorption
equilibrium concentration of ethanol and selectivity of
water-to-ethanol adsorption. This may be attributed to
the fact that they have a larger internal surface area and
shorter diffusion path that favour quick interaction
between fluid and adsorbent (23).

TABLE 1
Effects of varying production parameters of powdered ASD on adsorption equilibrium concentration of ethanol and

selectivity of water to ethanol adsorption�

Catalyst to
sawdust ratio

Activation
temperature (�C)

Activation
time (hr)

Adsorption equilibrium
concentration of
ethanol (% v=v)

Selectivity of water to
ethanol adsorption, aAB

1:2 600 2 66 1.94
1:1 69 2.23
2:1 68 2.13
1:1 500 2 67 2.03

600 69 2.23
700 64 1.78
800 61 1.56

1:1 600 1 65 1.86
1.5 66 1.94
2 69 2.23
2.5 68 2.13
3 66 1.94

�Mass of adsorbent¼ 3.0 g, Initial volume of feed solution¼ 20 cm3, Initial concentration of feed solution¼ 60% ethanol (v=v).
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Maximum Initial Water Concentration for Production of
Anhydrous Ethanol

It was found that all the particle sizes of activated
sawdust (ASD) successfully broke the ethanol-water azeo-
tropic composition to produce anhydrous ethanol. On the
contrary, it was found that steam-activated palm kernel
shells (APKS) could not be used to break the ethanol-water

azeotropic composition. Table 3 shows the maximum
initial water concentrations and adsorption capacities for
production of anhydrous ethanol for the particle sizes of
activated sawdust. It was observed that briquetted acti-
vated sawdust of particle size S1 produced anhydrous etha-
nol with the highest maximum initial water concentration
of 9% and adsorption capacity of 0.30 g water=g carbon.
The powdered activated sawdust of particle size S0 pro-
duced anhydrous ethanol with maximum initial water con-
centration of 7% and highest adsorption capacity of 0.467 g
water=g carbon. Considering the quantities of activated
carbons that will be used for adsorption, the powdered
activated sawdust (S0) with highest adsorption capacity
will be preferable to the briquetted activated sawdust (S1)
because less activated carbon will be used to produce
anhydrous ethanol. Considering the type of unit operation
equipment to be used, the powdered carbon will need
mixing and centrifuging equipment whereas the briquetted
carbon will need a packed bed column.

Furthermore, it was also found that the chromatograms
of the anhydrous ethanol produced using the activated
sawdust were very much like the one from the original

TABLE 3
Maximum initial water concentrations and adsorption
capacities for producing anhydrous ethanol using ASD

Particle
size (mm)

Maximum
initial water
concentration

(% vol.)

Adsorption
capacity, q

(kg. water=kg. carbon)

S0: 0.063–0.100 7 0.467
S1: 1.180–2.057 9 0.30
S2: 2.057–2.812 8 0.22
S3: 2.812–3.350 7 0.20
S4: 3.350–4.000 5 0.125

TABLE 2
Effects of varying production parameters of APKS on adsorption equilibrium concentration of ethanol

and selectivity of water to ethanol adsorption�

Particle
size (mm)

Activation
temperature

(�C)

Activation
time
(hr)

Adsorption
equilibrium
concentration
of ethanol
(% v=v)

Selectivity
of water
to ethanol
adsorption,

aAB

Activation
temperature

(�C)

Activation
time
(hr)

Adsorption
equilibrium
concentration
of ethanol
(% v=v)

Selectivity
of water
to ethanol
adsorption,

aAB

P1: 1.180–2.057 600 3 63 1.7 700 2 64 1.78
700 67 2.03 3 67 2.03
800 65 1.86 4 68 2.13
900 64 1.78 5 65 1.86

1000 63 1.70
P2: 2.057–2.812 600 3 64 1.78 800 2 64 1.78

700 65 1.86 3 67 2.03
800 67 2.03 4 68 2.13
900 66 1.94 5 65 1.86

1000 65 1.86
P3: 2.812–3.350 600 3 62 1.63 800 2 63 1.70

700 63 1.70 3 66 1.94
800 66 1.94 4 67 2.03
900 65 1.86 5 65 1.86

1000 64 1.78
P4: 3.350–4.000 600 4 62 1.63 900 2 62 1.63

700 62 1.63 3 62 1.63
800 63 1.70 4 64 1.78
900 64 1.78 5 65 1.86

1000 63 1.70 6 64 1.78

�Mass of adsorbent¼ 14 g, Initial volume of feed solution¼ 20 cm3, Initial concentration of feed solution¼ 60% ethanol (v=v).
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absolute ethanol, with no extra peaks, indicating that the
adsorption bed did not add any extra impurities to the
anhydrous ethanol produced.

Effects of Initial Water Concentration on Water Removal
Efficiency

The effects of initial water concentration on the water
removal efficiency for all the particle sizes are shown in
Table 4. It was observed that as the initial water concen-
tration increased the water removal efficiency decreased
for all the particle sizes and that the activated sawdust par-
ticle sizes (S0–S4) have greater water removal efficiencies
than the activated palm kernel shell particle sizes (P1–P4)
at 10–30% initial water concentrations. The water removal
efficiencies of the two types of activated carbons for all par-
ticle sizes were about the same at initial water concentra-
tions of 40–50%. These results showed that chemically
activated sawdust performed better than steam activated
palm kernel shells in removing water from ethanol-water
solutions with low initial water concentrations and both
had about the same performance in solutions with high
initial water concentrations.

Effects of Initial Water Concentration on Selectivity of
Water-to-Ethanol Adsorption

The effects of initial water concentration on the selec-
tivity of water-to-ethanol adsorption for all the particle
sizes of the activated carbons are shown in Table 5. The
following observations were made:

i. the selectivity of water-to-ethanol adsorption of the
ASD particle sizes at 10% initial water concentration
was much higher than that of the APKS particle sizes,

ii. selectivity was higher at low initial water concentration
(10–30%) than at high initial water concentration (40–
50%),

iii. selectivity decreased sharply from 10–30% initial water
concentration and decreased gradually from 30–50%
initial water concentration for all the particle sizes.
Selectivity is a useful performance index in assessing
the performance of adsorbents. For the ethanol-water
adsorption system, it is desirable that the selectivity
of water-to-ethanol should be high and this implies that
the initial water concentration should be low.

Effects of Initial Water Concentration on Adsorption
Capacity

The effects of initial water concentration on adsorption
capacities of the activated carbons of different particle sizes
are shown in Table 6. It was observed that the adsorption
capacities of the activated carbons increased and then
decreased as the initial water concentration increased for
all the particle sizes. Activated carbons from sawdust have
higher adsorption capacities than activated carbons from
palm kernel shells for all the initial water concentrations.
Adsorption capacities were much higher at initial water
concentrations of 10–30% than at 40–50% initial water
concentration. Powdered activated sawdust (S0) stood
out as having the highest adsorption capacity than all
the other particle sizes. Therefore, dehydration of
ethanol-water mixture must be carried out using powdered
activated sawdust carbons. Furthermore, it is not advisable
to use ethanol-water mixture exceeding 30% initial water
composition for multi-stage adsorptive separation of
ethanol-water mixture. The optimum number of distil-
lation and adsorption stages required to bring a fermen-
tation broth from about 8–12% initial ethanol

TABLE 4
Effects of initial water concentration on water removal

efficiency

Initial Water Concentration (% vol.)

Particle
size (mm)

10
Water

20
Removal

30
Efficiency

40
g (%) 50

S0: 0.063–0.100 70 45 30 17.5 14
S1: 1.180–2.057 80 50 33.3 12.5 4
S2: 2.057–2.812 70 50 30 20 6
S3: 2.812–3.350 80 50 26.7 20 2
S4: 3.350–4.000 70 50 30 17.5 6
P1: 1.180–2.057 30 30 23.3 17.5 8
P2: 2.057–2.812 30 25 20 17.5 8
P3: 2.812–3.350 30 25 20 15 8
P4: 3.350–4.000 20 20 16.7 12.5 6

TABLE 5
Effects of initial water concentration on selectivity of

water-to-ethanol adsorption

Initial Water Concentration (% vol.)

10 20 30 40 50
Particle size (mm) Selectivity, aAB

S0: 0.063–0.100 32.33 8.09 3.76 2.03 1.32
S1: 1.180–2.057 65.67 9.00 4.00 1.86 1.08
S2: 2.057–2.812 39.00 9.00 3.76 2.13 1.13
S3: 2.812–3.350 49.00 9.00 3.55 2.13 1.04
S4: 3.350–4.000 32.33 9.00 3.76 2.03 1.13
P1: 1.180–2.057 13.29 6.14 3.35 2.03 1.17
P2: 2.057–2.812 13.29 5.67 3.17 2.03 1.17
P3: 2.812–3.350 13.29 5.67 3.16 1.94 1.17
P4: 3.350–4.000 11.50 5.25 3.00 1.86 1.13
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concentration to anhydrous ethanol will be based on
economic considerations.

CONCLUSIONS

This study has shown that ammonium chloride is
suitable as catalyst for the preparation of activated carbon
from sawdust. The optimum (local) conditions for prepar-
ing activated sawdust were: catalyst-to-sawdust mass ratio
of 1:1, activation temperature and time of 600�C and 2
hours, respectively. The optimum (local) steam activating
conditions for preparing activated palm kernel shells were:
particle size range of 1.180–2.057mm, activation tempera-
ture and time of 700�C and 4 hours, respectively. It was
shown that chemically activated sawdust could be used to
break the ethanol-water azeotropic composition in solu-
tions containing 5–9% (v=v) water to produce anhydrous
ethanol whereas steam activated palm kernel shells could
not be used to achieve the same purpose. The effects of
initial water concentration on water removal efficiency, sel-
ectivity of water-to-ethanol adsorption, and adsorption
capacity showed that dehydration of ethanol-water mixture
using activated carbons should be carried out at low initial
water concentrations. The optimum number of distillation
and adsorption stages required to produce anhydrous etha-
nol from fermentation broth will be based on economic
considerations.
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