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Introduction

Increasing energy consumption has increased the use
of fossil fuels as the main source of energy supply. Due
to the non-renewability of fossil fuels, as well as the
environmental problems associated with them, the use
of biofuels such as bioethanol, bio-butanol and bio-die-
sel have received more attention. Biobutanol has been
considered as a suitable alternative in the last two de-
cades due to its higher thermal energy, low water solu-
bility and high solubility in current hydrocarbon fuels,
as well as lower vapor pressure and ease of transport
and handling [ 1,2]. For biobutanol purification, the ad-
sorption process has received much attention due to its
low energy consumption and selectivity in biobutanol
adsorption. The studies that have been done so far on
the adsorption of butanol on various adsorbents have
been studied more on the amount of adsorption and
also the effect of effective parameters on adsorption
[3]. But the modeling of the adsorption process and the
calculation of mass transfer coefficients have been less
studied. In this paper, the equilibrium adsorption and
adsorption kinetics of butanol from the liquid phase on
the activated carbon adsorbent have been studied and
by modeling the adsorption process, the mass transfer
coefficient and molecular diffusion coefficient of buta-
nol in the activated carbon have been calculated.

Materials and Methods

To study the adsorption kinetics in this study, first, 2
g of activated carbon adsorbent was poured into a vial
and 20 ml of a solution with an initial concentration of
10 g/l butanol was added to it and stirred using a stirrer
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at laboratory temperature and every 15 once a minute,
using a syringe, a microliter of sample was taken out
and analyzed by a gas chromatograph. By performing
several samples at different times, the amount of con-
centration changes over time is finally obtained. In this
study, the first-order and quasi-second-order Lager-
gren kinetics model is used. Based on the interparticle
diffusion model, a linear relationship is obtained that
in case of nonlinear behavior, this diagram in a long
period of time can indicate the existence of different
stages of penetration in the process mechanism.

Results and Discussion

The Toth isotherm model of the calculated AARD val-
ues for the adsorption of 1-butanol on activated carbon
shows a better fit for the F-400 activated carbon adsor-
bent. However, by comparing the error value of each
isotherm, it becomes clear that the Friendlich model
provides a better result for predicting the adsorption
equilibrium on the ZSM-5 zeolite adsorbent. Another
point that can be concluded from these data is the in-
ability of Langmuir model to predict the equilibrium
data of 1-butanol uptake. This could also be due to
the lack of assumption of Langmuir model monolayer
adsorption in the 1-butanol adsorption system on ac-
tivated carbon. The F-400 activated carbon adsorbent
showed a higher equilibrium adsorption rate than the
activated carbon used in this experiment. The activat-
ed carbon sample shows a higher rate of adsorption of
1-butanol, and also the amount of adsorbed material is
higher in comparison with the zeolite sample. For the
activated carbon used in this study, the quasi-quadratic



kinetic model provides a better fit than the other two
adsorbents taken from the references. This indicates
that the adsorption of 1-butanol on this activated car-
bon follows a quadratic kinetics. By fitting the inter-
particle diffusion model, three different regions are
observed for the adsorption of 1-butanol on activated
carbon. Zone 1 indicates the penetration mechanism
inside the cavity, zone 2 indicates the interstitial pen-
etration, and zone 3 indicates the penetration into the
micro-cavities.

Conclusions

The results of this study showed that the adsorption
of 1-butanol on activated carbon is predicted by the
Friendlich isotherm. The quasi-quadratic kinetic mod-
el also fits well with the events. Using the interpar-
ticle diffusion model, it is shown that the mechanism
of adsorption of 1-butanol on activated carbon used in
this study is done in several steps and with different
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mechanisms. From the results of this study, it can be
concluded that activated carbon can be used as an ef-
fective adsorbent in adsorption.
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