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Abstract−− Several studies have been reported 

with the purpose of storing NG in porous media by 
adsorption.  Experimental data and mathematical 
models that describe the adsorption phenomena of 
pure methane, the main component of NG (about 
90%) already exist, however they do not describe 
satisfactorily the behavior of NG storage cycles, be-
cause of the presence of several other hydrocarbons 
like ethane, propane, butane and heavier alkanes. 
This study presents measurements of experimental 
data for the adsorption equilibrium of binary mix-
tures of low-molecular-weight alkanes and compares 
them with mathematical models for multicomponent 
adsorption prediction based on each pure component 
adsorption data. Experiments were performed with 
the binaries methane-ethane, methane-propane and 
methane-butane. Experimental results were com-
pared with predictions from the Extended Langmuir 
model and Ideal Adsorbed Solution (IAS) model.  

Keywords−− Storage, natural gas, activated car-
bon, binary adsorption.  

I. INTRODUCTION 
Environmental issues associated to the use of fossil fu-
els are increasingly more evident, namely those related 
to global warming, acid rain and suspended solid parti-
cles released in the air.  

Due to natural gas (NG) cleaner combustion, its use 
has been intensely encouraged around the world. How-
ever, a viable large-scale system of distribution and us-
age depends greatly on the storage technology. As an 
alternative to natural gas compression at high pressures 
(ca. 200 bar), storage by adsorption in porous media at 
moderate pressures (35-40 bar) emerges as a way to 
decrease operational costs and transport NG to remote 
regions not served by gas pipelines.  

Activated carbon (AC) has been reported as the best 
adsorbent for NG storage purposes, due to its high spe-
cific surface area and high micropore volume. Also, 
because of its lack of affinity for water, the use of acti-
vated carbon prevents significant capacity loss due to 
adsorbed water.  

Experimental and simulated data from our group for 
pure methane adsorption in activated carbon have been 
reported (Azevedo et al., 2007; Bastos-Neto et al., 
2005a,b; 2007). Nevertheless in some cases those data 
may not represent satisfactorily a real NG storage sys-
tem because NG is a mixture of hydrocarbons (methane 
being the main component) containing also ethane, pro-

pane, butane, heavier alkanes, nitrogen and carbon diox-
ide. As a result, a more precise model for NG storage 
systems should consider the effects of different compo-
sitions.   

The objective of this study is to compare experimen-
tal binary adsorption data of light alkanes that consti-
tutes NG (C1, C2 and C3) with isotherm models for mul-
ticomponent systems determined from pure component 
adsorption data to compare those models and analyze 
the effects of each adsorbed component on one another. 

II. METHODS 
A. Pure Component Data  
The adsorption equilibrium isotherms of pure compo-
nents (C1, C2 and C3) were measured gravimetrically 
using a high-precision magnetic suspension balance 
(Rubotherm, Germany). The carbon sample WV1050 
(Mead Westvaco) was initially regenerated under vac-
uum (10-4 Torr) at 100°C overnight (at least 8 hours). 
After that, the experiment temperature was set and then 
pure gas was introduced in the sample cell up to a given 
pressure. Each assigned pressure corresponds to an ex-
perimental equilibrium point. Pressure values ranged 
from 0 to 70 bar for methane, from 0 to 40 bar for eth-
ane and from 0 to 15 bar for propane. The measured 
weight increase data were handled as described by Bas-
tos-Neto et al. (2005b) in order to obtain absolute ad-
sorption isotherms, including the appropriate corrections 
due to buoyancy effects.  
B. Binary Data  
The apparatus used on the binary equilibrium measure-
ments consists of a 30-mL steel cylinder (miniproto-
type) filled with activated carbon WV1050, a gas chro-
matograph (Varian-Model CP3800) for gas phase com-
position analysis, and an analytical balance (± 0.5 mg) 
for mass difference measurement. The experimental 
setup is illustrated in Fig. 1. 

Several experiments were carried out at room tem-
perature (25°C) varying binary mixture compositions 
(C1-C2 and C1-C3) according to the following steps:  
1. The vessel was filled with a known quantity of ac-

tivated carbon and submitted to vacuum (10-4 Torr) 
overnight (at least 8 hours);  

2. The pressure regulator valve for C2 or C3 bottle was 
set up to a constant value (usually between 3 and 10 
bar) and the heavier gas (C2 or C3) was fed into the 
vessel until that pressure was reached. After adsorp 
 


