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1. Artificial Neural Networks

2. Back Propagation Artificial Neural Network
3. Redlich-Kwong

4. Soave-Redlich-Kwong

5. Peng Robinson

6. Black Box
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1. Levenberg—Marquardt

2. MatLab

3. Feed-Forward Back Propagation Neural Network
4. Feed Forward

5. Training

6. Testing

7. Validation
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1. Coefficient of Determination
2. Mean—Squared Error

3. Sum of Squared Errors

4. Root Mean Square Error

5. Average Percent Deviation
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Introduction

Natural gas is one of the cleanest sources of energy in
the world, which it provides a quarter of the energy
we use. However, in order to have adequate heating
value, the amount of CO, and N, in the natural gas
should be lower than 2% and 4%, respectively |1,
2]. Adsorption on solid adsorbent bed is one of the
main methods for separation and processing of gas
mixtures. Modeling this process and determining its
efficiency is technically challenging due to the large
number of parameters and non-homogeneity of the
surfaces [3]. New computational methods like artificial
neural networks are recently being used to model such
systems that are highly accurate in predicting density,
surface tension, and viscosity [4]. The removal of
carbon dioxide in critical and supercritical conditions
at 150 bar and 323K and 343K on 13X and 5A zeolites
was studied by Kareem et al [5]. Adsorption isotherms
were predicted for both adsorbents using neural
network modeling. Training the network was done
using Levenberg-Marquardt algorithm; in addition,
optimum number of neurons for 13X and 5A zeolites
were 7 and 11 respectively. In this study, adsorption
of methane, carbon dioxide, and nitrogen on 13X
zeolite was modeled using artificial neural network.
Experimental data were extracted from Cavenati
et al [1] and Park et al [6]. The neural network was
trained and optimized using these data, and response
of the model was compared with Cavenati’s data and
Langmuir and Sips isotherms.

Materials and Methods

Analysis Using Artificial Neural Network

Artificial neural network consists of one input layer,

Accepted: August/24/2020

a number of hidden layers, and one output layer, all
of which are comprised of single computational units
named neurons. This inter-connected web of neurons
create various types of artificial neural networks [3].
Among different training algorithms, back-propagation
algorithm is the best method for training neural
network [7]. According to the literature, Levenberg-
Marquardt has shown the best results in predicting an
adsorption system [3]. In this study, temperature (T)
and pressure (P) were used as input parameters, and
adsorption capacity (q) was used as the output [8]. In
Fig. 1, the schematic representation of neural network
is shown. The neural network model was implemented
in MATLAB software (ver. R2016b). Total number
of data used for training of the network for methane,
carbon dioxide, and nitrogen were 150, 156, and 140,
respectively, which were extracted from Park et al
[6]. After training the model and finding the optimum
setting for transfer functions and number of neurons
in the hidden layer, the results were evaluated using
experimental data form Cavenati et al [1].

Results and Discussion

Results of Neural Network Modeling

In this study, the best transfer functions for CH,, CO,,
and N, were first derived while having 10 neurons in
the hidden layer. Values of coefficient of determination
(R?), sum of squares error (SSE), and root-mean-
square error (RMSE) are shown for three gases in
Fig. 2. According to this figure, Logsig and Tansig for
CH,, and Logsig and Purelin for CO, and N, are the
best transfer functions for hidden and output layers,
respectively.
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Fig. 2 Values of R?, SEE, and RMSE for prediction of experimental data in a network with 10 neurons.

Subsequently, three more models were created with 5,
15, and 20 neurons in the hidden layer to figure out
the optimum number of neurons. The results showed
that for methane and carbon dioxide a network with
10 neurons had more accurate predictions while for
nitrogen the network with 15 neurons showed better
performance. Coefficient of determination (R?) for
optimum conditions was 0.9970, 0.9842, 0.9937 for
CH,, CO,, and N,, respectively. After training the
network, the model was also tested for prediction
of Cavenati’s data and coefficient of determination
was 0.997, 0.984, and 0.994 for CH,, CO,, and N,

respectively.

After finalizing the model, the results of the artificial
neural network model (ANN) were compared with
Langmuir and Sips adsorption isotherms [6]. In Table
1, the mean deviation percentage of neural network
model form Langmuir and Sips isotherms for methane,
carbon dioxide and nitrogen is shown. Mean deviation
of Langmuir model for nitrogen is much higher than
two other models while Sips and ANN model both
show a relatively small deviation. In overall, deviations
of ANN and Sips model seem to be very close.

Table 1 Mean deviation percentage for ANN, Langmuir, and Sips models for CH,, CO,, and N,.

DQ%
Gas
ANN Temperature-dependent Sips model [5] | Langmuir model [5]
CH, 39.186 37.141 39.318
CO, 17.932 20.045 11.452
N, 8.258 8.135 56.735
Conclusions running multiple tests. Furthermore, the optimum

In this study, influence of temperature and pressure on
the adsorption of methane, carbon dioxide and nitrogen
was modeled using artificial neural network. Logsig
and Tansig transfer functions for methane and Logsig
and Purelin transfer functions for carbon dioxide and
nitrogen were found to be superior in accuracy after

number of neurons in the hidden layer was found out
to be 10, 10, and 15 for methane, carbon dioxide, and
nitrogen, respectively. After obtaining the optimum
conditions, the trained model was used to predict the
experimental adsorption data from Cavenati et al [1].
In the end, results of the modeling were compared with



Langmuir and Sips temperature-dependent models.

Nomenclatures
AAN: Artificial neural network model
RMSE: root-mean-square error
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