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ABSTRACT

Liquid-liquid extraction is one of the most important separation processes that
widely used in industries. Rotating Disc Contactor (RDC) column is one of the liquid-
liquid extractor. Therefore, the study of liquid-liquid extraction in RDC column has
become a very important subject to be discussed not just among the chemical engineers
but mathematician as well. This project presents Support Vector Machine (SVM) and
Neural Network modeling in the prediction of concentration of dispersed phase outlet in
RDC column. SVM is an exciting Machine Learning technique that learns by example to
sign labels to object and can be used for regression as well as classification purpose,
while Neural Network is widely used as effective approach for handling nonlinear data
especially in situations where the physical processes are not fully understood. Both
modeling systems offer the potential for a more flexible and less error in forecasting.
Thus, it can help to save time and reducing cost in conducting experiments. A Statistica
software is utilized to help with the SVM modeling and a Matlab code is produced to
run the Neural Network simulation in this project. The mean square error is calculated to
compare the result between the two models. The analysis shows that both SVM and
Neural Network modeling can predict the concentration of dispersed phase in RDC

column but the SVM approach gives better result than the Neural Network approach.
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ABSTRAK

Pengekstrakan cecair dengan cecair merupakan salah satu proses pemisahan
paling penting yang digunakan secara meluas dalam banyak industri. Turus
Pengekstrakan Cakera Berputar (RDC) adalah salah satu turus pengekstrakan cecair
dengan cecair tersebut. Oleh itu, kajian pengekstrakan cecair dengan cecair dalam turus
RDC telah menjadi subjek yang sangat penting yang akan dibincangkan bukan sahaja di
kalangan jurutera kimia tetapi ahli matematik juga. Projek ini membentangkan model
Sokongan Mesin Vektor (SVM) dan model Rangkaian Neural dalam meramal kepekatan
fasa terserak dalam turus RDC. SVM merupakan suatu teknik pembelajaran mesin di
mana ia belajar melalui teladan untuk menandatangani label kepada objek dan boleh
digunakan untuk regresi serta tujuan pengelasan, manakala Rangkaian Neural digunakan
secara meluas sebagai pendekatan yang efektif dalam mengendalikan data tidak linear
terutamanya dalam situasi di mana proses fizikal tidak sepenuhnya difahami. Kedua-dua
model SVM dan Rangkaian Neural menawarkan pendekatan yang lebih berpotensi dan
ralat yang lebih kecil dalam sesuatu peramalan. Oleh itu, ia dapat membantu
menjimatkan masa dan mengurangkan kos dalam menjalankan eksperimen. Satu
perisian Statistica digunakan untuk membantu menyelesaikan model SVM dan kod
Matlab dihasilkan untuk menjalankan simulasi Rangkaian Neural dalam projek ini.
Purata jumlah perbezaan kuasa dua dihitung untuk membandingkan hasil antara kedua-
dua model. Analisis menunjukkan bahawa kedua-dua model SVM dan Rangkaian
Neural boleh meramal kepekatan fasa terserak dalam turus RDC tetapi pendekatan SVM

memberikan hasil yang lebih baik daripada pendekatan Rangkaian Neural.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Liquid-liquid extraction is an important separation that widely used in industries.
It was applied in chemicals, pharmaceuticals, refining, polymers and food industries.
Specifically, chemicals use liquid-liquid extraction for water treatment, pharmaceuticals
use for antibiotics production, refining use for aromatics, polymers use for Adiponitrile
and food use for flavors. From these productions, we can see that liquid-liquid extraction
can lead to a comfortable life for human. As example, production antibiotics in

pharmaceutical can improve human healthiness.

Rotating Disc Contactor (RDC) columns are one of the extractors that used for
this liquid-liquid extraction. It also has an extensive application in various industries.
The performances of these columns indicate that they are more efficient and possess
better operational flexibility. However, there is still some improving that researchers can

do to enhance the performances.

Recently, many researches on forecasting have been conducted. This is because

prediction result can lead to good decision making and planning. For example,



forecasting in production of liquid-liquid extraction can lead to precaution and some
improving action in the extractor to give a better result. It also could cut the cost, time
and energy in conducting the extraction. In order to forecast, academicians can help by
constructing a model and understanding the applications and problems so that some

actions and improvement could be taken.

Modeling is an extremely powerful tool, a framework for research, debate and
planning, which provides a valuable source of information for decision making. Arnold
Neumaier (2004) said that mathematical modeling is the art of translating problems from
an application area into tractable mathematical formulations whose theoretical and
numerical analysis provides insight, answers, and guidance useful for the originating
application. Mathematical modeling is a bridge between the study of mathematics and
the applications of mathematics to various fields. It is able to give more understanding of
the system modeled and gives precision and direction for the problem solution. It is
impossible to imagine modern science without the wide application of mathematical
modeling. Therefore, this research is about applying the mathematical modeling using
Support Vector Machine (SVM) and Neural Network for liquid-liquid extraction in RDC

column.

1.2  Background of Problem

Liquid-liquid extraction is an extraction or separation of a substance from one
liquid phase into another liquid phase. Separation is achieved by adding a liquid solvent
phase to the original liquid carrying the components to be extracted. One of the phases
must be dispersed into droplets in the other, continuous phase to achieve a sufficiently
large mass-transfer interface. This extraction is widely used in the industries such as in

chemical, pharmaceuticals, petroleum and food industry.



Difference condition and needs in liquid-liquid extraction to produce what we
want in the results makes it need difference system to extract or dissolve between the
bonds. That is why there are many types column been created and used for liquid-liquid
extraction such as Packed column, Scheibel column, Karr column, Pulsed column and
Rotating Disc Contactor (RDC) column. In this project, we study about the liquid-liquid

extraction in RDC column.

Liquid-liquid extraction in RDC column involve process that the independent
variables which are the inputs such as rotor speed, dispersed phase flow rate,
concentration of continuous inlet and concentration of dispersed inlet makes the
extraction for the results of the output which is the concentration of dispersed phase
outlet. However, we do not know what actually happen in the RDC column because of

the complexity process. Indeed, we need the end result.

At the beginning, the researches use mathematical simulation to get the end
result (the output). In the study of Maan (2005), she use reverse modeling for this liquid-
liquid extraction in the RDC column. There also other studies in this area involving
prediction of the output. However, there are still some ways we can improve the
prediction. Now, we want to improve the modeling by the new method. Therefore, in
this project, we introduce Support Vector Machine and Neural Network modeling to
predict the output (concentration of dispersed phase outlet). We also compare the results
from both of the modeling to see the effectiveness. Hopefully this project can help the

researches to improve the process and build the better RDC column.

1.3 Rational of Study

This study is subjected to a few of rational. Firstly, liquid-liquid extraction is
very important and needed in the industries. It used for industries’ productions such as

water treatment in chemical industry and lube oil quality improvement in petroleum



industry. Besides, we do not know the exact process happen in the RDC column but the
result of the process is very significant. Therefore, we would like to study and develop
SVM and Neural Network modeling in this area as these are two of the popular methods
that are being utilized in recent years. We concern in predicting the concentration of
dispersed phase outlet in RDC column. We can determine the output without doing the
experiment and predict thousands of data. The prediction will offer to help the

researchers and engineers in improving the RDC column for a better result.

1.4  Problem of Statement

The prediction of concentration of dispersed outlet in RDC column needs to be
improved as it indicate the effectiveness of mass transfer and drop breakage liquid-liquid
extraction in RDC column. This project tries to answer some questions such as can SVM
and Neural Network modeling be applied to help the engineers? Based on the data
obtained from the experiment, how do we apply the modeling to get the prediction?
Which type of modeling technique is the most suitable to describe the concentration of

dispersed outlet in RDC column without the use of time consuming activities?

1.5  Objectives of the Study

The objectives of this study are:

1. To study the application of Support Vector Machine and Neural Network in

the field of chemical engineering.



2. To apply a mathematical model using SVM and Neural Network for
prediction of concentration of dispersed phase outlet in RDC column,

3. To compare the actual output and predicted output derived from the SVM
and Neural Network.

1.6 Scope of Study

The study is focusing on SVM and Neural Network modeling for predicting the
concentration of dispersed phase outlet in RDC column. The data is acquired from the
researchers at the University of Bradford under contract to Separation Processes Service,
AEA Technology, Harwell. There are 256 sets of data available and this data set consist
of four columns of input data which are rotor speed, dispersed phase flow rate,
concentration of continuous inlet, concentration of dispersed inlet and one columns of
output data which is the concentration of dispersed phase outlet. STATISTICA and
MATLAB software are used to develop the method in the model. Both methods will also

be implemented as comparison to see their effectiveness.

1.7  Importance of the Study

This study is carried out with the main objective of evaluating SVM and Neural
Network modeling. Based on the results, it is hoped that this study will be able to:

1. Develop the understanding on SVM and Neural Network modeling.
2. Provide basis for researchers on how to apply mathematical modeling using

SVM and Neural Network in chemical engineering research.



3. Improve and encourage works in exploring the advantages of SVM, Neural
Network methods and liquid-liquid extraction in RDC column.
4. Improve the liquid-liquid extraction process and build the better RDC

column.

1.8  Thesis Outline

The proposal begins with Chapter 1 which consists of the introduction,
background of problem, rational of study, problem statement, objectives, scope and
importance of the study. This is followed by Chapter 2 that discusses about the literature
review on the liquid-liquid extraction, RDC column, SVM and Neural Network
modeling. The research planning, operational framework and research methodology are
discussed in Chapter 3. Next, Chapter 4 represents the result and analysis of this study.
Finally, from the result and analysis, conclusion can be made, some contribution

mentioned and several recommendations are stated in Chapter 5.
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