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A  reactor integrated w ith separation process has been w id e ly  proposed and studied to 

enhance the production o f  high value added chem icals. A n exam ple o f  such a process is a 

pervaporative m em brane reactor w hich  is the com bination o f  a reactor and a pervaporation part. The 

in clu sive o f  a pervaporation can shift the chem ical equilibrium  o f  esterification by passing water out o f  

reaction m ixture and therefore increase the y ie ld  o f  a desired product. In addition, the temperature o f  

the reactor is one o f  k ey  factors to define the rate o f  reactions involved . In this work, a neural 
network inverse m odels based control (N IM C ) has been designed to control an optim al temperature o f  

a pervaporation m em brane reactor. Furthermore, a neural network estim ator (N N E ) has been  

incorporated to the strategy as an estim ator to estim ate the am ount o f  heat released o f  an esterification  

reaction. The perform ance o f  the designed controller has been evaluated in both nom inal and 

plant/m odel m ism atch cases, and com pared with GM C coupled with the K alm an Filter. Sim ulation  

study has show n that the N IM C  with the N N E  can su ccessfu lly  control the reactor temperature at a 

desired set point in nom inal cases and plant/m odel m ism atches. The perform ance o f  the N IM C  with 

the N N E  is equivalent to that o f  the GM C coupled w ith the K alm an Filter. A s  a result, the N IM C  with  

the N N E  is applicable to control the pervaporative m em brane reactor w ithout first principle m odels o f  

the reactor is available. This sh ow s the advantage o f  the N IM C  with N N E  over the G M C w ith the 

K alm an filter.

D epartm ent .C hem ical E ngineering . Student’s signature

Field o f  C hem ical E ngineering A d v isor’s signature

C o-advisor’s signatureA cadem ic year 20 04



V i

A C K N O W L E D G E M E N T S

I would like to sincerely thank Assoc. Prof. Paisan Kittisupakom, my thesis 
advisor, for giving me the valuable guidance, direction and discussion throughout the 
course o f Master degree study including this research. Furthermore, I  am also grateful 
to Prof. Piyasan Praserthdam, Dr. Montree Wongsri, Dr. Suphot Phatanasri and my 
thesis co-advisor, Mr. Soontorn Tipayaratsoontorn for serving as chairman and member 
o f thesis committees, respectively.

Many thanks to process control laboratory members, friends, and all those who 
encouraged me over the year o f studying.

Most o f all, I would like to express the highest gratitude to my parents, and 
brother for their love, inspiration, encouragement and financial support throughout this 
study.



C O N T E N T

PAGE
Abstract in Tha i.........................................................................................  iv
Abstract in English..................................................................................... V

Acknowledgements.....................................................................................  vi
I

List of Tables............................................................................................... ix
List of Figures...............................................................................................  X

Chapter I  Introduction..............................................................................  1
1.1 Research Objective....................................................................................  2

1.2 Scope o f Research.....................................................................................  2

1.3 Contribution o f Research..........................................................................  3

1.4 Activity p lan ................................................................................................ 4

Chapter I I  Literature Review....................................................................  6
2.1 Pervaporativemembrane reactor.................... ....... .......... , , , , , ,1, , .......  6

2.2 Neural networks.....................................................................................  12

Chapter n i  Pervaporation Separation Process.............................................  28

3.1 Pervaporation for Separation....................................................................  30
3.2 Membrane..................................................................................................  35

3.3 Pervaporative Membrane Reactor............................................................ 39

Chapter IV Neural Network Fundamentals.....................................................  44

4.1 Biological neural networks........................................................................  44

4.2 Basic artificial neural network..................................................................  47

4.3 Neural network design..............................................................................  73



'AU

C O N T E N T  ( c o n t in u e d )

PAGE
4.4 Application o f artificial neural network.............................................  78

Chapter V Pervaporative membrane reactor.........................................  88

5.1 Mathematical model................................................................................ 89

5.2 Neural networks in state estimation....................................................... 94

5.3 Neural network based con tro l................................................................. 96

5.4 Control and estimation implementation result......................................  101

Chapter V I Conclusion and Recommendation........................................  121

References..................................................................................................  124

Appendices

Appendix A  Neural Network Too lbox......... ............ ...... .................... . 130

Appendix B Backpropagation Algorithm................................................  141

Vita 146



LIST OF TABLE

PAGE

Table 5.1 Process parameter values and initial condition................................ 93

Table 5.2 SSE o f neural network based estimator for heat release o f ..............  95

reaction !

Table 5.3 SSE o f neural network inverse model...............................................  98

Table 5.4 The IAE and ISE comparison o f Neural network based.................. 105

controller, GMC with Kalman filter



X

PAGE

Figure 3.1 Schematic diagram o f the pervaporation process........................... 29

Figure 3.2 Schematic representation o f the pervaporation transport.............  35

mechanism: solution-diffusion model.

Figure 3.3 Schematic o f a typical pervaporative membrane reactor..............  40

Figure 3.4 Configuration o f a pervaporation reactor with an internal............ 41

pervaporation unit

Figure 4.1 Components o f neural..............................................   45

Figure 4.2 Architecture o f a McCulloch-Pitts neuron y .................................. 46

Figure 4.3 Nonlinear model o f artificial neuron..............................................  48

Figure 4.4 Sample transfer functions...............................................................  52

Figure 4.5 General structure o f feedforward network with one ...................... 56

hidden layer

Figure 4.6 Basic structure o f neural network weighted connection...............  57

Figure 4.7 Learning method; unsupervised and supervised learning.............  59

Figure 4.3 a) Supervised learning b) บทรpervised learning............................. 61

LIST OF FIGURES



XI

PAGE

Figure 4.9 Delta learning ru le ........................................................................... 64

Figure 4.10 Multilayer feedforward network.................................................... 67
t

Figure 4.11 Forward flow o f information or data (arrows) and backward....... 71

flow o f error (dash line) in a backpropagation type o f neural network

Figure 4.12 Basic step-neural network design.................................................. 77

Figure 4.13 General model o f the system identification process.....................  78

Figure 4.14 Identification...................................................................................  80

Figure 4.15 System for inverse identification...................................................  83

Figure 4.16 Supervised contro l...........................................................................  84

Figure 4.17 Direct inverse contro l.....................................................................  85

Figure 4.18 Structure for model reference.........................................................  86

Figure 4.19 Structure for internal model contro l..............................................  87

Figure 5.1 Pervaporative membrane reactor...................................................  88

Figure 5.2 Neural network based estimator..................................................... 97

Figure 5.3 Neural network based controller for esterification........................ 100

LIST OF FIGURES (continued)



PAGE

Figure 5 .4  Neural network inverse-model-based control strategy.................  100

Figure 5.5 Open-loop o f pervaporative membrane reactor..............................  102

Figure 5.6 Concentration p ro file ......................................................................  103

Figure 5.7 Estimates o f heat released for nominal case...................................... 107

Figure 5.8 Estimates o f heat released in plant/model mismatch , ...................... 107
+ 30 % k l .

Figure 5 .9  Estimates o f heat released in plant/model mismatch , ..................... 108
- 30 % k 2 .

Figure 5 .1 0  Estimates o f heat released in plant/model mismatch 5 ..................... 108
- 30 % k l .

Figure 5 .1 1  Estimates o f heat released in plant/model mismatch , ..................... 109
+ 30 % k 2 .

Figure 5 .1 2  Estimates o f heat released in plant/model mismatch , ..................... 109
+ 30 % k l ,  +30 % k 2 .

Figure 5 .1 3  Estimates o f heat released in plant/model mismatch , ..................... 110

Xll

L I S T  O F  F I G U R E S  ( c o n t in u e d )

+ 30% AH



Xlll

Figure ร.14

Figure 5.15

Figure 5.16

Figure 5.17

Figure 5.18

Figure 5.19

Figure 5.20

Figure 5.21

Figure 5.22

' L I S T  O F  F I G U R E S  (c o n t in u e d )

PAGE

Estimates of heat released in plant/model mismatch , ..................... 110
+ 30% บ

Estimates of heat released in plant/model mismatch 5..................... I l l
- 30% บ

Estimates of heat released in plant/model mismatch , ..................... I l l

-30% kl,k2  , +30% 1 - 30% บ

Response of pervaporative membrane reactor for nominal case.....  112
(NN)

Response of pervaporative membrane reactor for nominal case... 112 
(GMC)

Response of pervaporative membrane reactor in plant/model.....  113

mismatch 1 +30% kl (NN)

Response of pervaporative membrane reactor in plant/model......  113

mismatch 5 +30% kl (GMC)

Response of pervaporative membrane reactor in plant/model .....  114

mismatch 1 -30% k2 (NN)

Response of pervaporative membrane reactor in plant/model..... 114

mismatch , -30% k2 (GMC)



XIV

PAGE

Figure 5.23 Response of pervaporative membrane reactor in plant/model .....  115
mismatch , -30% kl (NN)

Figure 5.24 Response of pervaporative membrane reactor in plant/model.....  115
mismatch, 5 +30% k2 (NN)

Figure 5.25 Response of pervaporative membrane reactor in plant/model....... 116

mismatch , +30% k l,  +30%k2 (NN)

Figure 5.26 Response of pervaporative membrane reactor in plant/model....... 116

mismatch , -+30% k l,  +30%k2 (GMC)

Figure 5.27 Response of pervaporative membrane reactor in plant/model.....  117
mismatch 1 +30% AH (NN)

Figure 5.28 Response of pervaporative membrane reactor in plant/model....... 117

mismatch , +30% AH (GMC)

Figure 5.29 Response of pervaporative membrane reactor in plant/model.......  118

mismatch , +30% บ (NN)

Figure 5.30 Response of pervaporative membranee reactor in plant/model .....  118
mismatch , +30% บ (GMC)

L I S T  O F  F I G U R E S  ( c o n t in u e d )



XV

P A G E

Figure 5.31 Response of pervaporative membrane reactor in plant/model.....  119

mismatch , -30% บ (NN)

Figure 5.32 Response of pervaporative membrane reactor in plant/model .....  119
mismatch , -30% บ (GMC)

Figure 5.33 Response of pervaporative membrane reactor in plant/model....... 120

mismatch , -30% kl,k2 and +30%A H, บ (NN)

Figure 5.34 Response of pervaporative membrane reactor in plant/model....... 120

mismatch , -30% kl,k2 and +30%A H ,  บ (GMC)

L I S T  O F  F I G U R E S  ( c o n t in u e d )


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


