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A reactor integrated with separation process has been widely proposed and studied to
enhance the production of high value added chemicals. An example of such a process is a
pervaporative membrane reactor which is the combination of a reactor and a pervaporation part. The
inclusive of a pervaporation can shift the chemical equilibrium of esterification by passing water out of
reaction mixture and therefore increase the yield of a desired product. In addition, the temperature of
the reactor is one of key factors to define the rate of reactions involved. In this work, a neural
network inverse models based control (NIMC) has been designed to control an optimal temperature of
a pervaporation membrane reactor. Furthermore, a neural network estimator (NNE) has been
incorporated to the strategy as an estimator to estimate the amount of heat released of an esterification
reaction. The performance of the designed controller has been evaluated in both nominal and
plant/model mismatch cases, and compared with GMC coupled with the Kalman Filter. Simulation
study has shown that the NIMC with the NNE can successfully control the reactor temperature at a
desired set point in nominal cases and plant/model mismatches. The performance of the NIMC with
the NNE is equivalent to that of the GMC coupled with the Kalman Filter. As a result, the NIMC with
the NNE is applicable to control the pervaporative membrane reactor without first principle models of
the reactor is available. This shows the advantage of the NIMC with NNE over the GMC with the

Kalman filter.
Department .Chemical Engineering : Student’s signature
Field of Chemical Engineering Advisor’s signature

Academic year 2004 Co-advisor’s signature



ACKNOWLEDGEMENTS

| would like to sincerely thank Assoc. Prof. Paisan Kittisupakom, my thesis
advisor, for giving me the valuable guidance, direction and discussion throughout the
course of Master degree study including this research. Furthermore, | 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
ofthesis committees, respectively.

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

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



CONTENT

PAGE
ADSEIACE IN TNAI.vvoourrvvvrisserrssirsssessssss s v
ADSLACE IN ENQLISN.....overeicssesccsseeess s v
ACKNOWIBAGEMENTS......oovrrrrvvversissssssssssssssssesssssssssssssssssssssssssssssssnnns - Vi
LISt OF TADIES.....vvvvvrrrecsrssic st X
LISt Of FIGUIES...vvvvvvveeerrsesrisessssisssssessssssssssssssssssssssssssssssssssssssssssssssseess x
Chapter I INrOUCHION. v ssssssssssssssssaans 1
1.1 ReSEArCh ODJECHIVE...cooiivrrrrsrsssserssssssssnsssssssssmssssssssssssssssssssssssssssssssenes 2
1.2 SCOPE OFRESBAICH.....cirvrivrvicriiisn s 2
1.3 Contribution 0f RESEAICN.........iiiiiiniiirsrrrnerrssssrssseeeesesinnnnen 3
LA ACHVIEY PIAN oot ssssssssssssssssssssenns 4
Chapter [l LIterature REVIEW............comrrrmsssermmmmmmmenssssssssmsmssssssssssseness 6
2.1 Pervaporativemembrane reactor. ... covveee wrsseeen SN 6
2.2 NEUTAI NBIWOTKS....uvvivvioriisissnsssissisnses s sssssssssssssssssssssssssens 12
Chaptern i Pervaporation Separation PIOCESS........cccvvemmveeessssssssessinn 28
3.1 Pervaporation for SEParation........cccrrveveesmmmmmmessssssssssmmsssmsnsssenns 30
32 MEMDIANE. ...oovvvvvvvvvvcevievvimiimssi e 35
3.3 Pervaporative Membrane REACION.......ccourvrvvvvvvrrmmmmmmnessssssssssssssssssanns 39
Chapter [V Neural Network Fundamentals.............cvoeesnsssnssivnnn 44
4.1 Biological neural NEWOTKS.........irrervvrrimssssesssissssssessssssssnssssssssssssnnns 44
4.2 Basic artificial neural NEIWOTK...........ovrrvvvriinnerssssssssssssssssssssssessness 47

4.3 Neural NetWOrK A8SIGN.....rrrvrrrrnerrsssssssssssssssssssssssssssssssssssssssenns 73



‘AU

CONTENT (continued)

PAGE
4.4 Application of artificial neural NEtWOrK.......ccoovvvvvvciinsnsnrrrviiriiisnnn 78
Chapter vV Pervaporative membrane reactor.........coeceerveesnnenes 88
5.1 Mathematical MOGE ... sseeesseeeenn 89
5.2 Neural networks in state @SHMAtION.........wwrrrvrrrvvvvrvrrrrveeeeeeesmmmmmmnnnnnnnn 94
5.3 Neural network based CONtrol......ccccoorieieseeeennnnn 96
54 Control and estimation implementation reSult.............ccoveemmmrrrrrrrnees 101
Chapter VI Conclusion and Recommendation.............c.veeeersveernnnns iVl
REFEIBNCES.....vovvveerrreerssssdlonsdesremsstebbenesssssssssstsesssssssssssssssssssssssssssssnens 124
Appendices
Appendix A Neural Network TOOIDOX o covssieerss conses evvvvrrmnnsnnnnenn : 130
Appendix B Backpropagation Algorithm.......cccccc.vvmeemvvvviinnnerrsernnnnns 141

Vita 146



LIST OF TABLE

PAGE
Table 5.1  Process parameter values and initial cONdition.............ccccceerreiees 93
Table 5.2 SSE of neural network based estimator for heat release o f ... 9%
reaction |
Table 5.3 SSE of neural network inverse MOdel.........vevcvverevveesssseesssiinn 9
Table 54 The IAE and ISE comparison of Neural network based................ 105

controller, GMC with Kalman filter



Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4

Figure 45

Figure 4.6
Figure 4.7

Figure 4.3

LIST OF FIGURES

PAGE
Schematic diagram of the pervaporation Process...............eererrrmeees 29
Schematic representation ofthe pervaporation transport............ 3
mechanism: solution-diffusion model.
Schematic of atypical pervaporative membrane reactor............. 40
Configuration of a pervaporation reactor with an internal........... 4
pervaporation unit
Components 0fNeUral....ccccurrvvererissssssnnenenn 45
Architecture of aMcCulloch-PittS NEUronY .............vveeeeeereesssens 46
Nonlinear model of artificial NEUTON.........ccooeevrvvvviiiinnrerrsririiinns 48
Sample transfer fUNCHONS.....ivimmsirinrssssrssesssssseeens 52
General structure offeedforward network with one.........cccccevees 56
hidden layer
Basic structure of neural network weighted connection............... 57
Learning method; unsupervised and supervised learning............. 59
a) Supervised learning b)  pervised 1€aMING....covvcvvvrciveenn 61



Figure 4.9
Figure 4.10

Figure 4.11

Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 5.1

Figure 5.2

Figure 5.3

LIST OF FIGURES (continued)

PAGE
Delta [earmning rUIE ....vvvvvceeeerrrvvssserrsssssssssssssssssssssssssssssnnns 64
Multilayer feedforward network........ o 67
Forward flow of information or data (arrows) and backward....... n

flow of error (dash line) in abackpropagation type of neural network

Basic step-neural NEWOrk deSign.......ovvveeverrmmmnnsenerssssessenns m
General model of the system identification process.......... 78
[dENFICALION.c.vvvvvcirsrrr s s 80
System for inverse IdeNntifiCatioN...ccirmrrrrvveersrrmmsssssrssssseeseeen 83
SUPEIVISEA CONEIOL...vvvvvvvivivrserrrvvrrecrsssssssssssssssssssssssssssssnnes 84
Direct INVEISE CONLIOL......urrrvviriisssserssssssssssssssssssssssssssssssnnns 85
Structure for model refereNCe......rrrrvvevcrssssessssrssesessenanns 86
Structure for internal model CONErOL........ciiomnrrrrrverveersrrnnssannns 87
Pervaporative membrang reactor.........rrrresseessmmmmsmsnnneens 88
Neural network hased eStIMALOr........wvvvvvveeerrmmnnnerrrrrsseesrsssenens 97
Neural network based controller for esterification................e. 100

X1



Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

X

LIST OF FIGURES (continued)

PAGE

Neural network inverse-model-based control strategy............... 100
Open-loop of pervaporative membrane reactor............coovueeenees 102
CoNCENration PrOfilE ... .vvvviiissnnrrrsssssssrissssssssssssssssssssnenns 103
Estimates of heat released for nominal CaSe.........oovvverveernernereenns 107
Estimates of heat released in plant/model mismatch , .....ccocvvvvvvnnnas 107
+30% k1.

Estimates of heat released in plant/model mismatch , ..o 108
-30w k2.

Estimates of heat released in plant/model mismatch 5.................... 108
-30% k1.

Estimates of heat released in plant/model mismatch , ... 109
+30%«2.

Estimates of heat released in plant/model mismatch , .........cccccooeee 109
+30 %1, +30 % k2.

Estimates of heat released in plant/model mismatch , ......ccccoouvveen. 110

+ 30% AH



Figure .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

X

"LIST OF FIGURES (continued)

PAGE
Estimates of heat released in plant/model mismatch , ..................... 110
+30%
Estimates of heat released in plant/model mismatch 5............cccooee Il

- 30%

Estimates of heat released in plant/model mismatch , ..........c.cccooe. [
-30% kl,k2 , +30% 1- 30%

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% kI (NN)

Response of pervaporative membrane reactor in plant/model...... 113
mismatch 5+30% kI (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)



XV

LIST OF FIGURES (continued)

PAGE
Figure 5.23  Response of pervaporative membrane reactor in plant/model ... 115
mismatch , -30% k| (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|, +30%k2 (NN)
Figure 5.26  Response of pervaporative membrane reactor in plant/model....... 116
mismatch , -+30% kI, +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%  (NN)

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



Figure 5.31

Figure 5.32

Figure 5.33

Figure 5.34

LIST OF FIGURES (continued)

PAGE

Response of pervaporative membrane reactor in plant/model..... 119
mismatch ,-30%  (NN)

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

Response of pervaporative membrane reactor in plant/model....... 120
mismatch , -30% kI k2 and +30%AH,  (NN)

Response of pervaporative membrane reactor in plant/model....... 120
mismatch , -30% kl.k2 and +30%Ax,  (GMC)



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



