
IN T R O D U C T IO N

W it h  in c r e a s in g  n e e d  fo r  im p r o v in g  p r o c e s s  e c o n o m i c s ,  e f f i c i e n c y  a n d  q u a lity ,  

t h e r e ' h a v e  b e e n  e n g in e e r in g  e f f o r t s  t o  d e v e lo p  n e w  c h e m ic a l  p r o c e s s  d e s ig n s  to  

im p r o v e  e x i s t in g  p r o c e s s  p e r fo r m a n c e  in c lu d in g  a f o r e m e n t io n e d  p u r p o s e .  C o m b in in g  

c h e m ic a l  r e a c t io n  a n d  m e m b r a n e  s e p a r a t io n  in to  a  s in g le  p r o c e s s  u n it , o n e  o f  

e n g in e e r in g  e f f o r t s ,  is  a n  a t tr a c t iv e  a p p r o a c h  in  th e  c h e m ic a l  in d u s tr ie s  b e c a u s e  o f  

s e v e r a l  b e n e f i t s ,  f o r  e x a m p le ,  e n h a n c in g  y ie ld ,  a n d  in c r e a s in g  r e a c t io n  r a te  a n d  

s e l e c t iv i t y .

A  p e r v a p o r a t iv e  m e m b r a n e  r e a c to r  is  a  m e m b r a n e  r e a c to r  o b ta in e d  fr o m  th e  

in t e g r a t io n  o f  p e r v a p o r a t io n -b a s e d  m e m b r a n e  a n d  c h e m ic a l  r e a c to r . T h e  A  

p e r v a p o r a t io n  i n v o l v e s  th e  s e p a r a t io n  o f  t w o  o r  m o r e  c o m p o n e n t s  in  l iq u id  m ix t u r e s .  

It is  s p e c ia l ly  u s e d  fo r  o r g a n ic - w a t e r  a n d  o r g a n ic -o r g a n ic ^  s e p a r a t io n  a c r o s s  a  

m e m b r a n e . T h e  c o n c e p t  o f  th e  p e r v a p o r a t io n  is  t o  r e m o v e  b y - p r o d u c t  s p e c i e s  fr o m  

r e a c t io n  m ix t u r e s ,  th u s  a  r e v e r s ib le  r e a c t io n  th a t  p r o d u c e s  b y - p r o d u c t  w a te r ,  fo r  

e x a m p le ,  e s t e r i f i c a t io n ,  is  a  p la c e  o f  r e a c t io n  e n h a n c e m e n t  b y  u s in g  th e  p e r v a p o r a t io n .  

F u r t h e r m o r e , t h e  in te r e s t in g  a p p l ic a t io n  o f  c o m b in in g  th e  p e r v a p o r a t io n  w i t h  a 

c h e m ic a l  r e a c to r  i s  t o  im p r o v e  y ie ld  in  a  n u m b e r  o f  e q u i l ib r iu m - l im it e d  r e a c t io n s .

T h e  in t e g r a t io n  o f  t h e  p e r v a p o r a t io n  b a s e d  o n  a  c o n v e n t io n a l  e s t e r i f i c a t io n  

p r o c e s s  th a t  is  o p e r a t e d  in  a  b a tc h  m o d e  is  c o n s id e r e d  in  th is  w o r k . I t i s  w i d e l y  

a c c e p t e d  th a t  e s t e r i f i c a t io n ,  o n e  o f  th e  m o s t  im p o r ta n t  c h e m ic a l  p r o c e s s e s  in  o r g a n ic  

c h e m ic a l  in d u s tr y ,  is  t y p ic a l ly  a  r e v e r s ib le  p r o c e s s  w h ic h  it s  c o n v e r s io n  i s  l im i t e d  b y
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t h e r m o d y n a m ic  e q u i l ib r iu m s . T h e r e f o r e ,  t h e  c o u p l in g  o f  t h e  p e r v a p o r a t io n  w i t h  a n  

e s t e r i f i c a t io n  r e a c to r  is  d e v e lo p e d  t o  in c r e a s e  t h e  c o n v e r s i o n  o f  r e a c ta n ts . T h a t  

p e r v a p o r a t io n  c a n  s h if t  th e  e q u i l ib r iu m  b y  p a s s i n g  w a t e r  o u t  o f  a  r e a c t io n  m ix tu r e .  

H o w e v e r ,  th e  p e r f o r m a n c e  o f  th e  p e r v a p o r a t iv e  m e m b r a n e  r e a c to r  r e g a r d in g  t o  

p e r m e a t io n  r a te  a n d  r e a c t io n  r a te  is  s t i l l  d e p e n d e d  o n  im p o r ta n t  o p e r a t in g  p a r a m e te r s  

s u c h  a s  th e  o p e r a t in g  te m p e r a tu r e  a n d  r e a c ta n t  m ix t u r e s .

In  t h is  w o r k ,  a  n e u r a l n e t w o r k  in v e r s e  m o d e l  b a s e d  c o n t r o l le r  ( N I M C )  h a s  

b e e n  d e s ig n e d  a n d  fo r m u la te d  t o  c o n t r o l  a n  o p t im a l  t e m p e r a tu r e  o f  a  p e r v a p o r a t iv e  

m e m b r a n e  r e a c to r  fo r  e s t e r i f i c a t io n  a n d  its  p e r f o r m a n c e  h a s  b e e n  e v a lu a t e d  in  b o th  

n o m in a l  a n d  p la n t /m o d e l  m is m a t c h  c a s e s ,  a n d  c o m p a r e d  w i t h  G M C  c o u p le d  w i t h  

K a lm a n  F ilte r . In  a d d it io n , a  n e u r a l n e t w o r k  b a s e d  e s t im a t o r  h a s  b e e n  a l s o  e m b e d d e d  

in  th is  w o r k  to  e s t im a t e  th e  h e a t  r e le a s e  o f  c h e m ic a l  r e a c t io n .

1.1 R e s e a rc h  O b je c t iv e

T h e  o b j e c t iv e  is  t o  s tu d y  th e  u s e  o f  n e u r a l n e tw o r k , f e e d f o r w a r d  n e t w o r k s  in
!

o r d e r  t o  e s t im a t e  th e  h e a t  r e le a s e  o f  c h e m ic a l  r e a c t io n ,  u s e  o f  n e u r a l n e t w o r k  a s  a  

n o n lin e a r  c o n t r o lle r ,  a n d  c o m p a r e  t h e  p e r f o r m a n c e  o f  n e u r a l n e t w o r k  in v e r s e  m o d e l  

b a s e d  c o n t r o l le r  ( N I M C )  w i t h  th e  G M C  c o u p le d  w i t h  K a lm a n  F ilte r .

1.2 S co p e  o f  R e s e a rc h

1. N o n l in e a r  s y s t e m ,  E s t e r i f i c a t io n  o f  a c e t i c  a c id ,  b u ta n o l  a n d  b a tc h  

r e a c to r  in te g r a te d  w ith  p e r v a p o r a t io n  is  u t i l i z e d  in  th is  w o r k . T h is
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3 . A  p e r v a p o r a t iv e  m e m b r a n e  r e a c to r  h a s  b e e n  c o n t r o l le d  t o  a c h i e v e  a  

d e s ir e d  o b j e c t i v e  b y  u s i n g  n e u r a l  n e t w o r k

4 . E f f i c i e n c y  o f  n e u r a l  n e t w o r k  b a s e d  c o n t r o l le r  h a s  b e e n  c o m p a r e d  w i t h  

G M C  c o u p le d  w i t h  K a lm a n  F il te r .

1 .4  A c t i v i t y  p ia n

1. S t u d y  th e  p e r v a p o r a t iv e  m e m b r a n e  r e a c to r  a n d  e s t e r i f i c a t io n  r e a c t io n

2 . S t u d y  t h e  n e u r a l n e t w o r k s  a n d  s im u la t io n  p r o g r a m  b a s e d  o n  M A T L A B  

a n d  M A T L A B  t o o lb o x .

3 . R e v i e w  r e le v a n t  in f o r m a t io n  r e g a r d in g  m e m b r a n e  p r o c e s s  a n d  

m e m b r a n e  r e a c to r  in c lu d in g  c o l l e c t  t h e  s im u la t io n  d a ta  f r o m  

m a th e m a t ic a l  m o d e l .

4 . D e s i g n  n e u r a l n e t w o r k  b a s e d  e s t im a t o r  t o  e s t im a t e  t h e  u n c e r t a in  

p a r a m e te r . U s e  s im u la t io n  d a ta  in  i t e m  3 t o  tr a in  a n d  t e s t  t h e  n e tw o r k s .

5 . D e s i g n  t h e  n e u r a l n e t w o r k  b a s e d  c o n t r o lle r .

6 . C o l l e c t  a n d  s u m m a r iz e  t h e  s im u la t io n  r e s u lt .

7 . C o m p a r e  th e  s im u la t io n  r e s u lt  o f  n e u r a l n e t w o r k s  w i t h  G M C  c o u p le d  

w it h  K a lm a n  F ilte r .

8 . P r o v id e  d i s c u s s i o n  a n d  c o n c lu s io n .
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This thesis is divided into six chapters:

Chapter I  is an introduction to this research. This chapter consists o f 
research objective, scope o f research, contribution o f research, and activity plan.

Chapter I I  presents the literature review in pervaporative membrane reactor 
and neural networks.

Chapter i n  describes background information o f pervaporation separation

process.

Chapter IV  describes the neural network fundamentals consisting o f 
biological neural networks, basic neural network, neural network design and 
application o f neural network.

Chapter V presents the configurations o f neural network based estimator 
and controller. The simulation results and discussion are included in this chapter.

Chapter V I presents the conclusion and recommendation for the future
work.
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