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Abstrac t :  Mult ivar iab le  Predic t ive  Control  s t ra teg ies  with  the  help  of  sof tware package of  

APC-Hiecon  are  appl ied  to  contro l  a  Solvent  Dehydrat ion Tower (SDT).  A control ler  i s  

designed to  help  solve the  problems such as  f luc tuat ion of  the  feeding,  the  cross  ef fec ts  and 

the l iquid  f looding in  the  running process  of  the  tower .  The  s tab i l i ty  of  SDT is  improved 

evident ly af ter  the  appl ica t ion of  the  contro l ler .  The ac tua l  control  resul t  shows a  v is ib le  

reduct ion of  the  cos t  of  HAc and a  subsequent  d is t inct  economical  prof i t .   
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INTRODUCTION 

 

Model-based predict ive  control  (MPC) has  

been developing fas t  in  both  i t s  academic  

research and industr ia l  appl ica t ion.  The three  

charac ter is t ics  of  MPC are  predic t ive  model ,  

receding hor izon control  and  feedback 

correct ion.  In  the  process  industr ies ,  one of  the  

most  a t t rac t ive  fea tures  of  MPC is  i t s  ab i l i ty  to  

deal  wi th  constra in ts  and cross  ef fec ts  in  

mult ivar iab le  contro l  problems.  Some 

commercia l  sof tware packages  based on the 

pr incip le  of  the  predic t ive  contro l  have been 

developed (Adersa  Inc.  Repor t ,  1991a,  1993b,  

1995c) .  The appl ica t ion of  these  sof tware  

packages  has  a lready had lo ts  of  ins tances  a l l  

over  the  world  (Richale t ,  et  a l . ,  1978;  Richalet ,  

1993) .   In  th is  paper ,  the  appl icat ion of  MPC 

stra teg ies  on the Solvent  Dehydra t ion Tower  

(SDT),  with  the  help  of  the  sof tware packet  of  

APC-Hiecon,  is  in troduced.  The process  

parameters  are  unstable  under  the  convent ional  

PID control .  In  order  to  improve the contro l  

performance,  a  mult ivar iab le  predic t ive  

control ler  was designed  by using the sof tware  

package of  APC-Hiecon  to  control  the  process .  

APC-Hiecon provides  the  genera l  funct ions  of  

model-based predic t ive  contro l ,  i .e .  the  cross  

ef fec ts  and constra in ts  are  inherent ly  

considered in  the  contro l ler  and the measurable  

d is turbances  are  ef fect ive ly compensated by 

feed-forward act ion.  At  the  same t ime,  in  order  

to  res tra in  the  l iquid  f looding,  a  f looding 

detector  i s  in troduced  in to  the  control ler .  

Thus,  the  control  s t ructures  are  swi tched  

automat ica l ly  v ia  the  indica t ion of  the  f looding 

detector .  Consider ing the specif ic  condi t ion of  

the  tower ,  the  inner- ref lux f low ra te  control  

and the pressure  compensated temperature  

control  are  a lso  in troduced in to  the  control  

sys tem.  The control  performance af ter  the  

appl ica t ion of  APC-Hiecon is  very sat isfy ing.  

 



2.  TECHNICAL FEATURES AND FORMER 

CONTROL STATUS OF THE SDT 

 

2.1  Technical  Features  o f  the  SDT 

 

Producing pur if ied  terephthal ic  acid  (PTA),  

according to  the  Amoco Paten t ,  PX,  HAc,  

Cata lyzer(Co-Mn),  ass is t  Cata lyzer (HBr)  and 

air  are  fed  in to  Oxygenat ing Reactor  

cont inuously.  Under  cer ta in  pressure  and 

temperature ,  PX is  most ly oxygenated in to  

CTA f irs t ,  then af ter  crys ta l l iza t ion,  i t  i s  

pur if ied  to  e l iminate  4-CBA by adding  

hydrogen,  f inal ly  the  PTA(>99.9%) is  

obtained.  So the  PTA device  can be d iv ided 

in to  two par ts  - - -  Oxygenat ion and 

Pur if ica t ion .  During the product ion of  PTA, 

there  is  2mol  H2O produced while  1mol  TA 

was obta ined.  The H2O produced wil l  d i lu te  

HAc Solvent ,  which can be reused only by 

dehydrat ion  through a  solvent  dehydra t ion 

tower .  The Solvent  Dehydrat ion Tower  is  an  

importan t  device in  the  Oxygenat ion par t .  I t  

can be regarded as  a  b inary dis t i l la t ion  column 

to  separate  the  H2O and HAc.  The H2O 

conta ined in  the  so lvent  a t  the  bot tom of  tower  

should  not  be  over  8% as  required .  Otherwise ,  

the  redundant  water  wi l l  af fec t  the  tempera ture  

in  the  reac tor .  However ,  the  HAc contained in  

the  water  a t  the  top of  tower  should  be as  l i t t le  

as  possib le ,  so  as  to  reduce the cost  of  HAc,  

protec t  the  environment  and decrease the  rust  

of  equipment .   

In  the  Chemical  Factory  of  a  cer ta in  Chemical  

Fiber  Company,  the  main  problems  of  SDT l ie  

in  the  fo l lowing three aspects .  Firs t ,  the  

operat ion f lexibi l i ty  of  SDT is  l imi ted  when 

the load is  increased to  130% of  i t s  or ig inal  

design.  Second,  the  separa t ing eff ic iency 

cannot  meet  the  or ig inal ly  des igned index 

under  the  h igh load condi t ion.  Third ,  under  

t rad i t ional  control ,  when the ref lux f low rate  is  

above 42t /h ,  l iquid  f looding eas i ly  takes  p lace.  

The chief  cause for  these  problems is  tha t  the  

capaci ty  of  the  SDT could  not  f i t  the  enlarged  

load.  The  s i tuat ion was not  improved much 

even af ter  most  par t  of  the  tower  had been 

changed f rom s ieve p la te  to  s tuff ing.  This  

leads  to  the  resul t  tha t  the  SDT becomes very  

sensi t ive  to  d is turbances .  The SDT has  four  

par ts  of  fed- in  mater ia ls :  two of  them are  vapor  

and the o ther  two are  l iquid .  Among them,  only  

the  l iquid  (FI408,  see  Fig .  1)  drawn out  f rom 

the reac tor  is  measurable .  This  par t  occupies  

near ly 40% of  the  feed ra te .  The o ther  60% of  

the  feed ra te  is  unmeasurable  and  f luctua tes  

f requent ly.   

 

2.2  Former Control  S ta tus  o f  the  SDT 

 

In  the  former  technica l  des ign of  the  SDT,  the  

control  s t ra teg ies  are  to  adjust  the  

concentra t ion of  H2O through s team f low rate  

and to  adjust  the  concentra t ion of  HAc through 

ref lux f low rate .  The  t radi t ional  control  loops  

are  as  fo l lows:  

Double  cascade control  system formed by 

conduct iv i ty  CIC402 at  the  bot tom,  the  

temperature  TIC424 at  the  bot tom and the  

s team f low rate  FIC424.  

Cascade control  sys tem formed by 

conduct iv i ty  CIC401 at  the  top and ref lux f low 

rate  FIC421.  

However ,  f rom the very  beginning,  the  above 

control  sys tems have not  been adopted to  

achieve the qual i ty  control  of  both  the  bot tom 

and top par t  of  the  tower  s imul taneously.  For  

some reason,  only TIC424-FIC424 cascade  

control  can  be appl ied .  Therefore ,  only the  

bot tom qual i ty  of  SDT is  contro l led  in  the  

former  control  system.  Thus,  the  conduct iv i ty  

CIC401 and CIC402 are  only reference index.  



The operators  usual ly  adjust  the  se t  points  of  

bot tom temperature  TIC424 and ref lux f low 

rate  FIC421 to  manipula te  the  tower .  Due to  the  

long t ime-delay,  the  long t ime response and the 

s t rong cross  ef fects ,  the  temperature  and 

pressure  t rends  in  the  SDT are  uneven under  

convent ional  PID control .  So the product ion 

qual i t ies  a re  of ten  unstab le  for  the  h igh  

divers i ty .   

At  the  same t ime,  the  correla t ion between 

pressure  and tempera ture  of ten  confuses  the  

re la t ion between the bot tom component  and 

bot tom temperature .  

In  addi t ion,  the  unexpected changes  of  weather  

l ike  ra ins torm affec ts  the  SDT great ly ,  when  

the ref lux tempera ture  TI446 wil l  have a  b ig  

f luc tuat ion.   

The worst  th ing to  the  SDT is  tha t  i t  gets  eas i ly  

in to  the  l iqu id  f looding mode.  The symptom of  

f looding is  that  the  d if ferent ia l  pressure  of  the  

tower  PDI422 increases  exponent ia l ly .  In  

consequence,  the  bot tom tempera ture  increases  

rapidly whi le  the  bot tom l iquid  level  decreases  

speedi ly.  

The schematic  f low char t  is  depic ted  in  F ig .  1 .  
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 F ig .  1  Flow char t  of  the  SDT 

 

 

3 .  ADVANCED PROCESS CONTROL 

STRATEGY OF THE SDT 

To solve the  problems descr ibed in  the  above 

sec t ion,  we choose the  sof tware packet  

APC-Hiecon which is  based on the s t ra teg ies  of  

MPC.  MPC has  become the main  approach in  

the  advanced industr ia l  process  control .  I t  uses  

the  fo l lowing three k inds  of  var iab les :  

CV: Control led  Var iab le  

MV: Manipula te  Var iable  

DV: Measured Dis turbance Var iable  

The key to  a  successful  appl ica t ion of  MPC 

depends on the se lec t ion of  CV,  MV and DV 

and the accuracy of  the  process  model .  In  the  

APC-Hiecon  Control ler  designed for  the  SDT, 

the  CVs,  MVs and DVs are  l i s ted  in  Table  1 .   

 

Table  1  APC-Hiecon  Cont ro l l e r  Var iab les  L i s t  

CV s  MV s  DV s  

CV

1  

C I C4 0 1 . P

V  

MV

1  

F I C 4 2 1 . S

P  

DV

1  F I 4 0 8 . PV  

CV

2  

C I C4 0 2 . P

V  

MV

2  

F I C 4 2 4 . S

P  

DV

2  T I 4 4 6 . PV  

CV

3  

PD I 4 2 2 . P

V    

DV

3  

P I C 9 0 4 . P

V  

CV

4  

T I C 4 2 4 . P

V      

 

 

3.1  Process  Model  o f  the  SDT 

 

The process  control ler  design re l ies  on the  

avai lab i l i ty ,  or  development ,  of  a  process  

model  tha t  descr ibes  the  process  dynamics  

with  suff ic ient  accuracy to  enable  design of  a  

control ler  to  achieve the required  c losed loop 

performance.  To ident i fy  the  process  model ,  

MVs need to  be changed s tep  by s tep  dur ing the 

response tes t .  In  th is  project ,  s tep  changes  of  

the  se t  poin ts  of  FIC421 and FIC424 are  made 

one by one for  several  t imes.  The specia l  

pat terns  of  the  s tep  changes  are  shown in  Fig .  

2 .  (TR means the  t ime  for  a  CV to  reach a  

s teady s ta te . )  



  

 

 

 

F ig .  2  Tes t  Signal  Pat te rn  

 

For  the  DVs,  s ince they can not  be  changed as 

the  MVs,  the  only way to  iden t i fy the  process  

model  is  to  handle  long term normal  opera t ion 

data .  The DVs are  l ikely to  have a  lo t  of  

changes  dur ing a  long t ime per iod.  

The tes t  data  of  MVs and DVs are  dea l t  wi th  by 

the iden t i f icat ion too l  of  the  APC-Hiecon.  The  

process  model  was obtained easi ly  in  th is  way.  

The process  dynamics  is  represented by the  

impulse  response models  which descr ibe  the  

re la t ionship  between CVs and MVs,  DVs.  Here  

the  a lmost  equivalen t  Laplus  t ransfer  funct ions  

for  the  models  are  l is ted  in  Table  2 .  

 

Table  2  Transfer  Funct ions  Lis t  

 FIC421 FIC424 

CIC401 
-0 .012* 

e - 3 s / (1+25s)  

0 .01* 

e - 3 . 5 s / (1+12s)  

CIC402 
0 .0036* 

e - 4 s / (1+20s)  

-0 .004* 

e - 0 . 5 s / (1+7s)  

PDI422 
0 .002* 

e - 0 . 5 s / (1+7s)  

0 .003* 

e - 0 . 5 s / (1+3s)  

TIC424 
-0 .0014* 

e - 0 . 5 s / (1+8s)  

0 .002* 

e - 0 . 5 s / (1+4s)  

 

 

3 .2  Control ler  des ign of  the  SDT 

 

Using the design too l  of  APC-Hiecon,  a  MPC 

control ler  is  na tura l ly  des igned f rom the  

previously ident i f ied  process  model .  The main  

tasks  dur ing the des ign work are  to  t ransla te  

the  contro l  objects  of  the  SDT to  special  forms 

of  the  sof tware packet  and to  tune the 

control ler  e laborate ly.  The fea tures  of  the  

control ler  l ie  in  the  fo l lowing three  aspects .  

Switch  be tween basic  control ler  and f looding 

control ler .  The s t ruc tures  of  basic  control ler  

and f looding control ler  are  shown in  Table  3  

and 4 .  The basic  contro l ler  is  des igned to  keep  

the  bo t tom tempera ture  TIC424 around the se t  

point  and minimize  the  top conduct iv i ty  

CIC401 while  the  o ther  parameters ,  CIC402 

and PDI422,  are  res ted  in  the  reasonable  scope.  

There  is  another  special  control le r  to  handle  

the  l iquid  f looding.  The pr imary a im in  the  

f looding control ler  is  to  draw the d if ferent ia l  

pressure  PDI422 back to  the  ideal  scope.  A 

f looding detec tor ,  which is  de tec t ing the 

PDI422,  is  embedded in to  the  program.  Thus,  

the  control  s t ructures  are  swi tched 

automat ica l ly  v ia  the  indica t ion of  the  f looding 

detector .   

 

Table  3  Bas ic  Control le r  Struc ture  

CV s  MV s  

CV 1  
C I C4 0 1 . PV  

(M i n i m i z a t i o n )  
MV 1  

 

F I C 4 2 1 . S P  

( P o s i t i o n  a n d  

S p e e d  

C o n s t r a i n t s )  

 

CV 2  
C I C4 0 2 . PV   

(M a x  C o n s t r a i n t )  
MV 2  

 

F I C 4 2 4 . S P  

( P o s i t i o n  a n d  

S p e e d  

C o n s t r a i n t s )  

 

CV 3  

 

PD I 4 2 2 . PV  

(M a x  C o n s t r a i n t )  

 

  

CV 4  

 

T I C 4 2 4 . PV  

( S e t p o i n t  

C o n t r o l )  

 

  

 

 

Table  4  Flooding Control ler  Struc ture  

CV s  MV s  

CV 1  

C I C4 0 1 . PV  

( W i t h o u t  

C o n t r o l )  

MV 1  

 

F I C 4 2 1 . S P  

( P o s i t i o n  a n d  

S p e e d  

C o n s t r a i n t s )  

 

CV 2  

C I C4 0 2 . PV   

( W i t h o u t  

C o n t r o l )  

MV 2  

 

F I C 4 2 4 . S P  

( P o s i t i o n  a n d  

S p e e d  

C o n s t r a i n t s )  

 

CV 3  

 

PD I 4 2 2 . PV  

( S e t p o i n t  

C o n t r o l )  

 

  

CV 4  

 

T I C 4 2 4 . PV  

( W i t h o u t  

C o n t r o l )  

 

  

TR 

2*TR 

TR 1/3T

∆  



 

Inner-ref lux  f low rate  contro l .  I t  is  the  

inner- ref lux  f low rate  that  rea l ly  inf luence  the  

separa t ing eff ic iency of  the  SDT rather  than  

the outer- ref lux f low rate .  In  order  to  

overcome the effec t  of  the  f luc tua t ion of  the  

ref lux temperature ,  the  inner- ref lux f low rate  

convers ion is  in troduced in to  the  sys tem.  The 

APC-Hiecon control ler  ca lcula tes  the  se t  po int  

of  the  inner- ref lux f low rate .  Then the set  point  

of  the  inner - ref lux f low rate  is  t ransferred  to  

the  se t  point  of  the  actua l  ref lux f low rate .   The 

convers ion equat ion is  l i s ted  as  the  fo l lows:  

FIC421.SP=FIC421.M*(1+ λ (T 0 -TI446.PV))  

(1)  

FIC421.M: Set  poin t  of  inner- ref lux f low rate  

T 0 :  Boi l ing point  of  the  ref lux f low 

λ :  Coeff ic ient  

 

Pressure compensated temperature contro l .  

The top pressure  PI422B was  badly  control led  

because of  the  problem of  a  valve in  SDT.  The 

correla t ion between  bot tom pressure  and 

bot tom temperature  of ten  confuses  the  re la t ion 

between the bot tom component  and bot tom 

temperature .  Consequent ly,  i t  i s  necessary to  

compensate  the  bot tom temperature  by the  

pressure .   

 

Fig .  3  Time Trends Before  the  Applica t ion 

 

The compensat ion equat ion is  as  fo l lows:  

   TIC424.SP=TO+γ (PO -PI422A.PV)     (2)  

TIC424.SP:  Set  point  of  the  bot tom 

temperature  

PI422A.PV: Bot tom pressure  

TO :  Norm temperature  

PO :  Norm pressure  

γ :  Coeff ic ient  

 

4 .  PERFORMANCE OF APC-HIECON 

After  the  appl icat ion of  APC-Hiecon  on  the  

SDT,  the  f requency of  l iquid  f looding is  

great ly  reduced and the  average concentrat ion 

of  HAc at  the  top of  the  tower  is  decreased f rom 

3.0% to  2 .6%.   

The t ime t rends  of  the  key var iab les  before  the  

appl ica t ion are  shown in  Fig .  3  and those af ter  

the  appl ica t ion are  shown in  Fig .  4 .  (The scales  

of  two f igures  are  d if ferent .  The sca le  of  Fig .  4  

is  smaller . )  There  are  f ive  curves  in  both  of  the  

two f igures ,  which represent  the  t ime t rends  of  

f ive  d if ferent  var iables  ( i .e .  CIC401,  CIC402,  

TIC424,  PDI422,  PI422B).  I t  can be drawn 

from the f igures  tha t  the  s tandard  devia t ion of  

CVs is  reduced grea t ly  af ter  the  appl ica t ion.   

Under  the  t radi t ional  PID control ,  the  

operators  have to  dea l  with  the  l iquid  f looding 

manual ly.  As shown in  the  f ramed par t  of  the  

Fig .  3 ,  dur ing the f looding,  the  t ime recover ing  

to  the  s teady s ta te  i s  very long and the 

ampl i tude of  the  t rends  is  very h igh.  

Meanwhi le ,  as  shown in  the  f ramed par t  of  F ig .  

4 ,  the  APC-Hiecon control ler  can  handle  the  

l iqu id  f looding automat ical ly .   

 

The f looding has  been res tra ined  quickly and  

the ampl i tude of  the  t rends  is  comparat ive ly 

much lower .  

 

 



Fig.4  Time Trends After  the  Appl icat ion 

 

 

 

 

 

5 .  CONCLUSION 

 

With  the  successfu l  appl icat ion of  the 

APC-Hiecon,  the  SDT could  s teadi ly run at  a  

point  near  the  f looding l imi t .  I t  shows the 

advantage of  the  model-based  predict ive  

control  sof tware packet ,  the  contro l  

performance is  improved vis ib ly.  The  

reduct ion of  the  cos t  of  HAc is  very  sa t isfy ing 

and a  d is t inct  economical  prof i t  i s  obta ined.  

Meanwhi le ,  i t  br ings  o ther  good effects  l ike  

protec t ing the environment  and decreas ing the  

rust  of  equipment .  

 

 

 

 

 


