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ON-LINE MONITORING OF MWD IN A 
BATCH POLYMERIZATION REACTOR BY 

SIZE EXCLUSION CHROMATOGRAPHY 

S. Ponnuswamy, S. L. Shah, 
and C .  Kiparksides" 

Department of Chemical Engineering 
University of Alberta 
Edmonton , Canada 

ABSTRACT 

A novel  h i g h l y  automated SEC sys tem h a s  been developed f o r  on- 
l i n e  measurement of MWD i n  a b a t c h  s o l u t i o n  po lymer i za t ion  r e a c t o r .  
The sys tem i n c l u d e s  a l i q u i d  e x c l u s i o n  chromatograph, an  au tomat ic  
sampling sys tem,  a programmable mic roprocesso r  based  sequence t imer  
and a p rocess  computer.  Two main r ea l - t ime  computer programs have 
been developed t o  s u p e r v i s e  t h e  au tomat i c  c o l l e c t i o n  (SEC-Data Ac- 
q u i s i t i o n  Program) and i n t e r p r e p a t i o n  (SEC-Data I n t e r p r e p a t i o n  Pro- 
gram) of SEC d a t a .  Exper imenta l  r e s u l t s  show t h a t  t h e  new system 
can provide  r e l i a b l e  on - l ine  measurements of number ave rage  and 
weight  average  molecu la r  we igh t s  of a sample d u r i n g  t h e  cour se  o f  
PO l ymer i za t ion .  

INTRODUCTICN 

I n  t h e  p a s t ,  c losed- loop  c o n t r o l  i n  po lymer i za t ion  r e a c t o r s  

wds mainly l i m i t e d  t o  t empera tu re  and p r e s s u r e  c o n t r o l .  However, 

9: To whom correspondence should be addressed .  Curren t  addres s  is Depart-  
ment of Chemical Engineer ing ,  Un ive r s i ty  of Thessa lon ik i ,  Greece. 
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2412 PONNUSWAMY, SHAH, AND KIPARISSIDES 

with the advent of advanced computer process control and the deve- 

lopment of new analytical techniques for measurement of polymer 

quality the scope of closed-loop control in polymerization reactors 

has largely increased. On-line measurement of molecular weight 

distribution (HWD) is necessary if the polymer quality has to be 

controlled during the course of polymerization. One common' analy- 

tical technique that has been extensively employed to characterize 

the Mwz) of a polymer sample is the size exclusion chromatography 

(SEC) .  In spite of its wide use as an off-line measurement techni- 
que, SEC has not yet been utilized as a routine on-line instrument 

in the polymerization industry. Past work on SEC analysis has been 
mainly focused on off- and on-line computer assisted interpretation 

of SEC data One of the first applications of SEC 

for on-line measurement of MWD was reported by Gregges et al. c 6 ] .  

They modified a conventional SEC by including an automatic sample 

injection system and a process computer for on-line data acquisition. 

Recently Roof et al. [7] employed an on-line SEC for the measurement 

of MWD in a solution polymerization process. 
their experience over a period of three years has proven that on- 

line polymer characterization by SEC is practical. 

El, 2, 3 ,  4 ,  53 .  

They reported that 

The present paper describes the development of a novel highly 

automated SEC system employed for on-line measurement of MWD in a 

batch solution PMNA reactor. The on-line SEC system includes a 

Waters Associates - model 244 liquid chromatograph, a sampling 

system, a programmable sequence timer and an HPJlOOO process compu- 
ter. 

line determination of MWD of a polymer sample, which is automatical- 
ly collected, diluted, injected and characterized without any opera- 

tcr intervention. A number of real-time computer programs has been 

developed to supervise the execution of the various tasks required 

for the automatic operation of the on-line SEC system. In what 

follows, a description of the necessary hardware and software in 

relation to the SEC system is presented. Expererimental on-line 

measurements of MWD obtained during the operation of the reactor 

show that the developed system can be effectively used as an on- 

line sensor in process control applications. 

The novelty of the system lies on its ability to perform on- 
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ON-LINE MONITORING OF MWD 

I PROGRAMMABLE A - AUTOMATIC SAMPLE VALVE 
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FIGURE 1 : Automatic sampling system. 

AUTOMATIC SAMPLING SYSTEM 

As mentioned above an  automatic  sampling system was developed 

t o  c o l l e c t  p e r i o d i c a l l y  polymer samples from t h e  running r e a c t o r  and 

prepare them f o r  automatic  i n j e c t i o n  i n t o  t h e  SEC. A shematic d i a -  

gram o f  t h e  sampling system i s  shown i n  F igu re  l .  It c o n s i s t s  of a 

50 cm3 sample v e s s e l ,  two three-way solenoid v a l v e s ,  two me te r ing  

pumps, a magnetic s t i r r e r  and an automatic sample i n j e c t i o n  va lve .  

A programmable microprocessor  based sequence timer ( P o t t e r  and Brum- 

f i e l d )  t h a t  has s i x t e e n  ou tpu t  r e l a y s  i s  used f o r  swi t ch ing  on-off 

t h e  pumps, so l eno id  v a l v e s  and t h e  s t i r rer .  The sample p repa ra t ion  

i s  achieved by a p p r o p r i a t e  t iming of t h e  above dev ices .  The essen- 

t i a l  s t e p s  r e q u i r e d  f o r  t h e  a n a l y s i s  of a polymer sample are: 

S tep  1 :  A c e r t a i n  q u a n t i t y  of polymer mixture  is f e d  i n t o  t h e  sample 

v e s s e l  by swi t ch ing  on t h e  three-way so leno id  va lve  (Sl) 

f o r  a predetermined pe r iod  of t i m e  (0.0-0.1 min).  

Step 2 :  The polymer sample i s  d i l u t e d  wi th  THF s o l v e n t  by opera- 

t i n g  t h e  va lve  IP1)  f o r  a c e r t a i n  pe r iod  of t ime (0.1-0.4 

min) . 
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2414 PONNUSWAMY, SHAH, A N D  KlPARlSSlDES 

S t e p  3 :  The c o n t e n t s  O E  t h e  sample v e s s e l  a r e  tho rough ly  mixed by 

s w i t c h i n g  on, f i r s t  t h e  magnet ic  s t i r re r  and then  t h e  c i r -  

c u l a t i o n  pump (P2) (0.3-0.8 min) .  

S t ep  4 :  The d i s s o l v e d  polymer sample is a u t o m a t i c a l l y  i n j e c t e d  i n t o  

t h e  SEC by s w i t c h i n g  on t h e  au tomat i c  sample v a l v e  ( +  0 . 8  

min) . 
S t e p  5: The c o n t e n t s  o f  t h e  sample v e s s e l  are empt ied  t o  was te  by 

swi t ch ing  on t h e  s o l e n o i d  va lve  ( S 2 )  (+ 0.8-0.9 min) .  

S t ep  6 :  The sample v e s s e l  and t h e  c i r c u l a t i o n  l i n e s  are f l u s h e d  

w i t h  f r e s h  s o l v e n t  by o p e r a t i n g  pumps (Pl) and (P2) 

(0.9-1.5 min) .  

Through t h e  above d e s c r i b e d  procedure  au tomat i c  sample c o l l e -  

c t i o n ,  p r e p a r a t i o n  and i n j e c t i o n  i n t o  t h e  SEC is  ach ieved .  The 

f i r s t  number i n s i d e  t h e  p a r e n t h e s e s  r e p r e s e n t s  t h e  s t a r t  t ime of 

t h e  co r re spond ing  e v e n t  and t h e  second number d e n o t e s  i t s  termina- 

t i o n  t i m e .  S ince  t h e  SEC r e q u i r e s  approximate ly  10-12 minutes  f o r  

a MWD d e t e r m i n a t i o n ,  a t o t a l  c y c l e  t ine of 15 minutes  has  chosen  f o r  

t h e  r ea l - t ime  implementa t ion  of t h e  s i x - s t e p s  s e q u e n t i a l  o p e r a t i o n  

of t h e  sampl ing  system. Thus, every  15 minu tes  t h e  sequence  t i m e r  

i n i t i a t e s  a new c y c l e  of a n a l y s i s .  

A s i z e  e x c l u s i o n  chromatograph s u p p l i e d  by Waters Assoc ia t e s  

(Model 244)  w a s  used i n  t h i s  work t o  de te rmine  t h e  MWD of t h e  polymer 

P W  d u r i n g  t h e  cour se  of po lymer i za t ion .  

chosen as t h e  carrier s o l v e n t .  The c o n c e n t r a t i o n s  o f  t h e  sepa ra t ed  

molecules  were d e t e c t e d  by an  R I  d e t e c t o r .  The P.1 d e t e c t o r  r e sponses  

(0-10 mV) were f i r s t  a m p l i f i e d ,  f i l t e r e d  and then  s e n t  t o  an HP/lOOO 

process  computer f o r  f u r t h e r  on- l ine  a n a l y s i s .  Two main programs 

were developed f o r  t h e  au tomat ic  c o l l e c t i o n  and i n t e r p r e t a t i o n  of 

SEC d a t a .  The f i r s t  program c a l l e d  SEC- Data A c q u i s i t i o n  Prcgram 

(SEC-DAP) s t o r e s  t h e  SEC d a t a  and i d e n t i f i e s  t h e  s t a r t  and t h e  end 

o f  t h e  chromatogram. 

p rocesses  t h e  c o l l e c t e d  d a t a  and c a l c u l a t e s  t h e  number and weight  

average  molecular  we igh t s  o f  a polymer sample.  The e x a c t  f u n c t i o n s  

o f  t h e s e  two programs are d e s c r i b e d  n e x t .  

Te t r ahydro fu ran  (THF) was 

The SEC-Data I n t e r p r e t a t i o n  Program (SEC-DIP) 
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ON-LINE MONITORING OF MWD 2415 

THE SEC-DATA ACQUTSLTION PROGRAM 

The SEC-DAP a l g o r i t h  accomplishes t h e  fo l lowing  f u n c t i o n s :  

1 .  I n i t i a t i o n  of d a t a  a q u i s i t i o n  

2 .  I d e n t i f i c a t i o n  of t h e  s t a r t  o f  a chromatogram 

3 .  I d e n t i f i c a t i o n  of the  end of  a chromatogram 

4 .  Termination of  d a t a  a c q u i s i t i o n  

I n i t i a t i o n  of SEC-DAP r o u t i n e  i s  accomplished by r ead ing  a 

d i g i t  swi t ch  a s s o c i a t e d  wi th  swi t ch ing  of t h e  au tomat i c  sample 

i n j e c t i o n  va lve .  Th i s  d i g i t  swi t ch  which i s  l o c a t e d  i n  t h e  pro- 

grammable sequence timer t u r n s  on a t  t h e  i n s t a n t  of t h e  i n j e c t i o n  

of a polymer sample i n t o  t h e  chromatograph. The program reads t h e  

on - s t a tus  of  t h e  swi t ch  and s t a r t s  t h e  a c q u i s i t i o n  of SEC d a t a .  

S i n c e  t h e  a c t u a l  chromatogram e l u t e s  a few minu tes  a f t e r  t h e  sample 

i n j e c t i o n ,  a dead time can be s p e c i f i e d  i n  t h e  program dur ing  which 

SEC d a t a  a r e  no t  s t o r e d .  However, e l u t i o n  t i m e  i s  counted r i g h t  

f r o m  the moment of the sample i n j e c t i o n .  Few minu tes  a f t e r  t h e  

i n j e c t i o n ,  t h e  d i g i t a l  swi t ch  is turned o f f  so t h a t  i t  c a n  i n i t i a t e  

ano the r  SEC a n a l y s i s .  

The SEC d a t a  t h a t  c o n t a i n  t h e  necessa ry  i n f o r m a t i o n  f o r  t h e  

c a l c u l a t i o n  of MWD l i e  between t h e  s ta r t  p o i n t  and t h e  end p o i n t  

of a chromatogram. Thus, i t  is necessary t o  i d e n t i f y  t h e s e  two 

p o i n t s  a s  t h e  c o l l e c t i o n  o f  t he  SCC d a t a  proceeds.  The sampling 

t i m e  is s e t  t o  t h r e e  seconds.  To i d e n t i f y  t h e  s ta r t  of  a peak 

twenty consecu t ive  r ead ings  a r e  s t o r e d  i n  an a r r a y .  Then, sequences 

of  f i v e  r ead ings  

1 7 ,  18, 19 ,  2 0 ) 1  

i n c r e a s i n g  sequence of f i v e  r ead ings .  

c e  which s a t i s f i e s  t h e  above c r i t e r i o n  i s  i d e n t i f i e d  as t h e  s tar t  

p o i n t  o f  a chromatogram. 

f e r e n t i a t i o n  between base - l ine  d r i f t  and s t a r t  p o i n t  of  a chromato- 

gram. Thus, i t  i s  r equ i r ed  t h a t  each s u c c e s s i v e  SEC r e a d i n g  a f t e r  

the s ta r t  p o i n t  i s  h ighe r  t han  t h e  p rev ious  v a l u e  by 10 mV. This 

10 mV d i f f e r e n c e  was found t o  be h ighe r  t h a n  t h e  u s u a l  b a s e l i n e  

d r i f t  d i f f e r e n c e  of ($5 mV) between two c o n s e c u t i v e  r ead ings .  If 

a l l  r ead ings  i n k t h e  a r r a y  f a i l  t o  s a t i s f y  t h e  c r i t e r i o n  f o r  a s t a r t  

p o i n t ,  t he  program s t o r e s  t h e  i n i t i a l  f i v e  p o i n t s  of t h e  a r r a y  and 

[i.e. ( 1 ,  2 ,  3 ,  4 ,  5 ) ,  (2, 3 ,  4 ,  5 ,  6 )  ... (15, 1 6 ,  

are s u c c e s s i v e l y  analysed t o  f i n d  a monotonical ly  

The f i r s t  r e a d i n g  i n  a sequen- 

This c r i t e r i o n  works w e l l  upon p rope r  d i f -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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adds a t  the  end of the a r ray  f i v e  new readings. Af te r  the  i d e n t i f i -  

c a t i o n  of the s t a r t  po in t ,  a log ica l  var iab le  LSTART is  changed from 

*FALSE* t o  *TRUE. and the execution of the s t a r t  point  i d e n t i f i c a t i o n  

rout ine  terminates .  

Subsequently, the SEC-DAP algorithm searches f o r  the  peak poin t  

of the  chromatogram. A s i m i l a r  procedure used f o r  the search of a 

s t a r t  point  i s  appl ied f o r  peak i d e n t i f i c a t i o n .  A peak i s  conside- 

red t o  have been i d e n t i f i e d ,  i f  f i v e  readings i n  a sequence show a 

monotonic decrease.  A log ica l  var iab le  LPEAK i s  then changed from 

.FALSE. t o  *TRUE*. 

To i d e n t i f y  the end point  of a chromatogram, the  new SEC data  

c o l l e c t e d  a f t e r  a peak reading a r e  analysed t o  f i n d  whether or  not  

i t  s a t i s f i e s  the log ic  f o r  an end point .  The f i r s t  point  i n  a 

sequence of f i v e  readings i n  which any absolute  d i f fe rence  between 

two consecutive readings i s  less than 5 mV, i s  considered t o  be the 

end point  of a chromatogram. 

p o i n t ,  a l o g i c a l  var iab le  LSTOP is changed from 'FALSE* t o  -TRUE*. 

Then, the program terminates  the data  c o l l e c t i o n  rout ine  and r e i n i -  

t i a l i z e s  the above l o g i c a l  var iab les  t o  *FALSE* so t h a t  another 

search f o r  a chromatogram can s t a r t .  It i s  poss ib le  t h a t  another 

peak due t o  r e s i d u a l  monomer, solvent ,  e t c .  may s t a r t  e l u t i n g  before  

the complete e l u t i o n  of polymer. In t h i s  case t h e  chromatogram ends 

i n  a va l ley .  

SEC d a t a  s tored  i n  a d i s c  f i l e  a r e  subsequently processed f o r  deter-  

mination of molecular weight averages. 

p l o t t e d  on a HP-plotter ar reported on the hard copy terminal opera- 

t i n g  a t  the  reac tor  s i t e .  

Af te r  the  i d e n t i f i c a t i o n  of the end 

This s i t u a t i o n  i s  a l s o  handled by the  SEC-DAP. The 

The SEC d a t a  can a l s o  be 

THE SEC - DATA INTERPRETATION PROCRAM 

The SEC-DIP algorithm processes the raw d a t a  and c a l c u l a t e s  - - 
t h e  Mn and M 

1 .  Change of the  time s c a l e  of SEC da ta  t o  e l u t i o n  volume. 

2.  Correct ion of SEC d a t a  f o r  b a s e l i n e  d r i f t .  

3 .  Normalization of SEC chromatogram. 

4 .  Correct ion f o r  a x i a l  dispers ion.  

taking i n t o  account the  following: 
W 
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ON-LINE MONlTORING OF MWD 2411 

As mentioned previously, acquisition of SEC data is accomplished 

in real-time at a sampling rate of 3 sec. These SEC readings collected 

with respect to time are subsequently corresponded to elution volumes. 
For this purpose, a constant volume syphon fitted at the outlet of 

SEC columns was employed. Each time at which the syphon automatically 

discharges its content, a digit switch closes causing the registration 

of the corresponding discharge time. The time scale is then easily 

converted to elution volumes by noting the relation between real-time 

and registered discharge times. 

Since molecular weight calculations are affected by any base- 

line drift, SEC readings have to be appropriately corrected for it. 

Assuming, a linear base-line drift, a straight line connecting the 

start and the end point of a chromatogram is drawn. 
for base-line drift is applied to SEC data by subtracting from each 

reading the corresponding value of the linear base-line. The corre- 

cted SEC readings are then normalized by dividing each reading by 

the total area of the chromatogram. These normalized values F(v) 
are subsequently used to calculate the true chromatogram W(v) of 
the sample that would have been obtained in absence of axial dis- 

persion. 

A correction 

If w e  assume a Gaussian spreading function 

of the molecular species with mean retention volume y and peak stan- 

dard deviation 0, we can express the weight concentration of the 

polymer sample detected at the elution volume v, which is simply 

F(v), as 
m 

F(v) = I, W(y)G(v-y)dy (2) 

The above is the well known Tung's axial dispersion equation. 

Many approaches [8, 9, 10) 

equation (2)  to obtain the true distribution W(v) of the polymer 

sample. 

correct the chromatographic dispersion effect in F(v) and to calcu- 

late directly nhe M 
the true linear calibration curve and the chromatographic dispersion 

have been proposed to solve Tung-s 

In this work, we follow the method of Yau et al. [lo] to 

- - 
and Mw values. The method of Yau et al. uses n 
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2418 PONNUSWAMY, SHAH, AND KIPARISSIDES 

- - 
parameter  U t o  o b t a i n  more a c c u r a t e  estimates of  Mn and M . This 

W 

method p e r m i t s  t h e  use of  very d i s s i m i l a r  (ma) s t a n d a r d s  and samples 

of t h e  same polymer type  while  s t i l l  e f f e c t i v e l y  compensating f o r  

a x i a l  d i s p e r s i o n .  

M of a polymer sample are: 

- 
The equa t ions  developed by Yau e t  a l .  f o r  Mn and - 

W 

where i n ( v )  and Mw(v), 

we igh t s  o f  an i n f i n i t e s i m a l  f r a c t i o n  of sample a t  r e t e n t i o n  volume 

v ,  a r e  g iven  by t h e  fol lowing equa t ions .  

t h e  number- and weight-average molecular  

Mt(v) i s  t h e  peak p o s i t i o n  molecular  weight v e r s u s  e l u t i o n  volume 

t r u e  c a l i b r a t i o n  cu rve  and i t  is expressed as 

(7 )  
-D,v Mt(v) = D l e  

D1 i s  r e l a t e d  t o  t h e  i n t e r c e p t  and D, t o  t h e  s l o p e  of t he  l i n e a r  

c a l i b r a t i o n  cu rve .  

Once t h e  c a l c u l a t i o n  of  Mn and fi has been completed,  t he  
W 

SEC-DIP program p r i n t s  ou t  t h e  fol lowing in fo rma t ion  on  an  hard 

copy t e rmina l  l o c a t e d  nea r  t he  r e a c t o r .  

( i )  The t i m e  and t h e  SEC reading a t  t h e  sample i n j e c t i o n ,  

t h e  s ta r t  p o i n t ,  t he  peak p o i n t  and t h e  l a s t  p o i n t  of 

t h e  chromatogram. 

( i i )  A f u l l  l i s t i n g  of  r a w  SEC r ead ings .  

( i i i )  A p l o t  of t h e  o r i g i n a l  chromatogram. 

( i v )  

Any s e c t i o n  of t h e  r e s u l t s  ( i ) - ( i v )  can be r e p o r t e d  or not  by 

a p p r o p r i a t e  d e f i n i t i o n  of t h e  program's ou tpu t  f l a g s .  

The v a l u e s  of En, iw and p o l y d i s p e r s i t y  index.  
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S i x  narrow PMMA molecular  weight s t a n d a r d s  supp l i ed  by Polymer 

L a b o r a t o r i e s  I n c .  were used t o  c a l c u l a t e  t he  molecu la r  weight cal i -  

b r a t i o n  curve (7) and an  average v a h e  f o r  the d i s p e r s i o n  parameter U. 

A semi-log p l o t  of known molecular  weight s t a n d a r d s  v e r s u s  e l u t i o n  

volume produced t h e  l i n e a r  c a l i b r a t i o n  curve of F igu re  2. The chro- 

matograph w a s  ope ra t ed  under t h e  fo l lowing  c o n d i t i o n s .  

Columns : p-Styragel lo3, lo4 and l o 5  

Solven t  : Tetrahydrofuran ( T H F )  

Flowrate  : 3.0 ml/min 

De tec to r  : RI(8x), ambient temperature  

Although t h e  va lue  of t h e  d i s p e r s i o n  parameter  d i d  s l i g h t l y  

va ry  f o r  t h e  v a r i o u s  s t anda rds ,  a s i n g l e  average v a l u e  of U2 = 0.40 

w a s  s e l e c t e d  f o r  a l l  subsequent d i s p e r s i o n  c o r r e c t i o n s .  

The r e p r o d u c i b i l i t y  of SEC d a t a  w a s  t e s t e d  by i n j e c t i n g  t h e  

same polymer sample s e v e r a l  t i m e s  and ana lys ing  t h e  r e s u l t i n g  chro- 

matograms. The r e s u l t s  of t h e  a n a l y s i s  are r e p o r t e d  i n  Table  1 .  

TABLE 1 

R e p r o d u c i b i l i t y  Resu l t s  of SEC Ana lys i s  

I n j e c t  i on  Numbe r Aver age Weight Average 
Number Mol. Weight Mol. Weight 

1 3.9SE4 7. S0E4 
2 3.37E4 7.31E4 
3 4.33E4 7.70E4 
4 4.45E4 a . 0 4 ~ 4  
5 4.13E4 a .  1 5 ~ 4  
6 4.01E4 7.48E4 
7 4.54E4 7.31E4 ................................................................... 

Average 4.20E4 
S t d .  d e v i a t i o n  2.23E3 

7.64E4 
3.13E3 
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FIGURE 2: Linear calibration curve . 
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FIGURE 3: Typical chromatogram. 
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FIGURE 4 :  On-line monitor ing of and v a l u e s  d u r i n g  t h e  

s o l u t i o n  polymerizat ion of MMA i n  a ba tch  r e a c t o r  

(Os: volume f r a c t i o n  of s o l v e n t ,  L ~ :  i n i t i a l  i n i t i a t o r  

c o n c e n t r a t i o n ,  T: polymerizat ion t empera tu re ) .  

n W 

I t  can b e  seen  t h a t  t h e  c a l c u l a t e d  va lues  of En and iw f o r  d i f f e r e n t  

runs  do no t  show any s i g n i f i c a n t  d i f f e r e n c e .  The pe rcen t  r e l a t i v e  

s t anda rd  d e v i a t i o n  f o r  and M is  equal  t o  5 . 3  and 4 . 1 ,  r e s p e c t i v e l y .  
W 

A t y p i c a l  chromatogram ob ta ined  on-l ine du r ing  t h e  o p e r a t i o n  

of  t h e  r e a c t o r  i s  shown i n  Figure 3 .  The M and val i les  are 

p r i n t e d  on t h e  upper left p a r t  of t h e  chromatogram. I t  should be  

n o t e d  t h a t  t h e  accuracy of t hese  molecular  weight  de t e rmina t ions  

from SEC experiments  depends on many f a c t o r s  such as sample d i l u t i o n ,  

sample volume, sample v i s c o s i t y ,  e tc  [lo]. It i s  important  t h a t  

polymer samples are d i l u t e d  enough t o  p reven t  column ove r load ing  

and band broadening due t o  v i scous  s t reaming.  A rough guide f o r  

sample d i l u t i o n  i s  t h a t  an i n j e c t e d  sample shou ld  have a v i s c o s i t y  

no g r e a t e r  t han  twice t h a t  of t h e  mobile phase.  I n  t h e  automatic  

n W 
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sampling system, the solvent pump rate can be adjusted so that a 

desired sampie dilution is obtained. Finally, it is important to 

ensure that an unknown polymer sample is eluted within the linear 

range of the calibration curve. 

The automatic SEC system described above has been successfully 

used to monitor the molecular weight development, Figure 4, in a 

batch solution PMMA reactor \Ill]. 
a polymer sample was 15 minutes. This included the time required 

for the sample preparation. Further reduction in the analysis time 

can be achieved with the use of Bondage1 columns which can reduce 

the total analysis time to 5-6 minutes. 

The total time for analysis of  

Our experience has shown that SEC can be employed as an on- 

line detector for measurement of HWD. 

and I? 

tion of optimal closed-loop control in the polymerization reactors. 

This problem is discussed elsewhere by Ponnuswamy et al. 

On-line knowledge of 2 n 
values during the polymerization would permit the applica- 

W 

[12]. 
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