
CHAPTER II 
LITERATURES

B a lk e  e t al. (1 9 7 3 )  rep orted  o n  an e x p e r im e n ta l in v e s t ig a t io n  o f  th e  
c h e m ic a l- in it ia te d  b u lk  p o ly m e r iz a tio n  o f  m eth y l m e th a c r y la te  b y  u s in g  A I B N  as an  
in itia to r  at iso th erm a l tem peratu re o f  5 0 , 7 0 , and 90°c. T w o  m e th o d s  o f  d e term in in g  
k in e tic  p aram eters from  ex p er im en ta l G P C  data h ad  b e e n  d e v e lo p e d . T h e se  w e r e  the  
m eth o d  o f  d if fe r e n tia l ch ro m a to g ra m s and the m e th o d  o f  ch ro m a to g ra m  h e ig h ts . 
T h e se  e x p e r im e n ta l in sta n ta n eo u s d ifferen tia l m o le c u la r  w e ig h t  d istr ib u tio n s  w ere  
fou n d  to a g ree  w ith  th eo retica l d istr ib u tio n  p red ic ted  b y  c la s s ic a l  free-rad ica l 
k in e tic s . T h e  m o d e l o f  c o n v e r s io n s , m o le c u la r  w e ig h t  a v e r a g e s , an d  m o le c u la r  
w e ig h t  d istr ib u tio n s  b e fo r e  and d u rin g  g e l e f fe c t  w a s  e x p la in e d  that th ey  w e r e  
c lo s e ly  b a se d  o n  th eir  free  v o lu m e .

Figure 2.1 C o n v e r s io n  p r o file  for M M A  p o ly m e r iz a tio n  d e p ic t in g  d iffe r e n t p h a se  o f  
rea c tio n  at 90°c and 0 .3 0  % A IB N  (S o h  e t a l ,  1 9 8 2 ).
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Figure 2 .2  C o n v e r s io n  d e p e n d e n c e  o f  m o le c u la r  w e ig h t  a v e r a g e s  for M M A

p o ly m e r iz a tio n , •  M ท, O M w , D M  z ,  A M 2+!, at 90°c and  0 .3 % A I B N  (S o h  et a l ,  
1 9 8 2 ).

In F ig u res  2 .1  and 2 .2 , S o h  e t al. ( 1 9 8 2 )  e x p la in e d  that th e  v in y l  
p o ly m e r iz a tio n  o f  m o n o m e r  s o lu b le  in  its o w n  p o ly m e r  c o n s is t s  o f  fo u r  p h a se s  o f  
d is t in c t iv e  p o ly m e r iz a tio n  b eh a v io r . D e p e n d in g  o n  th e m o n o m e r  u se d  or rea c tio n  
c o n d it io n s  o n e  or m o re  o f  th e  fou r p h a se s  m a y  b e  ab sen t. A t  lo w  c o n v e r s io n  the  
p o ly m e r iz a tio n  rate w a s  d e scr ib ed  b y  c o n v e n tio n a l k in e t ic s , th e  cu m u la tiv e  
m o le c u la r  w e ig h t  a v e r a g e s  d o  n ot c h a n g e  a p p rec ia b ly , and th e m o le c u la r  w e ig h t  
d istr ib u tio n  co n fo r m  to  th e  S c h u lz -F lo r y  m o st  p r o b a b ly  d istr ib u tio n  (P h a se  I). A fter  
a certa in  c o n v e r s io n , w h ic h  ap p ears to  b e  in d e p e n d e n t o f  in itia to r  le v e l  at the sa m e  
p o ly m e r iz a tio n  tem p era tu re, th e  w e l l  k n o w n  g e l e f fe c t  is  o b se r v e d  (P h a se  II). A t still 
h ig h e r  c o n v e r s io n s  th e  g e l e f fe c t  ap p ears to stop . T h e  p o ly m e r iz a t io n  rate is  fast, but 
th e  c u m u la t iv e  m o le c u la r  w e ig h t  av era g es  ( e x c e p t  n u m b er  a v e r a g e  m o lecu la r  
w e ig h t )  le v e l  o f f  or b e g in  to d e c r e a se  s lig h t ly  (P h a se  III). E v e n tu a lly  the
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d e c e le r a tio n  b e c o m e s  p ro fou n d  and w h e n  th e p o ly m e r iz a tio n  tem p era tu re  is  lo w e r  
than th e  g la s s  tra n sitio n  tem peratu re o f  th e  p o ly m e r  fo rm ed  a lim it in g  c o n v e r s io n  is  
reach ed  b e y o n d  w h ic h  th e rea c tio n  d o e s  n ot p r o c e ss  (P h a se  IV ).

In ord er to  im p r o v e  th e th erm al s ta b ility  o f  th e  c a ste d  P M M A , K a n a za w a  
(1 9 8 0 )  u sed  a su lfu r -c o n ta in in g  co m p o u n d  for p r o d u c in g  a c a s t in g  p la te  o f  P M M A  
b y  e m u ls io n  p o ly m e r iz a tio n . T h e se  w er e  th e  p r o c e s s  su ited  w ith  th e starting  
m o n o m e r s  or  sy ru p s and th e P M M A  had an e x c e lle n t  th erm a l s ta b ility  and  
p articu la r ly  n e v e r  fo a m  and is  n ev er  c o lo r  ev er  w h e n  h ea ted .

In 1 9 8 2 , th e  m o d e l b a sed  o n  v is c o s ity  data  o f  co n cen tra ted  p o ly m e r  so lu tio n  
w a s  d e term in ed  to c a lc u la te  th e  free  v o lu m e  c h a n g e s  w h ile  p o ly m e r iz a t io n  b y  S o h  et 
al. T h e  p ro p a g a tio n  rate con sta n t and  m o n o m e r ic  d if fu s iv ity  w ith  free  v o lu m e  w e r e  
p o stu la te d  that th e y  w e r e  rela ted  to  the fr ic tion  c o e f f ic ie n t  o f  a p o ly m e r  ch a in  
se g m e n t and  th e  la st e q u a tio n  w a s  a lso  p resen ted  th e  l im it in g  c o n v e r s io n .

A lth o u g h  th e  k in d s o f  m o d e ls  w er e  e x p la in e d , a c o m p u te r  m o d e l w a s  
c o n t in u o u s ly  d e v e lo p e d  to d esc r ib e  free  rad ical p o ly m e r iz a tio n  re a c tio n  e x h ib it in g  a 
stro n g  g e l e f fe c t  (C h iu  e t a i ,  1 9 8 3 ). D iffu s io n  lim ita tio n  w a s  sh o w n  in  an in tegra l 
part o f  th e  ch a in  term in ation  p r o c e ss  and a lso  th is  lim ita tio n  a ffe c te d  to th e  
c o n v e r s io n . N o t  o n ly  tem peratu re and c o n cen tra tio n  b ut a lso  m o le c u la r  w e ig h t  w a s  
th e  im p o rta n ce  o f  r ea c tio n  and d iffu s io n . M o r e o v e r , th e  m o d e l a lso  c o n s id e r s  g la ss  
e f fe c t , w h ic h  is  o n ly  appeared  at v e r y  h ig h  c o n v e r s io n . H o w e v e r , th e  m o d e l 
p r e d ic t io n s  w e r e  co m p a red  w ith  literature data o n  c o n v e r s io n  h is to r y  and p rod u ct  
m o le c u la r  w e ig h ts  for  iso th erm a l P M M A  p o ly m e r iz a tio n .

T h e  o p t im iz a tio n  o f  b atch  reactors for ch a in  p o ly m e r iz a tio n s  e x h ib it in g  the  
g e l and g la s s  e f fe c t s  h a s b e e n  a su b ject o f  c o n s id e r a b le  resea rch  a c t iv ity . V a id  et al.
(1 9 9 1 )  s tu d ied  th e o p tim iz a tio n  tem peratu re h is to r ie s  o f  M M A  p o ly m e r iz a t io n  u s in g  
a k in e tic  m o d e l in co rp o ra tin g  g e l and g la ss  e f fe c ts . T h e  m in im u m  en d  t im e  p ro b lem  
w a s  a lso  รณ d ied . T h e y  c la im e d  that the o p tim iz a tio n  a lg o r ith m  u se d  w a s  e f f ic ie n t  
and e a s y  to u se . A ls o , it w a s  fou n d  that th e  o p tim a l tem p era tu re  h is to r ie s  ob ta in ed  
w h e n  th e d e s ired  ch a in  len g th  lie s  b e y o n d  th e  m a x im a l in  th e  n u m b er  a v era g e  ch a in  

len g th  ( | i n ) v s . t im e  ( s e e  in  F ig u re  2 .3 )  p lo t d if fe r  q u a lita t iv e ly  and  s ig n if ic a n tly  

from  th o se  o b ta in ed  w h e n  th e  d esired  p n lie s  b e fo r e  th e  m a x im a l.
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Figure 2.3 pn vs. reaction time for an isothermal batch reactor (Vaid e t  a l ,  1991).

In the Figure 2.3, the average chain length of reaction was observed at 60, 
70, 80, and 90°c. Even though at 90°c, the cycle time is shorter than the cycle time 
at 80, 70, and 60°c respectively, the average chain length at 90 c  is lower than the 
average chain length at 80, 70, and 60 c

And also, the simulation of monomer conversion with reaction time was 
shown in Figure 2.4. It is confirmation of time at 90°c that is the fastest the cycle 
time of reaction.
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Figure 2.4 Monomer conversions vs. reaction time for an isothermal batch reactor 
(Vaid e t  a l ,  1991).

Ramaseshan e t  al. (1993) reported a technique for the controlled bulk 
polymerization of methylmethacrylate initiated by benzoyl peroxide. They showed 
the typical SPI exothermic curve for MMA in Figure 2.5, which reacted with 1% 
benzoyl peroxide and 10 g. of samples placed in test tubes. Their polymerization 
time was used for 35 min and the polymerization temperature was 355.2 K (180°F). 
The calibration curves plotted between conversion and refractive index was 
observed. It was obtained by relating the densities of the syrup to their conversion 
assuming a linear decrease in volume of the reaction mixture with conversion of 
monomer. Moreover, the experimental results confirmed the fact that during the 
initial period of polymerization the rate was indeed constant at an optimal isothermal 
temperature, depending on the overall cycle time. When their parameters compared 
with Ross-Laurence parameters, they found that the Ross-Laurence parameters 
overestimate the influence of the gel effect.
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Actually, the general models cannot be applied to industrial reactors because 
of their inability to account for non-isothermal effects and semi-batch operating. 
Recent models had overcome these limitations (Dua e t  a l ,  1996).

Bar-long Denq et al., 1997, compared the degradation behavior of the 
PMMA blended with propyl ester phoshazene and pure PMMA. The major thermal 
degradation temperature of blends was greater than pure PMMA.

The sheet modeling process for the production of PMMA involves an 
isothermal batch reactor followed by Fangbin et al. (2000). The model showed the 
relationship between percent conversion, average molecular weight, and thickness of 
sheet as a function of temperature profile.
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PREVIOUS WORK

The effect of the reaction temperature and type of the medium in reaction on 
the reaction time and mechanical properties was studied by Wanwanichai (2001). 
The relationship between temperature profile and dynamic percent conversion was 
studied to confirm that the optimal reaction time could be observed by the 
temperature profile measurement. In the Figure 2.6 showed the maximum percent 
conversion was reached after the occurrence of the exothermic polymerization peak. 
This also holds true for the result obtained for other conditions. Therefore, instead of 
going through the cumbersome of getting the percent conversion curve in order to 
determine the observed reaction time, the temperature profile is the easier technique 
to estimate the observed reaction time.
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Figure 2.6 Overlay plot of temperature profile and percent conversion for sample 
polymerized at 62°c with 0.038% ADVN.

In order to reduce the total reaction time of PMMA sheets, the temperature
profile of samples polymerized at 60, 62, 65, 68, and 70°c with a fixed initiator
concentration of 0.038% ADVN was observed and is shown in Figure 2.7.
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Apparently, the reaction time depended strongly on the choice of polymerization 
temperature. At 60°c, the reaction time was ca. 136 minutes. For 62, 65, 68, and 
70°c, they were ca. 128, 112, 93, and 82, respectively. In conclusion, the maximum 
peak temperature was found to increase, while observed reaction time decreased, 
with increasing reaction temperature.

Figure 2.7 Temperature profile of samples polymerized at 62, 65, 68, and 70°c with 
0.038% ADVN in water medium.

Figure 2.8 illustrates temperature profiles of samples polymerized at 62, 65, 
6 8 , and 70°c with the initiator concentration of 0.038% ADVN. Clearly, when the 
reaction temperature increased, the reaction time was found to decrease, which is 
similar to that occurring in the water system.
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Figure 2.8 Temperature profiles of samples polymerized at 62, 65, 68, and 70°c 
with 0.038% ADVN in air medium.

In conclusion, both water and air system at a constant initiator 
concentration, average molecular weights decreased with increasing reaction 
temperature, while, at a constant reaction temperature, average molecular weights 
decreased. However, the mechanical properties, which include surface hardness and 
impact resistant, were found to be unaffected by changes in the reaction temperature.
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