
C H A P T E R  V

R E S U L T S  & D IS C U S S IO N S

5.1 T h e o r e t ic a l  D a ta  A n a ly s i s

5.1.1 C ahn-H illiard’s  T heory

In ten s it ie s  w ere  c a lc ฟ a ted  from Cahn-H illiard’s  th eory  by u s in g  eq u ation  
(3.2.27). T he R ( q )  v a lu es w ere  o b ta in ed  from th e  slop e  of natural logarith m  of 

rntensrty over tim e. T he ร ( q , o ) ~  ร  x (q)  v a lu es w ere  o b ta in ed  from  th e  in tercep t of 
natural logarith m  of in ten s ity  and tim e  curve. T he error va lu e  is  d ifferen ce  value  

b e tw e e n  ca lcu la ted  va lue an d  exp er im en t value.

5.1.2 L anger, Bar-on an d  M iller ’s  T heory

E xperim enta l d ata  at on e an g le  w ere  fitted  w ith  eq u a tio n  (4.2.6) u sin g  

M ATHEM ATICA program . From  h t data, w e  ob ta in  th e  c o e ffic ien ts  param eter; 
A , B , C  an d  D  an d  in ten s ity  factor E .  Inserting  co e ffic ien ts  an d  in ten s ity  factor in  

th e  right h an d  s id e  eq u a tio n  (4.2.6) c a n  provide natural logarith m  of in ten sity . The 
p red ic ted  in te n s it ie s  w ere  o b ta in ed  by take ex p on en tia l of natural logarithm  of 

in ten sity  over tim e  at co n sta n t angle. T he error value IS  d ifferen ce  b e tw e e n  

ca lcฟ a ted  va lu e  an d  exp er im en t value.

5.1.3 A k ca su ’s  T heory

Inserting R ( q ) ,  time step ( A t )  and intensity values ( i ( q , t  + A t \ l ( q , t ) )

from experiment into equation (4.3.5) can provide coefficient parameters:
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5.1.4 N a u m a n ’s T heory

Inserting  t im e  s tep  (A t)  an d  in ten sity  va lu es ( l ( q  +  A q , t ) , l ( q , t ) )  from  
experrm ent in to  eq u a tio n  (4.4.6) ca n  provide co e ffic ien t param eters; A " ,B "  u sin g  
M ATH EM ATICA program . A fter th e s e  co e ffic ien t p aram eters w ere  ex p a n d ed  u sin g  
pow er law . T h ese  co e ffic ien t p aram eters w ere  fitted  w ith  eq u a tio n  (4.2.9) and
(4.2.10) c a n  provide n e w  co e ffic ien t param eters; an d  / ' .  T he n ew
p aram eters w ere  u se d  to p red ict in ten s ity  at another tim e  s te p  u sin g  eq u ation
(4.3.11) . T he error is  d ifferen ce  va lu e b e tw e e n  c a lc ฟ a ted  va lue an d  ex p erim en t  

value.

5.2 R e s u l ts  o f I n t e n s i t y  C a lc u la te d  f ro m  e a c h  T h e o ry

T h e a n g le  for sca ttered  ligh t in ten sity  at 35° w a s  th e  a n g le  at w h ic h  th e  
sp m od al p ea k s w ere  o b served  for th e  30% w an d  70% w TM PC/PS b len d s. So, w e  
co n sid er  in te n s it ie s  at th is  angle. T h e su m m arized  d ata  at th e  an g le  of 35° for five 

tem p eratu res are sh o w n  in  F ig. (5.1-5.4).

In F ig. (5.1), th e  50% w TM PC/PS b len d s w a s  prepared  b y  so lv en t ca stin g , it 

sh o w e d  typ ica l sp m od al behaviour. T he in ten sity  grow s up exp on en tia lly  at th e  
b eg in n in g  an d  d e c r e a se s  w h e n  th e  p ea k s sh ift to low  q. From  th e  curve, th e  
sp m od al d eco m p o sitio n  p ro cess  occu rs m u ch  quicker w h e n  th e  exp erim en ta l 
tem p eratu re in c r e a se s  a s e x p ec ted .

and D '  using MATHEMATICA program. These parameters were used to predict
intensity at another time step using equation (4.3.6). The error is difference value
between calcฟated value and experiment value.



tem
per

atu
re

5 9

time (sec)

Fig. 5.1 S pinod al C h aracter istic  of 50% w TM PC/PS b len d s a t 35° [T hongyai, 1994]
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T he sp in od al ch a ra cter istics  of m elt m ix ed  sa m p les  of 50% w TM PC/PS b len d s  
at 35° are sh o w n  in F ig .(5.2). From  tin s  frgure, linearrzation lim its  w ere  w ith in  100 

se c o n d s . T he in ten s ity  in crea sed  abruptly w ith in  100 se c o n d s  an d  th e n  d ecrea sed  

all th rou gh  th e  ex p er im en ts. T h ese  s te e p  cu rves ca n  n ot b e  com p ared  w ith  th e  
sm o o th  cu rves o b ta in ed  in  th e  c a s e  of so lv en t c a s t  sa m p les  (Fig.5.1).

From  F ig .(5.3), th e  30% w TM PC/PS b len d s a ls0  sh o w s  typ ica l Cahn-H illard  
sp in od al behaviour. T he in ten sity  in c r e a se s  exp on en tia lly  for a lon g  tim e  an d  did  

not d ecrea se  e v e n  after th e  ex p er im en t fin ish ed . T h is m ay  b e  b e c a u se  th e  30% w  

TMPC n e e d s  m ore tim e  to  d evelop  Its f in d  con cen tra tio n  th an  th e  50% w TMPC.

In F ig .(5.4), th e  70%พ  TM PC/PS b len d s sh o w s  q u ite  d ifferent ch aracter istics. 
T he in ten s ity  starts to grow  ex p o n en tia l only after 800 se c o n d s .

5.2.1 In te n s ity  o f 30%พ  TM PC/PS B len d s

Fig. 5.5 sh o w s  th e in ten sity  d ata  ca lcu la ted  from  various th eo r ies of 30% w  

TM PC/PS b len d s at 271 °c an d  at th e  an g le  of 35 0 1it ap p eared  th at th e  in ten sity  of 

C ahn-H illiard sm ooth ly  in c r e a se s  w ith  in crea sin g  tim e. T he in te n s it ie s  of A k casu  
an d  Langer, Bar-on an d  Miller are q u ite  th e  sa m e a s  th e  in ten s ity  from  

exp erim en t. T he resu lts of N au m an  an d  Cahn-H illiard h igh ly  differ from  

exp er im en ta l resu lts. It sh o w s  th e  A k casu 's and Langer, Bar-on, M iller’s  th eories  
ca n  b e  u se d  to  fit th e  d ata  better  th a n  th e  other tw o  th eories.
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Fig. 5.2 Spinodal C h aracter istic  of 50% w TM PC /PS b len d s  m e lt  m ix e d  a t 35  

[T hongyai, 1994]
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Fig. 5.3 Spinodal C h aracteristic  of 30% w TM PC/PS b len d s at 35° [T hongyai, 1994]
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Fig. 5.4 Spinodal Characteristic of 70%พ TMPC/PS blends at 35° [Thongyai, 1994]
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The intensity data of 30%w TMPC/PS blends at 271°c and the angle of 
35°, obtained from the experiment and calculated from various theories.
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5.2.2 In te n s ity  o f 50% w TM PC/PS B len d s (Prepared b y  S o lv en t C astin g)

Fig.5.6 shows the intensity calcฟated from various theories of 50%w 
TMPC/PS blends, that were prepared by solvent casting method at 239 °c and at 
the angle of 35 °, It appeared that the intensity of Cahn-HfUiard smoothly increases 
with increasing time. The intensities of Akcasu and Langer, Bar-on and Miller are 
quite the same as the experimental ones. At the beginning of the spmodal 
decomposition process, the results of Cahn-Hilliard do not differ from experimental 
results, but at longer time they are very different. It shows that Cahn-Hilliard theory 
can be explained only at the beginning of phase decomposition. The intensities of 
Akcasu and Langer-Baron-Miller theories can be used to fit the data better than the 
other two theories. So these two theories can be used to explain this system at all 
range of testing. In Fig.5.6, the intensities predicted by Nauman have small error.

5.2.3 In te n s ity  o f 50% w TM PC/PS b len d s  (Prepared b y  M elt M ixed)

Fig.5.7 shows the intensity calculated from various theories of 50%w 
TMPC/PS blends, that were prepared by melt mixed method at 251 °c and at the 
angle of 35 °, it appeared that the intensity of Cahn-Hilliard smootly increases with 
increasing time. It shows that Cahn-Hilliard’s theory can be used to explained only 
at the early stage. The intensities of Akcasu and Langer, Bar-on and Miller, and 
Nuaman are slightly different from the intensity of experiment. These three theories 
can be used to explain the spinodal decomposition in this system.
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Fig.5.6 The intensity data of 50%w TMPG/PS blends (Prepared by solvent casting) 
at 239°c and the angle of 35°, obtained from the experiment and calculated
from various theories.



67

3 33 63 93 123 153 183 213
Time (sec)

Fig.5.7 The intensity data of 50%w TMPC/PS blends (Prepared by melt mixed) at 
251°G and the angle of 35°, obtained from the experiment and 0ฟ0ฟated
from various theories.
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5.2.4 In te n s ity  o f 70% w TM PC/PS b len d s

Fig. 5.8 shows the intensity calcฟated from various theory of 70%w 
TMPC/PS blends at 297 °c and at the angle of 35 °. It appears that the intensity of 
Cahn-Hilliard smootly increases with increasing time. For this system, the intensity 
from Akcasu’s theory seems to give the best fit to the experimental data compared 
with other theories.

5.3 P a r t  I ะ T he P e rc e n t  R e la tiv e  A v e ra g e  E rro r  R e su lts  o f TM PC /PS 
B len d s

The percent relative average error value is calcฟated by

% Relative Average Error =

ท
I

I E x p ,t  ~  W h ,t ( 1 0 0 )
1 E x p ,tt= l

ท

Where I  E x p  ~  Experimental data
I p h  = Calcฟated data of each theory 

ท  = Number of data
t =  time
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Fig.5.8 The intensity data of 70%พ TMPC/PS blends at 297° G and the angle of 35°,
obtained from the experiment and calculated from various theories.
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5.3.1 The P ercen t R ela tiv e  A v era g e  Error R esu lts  o f 30%พ  TM PC/PS B len d s

5.3.1.1 T est o f C ahn-H illiard’s  T heory

In Fig.5.9, it shows the percent relative average error between experimental 
and calculated results at any angle. When the angle scattering increased, The 
percent relative average error mcrease in all five temperatures horn 30% TMPC 
data. From graph patterns, they show that the different temperatures, the different 
rntensities that predicted from the theories and minus by the red data difference 
from each other too. At low temperatures have less the percent relative average 
error values than the higher temperatures. This results shows that the temperature 
influenced to intensity data of testing, and at low temperature can fit the 
experimental result better than higher temperatures.

5.3.1.2 T est o f L anger, Bar-on and M iller’s T heory

In Fig.5.10, it shows the percent relative average error between experiments 
and from calculated results. When the angle scattering increased, the most of the 
percent relative average error do not varied in five temperatures.
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Fig.5.9 The percent relative average error of 30%w TMPC/PS blends at different
temperatures, calculated from Cahn-Hilliard’s theory.
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Fig.5.10 The percent relative average error of 30%w TMPC/PS blends at different
temperatures, calcฟated from Langer, Bar-on and Miller’s theory.
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5.3.1.3 T est o f A k ca su ’s T heory

In Fig.5.11, It shows the percent relative average error between experiment 
and calcฟated results. When the angle scattering increased, the most of the 
percent relative average error values do not varied in five temperatures, and the 
graph pattern lrke as Langer, Bar-on and Miller’s (Fig 5.10). At 266, 269, 271°c have 
less the percent relative average error value than the higher temperatures (273, 
2,75°C). This results show that the temperatures will incline to influence the fit data 
of testing and at low temperatures can fit experimental results better than higher 
temperatures.

5.3.1.4 T est o f N a u m a n ’s T heory

From the fitted experimental data of Nauman’s theory, show data that the 
high temperature data have less total difference value than the lower temperature 
data. The intensities differ from other theory. At 266°c have high difference from 
experimental result as show in Fig. 5.12. The percent relative average error 
increased at low angle, and decreased at high angle.
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Fig.5.11 The percent relative average error of 30%w TMPC/PS blends at different
temperatures, calcฟated from Akcasu’s theory.
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Fig.5.12 The percent relative average error of 30%w TMPG/PS blends at different
temperatures, calculated from Nauman’s theory.
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5.3.2 The P ercen t R e la tiv e  A v era g e  Error o f  50% TM PC/PS B len d s R esu lts,
P repared  b y  S o lv en t C astin g

5.3.2.1 T est o f C ahn-H illiard’s T heory

In Fig.5.13, it shows the percent relative average error between experimental 
data and calculated results. When the angle for scattered intensity increased, the 
percent relative average error values increased for every temperature. From graph 
patterns, they it seem to be that the higher temperatures induce an increase in the 
percent relative average error values. At low temperatures, the percent relative 
average error value is less than that of the higher temperatures data at every angle. 
It showed that at low temperature the Cahn-Hilliard theory can be used to fit 
experimental results better than at higher temperature data. At high temperature 
(247°C), biggest derivation from experimental results was observed for the case of 
Cahn-Hilliard theory.

5.3.2.2 T est o f  L anger, Bar-on an d  M iller’s T heory

In Fig. 5.14, At the temperature of 237, 239, 242 °c, the percent relative 
average error do not vary much for all angles. But for the temperature of 245, 
247 °c, it showed higher error values, especially at high angle range.

5.3.2.3 T est o f  A k ca su ’s T heory

In Fig.5.15, it shows that as the angle increased, the percent relative 
average error values increased for every temperature. Furthermore, the percent 
relative average error is indifferent as changing temperature. It shows that the 
intensity from Akcasu’s theory can fit well with experimental results.
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Fig.5.13 The percent relative average error of 50%w TMPG/PS blends (Prepared by 
solvent casting) at different temperatures, calcฟated from Cahn-Hilliard’s 
theory.
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Fig.5.14 The percent relative average error of 50%พ TMPC/PS blends (Prepared by 
solvent casting) from five temperatures, calculated from Langer, Bar-on 
and Miller’s theory.
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Fig.5.15 The percent relative average error of 50%w TMPC/PS blends (Prepared by
solvent casting) from five temperatures, calculated from Akcasu’s theory.
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5.3.2.4 T est o f  N a u m a n ’s T heory

In Fig. 5.16, it shows that the percent relative average error at 239, 242, 
245°c are smooth while the ones at 237, 247°c are considerably different. It shows 
that at 237, 247°c are the percent relative average error not in a good frt by this 
theory.

5.3.3 The P ercen t R ela tiv e  A v era g e  Error R esu lts  o f 50% TM PC/PS B len d s,
P rep ared  b y  M elt M ixed

5.3.3.1 T est o f  C ahn-H illiard‘s T heory

Frg.5.17-1 shows the percent relative average error of 50%w TMPC/PS blends 
at 249, 250, 251 and 252°c. Fig.5.17-2 shows the percent relative average error of 
50%w TMPC/PS blends at 253°c. They show that the percent relative average error 
at the highest temperature (253°C) are the brggest values as the angle increases, 
and they are different from other temperatures. This results show that at high 
temperature the Cahn-Hrlliard theory is not in a good fit with the experimental 
data.

5.3.3.2 T est o f  L anger, Bar-on an d  M iller’s  T heory

In Fig. 5.18, it shows that when the angle increased, the percent relative 
average error do not vary at every temperature. These results show the intensity 
from Langer, Bar-on and Miller’s theory can fit with the experimental results.
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Fig.5.16 The percent relative average error of 50%w TMPC/PS blends (Prepared by 
solvent casting) from five temperatures, calculated from Nauman’s theory.
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Fig.5.17-1 The percent relative average error of 50%พ TMPG/PS blends (Prepared by
melt mixed) at four temperatures, calculated from Cahn-Hilliard’s theory.
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Fig.5.17-2 The percent relative average error of 50%w TMPC/PS blends (Prepared by 
melt mixed) at one temperature, calculated from Cahn-Hilliard’s theory.
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Fig.5.18 The percent relative average error of 50%w TMPC/PS blends (Prepared by 
melt mixed) from five temperatures, calcฟated from Langer, Bar-on and 
Miller’s theory.
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5.3.3.3 Test of Akcasu’s Theory

In Fig 5.19, It shows that at 249 °c the system has the biggest percent 
relative average error and the error decreased with increasing angles. At other 
temperatures the error is similar and slightly decreases with increasing angles.

5.3.3.4 Test of Nauman’s Theory

In Fig. 5.20, it shows that the percent relative average error slightly decrease 
with increasing angles at every temperature. It appeared that at high angle, the 
data can be better fitted by Nauman’s theory than at the lower angle data.

5.3.4 The Percent Relative Average Error Results of 70% TMPC/PS Blends

5.3.4.1 Test of Cahn-Hilliard’s Theory

In Fig. 5.21, it shows that for the percent relative average error of 70% 
TMPC/PS blends, the lower temperatures are, the smaller the percent relative 
average error values are. At 301 °c, the experimental data do not well fit by Cahn- 
Hilliard theory. It appeared that at higher temperatures the Cahn-Hilliard theory can 
not fit well with the experimental data for this system.

5.3.4.2 Test of Langer, Bar-on and Miller’s Theory

In Fig 5.22, it shows that the percent relative average error slightly change at 
different temperatures, they appeared that these results of fitted data are not very 
different. But at 297°c and low angle values, the percent relative average error are 
quite high.
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F ig .5 .1 9  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 50% พ  T M P C /P S  b le n d s  (P rep a red  b y

m e lt  m ix e d )  from  f iv e  te m p e r a tu r e s , c a lc u la te d  from  A k c a s u ’s  th eo ry .
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Fig.5.20 The percent relative average error of 50%w TMPC/PS blends 
(Prepared by melt mixed) from five temperatures, calculated from 
Nauman’s theory.
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Fig.5.21 The percent relative average error of 70%w TMPC/PS blends from five 
temperatures, calculated from Cahn-Hilliard’s theory.
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F ig .5 .2 2  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 70% w  T M P C /P S  b le n d s  from  fiv e

te m p e r a tu r e s , c a lc ฟ a te d  from  L an ger, B a r-on  a n d  M iller’s  th eo ry .
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5.3.4.3 Test of Akcasu’s Theory

In Fig. 5.23, it shows that for the percent relative average error of 70% 
TMPC/PS blends, the lower the temperatures are, the smaller the percent relative 
average error values are. At 301 °c, the experimental data do not well fit by 
Akcasu theory. It appeared that at higher temperatures the Akcasu theory can not 
frt well with the experimental data for this system.

5.3.4.4 Test of Nauman’s Theory

In Frg 5.24, it shows that the percent relative average error slightly change at 
different temperatures, they appeared that these results of fitted data are not very 
different. But at 299°c and low angle values, the percent relative average error are 
quite high.

5.3.5 Comparison of 50%TMPC/PS Blends Prepared by Solvent Casting Method
and Melt Mixed Method.

5.3.5.1 Comparison Results of Cahn-Hilliard’s Theory

In Fig.5.25, it shows the percent relative average error of 50%TMPC/PS 
blends prepared by solvent cast and melt mixed methods. It appeared that the 
percent relative average error of solvent cast sample is mush less than the percent 
relative average error of melt mixed one at every angle. The percent relative 
average error of solvent cast sample seem to increase with mcreasing angles. 
These results from sample prepared by solvent cast method can be fit with the 
Cahn-Hilliard thery better than that from melt mixed method.
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Fig.5.23 The percent relative average error of 70%w TMPC/PS blends from five 
temperatures, calculated from Akcasu’s theory.
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Fig.5.24 The percent relative average error of 70%w TMPC/PS blends from five 
temperatures, calculated from Nauman's theory.
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Fig.5.25 The percent relative average error of 50%w TMPC/PS blends
calculated from Cahn-Hilliard’s theory, prepared by solvent casting 
at 242 °G and prepared by melt mixed at 251 °c.
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5.3.5.2 Comparison Results of Langer, Bar-on and Miller’s Theory

In Fig.5.26, it shows the percent relative average error of 50%TMPC/PS blends 
prepared by solvent cast and melt mixed methods. It appeared that the percent 
relative average error of solvent cast sample is mush less than the percent relative 
average error of melt mixed one at every angle. These results from sample prepared 
by solvent cast method can be fit with the Langer, Bar-on and Miller theory better 
than that from melt mixed method.

5.3.5.3 Comparison Results of Akcasu’s Theory

In Fig.5.27, it shows the percent relative average error of'50%TMPC/PS blends 
prepared by solvent cast and melt mixed methods. It appeared that the percent 
relative average error of solvent cast sample is mush less than the percent relatrve 
average error of melt mixed one at every angle. The percent relative average error 
of solvent cast sample increase with increasing angles. These results from sample 
prepared by solvent cast method can be fit with the Akcasu theory better than that 
from melt mixed method.

5.3.5.4 Comparison Results of Nauman’s Theory

In Frg.5.28, it shows the percent relative average error of 50%TMPC/PS blends 
prepared by solvent cast and melt mixed methods. It appeared that the percent 
relatrve average error of solvent cast sample is mush less than the percent relative 
average error of melt mixed one at every angle. The percent relative average error 
of melt mixed sample decrease wrth increasing angles. These results from sample 
prepared by solvent cast method can be fit with the Nauman theory better than 
that from melt mixed method.
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Fig.5.26 The percent relative average error of 50%w TMPC/PS blends 
calculated from Langer, Bar-on and Miller’s theory, prepared by 
solvent casting at 242 °c and prepared by melt mixed at 251 °c.
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F ig .5 .2 7  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 50% w  T M P G /P S  b le n d s

c a lc u la te d  from  A k c a s u ’s  th e o r y , p r e p a r e d  b y  s o lv e n t  c a s t in g  a t

242  ° c  a n d  p r e p a r e d  b y  m e lt  m ix e d  a t  251 ° c .
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Fig.5.28 The percent relative average error of 50%w TMPC/PS blends 
calculated from Nauman’s theory, prepared by solvent casting at 
242 °G and prepared by melt mixed at 251 °c.
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5.3.6 Comparison of each Theory

5.3.6.1 Comparison of each theory on 30%TMPC/PS Blends

In Fig. 5.29, it shows the percent relative average error of 30%w TMPC/PS 
blends at 266 °c. It appeared that Langer, Bar-on and Miller’s, and Akcasu’s 
theories give less difference than Canh-Hilliard and Nauman. It shows Akcasu’s and 
Langer, Bar-on and Miller ‘ร theories can fit experimental data better than other two 
theories.

In Fig. 5.30, it shows the percent relative average error of 30%w TMPC/PS 
blends at 269 °c. It appeared that at small angle, the percent relative average error 
of each theory is small, but at high angle the percent relative average error of 
Cahn-Hilliaid increase. The percent relative average error from Langer, Bar-on and 
Miller’s, and Akcasu’s and Nauman’s theories are not different among each other.

In Fig.5.31, it shows the percent relative average error of 30%w TMPC/PS 
blends at 271 °c. The percent relative average error from Langer, Bar-on and Miller’s, 
and Akcasu’s theories are small. These two theories can fit with experimental data 
better than the Cahn-Hilliaid’s and Nauman’s theories, and can be used to explain 
the phase separation data more widely.

In Fig.5.32, it shows the percent relative average error of 30%w TMPC/PS 
blends at 273 °c. The percent relative average error from Langer, Bar-on and 
Miller’s, and Akcasu’s theories are small. These two theories can fit with 
experimental data better than the Cahn-Hilliard’s and Nauman’s theories, and can 
be used to explain the phase separation data more widely.
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F ig .5 .2 9  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 30% w  T M P C /P S  b le n d s  a t

266 °c of e a c h  th e o r y .



100

19 2 1 2 3 2 5 Z 7 29 31 33 35 3 7 3 0  41 4 3 4 5

Angle (Degree)

F ig .5 .3 0  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 30% w  T M P C /P S  b le n d s  a t

2 6 9  °G o f e a c h  th eo ry .
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F ig .5 .3 1  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 30% w  T M P C /P S  b le n d s  a t

271 °G o f e a c h  th eo ry .
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F ig .5 .3 2  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 30% w  T M P C /P S  b le n d s  a t

273 °c o f e a c h  th eo ry .
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In Fig.5.33, it shows the percent relative average error of 30%w TMPC/PS 
blends at 275 °c. The percent relative average error from Langer, Bar-on and 
Miller’s, and Akcasu’s theories are small. These two theories can fit with 
experimental data better than the Cahn-Hilliard’s and Nauman’s theories, and can 
be used to explain the phase separation data more widely.

5.3.6.2 Comparison of each theory on 50%TMPC/PS Blends (Prepared by 
Solvent Casting)

In Fig.5.34, it shows the percent relative average error of 50%w TMPC/PS 
blends at 237 °c. It appeared that the percent relative average error from Langer, 
Bar-on and Miller’s, and Akcasu’s theories are less than those from Canh-Hilliard’s 
and Nauman’s theories. The percent relative average error of Canh-Hilliard increase 
with increasing angles, while the percent relative average error of Nauman 
decrease with increasing angles of the scattered intensity.

In Fig.5.35, it shows the percent relative average error of 50%w TMPC/PS 
blends at 239 °c. It appeared that the percent relative average error from Langer, 
Bar-on and Miller’s, and Akcasu’s theories are less than those from Canh-Hilliard’s 
and Nauman’s theories. The percent relative average error of Canh-Hilliard increase 
with increasing angles, while the percent relative average error of Nauman 
decrease with increasing angles of the scattered intensity.

In Fig.5.36, it shows the percent relative average error of 50%w TMPC/PS 
blends at 242 °c. It appeared that the percent relative average error from Langer, 
Bar-on and Miller’s, and Akcasu’s theories are less than those from Canh-Hilliard’s 
and Nauman’s theories. The percent relative average error of Canh-Hilliard increase 
with mcreasing angles. The percent relative average error of Nauman’s theory does 
not change much.
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Fig.5.33 The percent relative average error of 30%w TMPC/PS blends at 
275 °G of each theory.
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F ig .5 .3 4  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f  50% w  T M P C /P S  b le n d s

(P rep a red  b y  s o lv e n t  c a s t in g )  a t  2 37  ° c  o f e a c h  th eo ry .
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F ig .5 .3 5  T h e  p e r c e n t  r e la t iv e  a v e r a g e  error o f 50% w  T M P C /P S  b le n d s

(P rep ared  b y  s o lv e n t  c a s t in g )  a t  239  ° c  o f e a c h  th e o r y .
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Fig.5.36 The percent relative average error of 50%w TMPG/PS blends
(Prepared by solvent casting) a t 242 °c  of each  theory.



108

In Fig.5.37, It sh ow s the percent relative average error of 50%w TMPC/PS 
blends at 245°c. The percent relative average error from Langer, Bai-on and Miller’s, 
and A kcasu’s theories are small com pared to the percent relative average error from 
Cahn-Hilliard's and Naum an’s theories. So th ese theories can fit w ith  e x p e r i m e n t a l  

data better than the Cahn-Hilliard’s and Naum an’s theories. The percent relative 
average error of Cahn-Hilliard’s theory increase wrth the rncreasing angle.

In F ig.5.38, show s the percent relative average error of 50%w TMPC/PS blends 
at 247°c. The percent relative average error from Langer, Bar-on and Miller’s, and 
A kcasu’s theorres are small com pared to the percent relative average error from 
Cahn-Hilliard’s and Naum an’s theories. So these theories can fit w ith  experim ental 
data better than the Cahn-Hilliard’s and Naum an’s theories. The percent relative 
average error of Cahn-Hilliard’s theory increase w ith the increasing angle.

5.3.6.3 C om parison  o f each  th eory  on  50% TM PC/PS b len d s  

(P repared b y  M elt M ixed)

In Fig. 5.39-1, It show s the percent relative average error of 50%w TMPC/PS 
blends at 249 °c  of Langer, Bar-on and Miller’s, Naum an and A kcasu’s theories. 
Fig.5.39-2 sh ow s the percent relative average error of Cahn-Hilliard’s theory. They 
appeared that the percent relative average error from Langer, Bar-on and Miller’s, 
and A kcasu’s theories are less than those from Canh-Hilliard’s and Naum an’s 
theories. The percent relative average error of Cahn-Hilliard’s theory increase w ith  
increasm g angles of the scattered intensity. It show s that A kcasu’s and Langer, 
Bar-on and Miller’s theories can fit experim ental data better than other two
theories.
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Fig.5.37 The percent relative average error of 50%w TMPC/PS blends
(Prepared by solvent casting) a t 245 °c  of each theory.



% 
Re

lat
ive

 A
ver

ag
e E

rro
r

110

120.0

100.0 -

80.0 -

60.0 -

40.0 -

20.0 -

0.0 Jfcg=^sàSr 1 ï# = j  ร  f= = = = ^ fe ^ d |_
13 15 17 19 21 23 25 27 29 31 33

Angle (Degree)

Fig.5.38 The percent relative average error of 50%w TMPC/PS blends 
(Prepared by solvent casting) at 247 °G of each  theory.
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Fig.5.39-1 The percent relative average error of 50%w TMPG/PS blends
(Prepared by melt mixed) a t 249 °c  of three theories.
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Fig.5.39-2 The percent relative average error of 50%w TMPC/PS blends
(Prepared by melt mixed) a t 249 °c  of one theory.
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In Fig. 5.40-1, it show s the percent relative average error of 50%พ  TMPC/PS 
blends at 250 °c  of Langer, Bar-on and Miller’s, Naum an and A kcasu’s theories. 
Fig.5.40-2 sh ow s the percent relative average error of Cahn-Hilhard’s theory. They 
appeared that the percent relative average error from Langer, Bar-on and Miller’s, 
and A kcasu’s theories are less than those from Canh-Hilliard’s and N aum an’s 
theories. The percent relative average error of Cahn-Hilliard’s theory increase w ith  
increasing angles of the scattered intensity. It show s that A kcasu’s and Langer, 
Bar-on and Miller ‘ร theories can ht experim ental data better than other two  
theories.

In Fig. 5.41-1, it sh ow s the percent relative average error of 50%พ  TMPC/PS 
blends at 251 °c  of Langer, Bar-on and Miller’s, Naum an and A kcasu’s theories. 
Fig.5.41-2 sh ow s the percent relative average error of Cahn-Hilhard’s theory. The 
percent relative average error of Langer, Bar-on and Miller, and A kcasu ร theories 
are small com pared to the percent relative average error from Cahn-Hilliard’s and  
Naum an’s theories. T hese tw o theories can ht w ith  experim ental data better than  
the Cahn-Hilliard’s and N aum an’s theories, and can be u sed  to explain the phase  
separation data more widely.
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Fig.5.40-1 The percent relative average error of 50%w TMPC/PS blends
(Prepared by melt mixed) a t 250 °c of three theories.
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Fig.5.40-2 The percent relative average error of 50%w TMPC/PS blends
(Prepared by melt mixed) a t 250 °c  of one theory.
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Fig.5.41-1 The percent relative average error of 50%w TMPC/PS blends
(Prepared by m elt mixed) a t 251 °G of three theories.
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Fig.5.41-2 The percent relative average error of 50%w TMPG/PS blends
(Prepared by melt mixed) a t 251 °G of one theory.
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In Fig. 5.42-1, it sh ow s the percent relative average error of 50%พ  TMPC/PS 
blends at 252 ° c  of Langer, Bar-on and Miller’s, Naum an and A kcasu’s theories. 
Fig.5.42-2 sh ow s the percent relative average error of Cahn-Hilliard’s theory. They 
appeared that the percent relative average error of Langer, Bar-on and Miller’s  and 
A kcasu’s theories are less than those from Cahn-Hilliard’s and Naum an’s theories. 
The percent relative average error of Naum an decreases w ith  increasing angles.

In Fig. 5.43-1, it sh ow s the percent relative average error of 50%w TMPC/PS 
blends at 253 °c  of Langer, Bar-on and Miller’s, Naum an and A kcasu’s theories. 
Fig.5.43-2 sh ow s the percent relative average error of Cahn-Hilliard’s theory. They 
appeared that the percent relative average error of Langer, Bar-on and Miller’s, and 
A kcasu’s theories are less than those from Cahn-Hilliard’s and N aum an’s theories. 
T hese tw o theories can fit w ith experim ental data better than the Cahn-Hilliard’s 
and N aum an’s theories, and can be u sed  to explain the phase separation data more 
widely. The percent relative average error of Naum an decrease w ith  increasing  
angles, w hile the percent relative average error of Cahn-Hilliard’s increase.
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Fig.5.42-1 The percent relative average error of 50%พ  TMPC/PS blends
(Prepared by m elt mixed) a t 252 °c  of three theories.
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Fig.5.42-2 The percent relative average error of 50%w TMPC/PS blends
(Prepared by melt mixed) a t 252 °c of one theory.
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Fig.5.43-1 The percent relative average error of 50%พ  TMPG/PS blends
(Prepared by melt mixed) a t 253 °c  of three theories.
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Fig.5.43-2 The percent relative average error of 50%w TMPC/PS blends
(Prepared by melt mixed) a t 253 °c  of one theory.
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5.3.6.4 C om p arison  o f each  th eo ry  on  70% w TM PC/PS b le n d s

In F ig.5.44, it sh ow s the percent relative average error of 70%w TMPC/PS 
blends at 293 °c. It appeared that the percent relative average error of each  theory 
is small. The percent relative average error from A kcasu’s and Langer, Bar-on and 
Miller ‘ร theories are not different am ong each  other.

In Fig. 5.45, it sh ow s the percent relative average error of 70%w TMPC/PS 
blends at 295 °c. It appeared that the percent relative average error from Langer, 
Bar-on and Miller’s, A kcasu’s and Naum an's theories are less  than those from Canh- 
Hilliard’s theory. The percent relative average error of Canh-Hilliard decrease w ith  
increasm g angles.

In Fig.5.46, it sh ow s the percent relative average error of 70%w TMPC/PS 
blends at 297 °c. It appeared that the percent relative average error of A kcasu’s 
theory g ives less  difference than Langer, Bar-on and Miller’s, N aum an’s and Cahn- 
Hilliard’s theories. It show s A kcasu’s theory can fit w ith experim ental data better 
than other three theories.

In F ig.5.47, it show s the percent relative average error of 70%w TMPC/PS 
blends at 299 °C.It appeared that the percent relative average error of each  theories 
is  small, so th ese theories can fit w ith experim ental data, and can be used  to 
explain the experim ental data for this system .

In F ig.5.48, it sh ow s the percent relative average error of 70%w TMPC/PS 
blends at 301 °c. It appeared that the percent relative average error of Langer, Bar­
on and Miller’s, and A kcasu’s and N aum an’s theories are small. The percent relative 
average error of Cahn-Hilliard’s theory increase w ith the increasing angle.
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Fig.5.44 The percent relative average error of 70%w TMPC/PS blends at
293 °G of each  theory.
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Fig.5.45 The percent relative average error of 70%w TMPC/PS blends at
295 °c  of each  theory.
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Fig.5.46 The percent relative average error of 70%w TMPC/PS blends at
297 °G of each  theory.
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Fig.5.47 The percent relative average error of 70%w TMPC/PS blends at
299 °c  of each  theory.
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Fig.5.48 The percent relative average error of 70%w TMPC/PS blends at
301 °G of each  theory.
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5.4 Part II: Test of Experim ental Results of SMA/PMMA Blends

5.4.1 Test of Experimental Results of each Theory on SMA/PMMA Blends

5.4.1.1 Test of Cahn-Hilliard’s Theory

In Fig.5.49, it shows the percent relative average error of SMA/PMMA 
blends at the compositions of 20/80, 30/70, and 40/60. It appeared that for each 
composition, the percent relative average error do not change much with the angle 
of light scattered data.

5.4.1.2 Test of Langer, Bar-on and Miller’s Theory

In Fig.5.50, it shows the percent relative average error of SMA/PMMA 
blends at the compositions of 20/80, 30/70, and 40/60. It appeared that for each 
composition, the percent relative average error do not change much with the angle 
of light scattered data.

5.4.1.3 Test of Akcasu’s Theory

In Fig.5.51, it shows the percent relative average error of SMA/PMMA 
blends at the compositions of 20/80, 30/70, and 40/60. It appeared that for each 
composition, the percent relative average error do not change much with the angle 
of light scattered data.
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Fig.5.49 The percent relative average error of Cahn-Hilliard’s theory from 
three compositions of SMA/PMMA blends.
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Fig.5.50 The percent relative average error of Langer, Bar-on and Miller’s 
theory from three compositions of SMA/PMMA blends.
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Fig.5.51 The percent relative average error of Akcasu’s theory from three 
compositions of SMA/PMMA blends.
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5.4.1.4 Test of Nauman’s Theory

In Fig.5.52, it shows the percent relative average error of SMA/PMMA 
blends at the compositions of 20/80, 30/70, and 40/60. It appeared that for each 
composition, the percent relative average error do not change much with the angle 
of light scattered data.

5.4.2 Comparison of each Theory on SMA/PMMA Blends

5.4.2.1 Comparison of each Theory on 20% SMA/PMMA Blends

In Fig.5.53-1, it shows the percent relative average error of SMA/PMMA 
(20/80) blends of Langer, Bar-on and Miller’s, Nauman’s and Akcasu’s theories. In 
Fig.5.53-2, It shows the percent relative average error of SMA/PMMA (20/80) blends 
of Cahn-Hilliard’s theory. When the scattering angle increased, the percent relative 
average error of Cahn-Hilliard’s theory increased. The percent relative average error 
from Langer, Bar-on and Miller’s, Akcasu’s and Nauman’s theories are less than 
those of Cahn-Hilliard’s theory. It shows that Akcasu’s, Langer, Bar-on and Miller’s 
and Nauman’s theories can fit with the experimental data better than other
theories.
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Fig.5.52 The percent relative average error of Nauman’s theory from three 
compositions of SMA/PMMA blends.



135

5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65

Angle (Degree)

Fig.5.53-1 The percent relative average error of 20%w SMA/PMMA blends at 
210 °c from three theories.
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Fig.5.53-2 The percent relative average error of 20%w SMA/PMMA blends at 
210 °c from one theory.
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5.4.2.2 Comparison of each Theory on 30% SMA/PMMA Blends

In Fig.5.54-1, it shows the percent relative average error of SMA/PMMA 
(20/80) blends of Langer, Bar-on and Miller’s, Nauman’s and Akcasu’s theories. In 
Fig.5.54-2, it shows the percent relative average error of SMA/PMMA (20/80) blends 
of Cahn-Hilliard’s theory. When the scattering angle increased, the percent relative 
average error of Cahn-Hilliard’s theory increased. The percent relative average error 
from Langer, Bar-on and Miller’s, Akcasu’s and Nauman’s theories are less than 
those of Cahn-Hilliard’s theory. It shows that Akcasu’s, Langer, Bar-on and Miller’s 
and Nauman’s theories can fit with the experimental data better than other 
theories.

5.4.2.3 Comparison of each Theory on 40% SMA/PMMA Blends

In Fig.5.54-1, it shows the percent relative average error of SMA/PMMA 
(20/80) blends of Langer, Bar-on and Miller’s, Nauman’s and Akcasu’s theories. In 
Fig.5.54-2, it shows the percent relative average error of SMA/PMMA (20/80) blends 
of Cahn-HiUiard’s theory. When the scattering angle increased, the percent relative 
average error of Cahn-Hilliard’s theory increased. The percent relative average error 
from Langer, Bar-on and Miller’s and Akcasu’s theories are less than those of Cahn- 
Hilliard’s and Nauman’s theories. It shows that Akcasu’s and Langer, Bar-on and 
Miller’s theories can fit with the experimental data better than other theories.
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Fig.5.54-1 The percent relative average error of 30%w SMA/PMMA blends at
210 °c from three theories.
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Fig.5.54-2 The percent relative average error of 30%w SMA/PMMA blends at
210 °c from one theory.
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Fig.5.55-1 The percent relative average error of 40%w SMA/PMMA blends at 210 °c
from three theories.
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Fig.5.55-2 The percent relative average error of 40%w SMA/PMMA blends at
210 °c from one theory.
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From Fig. (5.49) to Fig. (5.55), it shows that the percent relative average 
error values from Akcasu’s theory are less than those from Langer, Bar-on and 
Miller’s, Cahn-Hilliard’s and Nauman’s theories.

Considering all results on the percent relative average error, we can devide 
our results into two groups; 1) results from Akcasu’s and Langer-Bar-on-Miller’s 
theories and 2) results from Cahn-Hilliard’s and Nauman’s theories. The percent 
relative average error obtained from Akcasu and Langer, Bai-on and Miller are less 
than the ones from Cahn-Hilliard and Nauman. It therefore can be showed that 
Akcasu’s and Langer-Bar-on-Miller’s theories should be able to describe the 
spmodal decomposition process of polymer blends better than Cahn-Hilliard’s and 
Nauman’s theories.

Comparing between Akcasu’s and Langer-Bar-on-Miller’s theories, Akcasu’s 
theory appears to fit experimental result better than Langer-Bar-on-Miller’s theory 
as seen from smaller values of the percent relative average error. Considering Cahn- 
Hilliard and Nauman results, Cahn-Hilliard results shows larger values of error than 
those of Nauman. It IS clear that Nauman’s theory can fit with the experimental 
results better than theory of Cahn-Hilliard. According to this work, Akcasu's theory 
seems to be the best theory to fit with the selected experimental results, followed 
by Langer-Bar-on-Miller’s, Nauman’s and Cahn-Hilliard’s theories.
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