
C H A P T E R  I V

E X P E R IM E N T S

T h e exp er im en ta l resu lts th a t u se d  to  fit d a ta  w a s  o b ta in ed  from th e  
tem p eratu re  jum p exp erim en t. T h e d ata  are th e  in te n s it ie s  a t various a n g le s  and  
various tim e  of th e  sa m p le  at th e  sp e c if ic  tem perature.

T here are tw o  s e t s  o f exp erim en ta l resu lts u se d  in  th is  stu d y . T h e first s e t  is  
th e  s y s te m  of tretram eth y l-b isp h en ol-A  polycarb on ate  (TM PC )/polystyrene(PS) 

b len d s at five tem p eratu re jum ps. T hree co m p o sitio n s  (30, 50, 70 %w TM PC/PS  

BLENDS) of th is  b len d  w ere  prepared  b y  so lv en t ca stin g , w h ile  50% w TM PC/PS  
BLENDS w a s  prepared  b y  m elt m ixed . T h is s e t  of exp erim en ta l resu lts w a s  

o b ta in ed  from  th e  s tu d y  of T h ongyai, ร [T hongyai, 1994], T h e se c o n d  s e t  is  sy s te m  

of p o lystyren e CO m aleic  anhyd rid e(S M A )/po lym ethyl m ethacrylatem (P M M A ) b len d s  

at on e  tem p eratu re jum p. T hree co m p o sitio n s  (20, 30, 40 %w SM A) of th is  b len d  
w ere  u sed . T h is s e t  of exp erim en ta l resu lts w a s  o b ta in ed  from  th e  stu d y  of 
Rojanapitayakorn, p.

E xp erim en ta l resu lts w ere  perform ed u s in g  lig h t sca tter in g  apparatus. The  

eq u ip m en t is  sch em a tica lly  sh o w n  in  F ig .4 .1 . A n  aero tech  m od el 1105P H e /N e  laser  

of 5 m W  ()L=632.8 nm ) is  u se d  a s lig h t sou rce  in c id e n te d  o n  a sa m p le  in sid e  a  
tem p eratu re contro lled  sam p le  holder. T he sca ttered  lig h t w a s  d e te c te d  b y  a photo  
diole array, m o u n ted  on  an  arc b e tw e e n  5-67 d e g r e e s  at 2 -d eg ree  intervals. The  
s ig n a l is  th e n  co n v erted  in  a m u lti-ch an n el a n a lo g u e /d ig ita l converter. Control and  

d ata  co llec tio n  are b o th  im p lem en ted  u s in g  a PC.

The wave vector q can be expressed as a function of the wave length of the
laser X  and the scattered angle 9;
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A n n ( 4 . 1 )

L ight sca tter in g  is  th e  in stru m en t th a t c a n  in d irectly  m ea su re  th e  
co n cen tra tio n  flu ctu ation s of a  polym er blend. It m ea su res  th e  sca ttered  ligh t  
in ten s ity  a t variou s a n g les  an d  t im e s  th a t resu lts from  th e  c h a n g e s  in  th e  
refractive in d ic e s  of th e  sam p le. W h en  th e  p h a se  sep ara tion  occu rs, th e  tw o  

different p h a se s  in d u ce  a d ifferen ce in  refractive in d ex  w h ic h  resu lts from an  

in crea sin g  in  th e co n cen tra tio n  flu ctu ation s of th e polym er blend.

Computer

Generator

D a r k  C h a m b e r

Fig. 4.1 Sm all A n g le  L ight S ca tter in g  M ach in e  [T hongyai, 1994]
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4.1 T e s t  o f  C a h n - H i l l ia r d ’s  T h e o ry

A cco rd in g  to  th e  C ahn-H illiard’s  theory, th e  in ten sity  c a n  b e  ca lcu la ted  from  
eq u a tio n  (3.2.27).

T h e d ata  are th e  in te n s it ie s  at various a n g le s  an d  tim es o f th e  sam p le  a t a  
sp ec ific  tem p eratu re. T he in ten sity -tim e  curve ca n  b e  fitted  b y  ta k in g  In(I) of 

In ten sity  an d  fittin g  it  w ith  a stra igh t line. T he d ata  o b ta in ed  is  th e  grow th  rate 

R ( q ) .  T he R ( q )  are o b ta in ed  from half of th e  s lop e  of th e  fitted  line.

W here th e  term  ร  x ( q )  is  th e  therm al n o ise  th a t is  very sm all an d  o ften  
n eg lig ib le , an d  s j ^ o ] -  ร , . ( q )  is  th e  in ten s ity  factor.

W e u se  th e  eq u a tio n  (3.2.27) to ca lcu la te  th e  in ten s ity  d ata  of Cahn-H illiard’s  

theory at c o n sta n t q  and  d ifferent tim e . T hen, w e  com pare ca lcu la ted  in ten s ity  data  

w ith  exp er im en ta l d ata  r ece iv ed  horn T h on gyai, ร an d  Rojanapitayakorn, p.

4.2  T e s t  o f  L a n g e r ,  B a r-o n , a n d  M il le r ‘s  T h e o ry

From  Langer, Bar-on an d  M iller’s  theory, w e  w ill u se  eq u a tio n  (3.3.21) to  find  

th e  in ten s ity  data.

T h is eq u a tio n  is  m ore co m p lica ted  th a n  th e  norm al C ahn-H illiard equation , 
b u t thrs th eory  c a n  b e  ex p la in ed  th e  b eg in n in g  of th e  sp in od a l d eco m p o sitio n

s f o  t )  =  ร x (q)  +  ( ร (q, o ) -  ร ,  ( q ) ) e x p (2 R (q ) t ) (4.1.1)

p rocess.
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T h e term  A ( t ) in  eq u a tio n  (3.3.21) c a n  b e  so lv ed  b y  u s in g  th e  p ow er law , 
w h ic h  c a n  b e  ex p a n d ed  as,

A { t ) =  a  +  b t  +  c t 2 +  d t 3 (4.2.1)

W hen  w e  su b stitu te  eq u a tio n  (4.2.1) in  to  eq u a tio n  (3.3.21), w e  w ill ob ta in

ds{q,t) = _2 Mq2 \ K q 2 +a + bt + c t 2 +d t i พ ^  (4 2 2)
dt

T he eq u a tio n  (4.2.2) c a n  b e  rew ritten  as,

ร ( q , t )
d S ( q , t ) ~  - 2 M q 2 [fCq2 + a  +  bt +  c t 2 +  <A3]dr (4.2.3)

T hen , w e  c a n  so lv e  th is  eq u a tio n  b y  in tegra tin g  b o th  s id e  of th e  eq u a tio n  as,

\ n ( s ( q , t ) ) - l n ( s ( q , o ) ) =  - 2 M q 2 \jKq2t +  a t  +  b t 2 +  c t 3 +  d t 4 (4.2.4)

\ n ( s { q d ) ) = - 2 M K q At +  q 2 [a't +  b ' t 2 +  c ' t 3 +  d ' t 4 ) + E  (4.2.5)

W h en  <7 is  g iv e n  a s a co n sta n t, w e  c a n  w rite  eq u a tio n  (4.2.5) in  th e  s im p le  

form as

In { ร ( q , t ) \ = ( E  +  A t  +  B t 2 + C t 2 + D t * \  (4.2.6)

W h en  A, B,  c  an d  D  are th e  total co e ffic ien ts  of an y  q  a t different tim e, and  

E is  th e  in ten s ity  factor. T he eq u a tio n  (4.2.6) is  th e  b a s ic  eq u a tio n  th a t ca n  b e  

u se d  to fit exp erim en ta l d ata  at co n sta n t q  an d  d ifferent tim e  b y  u sin g  

M ATH EM ATICA program . From  fit data, w e  g e t  th e  total c o e ffic ien ts  an d  th e  
in ten sity  factor. T hen, w e  su b stitu te  th e se  v a lu es in  eq u a tio n  (4.2.6) a t d ifferent
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tim e  to  ca lcu la te  th e  n e w  in ten s ity  d ata  of Langer, Bar-on an d  M iller’s  theory. 
Finally, w e  com p are resu lts b e tw e e n  th e  in ten s ity  d ata  form ca lcu la tion  an d  th e  

ex p er im en t data.

Langer, Bar-on an d  M iller’s  theory differs from th e  other th eo r ies  b y  factor 
A ( t )  w h ic h  w a s  ex p a n d ed  u s in g  th e  p ow er law  to  sim plify  th e  eq u a tio n  (3.3.21) for 

calcu lation . T h e in te n s it ie s  w ere  ca lcu la ted  u s in g  only ex p o n en tia l from  fitted  

eq u ation .

4.3 T e s t  o f A k c a s u ’s  T h e o ry

W e ob ta in s th e  eq u a tio n  of A k ca su ’s  theory from eq u a tio n  (3.4.20), th a t ca n  

b e  u se d  to  ca lcu la te  th e  in ten s ity  l ( q , t )

From  eq u a tio n  (3.4.20), w h e n  q  is  co n sta n t th e n  th e  term  of z ( q , t )  ca n  b e  

ex p a n d ed  b y  u sm g  p ow er law  as,

After w e  su b stitu ted  eq u a tio n  (4.3.1) in  eq u a tio n  (3.4.20), w e  w ill ob ta in  th e  

in ten sity  eq u a tio n  a s  in  eq u a tio n  (4.3.2).

= - 2 R ( q ) l ( q , t l \  + (3.4.20)

Z ( q , t ) q = a ' + B ' t  +  C ' t 2 +  D ' t 3 (4.3.1)

dI^  = + à  + Bt + c't2 + Dt3 ]7 + c(q) (4.3.2)
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W hen d iv id ed  eq u a tio n  (4.3.2) b y  -  2 R ( q ) l ( q , t ) ,  w e  ca n  w rite  as,

f  d l j q t )  ^  
-2R{q)l{q,t)dt l + a'+B't + C't2 +D't3 c(q) ไ (4.3.3)

2 R(q)l(q,t\

W e c a n  w rite  eq u a tio n  (4.3.3) in  a different form as,

I ( q , t  + A t ) - l ( q , t )  ̂
- 2 R ( q ) l { q , t ) A t ~ + ๙ + ร? t +  C ' r  +D'4 + ( r c (g )

2 R {q ) l {q , t )
(4.3.4)

From  eq u a tio n  (4.3.4), th e  term  C ( q ) / ( -  2 R ( q ) l ( c [ , t ) )  c a n  b e  n e g le c te d  

b e c a u se  c ( q )  is  very sm all an d  o ften  n eg lig ib le . So w e  ca n  rew rite eq u a tio n  (4.3.4)
as,

l { q , A t ) - l ( q  t )  
- 2 R ( q ) l ( q , t ) A t / A '+ B ' t  +  C ' t 2 + D ' t 3 (4.3.5)

W hen  A' =  1 + a '  an d  are co e ffic ien ts  of eq u ation .

W e u se  th e  ex p er im en t resu lts to  ca lcu la te  va lu e of th e  left-h an d  s id e  term  of 

eq u ation  (4.3.5), th e n  w e  u se  th is  va lu e to  find th e  c o e ffic ien ts  of th e  right-hand  

s id e  term . T he eq u a tio n  from  fittin g  d ata  ca n  b e  u se d  to  ca lcu la te  th e  in ten s ity  of 
A k ca su ’s  theory. W e m u st rearrange eq u a tio n  (4.3.5) to  ca lcu la te  in ten sity , an d  ca n  

b e w ritten  as,

I ( q , A t ) a = l ( q , t )  - 2 R ( q ) l ( q , t ) A t A ' + B t + C t 2 +  D' t3 (4.3.6)

After w e  ca lcฟ a te d  in ten s ity  from eq u a tio n  (4.3.6), w e  u se  th is  ca lcฟ ated  

resu lts to  com p are w ith  ex p er im en t results.



52

A k ca su ’s  th eory  differs from  th e  other th eo r ies by factor z ( q , t ) .  A k ca su ’s  
theory differs from  th a t of Langer, Bar-on an d  M iller’s  th eory  in  th e  w a y  th e  
flu ctu ation s are trea ted  in  th e  nonlinear theory, an d  in  th e d eta ils  of ca lcu la tion s  

arising from  th e  polym er e ffec t (factor z ( q , t ) ) .  T he term  z ( q , t ) w a s  ex p a n d ed  
u sin g  th e  p ow er la w  to  sim plify  th e  equation(3 .4 .20) a t q  co n sta n t. T he ca lcฟ ated  
d ata  of fittin g  eq u a tio n  differ from th e  other th eories. T h ese  c a lc ฟ a te d  d ata  w ere  

ca lcฟ a te d  from  th e  term  of left h an d  s id e  of eq u a tio n  (4.3.5) b y  u s in g  R ( q ) ,  step  

tim e  ( A f )  an d  in te n s it ie s  d ata  of ex p erim en ts.

4 .4  T e s t  o f  N a u m a n ’s  T h e o ry

From  eq u a tio n  (3.5.18), it c a n  b e  rew ritten  as,

-  ะ= D y i ÿ V a ( x , r ) ( l - a ( x , V  a ( x , t ) -  a ( x , t ) (4.4.1)

W here a ( x , t )  is  m ole  fraction. For th e  sa k e  of sim p lic ity , co n sid er in g  one  

d im en sio n  of X 1 o n e  ca n  ob ta in

da(x, t) 
dt = dab — a(x’ 'Xi -  ')| g -^-a(x,t)-K-^— a(x,t) dx dx3

(4.4.2)

T h is eq u a tio n  ca n  b e  m od ified  by Fourier transform  to  relate it w ith  

structure fu n ction , an d  su b stitu tio n  of d / d x  by i q .  T h e Fourier transform  of 

eq u a tio n  (4.4.2) c a n  b e  w r itten  as,

- a~  = Dab  ("?M ^  ^  -  a{9A)\g {iq]a{q,t)-K{iqf a(q,t) (4.4.3)

T he eq u a tio n  (4.4.3) th e n  c a n  b e  m odified .



= DABa(q,t\l-a(q,t (4.4.4)d a { q , t )
d t

^ ~  = d a b  ( - 2  q 2 -  m 4 J o  ■2 (?. 0 -  ฝ ิ3 (?. o ] (4.4.5)

W e h a v e  th e  d efin ition  of th e  structure fu n ction  (ร (q , t ) )  b e low ,

s ( q ,  t )  =  l^a(q, t ] 2 j  =  (flfa . <7> 0 )  (4.4.6)

D ifferen tiating  th e  structure fu n ction  a s  b elow ,

^ = a ( _ , . , ) M n ) + a  ( 1, , ) M ร ฟ ้ (4.47)

From eq u a tio n  (4.4.5) an d  (4.4.7), th e structure fu n ctio n  th e n  c a n  a ls0  

w ritten  as,

(4.4.8)

It sh o w e d  b e  n o ted  th a t a  d o e s  n ot d e p e n d  on  th e  s ig n  o f q ,  i.e ., 
d a ( q , t ) / d t  eq u al d a ( -  q , t ) / d t ,  so  eq u a tio n  (4.4.8) ca n  b e  w r itten  a s  b elow .

d s ( q , t )
d t

d a b [ - s  q 2  

+  d a b [ - s  q

-tcq4^ a 3(q,t)-a4(q,tfj + 
2 -Kq4'Ja3(q,t)-a4(q,t'^ (4.4.9)

W e w ill o b ta in  th e structure eq u a tio n  a s  in  eq u a tio n  (4.4.10).
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2DAB  ̂ g q Kq ร (q,t) 

From  eq u a tio n  (4.4.10), it ca n  b e  w ritten  as,

(4.4.10)

1 ds(q,t) ( "2 4)r / X 7 V „2/ ง 2  =2Dab\ g q Kq j [ร(q,t).a(q,t)~ ร (q,t)\ dt

A n d  w e  c a n  rearrange it as,

(4.4.11)

(4.4.12)

It is  a ssu m e d  th at th e  Ævalu e is  th e  m ole  fraction an d  very sm all [ a  <  1) so  

it c a n  b e  n e g le c te d  w h e n  com p are w ith  th e  structure function . T hen , w e  c a n  w rite  

th e  eq u a tio n  as,

(4.4.13)

B e c a u se  th e  structure fu n ction  is  d irectly  proportional to  th e  in ten sity , so  w e  

c a n  ca lcฟ a te  th e  in ten s ity  l(q,t) and th e  eq u a tio n  (3.5.28) ca n  b e  rew ritten  as,

1 d l ( q , t )  ( "2 4 ไ
V f e . o z  ’ -̂- « > (4.4.14)

From  eq u a tio n  (4.4.14), w h e n  t is  co n sta n t b u t g  is  varied , w e  c a n  arrange
th is  eq u a tio n  to  fit d ata  as,

' <fff o ' ) = b y + f l V
- I 2 (q , t )  d t

(4.4.15)(4.4.15)
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W h en  A " , B "  are th e  co e ffic ien ts  of tim e  co n sta n t at d ifferent q .  W e ca n  
w rite eq u a tio n  (4.4.15) in  a d ifferent form  as,

I k  ty  ) -  ! k A  J A"q2 +B"cA  (4.4.16)
- I 2 ( q , t )  At

W e u se  th e  exp erim en ta l results to  find  th e  c o e ffic ien ts  A " , B " . In order to  

c a lc ฟ a te  th e  in ten s ity  at co n sta n t q  an d  different tim e , w e  shall in sert th o se  

coeffic ien ts  in  th e  eq u a tio n  (4.4.16). So, w e  ca n  b e  rew ritten  eq u a tio n  (4.4.16) in  a 

form  of

/fa,< + A Q - / M  1 „t/2 + g ,,1̂
- r ( q , t ) A t

l ( q , t  +  A t ) = l ( q , t ) - I 2 ( q , t ) A t [ A " q 2 +  B " q 4 )

(4.4.17)

(4.4.18)

T he c o e ffic ien ts  param eter; A " , B " , w ere  ex p a n d ed  b y  u s in g  p ow er law  as

A " -  f  +  ht  +  j t 2 +  I t3

B " =  f ' + h ' t  +  f t 2 + l ' t 3

(4.4.19)

(4.4.20)

It w a s  m a d e  in  order to con sid er  A ” ,B "  p aram eters a s th e  fu n ction  of tim e. 
T h ese  c o e ffic ien ts  at on e an g le  w ere  fitted  w ith  eq u a tio n  (4.4.19) an d  (4.4.20) u sin g  

M ATH EM ATICA program . From  fit data, w e  ob ta in  th e  c o e ffic ien ts  param eter; 

an d  So, w e  c a n  b e  rew ritten  eq u a tio n  (4.4.18) as,

l ( q , t  +  A t ) q =  l { q , t ) q -  I 2 ( q , t ) A t  ( /  +  ht  +  j t 2 +  I t3 \ 2 +  ( f ' + h ' t  +  j ' t 2 +  l ' t 3 \ 4
(4.4.21)
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From  eq u a tio n  (4.4.21), it c a n  b e  ca lcฟ a ted  th e  in ten s ity  d ata  of N au m an ’s  
theory by su b stitu tin g  th e  co e ffic ien ts . T hen, w e  com pare c a lc ฟ a ted  in ten sity  w ith  
exp erim en ta l data.

N a u m a n ’s  th eory  differs from  th e  Cahn-H illiard’s  th eory  b y  factor of <3 ( 1  -  a ) 
and differs from th a t of th e  other th eo r ies in  th e  w a y  are trea ted  in  structure  

fu n ction  ( ร ( q , t ) )  and  in  th e  d eta ils  of c a lc ฟ ation s arisin g  from eq u a tio n  (4.4.5). The 

eq u a tio n  (4.4.5) w a s  u se d  to  ca lcฟ a te  th e  sim u la tion  data. In sertin g  tim e  s tep  (A t) 

an d  in ten s ity  v a lu es  ( l ( q  +  A q , t ) , l ( q , t ) )  from ex p er im en t in to  eq u a tio n  (4.4.6) can  
provide co e ffic ien t param eters; A , B  u s in g  M ATH EM ATICA program . A fter th e se  

co effic ien t p aram eters w ere  ex p a n d ed  u s in g  p ow er law . T h ese  co e ffic ien t  

param eters fitted  w ith  eq u a tio n  (4.2.9) an d  (4.2.10) c a n  provide n e w  co effic ien t  

param eters; an d  /' .
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