
CHAPTER III
EXPERIMENTAL SECTION

3.1 Materials

3.1.1 P olvfam ic acid) : PI2610 tB PD A -PD A  ไ 

o o

T he Pyralin®  B PD A -PD A  poly(am ic acid) in N -m ethy l-2 - 
py rro lidone (N M P) solution w as p rovided  by D uP ont Co. B P D A -P D A  is a 
rig id  rod-like type o f  polyim ide. The solution v iscosity  at 25 ° c  is equal to
27.5 poise  and so lid  content is 10.5%. PI2610-Series po ly im ide so lu tions are 
h igh ly  v iscous due to their h igh m olecu lar w eight. T he so lu tion  should  be 
refrigerated  or frozen for 1 year sh e lf  life.

3.1.2 N -m ethv l-2-pyrro lidone (N M P)

N M P, used as a so lvent, w as purchased  from  M erck . Its
bo iling  po in t is abou t 2 0 5  ° c .
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3.1.3 D odecylam ine

D odecylam ine o f  purum  grade o f  F luka w as used  as a 
m od ify ing  agent. T he m elting  po in t is 27-29 ๐c .

3.1 .4 Sodium  m ontm orillonite  : N ao.6[(M go.6A l3 4 )S i80 2 o (O H )4]
Sodium  m ontm orillonite  (K unipia-F) w ith  cation  exchange 

capacity  (C E C ) o f  119 m eg /100 g w as supplied by K unim ine Industrail Co., 
L td ., Japan.

3.1.5 H ydrochloric  acid (FICP
HC1 (36 % w t) o f  บทivar w as used w ithou t further

purifica tion .

3.1 .6 A dhesion  P rom oter (V M -6 5 1)
V M -651, an am inosilane base adhesion p rom oter, is a 

p rodu ct o f  H D  M icrosystem s, an enterprise o f  H itachi C hem ical and D uP on t 
E lectronics. V M -651 is an organosilane (y-am ino p ropy ltrie thoxysilane  (y- 
A P S )) w h ich  is used to  im prove the adhesion o f  all types o f  Pyralin  
po ly im ide  coatings to  substrates such as silicon dioxide or silicon n itride  
coated  w afer. This p roduct is easy to  apply and effective at v e ry  low  
organosilane  concentrations.
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3.2 Equipment

3.2.1 W ide A ngle X -ray D iffractom eter (W A X D )
T he W A X D  is a technique com m only  used  to  determ ine  the 

basal sp acing  in nanocom posite  m aterials. W A X D  w as perfo rm ed  at room  
tem pera tu re  by a R igaku M odel D /M A X  2000 diffractom eter. T he C u K a  
rad ia tion  source w as operated at 40 k v  and 30 m A  Patterns w ere  reco rded  by 
m on ito ring  the diffraction  appeared in the 20 range from  2° to  30° w ith  scan 
speed  5 degrees/m inute  and scan step 0.02 degree.

3.2 .2 T herm ogravim etric  A nalyzer (TG A )
U sing  a D uPont 2950 therm ogravim etric  analyzer, 

characteriza tions o f  the nanocom posite  w ere perfo rm ed  by heating  10 m g o f  
each sam ple up to  750 °c at the heating  rate 10 ° c /m in  und er th e  n itrogen  
atm osphere. T he m ass change w ith  increasing tem perature  w as m onito red  
and recorded.

3.2.3 A tom ic A bsorption Spectroscopy (A A S)
A n atom ic absorption spectrom eter V arian  SpectrA A -300 

w as used to  determ ine % sodium  ion exchanged from  clay. A cety lene  w as 
used as fuel and air w as used as supported gas. Sodium  cathode lam p w as 
used  as the  ho llow  cathode lam p for sodium  ion w ith  5 m A  lam p current. To 
determ ine the absorbance o f  sodium  ion, the w avelength  at 589.0 nm  w as 
used.

3.2 .4 F ourier-T ransform  Infrared Spectroscopy (FTIR1
F T IR  spectra w ere recorded on a V E C T E R  3.0 B R U K E R  

spectrom eter in the w avenum ber range 4000-400 cm"1 using a deuteria ted

j* à
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trig lyc inesu lfa te  detector (D T G S ) w ith  a specific detectiv ity , D , o f  l x i o 9 
c m .H z ^ .w " 1.

3.2.5 G as Perm eability  Tester
B rugger gas perm eability  tester, as show ed in F igu re  3.1, 

w as used  for the estim ation o f  the steady state rate o f  transm ission  o f  gas 
th rou gh  p lastics in the form  o f  film , sheeting, and lam inates fo llow ing  
A S T M  D 1434-82 . Sam ples, 110 m m  diam eter c ircu lar shape, to  be tested  
m ust have at least one sm ooth side w hich can be w ell sealed  and th is  side 
m ust alw ays face the low er part o f  the perm eation  cell.

Gas G;as
IN  0 U T

I  t

Figure 3.1 The brugger gas perm eab ility  cell.

This appliance consum es 220 volts a lternating  cu rren t and 
30 w atts pow er. The m easuring range is about 1-300 cm 3/(m 2.day.bar). 
M easurin g  gas w as fed into tester cell w ith  100 cm 3/m in flow  rate  at 25 ๐c
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3 .2 .6  E le c tr ic a l R e s is tiv ity  M e a su re m e n t U n it
T h e  e lec trica l re s is tiv ity  o f  film s a t d if fe re n t te m p e ra tu re s  

v a r ie d  fro m  50  ° c  to  3 50  ° c  w as  m e a su re d  b y  u s in g  th e  u n it  d e m o n s tra te d  in 
F ig u re  3 .2 . E le c tr ic a l v o lta g e  o f  10 .00  v o lts  d irec t c u rre n t w a s  c h a rg e d  to  a 
sa m p le . T h e  sa m p le  w as p la c e d  a lso  in  c o n tac t w ith  h e a te r  s u rfa c e  fo r 
te m p e ra tu re  in c re m e n t by  th e  step  o f  50 ๐c .  A fte r  le a v in g  a t a c e rta in  
te m p e ra tu re  fo r  a b o u t 60  m in u te s  to  re a c h  th e  c o n s ta n t v a lu e , th e  c u rre n t 
in d ic a te d  b y  P ic o A m p m e te r  w as  reco rd ed .

P o w e r su p p ly

F ig u r e  3 .2  A  d ia g ra m  o f  e le c trica l re s is tiv ity  m e a su re m e n t u n it.

3 .2 .7  U n iv e rsa l T e s tin g  M a ch in e
In s tro n  U n iv e rsa l T e s tin g  M a ch in e  m o d e l 4 2 0 6  w a s  u se d  to  

d e te rm in e  s h e a r  s tre n g th  o f  in te rfa c e  b e tw ee n  p o ly im id e  an d  p o ly im id e -c la y  
n a n o c o m p o s ite  th in  film  an d  s ilic o n  w afe r . T h e  m a c h in e  w a s  se t a t g au g e  
le n g th  (in itia l g rip  se p a ra tio n ) 50 m m  an d  ap p lied  5 k N  lo a d  ce ll.



2 4

3 .2 .8  O p tic a l M ic ro sc o p e  (O M )
T h e  o p tica l m ic ro sc o p e  (L eo ca , m o d e l D M R X E ), 

c o n n e c tin g  w ith  12 V  100 พ  tra n sm itte d  lig h t lam p , w a s  u se d  to  in v e s tig a te  
th e  su rfa c e  o f  a d h e s io n  sp e c im e n s  a fte r  fa ilu re . T h is  w o rk  u se d  o n ly  4 0  tim e s  
len s  an d  10 t im e s  e y e  lens.

3 .3  M e t h o d o lo g y

3.3 .1  P re p a ra tio n  o f  O rg a n o p h ilic -C la v  F ille r
In  a 500  m L  b ea k e r, 4 .41 g o f  d o d e c y la m in e , 2 .4  m L  o f  

c o n c e n tra te d  h y d ro c h lo r ic  ac id , and  100 m L  o f  d is tille d  w a te r  w e re  p la c e d . 
T h is  so lu tio n  w a s  h ea te d  to  80 °c. In  2 0 0  m L  o f  w a te r , 10 g  o f  c la y  w a s  
d isp e rse d  a t 80 ๐c  fo r  1 h o u r. T h e  d isp e rs io n  o f  m o n tm o ril lo n ite  w a s  a d d e d  
to  th e  so lu tio n  o f  a m m o n iu m  sa lt o f  d o d e c y la m in e , an d  th is  m ix tu re  w a s  
s tir re d  v ig o ro u s ly  a t 80 ๐c  fo r 1 h o u r (see  s to ic h io m e try  c a lc u la tio n  o f  
o rg a n o p h ill ic -c la y  in  A p p e n d ix  I). A  w h ite  p re c ip ita te  w a s  iso la te d  b y  
fil tra tio n , p la c e d  in  a  500  m L  b re a k e r  w ith  200  m L  o f  h o t w a te r , a n d  s tirre d  
fo r  1 h o u r. T h is  p ro c e s s  w a s  re p e a te d  tw ic e  to  re m o v e  th e  re s id u e  o f  
a m m o n iu m  sa lt  o f  d o d e cy lam in e . T h e  o rg a n o p h ilic -c la y  w a s  th e n  c o lle c te d  
an d  d ried . F ig u re  3 .3  sh o w s a flo w  c h a rt o f  p re p a ra tio n  m e th o d .



S o d iu m  m o n t m o r i l lo n i t e

D is ti l le d -w a te r  

80 °c, 1 hr. H e a tin g

D o d e c y la m in e

H y d ro c h lo r ic  ac id D is ti l le d -w a te r

D o d e c y la m m o n iu m  c h lo rid e

I
H e a tin g 80°c 1 hr.

S tirred  v ig o ro u s ly  
80 °c , 1 In-

R e p e a te d
tw ic e

F ilte r in g W h a tm a n  f il te r  p a p e r  
N o .2

B o ile d -w a te r

M ix in g

F ilte r in g

S tirred  v ig o ro u s ly  
80 °c , 1 h r.

W h a tm an  f i l te r  p a p e r  
N o .2

D ry in g

O r g a n o p h i l ic - C la y

F ig u r e  3 .3  A  d ia g ra m  o f  p re p a ra tio n  m e th o d  o f  o rg a n o p h ilic -c la y  fille r.
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3 .3 .2  C h a ra c te r iz a tio n  o f  O rg a n o p h ilic -C la v  F il le r
T h e  o rg a n o p h ilic -c la y  fille r p re p a re d  fro m  so d iu m  

m o n tm o ril lo n ite  an d  d o d e cy lam in e  w as  c h a ra c te r iz e d  to  v e r ify  th e  s tru c tu re  
an d  c o m p o s itio n  b y  u s in g  th e se  fo llo w in g  te c h n iq u e s  (as sh o w e d  in  F ig u re
3 .4 ):

F T IR : T h e  in fra re d  sp e c tra  w e re  u se d  to  in v e s tig a te  th e  
c h a ra c te r is tic  g ro u p  freq u en c ie s  o f  d o d e c y la m in e , 
so d iu m  m o n tm o rillo n ite , an d  d o d e c y la m in e  
m o n tm o rillo n ite . In  th is  e x p e rim e n t, c h a ra c te r is tic s  o f  th e  
o rg a n o p h ilic -c la y  w ere  o b ta in e d  u s in g  a tra n s m is s io n  
m o d e  o f  F T IR  w ith  K B r d isc .
W A X D : T h is  te c h n iq u e  w a s  u se d  to  id e n tify  th e  
s tru c tu re  o f  c ry s ta llin e  m a te r ia ls  on  an  a to m ic  lev e l, e .g . 
th e  d eg re e  o f  c ry s ta llin ity  an d  o rie n ta tio n  o f  th e  
c ry s ta llin e  in  b o th  c lay  and  m o d if ie d -c la y . T h e  b asa l 
sp a c in g  o f  sa m p les  w ere  c a lc u la te d  fro m  th e  p o w d e r  
d if fra c tio n  p a tte rn s .

- T G A : T h e rm o g ra v im e tr ic  an a ly s is  te c h n iq u e  w a s  u se d  to  
d e te rm in e  th e rm a l s ta b ility  o f  d o d e c y la m in e , so d iu m  
m o n tm o rillo n ite , an d  d o d e c y la m in e  m o n tm o ril lo n ite  b y  
p u ttin g  d ried  p o w d e r  in  a sm all d isc  in s id e  th e  h e a te r  
ch am b er.

- A A S : T h e  %  ion  e x c h a n g e  w as  d e te rm in e d  b y  u s in g  th is  
tec h n iq u e . T h e  c a lib ra tio n  c u rv e  w a s  firs t p lo t  fro m  th e  
ab so rp tio n  o f  s ta n d a rd  so d iu m  so lu tio n . T h e n  %  so d iu m  
e x c h a n g e d  fro m  c lay  w as  a c h ie v e d  fro m  th e  in te rc e p tio n  
o f  c a lib ra tio n  cu rve .
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F ig u r e  3 .4  A  d ia g ra m  o f  c h a ra c te r iz a tio n  o f  o rg a n o p h ilic -c la y  fille r.

3 .3 .3  P re p a ra tio n  o f  P o lv im id e -C la v  N a n o c o m p o s ite s  T h in  F ilm
A  m ix tu re  o f  0 .15  g o f  o rg a n o p h ilic -c la y  an d  5 g  o f  N M P  

s o lv e n t w a s  s tirre d  v ig o ro u s ly  a t 90  °c fo r 3 h o u rs , y ie ld in g  a  3 .5  w t%  o f  
c la y  in  N M P  so lv e n t. T h e  P y ra lin ®  B P D A -P D A  p o ly (a m ic  a c id ) so lu tio n  
w a s  d ilu te d  w ith  N M P  so lv e n t an d  th e n  w as  m ix e d  w ith  th e  s to c k  so lu tio n  o f  
c la y  d isp e rse d  in  N M P  an d  s tirred  v ig o ro u s ly  a t 30  ๐c  fo r  3 h o u rs , y ie ld in g  
p o ly (a m ic  a c id )-c la y  m ix tu re  so lu tio n .

A  p u d d le  o f  o rd in a ry  p o ly (a m ic  ac id ) an d  p o ly (a m ic  a c id )-  
c la y  so lu tio n  w a s  c a s t on  a g lass su b s tra te  (o n to  s ilic o n  w a fe r  fo r  a d h e s io n  
te s t)  b y  h a n d  c o a tin g  tec h n iq u e . T h e  w e t film  w as  d ried  a t 150 °c fo r  3 h o u rs  
a n d  f in a lly  im id iz e d  a t 300  ๐c  fo r 2 h o u rs  w ith  h e a tin g  ra te  o f  2 ๐c /m in  in  
n itro g e n  a tm o s p h e re  oven . T h en , th e  film  w as  c o o led  d o w n  to  30  °c in  th e  
ra te  o f  5 ° c /m in .  A  d ia g ra m  o f  th e  p re p a ra tio n  m e th o d  is sh o w e d  in  F ig u re
3 .5 .
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O r g a n o p h i l ic - C la y  (3 % w t.) P o I y (a m ic  a c id )  s o lu t io n

N M P
1

90 ° c ,  3 h rs  
r

N M P
1

30  ° c ,  3 h rs  
r

N M P  d isp e rs io n  o f  
O rg a n o p h ilic -C a ly

P o ly (a m ic  ac id ) 
d ilu te d  so lu tio n

C a s tin g H a n d -c o a tin g  te c h n iq u ei
P o ly (a m ic  a c id )-C la y  N a n o c o m p o s ite  fd m

N itro g e n -a tm o s p h e re i
o v en H e a tin g

เ
C o o lin g 30 ° c

i
P o ly im id e - C la y  N a n o c o m p o s i t e  f i lm

F ig u r e  3 .5  A  d ia g ra m  o f  p re p a ra tio n  m e th o d  o f  p o ly im id e -c la y  
n a n o c o m p o s ite  film .
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3.3 .4  C haracterization  o f  Polv im ide-C lav N anocom posite  Film
T he film s w ere characterized  to  inspect the com p osition  and 

characteristic  by  using  these follow ing techniques (as show ed in F ig u re  3.6): 
FTIR: The th in  film s o f  PI and P i-c lay  nanocom posite  
w ere characterized by transm ission m ode o f  F T IR  to 
exam ine the characteristic group.

- WAXD: This technique w as used to  determ ine d -spacing  
o f  the 40 pm  th in  film s o f  PI and P i-c lay  nanocom posite  
w hich  w ere prepared  by solution casting  on the glass 
substrate.

- TGA: Sm all p ieces o f  film s w ere cut and p u t in to a sm all 
disc inside the heater cham ber and th en  heated  up  from  
30 ๐c  to  750 ° c .  D eterm ination  o f  therm al stab ility  w as 
available by observation o f  % m ass loss.

Figure 3.6 A  diagram  o f  characterization  o f  po ly im ide-clay  
nanocom posite  film .

3.3.5 P roperty  M easurem ent
T he properties o f  polyim ide and po ly im ide-clay  n an o co m ­

posite  film s w ere  considered  w hether they m et the requ irem ent o f  p ro tec tiv e  
coating  or not. A  diagram  o f  property  m easurem ent is show ed in F ig u re  3.7.

%
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Figure 3.7 A  diagram  o f  property  m easurem ent.

ร. 3 .5 .1  G as p e r m e a b ili ty
T he test specim en (PI or P i-clay  nanocom posite  film ) w as 

p laced , w rink le-free, on top o f  the porous m aterial and the tw o  halves o f  the 
perm eab ility  cell w ere clam ped together. The ‘O ’ ring  ensures an air-tigh t 
seal betw een  the tw o  cell halves. The test gas ( 0 2 gas) w ith  flow  rate  100 
cm 3/m in  w as c irculated  through the top h a lf  o f  the perm eation  cell and the 
vacuum  applied  below  the specim en until all the air w as rem oved  from  the 
specim en. V acuum  w as then turned o ff  and the rate o f  gas perm eation  
th rough the specim en (m onitored by the change in vacuum  pressure) w as 
recorded  w ith  tim e.

U nder steady conditions, a p lo t o f  log gas pressure  (m m  H g) 
versus tim e (ร) should give a straight line, the slope (N ) o f  w hich  is used  to 
calculate the gas perm eab ility  (using an appropriate equation  in corporating



31

an appliance factor). The gas perm eability , G, in units o f  cm 3/(m 2.day.bar), is 
calcu lated  from ,

G = 7' ^ x 10— c m3/(m 2.day.bar) (3.1) 78.5K X  29N
w here:

V  =  volum e o f  the evacuation  cham ber 
K  =  absolute tem perature (degrees K elvin)
N  =  slope o f  the graph.

I f  the evacuation  cham ber volum e, V , is 0 .4370 cm 3 then  th is expression 
sim plifies to,

Q  _  1-49 X10 cm 3/(m 2.day.bar) ( 3  2)
KN

3 .3 .5 .2  E le c tr ic a l r e s is tiv ity
In insulator application o f  po ly im ide, the e lectrical 

resistiv ity  is a functional significance. M ore often electrical resistiv ity  
m easurem ents are useful in investigating  the fundam ental characteristics o f  
po lym er m ateria ls and determ ining the presence o f  im purities or fillers. The 
unit resistance, electrical resistiv ity , w as calculated  from  the m easure  value 
o f  electrical curren t using the m easurem ent un it show n in F igure  3.2. 
P o ly im ide or po ly im ide-clay  film  w as coated  onto an electrode as show n in 
F igu re  3.8.

PI or P i-c lay  film
z

h - x
Figure 3.8 A sam ple for electrical resistiv ity  m easurem ent.
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F inally , the e lectrical resistiv ity  can be calculated by using equation  3.3 ,

p  =  v  ‘y ‘ z (Q .cm ) (3.3)

w here p is e lectrical resistiv ity , V  is voltage, I is current, X is length  o f  
sam ple, y is w id th  o f  sam ple, and z is th ickness o f  sam ple.

3 .3 .5 .3  A d h e s io n
T he standard test m ethod  for evaluating  the shear strength  o f  

adhesive bonds is described in A ST M  D 1002 lap shear test. This test m ethod 
is one o f  the m ost com m on study test m ethods for the evaluation  o f  adhesive 
bonds. T est specim ens w ere conform ed to  the form  and d im ensions in F igure 
3.9 and then p laced  in the grips o f  the testing  m achine. T hen the loading  w as 
applied  im m ediately  to pull the specim en at crosshead speed o f  50 m m /m in. 
T he load at failure w as recorded and expressed in shear strength  in the unit 
o f  N /m m 2 (M Pa), using the equation 3.4,

Shear strength = (N /m m 2) (3.4)

w here F is applied  load at failure and A  is adhesion area.

Figure 3.9 A  sam ple for adhesion test.
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