
CHAPTER III 
EXPERIMENTAL

3.1 Materials

N e a t  sm a r t  c a r d  b o d y  i n c lu d in g  P o l y v i n y l  C h lo r id e  ( P V C ) ,  
P o ly c a r b o n a t e  ( P C )  a n d  P o ly e t h y le n e  T e r e p h ta r a te  G l y c o l  ( P E T G )  w a s  s u p p o r te d  b y  

S m a r tr a c  T e c h n o l o g y  L T D  (T h a i la n d ) .

3.2 Equipments

3 .2 .1  Q U V  W e a th e r in g  T e s t e r  ( Q U V  /  S E  A c c e le r r a t e d  W e a t h e r in g  T e s t e r )  

Q U V  a c c e le r a t e d  w e a t h e r in g  te s t e r  w a s  o p e r a t e d  w i t h  b o th  U V - B  la m p s
ir r a d ia n c e  a n d  d a r k  l ig h t  a t 0 .4 8  พ /ท ไ 2 3 4 0  n m  f o r  4  h o u r s  a t  3 7 ° .

3 .2 .2  C o lo r im e t r ic  S p e c t r o p h o t o m e t e r  ( C o l o r F l e x )
T o ta l  c o lo r  d i f f e r e n t  ( A E )  o f  p la s t ic  c a r d s  w a s  i n v e s t i g a t e d  b y  u s in g  a  

C o lo r im e t r ic  s p e c t r o p h o t o m e t e r  ( C o lo r F le x ) .
3 .2 .3  U n iv e r s a l  T e s t in g  M a c h in e  (I n s tr o n  4 2 0 6 )

T h e  m e c h a n ic a l  p r o p e r t ie s  o f  p la s t ic  c a r d  w e r e  p e r f o r m e d  u s in g  

U n iv e r s a l  T e s t in g  M a c h in e  (I n s tr o n  4 2 0 6 )  fo r  t e n s i l e  p r o p e r t ie s .  T e n s i l e  t e s t i n g  w a s  

c o n d u c t e d  in  a c c o r d a n c e  w i t h  th e  s ta n d a r d  t e s t  m e t h o d  fo r  t e n s i l e  p r o p e r t ie s  o f  th in  

p la s t ic  s h e e t in g  — A S T M  D 8 8 2 - 9 1 . T h e  g r ip s  m o v e d  a p a r t a t  a  c o n s t a n t  s p e e d  o f  5 0  

m m /m in ,  m o d u lu s  w a s  t e s t e d  a t le a s t  f i v e  s a m p le s  o f  e a c h  c o n d i t io n .  T h e  s p e c im e n  

s i z e  w a s  1 0 .0 0  m m  X 8 5 .6 0  m m . T h e  t h ic k n e s s  o f  a l l  c a r d s  w a s  s e t  t o  0 . 8 0  m m . A l l  

c a lc u la t io n s  w e r e  b a s e d  o n  a  m in im u m  o f  f i v e  s a m p le s .
3 .2 .4  H a z e - G l o s s  t e s te r  (G a r d n e r  B Y K )

T h e  s u r f a c e  o f  s a m p le s  w a s  a n a ly z e d  b y  g l o s s  p r o p e r ty .  G l o s s  p r o p e r ty  

o f  p la s t ic  c a r d s  m e a s u r e d  in  g l o s s  v a lu e  at 6 0 °  b y  u s in g  a  H a z e - G l o s s  t e s t e r  (G a r d n e r  

B Y K )  in  a c c o r d a n c e  w i t h  A S T M  D 5 2 3 - 8 9 .
3 .2 .5  T h e r m o g r a v im e t r ic  A n a l y s i s  ( T G A )

T h e  s a m p le s  w e r e  a n a ly z e d  b y  T G / D T A  u s i n g  P e r k in - E lm e r  T G /D T A  

P y r is  D ia m o n d  in s tr u m e n t  u n d e r  บ 2 f l o w  o f  2 0 0  m l /m in .  T h e  h e a t in g  p r o c e s s  w a s  

u s e d  a t 3 0 ° - 7 0 0 ° C  at h e a t in g  ra te  o f  1 0 ° c / m i n  u n d e r  n i t r o g e n  a t m o s p h e r e .
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3 .2 .6  A t o m ic  F o r c e  M ic r o s c o p e  ( A F M )
T h e  s u r f a c e  o f  s a m p le s  w a s  a n a ly z e d  b y  t o p o g r a p h y  u s i n g  A t o m ic  

F o r c e  M i c r o s c o p e  ( P a r k /X E - 1 0 0 ) .  T o p o g r a p h y  o f  p la s t i c  c a r d s  o p e r a t e d  in  th e  n o n -  

c o n t a c t  m o d e  b y  s c a n n in g  a  s a m p le  u n d e r  t ip . T h e  s c a n  s i z e  a n d  s c a n  r a te  w e r e  4 0  X 

4 0  p m 2 a n d  0 .3  H z  r e s p e c t iv e ly .
3 .2 .7  F o u r ie r  T r a n fo r m a t io n  I n fa r e d  S p e c t r o s c o p y

T h e  s u r f a c e  d e g r a d a t io n  o f  s a m p le s  w a s  a n a ly z e d  b y  A T R  m e a s u r e m e n t  

u s i n g  F T I R  S p e c t r o m e t e r  ( N i c o l e t / N e x u s : 6 7 0 ) .  T h e  m e a s u r e m e n t  w a s  m a d e  in  

a b s o r b a n c e  m o d e ,  m o d e l  V e c t o r  3 .0 ,  u s in g  3 2  s c a n s  p e r  r e s o lu t io n .

3.3 Experimental Procedures

Figure 3.1 S e p a r a t io n  p r o c e d u r e  f l o w  d ia g r a m .
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3 .3 .1  S a m p le s  P r e p a r a t io n
N e a t  s m a r t  c a r d  b o d y  in c lu d in g  P o l y v i n y l  C h lo r id e  ( P V C ) ,  

P o ly c a r b o n a t e  (P C )  a n d  P o ly e t h y le n e  T e r e p h ta r a te  G l y c o l  ( P E T G )  w a s  s u p p o r te d  b y  

S m a r tr a c  T e c h n o lo g y  L T D  T h a ila n d  in  a c c o r d a n c e  w i t h  a n  in te r n a t io n a l  s ta n d a r d  

( I S O  7 8 1 6 ) .  T h e  s a m p le  c a r d s  h a v e  d i m e n s io n s  o f  8 5 .6 0  X  5 3 .9 8  m m  a n d  t h ic k n e s s  

0 .7 6  m m .
3 .3 .2  S a m p le s  E x p o s u r e

3.3.2.1 Outdoor Exposure

T h e  p e r io d  o f  o u t d o o r  e x p o s u r e  t e s t  w a s  s e t  a t 1 , 2 ,  3 ,  4 ,  5  a n d  

6  m o n t h s ,  r e s p e c t i v e ly .
3.3.2.2 Accelerated Weathering Test

A c c e le r a t e d  w e a t h e r in g  t e s t  w a s  p e r f o r m e d  b y  Q U V  

a c c e le r a t e d  w e a t h e r in g  te s te r .  Q U V  a c c e le r a t e d  w e a t h e r in g  t e s t e r  w a s  o p e r a t e d  w ith  

b o th  U V - B  la m p s  ir r a d ia n c e  a n d  d a rk  l ig h t  a t 0 .4 8  พ /! 'ท 2 3 4 0  n m  fo r  4  h o u r s  a t 3 7 ° .
3 .3 .3  E f f e c t  o n  S a m p le

3 .3 .3 .1  T h e  e x p o s e d  m a t e r ia ls  d e p e n d s  p r im a r i ly  o n  th e  a m o u n t  o f  

r a d ia t io n  a b s o r b e d ,  th e  e m i s s i v i t y  o f  th e  s p e c im e n ,  th e  a m o u n t  o f  th e r m a l a n d  th e  

a m o u n t  o f  m o is t u r e .
3 .3 .3 .2  T h e  a m o u n t  o f  r a d ia t io n  a b s o r p t io n  r e f l e c t s  t o  i n v o l v e  to  T o ta l  

c o l o r  d i f f e r e n t  (A E )  v a lu e  o f  th e  s u r f a c e .
3 .3 .4  C h a r a c t e r iz a t io n  o f  E x p o s e d  S a m p le s

3.3.4.1 Total color different (AE)

C o lo r ’s  c o n v e r s i o n  o f  p la s t i c  c a r d s  w a s  a n a l y z e d  b y  T o ta l  

c o l o r  d i f f e r e n t  (A E ) . T o t a l  c o lo r  d i f f e r e n t  o f  p la s t ic  c a r d s  w a s  i n v e s t i g a t e d  b y  u s i n g  a  

C o lo r im e t r ic  s p e c t r o p h o t o m e t e r  ( C o l o r F l e x )  e q u ip p e d  w i t h  S ta n d a r d  I l lu m in a n t  D 6 5
3.3.4.2 Gloss Property

T h e  s u r f a c e  o f  s a m p le s  w a s  a n a ly z e d  b y  g l o s s  p r o p e r ty . G lo s s  

p r o p e r ty  o f  p la s t ic  c a r d s  m e a s u r e d  in  g l o s s  v a lu e  a t 6 0 °  b y  u s i n g  a  H a z e - G l o s s  te s te r  

(G a r d n e r  B Y K )  in  a c c o r d a n c e  w i t h  A S T M  D 5 2 3 - 8 9 .
3.3.4.3 M echanical properties



23

M e c h a n ic a l  p r o p e r t ie s  o f  p la s t i c  c a r d  w e r e  in v e s t ig a t e d  b y  

U n iv e r s a l  t e s t in g  m a c h in e  (I n s tr o n  4 2 0 6 )  fo r  t e n s i l e  p r o p e r t ie s  in  Y o u n g ’s m o d u lu s  

a n d  t e n s i l e  s tr e n g th . T e n s i l e  t e s t in g  w a s  c o n d u c t e d  in  a c c o r d a n c e  w i t h  th e  s ta n d a r d  

t e s t  m e t h o d  fo r  t e n s i l e  p r o p e r t ie s  o f  th in  p l a s t i c  s h e e t in g  — A S T M  D 8 8 2 - 9 1 .  T h e  

g r ip s  m o v e d  a p a rt a t a  c o n s t a n t  s p e e d  o f  5 0  m m /m in ,  m o d u lu s  w a s  t e s t e d  a t le a s t  f iv e  

s a m p le s  o f  e a c h  c o n d i t io n .  T h e  s p e c im e n  s i z e  w a s  1 0 .0 0  m m  X  8 5 .6 0  m m . T h e  

t h ic k n e s s  o f  a l l  c a r d s  w a s  s e t  to  0 .8 0  m m . A l l  c a lc u la t io n s  w e r e  b a s e d  o n  a  m in im u m  

o f  f i v e  s a m p le s .
3.3.4.4 Thermal Properties

T h e r m a l p r o p e r t ie s  m e a s u r e d  b y  T h e r m o  g r a v im e t r ic  a n a ly s i s  

w a s  c a r r ie d  o u t  o n  a  P e r k in - E lm e r  T G - D T A  p y r is  d ia m o n d  in s t r u m e n t  o v e r  3 0 ° -  

7 0 0 ° c  a t h e a t in g  r a te  o f  1 0 ° c / m i n  u n d e r  n i t r o g e n  a t m o s p h e r e .  T h e r m o  g r a v im e t r ic  

a n a ly s i s  ( T G A )  w a s  u s e d  to  in v e s t ig a t e d  th e  d e g r a d a t io n  t e m p e r a tu r e  (T d).
3.3.4.5 Topography

T o p o g r a p h y  o f  p la s t ic  c a r d  s u r f a c e s  w a s  m e a s u r e d  b y  A t o m ic  

f o r c e  m ic r o s c o p e  ( A F M ,  P a rk  s y s t e m  X E - 1 0 0 )  in  n o n - c o n t a c t  m o d e .  T h e  th r e e -  

d im e n s io n a l  s c a n  w a s  4 0  X 4 0  p m 2. T h e  s c a n  r a te  w a s  0 .3  H z  (J . M a a t ta  et al., 2 0 0 7 ) .
3.3.4.6 Functional Group

F u n c t io n a l  g r o u p  o f  p l a s t i c  ca r d  s t r u c tu r e  w a s  m e a s u r e d  b y  

F T I R  S p e c t r o m e t e r  ( N i c o l e t / N e x u s : 6 7 0 ) .  T h e  m e a s u r e m e n t  w a s  m a d e  in  a b s o r b a n c e  

m o d e ,  m o d e l  V e c t o r  3 .0 ,  u s in g  3 2  s c a n s  p e r  r e s o lu t io n .
3 .3 .5  C o r r e la t io n  o f  th e  R e s u l t s

T h e  r e s u lt s  f r o m  e a c h  m e a s u r e m e n t  w e r e  c o r r e la t e d  b y  M A T F A B  

w it h  e x p o n e n t ia l  e q u a t io n s  b e t w e e n  o u t d o o r  e x p o s u r e ’s  r e s u l t s  a n d  a c c e le r a t e d  

w e a t h e r in g  t e s t e r ’ s  r e s u lt s .  T h e  e x p o n e n t ia l  e q u a t io n s  o f  th e  r e s u l t s  a re  c a lc u la t e d  b y  

u s in g  th e  f o l l o w i n g  e q u a t io n :

y  = a e bx+ c  ( 3 .1 )

Where y  is the tensile strength (GPa) independent of X, both a and b

are coefficients that are estimated by the fit and c is coefficient of error term.


	CHAPTER III EXPERIMENTAL
	3.1 Materials
	3.2 Equipments
	3.3 Experimental Procedures


