
DEGRADATION OF PLASTIC CARDS
CHAPTER IV

4.1 Abstract

A  n u m b e r  o f  c o m m e r c ia l  p la s t ic  c a r d  m a te r ia ls ,  s u c h  a s  p o l y v in y l  c h lo r id e  

( u n p la s t i c iz e d )  ( P V C ) ,  p o ly c a r b o n a t e  ( P C )  a n d  p o l y e t h y l e n e  te r e p h th a la t e  g ly c o l  

(P E T C x), a r e  w i d e l y  u s e d  a s  s m a r t  c a r d  b o d y .  U s u a l ly ,  th e  d e g r a d a t io n  o f  p la s t ic  

m a t e r ia ls  i s  c o n c e r n e d  b e c a u s e  th e  l i f e  t im e  o f  s m a r t  c a r d  is  r e q u ir e d  to  s p e c i f y .  T h e  

s t u d y  o f  p la s t ic  c a r d s  d e g r a d a t io n  b y  m o is t u r e ,  l ig h t ,  a n d  te m p e r a tu r e  w i t h  o u t d o o r  

e x p o s u r e  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  in  T h a i la n d  h a s  n e v e r  b e e n  s tu d ie d .  
T h e r e f o r e ,  th is  s t u d y  a im s  t o  c o r r e la te  th e  o u t d o o r  e x p o s u r e  c o n d i t io n  w i t h  th e  

c o n d i t io n  in  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  o r  Q U V . T h e  o u t d o o r  e x p o s u r e  p e r io d s  

w e r e  s e t  a t 1 , 2 ,  3 ,  4 ,  5 ,  a n d  6  m o n t h s .  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  t e s te r .  T h e  c o r r e la t io n  w a s  j u s t i f i e d  b y  m e c h a n ic a l ,  
p h y s ic a l  a n d  th e r m a l  p r o p e r t ie s .  T o ta l  c o l o r  d i f f e r e n t  ( A E )  a n d  g l o s s  at 6 0 °  o f  p la s t ic  

c a r d s  r e s u lt s  s h o w e d  th a t s u r f a c e  o f  p la s t ic  ca r d  w e r e  d e g r a d e d  b y  e f f e c t  th e  o f  

e x p o s u r e .  T h e  lo n g e r  e x p o s u r e  t im e  th e  h ig h e r  d e g r a d a t io n .  M e c h a n ic a l  p r o p e r ty  w a s  

in v e s t ig a t e d  b y  Y o u n g ’s  m o d u lu s  t e n s i l e  s tr e n g th  a n d  t o u g h n e s s .  T h e  m e c h a n ic a l  

p r o p e r t y ’s  r e s u lt s  s h o w  th a t th e  P C  h a s  th e  h ig h e s t  s t r e n g th  a n d  P V C  h a s  th e  h ig h e s t  

s t i f f n e s s .  T h e  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  h e lp e d  to  d e t e r m in e  t h e  p e r io d s  o f  t im e  

w h e n  p la s t ic  c a r d s  w e r e  d e g r a d e d .  T h e  o u t d o o r  e x p o s u r e  d e t e r io r a t e d  p l a s t i c  c a r d s  

m o r e  s e v e r e  th a n  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 .  P la s t i c  c a r d s  w e r e  s a l l o w  a n d  

b r it t le  w h e n  e x p o s e d  to  th e  u v  fo r  lo n g  p e r io d s  o f  t im e .  T h e  la r g e s t  d e g r a d a t io n  in  

b o t h  o u t d o o r  e x p o s u r e  a n d  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  e x h i b i t e d  in  P V C  

c a r d s .

4.2 Introduction

U n d e n ia b le ,  c o n s u m p t io n  o f  s m a r t  c a r d  in  T h a i la n d  i s  in c r e a s e d  r a p id ly  

s u c h  a s  id e n t i f ic a t io n  c a r d , c r e d i t  c a r d  a n d  s o u v e n ir .  S m a r t  c a r d  w a s  a  h ig h e r  l e v e l  o f  

s e c u r i t y ,  e a s y  t o  c a r r y  t h e m  a r o u n d  a n d  e a s y  to  u s e  t h e m  (J . M a r k a r ia n , 2 0 0 4 ) .
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M a t e r ia ls  o f  s m a r t  c a r d  b o d y  w e r e  e i t h e r  c o m m o d i t y  p la s t i c s  s u c h  a s  P o ly v i n y l  

C h lo r id e  ( P V C )  a n d  P o ly e t h y le n e  T e r e p h th a la te  G l y c o l  ( P E T G )  o r  e n g in e e r in g  

p la s t i c s  s u c h  a s  A c r y lo n i t r i l e  B u t a d ie n e  S t y r e n e  ( A B S )  a n d  P o ly c a r b o n a t e  ( P C ) .  
P V C  is  a n  a m o r p h o u s  t h e r m o p la s t ic  m a te r ia l .  T h e  p r o p e r ty  o f  u n p la s t ic iz e r  P V C  is  

c o l o r l e s s  a n d  r ig id .  P C  i s  a  p o l y e s t e r  t y p e  a n d  a m o r p h o u s  s tr u c tu r e . P C  p r o p e r t ie s  a re  

t r a n s p a r e n c y , r ig id i t y ,  s u b s t a n t ia l  h e a t  r e s i s t a n c e ,  a c id  r e s i s t a n c e  (b u t  n o t  a g a in s t  

a lk a l i s ) ,  a n d  g o o d  im p a c t  d u r a b i l it y .  P E T G  is  a m o r p h o u s  c o - p o l y e s t e r .  P E T G  a re  

f l e x i b l e  in  p r o c e s s i n g ,  n o n - to x i .e  a n d  e n v ir o n m e n t a l  f r ie n d ly  ( R .  W o l f g a n g  et al., 

2 0 0 4 ) .
S t u d y  in  r e d u c t io n  o f  s e r v ic e  l i f e t im e  i s  im p o r t a n t  fo r  in c r e a s i n g  v a lu e  o f  a  

p r o d u c t . T h e  c a u s e  o f  d e t e r io r a t io n  o f  th e  m a t e r ia ls  w h e n  u s e  in  o u t d o o r  c o n d i t io n  is  

m u c h  a f f e c t  b y  e n v ir o n m e n t .  T h e r e  a r e  t w o  e x p e r im e n t  o n e ,  th a t  w a s  w e a t h e r in g  

a c c e le r a t 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  t e s t e r  a n d  a n o t h e r  w a s  e x p o s u r e  o u td o o r .  
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  is  o f t e n  u s e d  in  e x p e r im e n t  b e c a u s e  e x p o s u r e  h o u r s  o f  

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  h e lp  t o  c o m p u t e  y e a r s  o f  o u t d o o r  e x p o s u r e .  T h e  r e s u lt s  

u s e d  to  p r e d ic t  s e r v i c e  l i f e  o u t d o o r  o r  in  th e  i n - s e r v i c e  e n v ir o n m e n t .  B u t  th e  p r o b le m  

i s  th e  in h e r e n t  v a r ia b i l i t y  a n d  c o m p l e x i t y  o f  o u t d o o r  e x p o s u r e  s i t u a t io n s .
T h e  o b j e c t i v e s  o f  t h is  s t u d y  a r e  to  o b s e r v e  th e  e f f e c t  o f  e n v ir o n m e n t  o n  

p la s t i c  c a r d s  in  m e c h a n ic a l  p r o p e r t ie s ,  p h y s ic a l  p r o p e r t ie s  a n d  th e r m a l  p r o p e r t ie s ,  
a n d  to  s t u d y  t h e  c o r r e la t io n  b e t w e e n  th e  d e g r a d a t io n  in  a c c e le r a t e d  w e a t h e r in g  

e x p o s u r e  a n d  o u t d o o r  e x p o s u r e  o f  t h e  p la s t ic  c a r d  b o d y  ( P V C ,  P C  a n d  P E T G ) .

4.3 E xperim ental

A c c e l e r a t e d  w e a t h e r in g  t e s t  w a s  m e a s u r 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  u s e d  w i t h  U V - B  la m p s  ir r a d ia n c e  at
0 .4 8  w / m 2 3 4 0  n m . fo r  4  h o u r s  a t 3 7 ° c  a n d  d a r k  l ig h t  u n d e r  c o n d e n s a t io n  fo r  4  

h o u r s  a t 3 7 ° c .
T h e  o u t d o o r  e x p o s u r e  t e s t in g  p e r io d s  w e r e  s e t  a t 1 , 2 ,  3 ,  4 ,  5 a n d  6  m o n t h s .  

S a m p le s  w e r e  e x p o s e d  in  B a n g k o k ’ร w e a th e r .
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4.4 R esults and D iscussions

T h e  p la s t i c  c a r d  p r o p e r t ie s  w e r e  c o m p a r e d  b e t w e e n  e a c h  m a te r ia l  in  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  a n d  o u t d o o r  e x p o s u r e .  F r o m  v is u a l  in s p e c t io n ,  a ll  
s a m p le s  w e r e  y e l l o w i n g  a n d  l e s s  g lo s s y .

4 .4 .1  H a z e - G l o s s  T e s t in g
T h e  a b i l i t y  o f  m a t e r ia ls  to  r e s i s t  c o l o r  c h a n g e  w a s  o n l y  p a r t o f  th e  

n e c e s s a r y  p e r f o r m a n c e  p a r a m e te r s .  T h e  r e s u lt s  w e r e  a l s o  e s s e n t i a l  th a t  th e  s u r f a c e  

d id  n o t  c h a lk  b u t  l o s s  o f  g l o s s  a t 6 0 ° .  In  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 te r  

c o n d i t io n s  P V C , P C  a n d  P E T G  c a r d s  c h a n g e d  - 9 .5 7 % , - 2 .1 4 %  a n d  -6 .0 3 %  

r e s p e c t i v e ly .  In  o u t d o o r  e x p o s u r e  c o n d i t io n s  P V C , P C  a n d  P E T G  c a r d s  c h a n g e d  - 
1 3 .8 5 % , - 4 .3 2 %  a n d  - 4 .2 1 %  r e s p e c t iv e ly .

T able 4.1 T h e  a v e r a g e  g l o s s  v a lu e  a t 6 0 °  o f  p la s t i c  c a r d s  a f t e r  e x p o s u r e  in  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 te r

C ondition T he average gloss va lu e at 60'ว
PVC PETG PC

N o n  e x p o s u r e 9 2 . 7 0 i 0 . 2 6 9 7 . 2 0 i 0 . 6 9 1 0 2 . 8 0 i l . 4 0

Q U V  1 c y c l e 9 0 . 7 1 i l . 1 4 9 7 . 7 2 i 0 . 7 8 1 0 0 . 3 6 i l . 3 6

Q U V  3 c y c l e s 9 0 .5 0 ± 1 .2 1 9 6 . 8 0 i 0 . 7 9 9 9 . 3 0 i l . 8 4

Q U V  6  c y c l e s 8 8 . 8 0 i l . 0 4 9 5 . 7 0 i l . 6 3 1 0 3 . 0 0 i l . 0 6

Q U V  9  c y c l e s 8 4 . 1 4 i l . 0 5 9 4 . 8 4 i 3 . 0 5 1 0 1 .2 0 ± 2 .1 0

Q U V  1 2  c y c l e s 8 7 . 0 5 i l . 2 8 9 2 . 2 1 i 2 . 7 5 1 0 1 . 0 2 i l . 4 9

Q U V  15  c y c l e s 8 3 . 8 3 i l . 2 7 9 1 . 3 4 i 2 . 5 6 1 0 0 . 6 0 i l . 0 0
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Figure 4.1 T h e  a v e r a g e  g l o s s  v a lu e  at 6 0 °  o f  p la s t ic  c a r d s  a f t e r  e x p o s u r e  in  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 .

T able 4.2 T h e  a v e r a g e  g l o s s  v a lu e  a t 6 0 °  o f  p la s t i c  c a r d s  a f t e r  o u t d o o r  e x p o s u r e

T he average gloss va lu e  at 60°
v^unuiiiun PVC PETG PC
N o n  e x p o s u r e 9 2 . 7 0 ± 0 .2 6 9 7 . 2 0 ± 0 . 6 9 1 0 2 . 8 0 i l . 4 0

O u td o o r  1 m o n th 8 5 .9 0 ± 1 .9 5 9 7 . 1 0 i 0 . 8 9 1 0 2 . 3 0 i 0 . 7 4

O u td o o r  2  m o n t h s 8 1 . 2 8 i l . 4 6 9 4 . 3 4 ± 4 . 5 2 9 6 .7 9 ± 2 .5 4

O u td o o r  3 m o n t h s 8 3 .2 6 ± 2 .1 3 9 6 . 6 2 ± 2 . 1 7 9 9 . 8 6 i l . 6 6

O u td o o r  4  m o n t h s 8 1 .9 6 ± 2 .0 4 9 6 . 5 8 i l . 2 2 1 0 0 . 1 8 i l . 9 4

O u t d o o r  5 m o n t h s 8 1 ,8 0 ± 2 .0 5 9 4 . 9 1 i 3 . 5 3 9 9 . 2 5 i l . 4 7
O u td o o r  6  m o n t h s 7 9 .8 6 ± 3 .2 3 9 3 . l l i 2 . 2 4 9 8 . 2 5 i l . 9 5
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N u m ber o f m onths for  ou rd oor exp osu re

Figure 4.2 T h e  a v e r a g e  g l o s s  v a lu e  a t 6 0 °  o f  p la s t ic  c a r d s  a f t e r  o u t d o o r  e x p o s u r e .

4 . 4 .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  a n a ly s i s
F r o m  th e  r e s u lt  o f  to ta l  c o lo r  d i f f e r e n t  (A E ) ,  A E  w a s  f o u n d  t o  in c r e a s e  

fo r  a l l  m a te r ia ls .  In  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  c o n d i t io n ,  A E  o f  P V C , P C  

a n d  P E T G  c a r d s  c h a n g e d  3 6 .7 7 ,  3 2 .0 4  a n d  2 3 .1 4  u n it s  r e s p e c t i v e ly  ( T a b le  4 .3 ) .  In  

o u t d o o r  c o n d i t io n ,  A E  o f  P V C , P C  a n d  P E T G  c a r d s  c h a n g e d  5 5 .8 9 ,  2 0 .4 0  a n d  1 9 .3 1  

u n it s  r e s p e c t i v e ly  ( T a b le  4 .4 ) .  P V C  w a s  h ig h ly  c h a n g e d  in  b o t h  c o n d i t io n s  b e c a u s e  

P V C  s e q u e n c e s  h a v e  m o r e  c o n j u g a t e d  d o u b le  b o n d s  th a t  w e r e  c h r o m o p h o r e s  a n d  

g a v e  r is e  to  th e  f a m i ly  y e l l o w i n g  a n d  d i s c o lo r a t io n ,  w h i c h  f o r m e d  w h e n  P V C  h e a t e d  

(C . E . W i lk e s  et a l,  2 0 0 5 ) .  P C  a n d  P E T G  b e c o m e  y e l l o w  b e c a u s e  d e g r a d a t io n  

p r o c e s s e s :  p h o t o - F r ie s  r e a r r a n g e m e n t  a n d  f r a g m e n t a t io n  ( D .  B e l l u s  et al., 1 9 6 6 ) ,  (J . 
ร . F lu m p h r e y  Jr et a l ,  1 9 7 3 ) ,  ( D .  G . L e g r a n d  et al., 2 0 0 0 ) ,  (J . R . F r ie d  et al., 2 0 0 3 ) ,  
s id e  c h a in  o x id a t io n  ( A .  F a c to r  et al., 1 9 8 0 ) ,  (J . R . F r ie d  et al., 2 0 0 3 )  a n d  r in g  

o x id a t io n .  R e s e n t  s p e c tr a l  s tu d ie d  b y  L a m a ir e  a n d  c o w o r k e r  (J . L e m a ir e  et al., 1 9 8 3 ) ,  
(J . L e m a ir e  et al., 1 9 8 6 )  a n d  P r y d e  (C . A . P r y d e , 1 9 8 5 )  c l e a r ly  i l lu s t r a t e  th a t  p h o t o -  

F r ie s  r e a c t io n s  w e r e  f a v o r e d  w h e n  l ig h t  w i t h  X < 3 0 0  n m  w a s  u s e d ,  w h e r e a s  

p h o t o o x id a t io n  r e a c t io n s  w e r e  in c r e a s in g ly  im p o r ta n t  a s  u v  l ig h t  o f  lo n g e r  

w a v e le n g t h  w a s  u s e d . F u r th e r m o r e , a ll  s a m p le  t r e n d e d  u p w a r d  fo r  th e  d u r a t io n  o f  th e
te s t .
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Table 4.3 The average total color different of plastic cards after exposure in QUV
accelerated weathering tester

C ondition T he average total color d ifferent (ÀE)
PVC PETG PC

Q U V  1 c y c l e 6 .0 2 ± 0 .3 1 3 .7 4 ± 0 .2 3 4 .8 1 4 : 0 .1 9

Q U V  3 c y c l e s 7 .4 8 ± 0 .4 8 4 . 3 6 ± 0 . 1 1 8 .3 8 ± 0 .3 4

Q U V  6  c y c l e s 1 2 .7 2 ± 0 .9 5 6 .3 6 ± 0 .3 2 1 2 .8 9 ± 0 .4 6

Q U V  9  c y c l e s 1 9 .7 5 ± 0 .4 5 7 .6 0 ± 0 .2 3 1 6 .7 2 ± 0 .8 3

Q U V  1 2  c y c l e s 2 0 .6 4 ± 0 .6 3 8 .3 0 ± 0 .2 2 1 8 .9 4 ± 0 .5 5

Q U V  15 c y c l e s 3 6 . 7 7 ± 0 .3 2 2 3 .1 4 ± 0 .2 7 3 2 .0 4 ± 0 .3 8

6 0  ๅ
- 4 - P V C

5 0  I - * - P C  
I —a-PETG 

40 ฯ
30 -j
2 0  J

1 0  j 

0  -
1 3 6 9 12 15

N u m ber o f  cycles
Figure 4.3 The average total color different of plastic cards after exposure in QUV
accelerated weathering tester.
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Table 4.4 The average total color different of plastic cards after outdoor exposure

T he average total co lor d ifferent (ÀE)
n o n u n io n PVC PETG PC
O u t d o o r  1 m o n t h s 2 8 .7 8 ± 0 .9 6 2 . 2 8 i 0 . 1 6 1 . 1 2 i 0 . 1 5

O u t d o o r  2  m o n t h s 3 1 . 3 f t t 0 .9 6 3 . 3 5 i 0 . 2 2 2 . 2 U 0 . 1 7

O u t d o o r  3 m o n t h s 3 8 . 0 6 i 0 . 6 8 4 . 5 U 0 . 0 9 3 .7 6 ± 0 .1 7

O u t d o o r  4  m o n t h s 4 7 .4 0 ± 0 .9 1 5 . 5 6 ± 0 . 2 0 4 . 9 9 i 0 . 2 3

O u t d o o r  5 m o n t h s 4 5 . 0 7 i l . 3 3 5 .8 0 ± 0 .2 5 5 . 2 3 i 0 . 2 2

O u t d o o r  6  m o n t h s 5 5 . 8 9 i 9 ' 9 4 1 9 . 3 1 i 0 . 4 3 2 0 . 4 0 i 0 . 2 9

F igure 4.4 T h e  a v e r a g e  to ta l  c o l o r  d i f f e r e n t  o f  p la s t i c  c a r d s  a f t e r  o u t d o o r  e x p o s u r e .

4 .4 .3  T e n s i l e  P r o p e r ty  T e s t in g

Y o u n g ’s m o d u lu s ,  t e n s i l e  s t r e n g th  a n d  t o u g h n e s s  o f  s a m p l e s  w e r e  

e x h ib i t e d  in  T a b le  4 .5 ,  4 .6 ,  4 .7 ,  4 .8 ,  4 .9  a n d  4 .1 0 .  T h e  a v e r a g e  Y o u n g ’s  m o d u lu s  o f  

P V C , P C  a n d  P E T G  c a r d s  a f te r  e x p o s u r e  in  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  h a v e  

tr e n d  to  in c r e a s e  ( F ig u r e  4 .5 ) .  T h e  a v e r a g e  Y o u n g ’s m o d u lu s  in  o u t d o o r  c o n d i t io n  o f
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P V C , P C  a n d  P E T G  c a r d s  h a v e  tr e n d  t o  d e c r e a s e  ( F ig u r e  4 .6 ) .  T h e  a v e r a g e  t e n s i l e  

s tr e n g th  o f  P V C , P C  a n d  P E T G  c a r d s  a f t e r  e x p o s u r e  in  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  d e c r e a s e d  1 1 .2 6 % , 6 .2 6 % , a n d  1 1 .6 9 %  r e s p e c t i v e ly .  T h e  a v e r a g e  t e n s i l e  

s tr e n g th  o f  P V C ,  P C  a n d  P E T G  c a r d s  a f t e r  o u t d o o r  e x p o s u r e  w a s  l o w e r  b y  c h a n g e d  

4 7 .1 2 % , 5 .3 2 % , a n d  3 8 .1 9 %  r e s p e c t i v e ly .  T h e  a v e r a g e  t o u g h n e s s  o f  P V C , P C  a n d  

P E T G  c a r d s  a f te r  e x p o s u r e  in  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  l o w e r  c h a n g e d  

9 8 .3 4 % , 9 0 .6 9 % , a n d  8 1 .7 6 %  r e s p e c t i v e ly .  T h e  a v e r a g e  t o u g h n e s s  o f  P V C , P C  a n d  

P E T G  c a r d s  a f te r  o u t d o o r  e x p o s u r e  lo w e r  c h a n g e d  9 9 .5 4 % , 7 7 .2 2 ,  a n d  9 0 .7 6  

r e s p e c t i v e ly .
T h e  r e s u lt s  in d ic a t e d  th a t  a f te r  15 c y c l e s  in  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 ,  a ll  p la s t i c s  c a r d s  s h o w  i n s i g n i f i c a n t l y  c h a n g e  o f  t e n s i l e  s tr e n g th . 
C o m p a r in g  t h o s e  w i t h  t e n s i l e  s tr e n g th  m e a s u r e m e n t  a f te r  o u t d o o r  e x p o s u r e ,  a ll  
p la s t i c s  c a r d s  s h o w  la r g e  d r o p p e d  o f  t e n s i l e  s t r e n g th  a n d  m o r e  b r i t t le n e s s .  A n d  th e  

h ig h e r  d e g r a d a t io n  w a s  f o u n d  in  P V C  c a r d  b e c a u s e  P V C  e x h ib i t e d  th e  h ig h e s t  e la s t ic  

d e f o r m a t io n  a m o n g  t h o s e  3 p la s t i c s  u n d e r  th e  a p p l ie d  fo r c e .  T e n s i l e  s t r e n g th  o f  a ll  
m a t e r ia ls  in  o u t d o o r  e x p o s u r e  t e s t e d  tr e n d e d  d o w n w a r d  fo r  th e  d u r a t io n  o f  th e  te s t .  
B u t  in  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 d ,  th e  t e n s i l e  s tr e n g th  w e r e  a l s o  s t a b le d  a n d  

r e m a in e d  c o n s t a n t  fo r  th e  d u r a t io n . A n o t h e r  c a u s e  to  c h a n g in g  o f  m e c h a n ic a l  

p r o p e r t ie s  w a s  d i s l o c a t io n  o c c u r r e d  in  th e  s tr u c tu r e .
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Table 4.5 The average Young’s modulus of plastic cards after exposure in QUV
accelerated weathering tester

C ondition T he average Y ou n g’s m odulus (M Pa)
PVC PETG PC

N o n  e x p o s u r e 1 3 3 0 . 2 0 i l 3 2 . 6 9 1 0 6 4 . 6 0 i 5 8 . 2 4 1 1 8 4 . 4 0 i 8 4 . 8 2

Q U V  1 c y c l e 1 1 3 7 .2 0 ± 4 3 .9 2 1 4 0 1 .8 0 ± 9 5 .2 2 1 4 9 5 . 6 0 i 6 4 . 1 2

Q U V  3 c y c l e s 1 1 4 4 . 6 0 ± 1 1 6 .4 2 1 U 1 . 0 0 ± 4 3 . 9 0 1 0 9 3 . 0 0 i 6 2 . 0 1

Q U V  6  c y c l e s 1 3 1 0 .2 0 ± 6 7 .1 5 1 1 4 3 . 0 0 i 4 5 . 8 1 1 2 7 7 . 6 0 i 8 1 . 5 2

Q U V  9  c y c l e s 1 3 3 6 .0 0 ± 8 9 .8 8 1 2 0 1 . 2 0 i 3 0 . 5 8 1 2 9 5 . 6 0 i 7 8 . 2 1

Q U V  1 2  c y c l e s 1 3 9 3 . 8 0 i l 2 5 . 3 7 1 2 1 5 . 6 0 i 9 7 . 0 9 1 2 9 0 . 8 0 i l 0 9 . 5 7

Q U V  15  c y c l e s 1 3 8 3 . 4 0 i l 0 0 . 6 9 1 1 5 9 . 6 0 i 7 3 . 4 5 1 3 8 3 . 4 0 i l 4 3 . 1 3

1 6 0 0 . - 1

8 0 0  J—

—♦—PC

-»■ - P V C  

— P E T G

0  3  6  9  12  1 5
Number of QUV cycles (cycles)

Figure 4.5 The average Young’s modulus of plastic cards after exposure in QUV
accelerated weathering tester.
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Table 4.6 T h e  a v e r a g e  Y o u n g ’s m o d u lu s  o f  p l a s t ic  c a r d s  a f te r  o u td o o r  e x p o s u re

Condition The average Young’s modulus (MPa)
PVC PETG PC

N o n  e x p o s u r e 1 3 3 0 . 2 0 i l 3 2 . 6 9 1 0 6 4 .6 0 ± 5 8 .2 4 1 1 8 4 . 4 0 i 8 4 . 8 2

O u td o o r  1 m o n th 1 2 5 6 . 4 0 i 5 2 . 9 0 1 0 6 3 . 0 0 i 3 3 . 9 0 1 2 2 7 . 8 0 i 3 2 . 7 7

O u td o o r  2  m o n t h s 1 4 6 6 . 8 0 i l 2 0 . 7 4 1 2 0 0 . 6 0 i 4 0 . 6 7 1 3 8 1 . 4 0 i l 3 0 . 6 2

O u td o o r  3 m o n t h s 1 3 8 1 .6 0 ± 8 6 .6 9 . 1 0 6 4 . 8 0 i 8 4 . 1 9 1 1 7 7 . 8 0 i l 3 1 . 6 8

O u t d o o r  4  m o n t h s 1 3 5 1 . 0 0 i l 2 2 . 9 5 1 0 0 7 . 8 0 i 6 7 . 0 2 1 1 5 5 . 6 0 i l 0 8 . 9 5
O u t d o o r  5  m o n t h s 1 3 2 6 . 0 0 i 9 1 . 3 2 . 9 9 5 . 6 0 i 4 7 . 1 9 1 2 5 1 . 8 0 i 8 5 . 5 4
O u td o o r  6  m o n t h s 1 1 8 3 . 2 0 i l 0 0 . 6 9 ; 9 6 9 . 8 0 i 8 1 .1 4 1 1 9 9 . 0 0 i 7 6 . 8 3

0  1 2 3  4  5  6
Number of months for ourdoor exposure

Figure 4 .6  T h e  a v e r a g e  Y o u n g ’s  m o d u lu s  o f  p la s t ic  c a r d s  a f t e r  o u t d o o r  e x p o s u r e .
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Table 4 .7  T h e  a v e r a g e  te n s i le  s t r e n g th  o f  p l a s t ic  c a r d s  a f te r  e x p o s u r e  in  Q U V
a c c e le r a te d  w e a th e r in g  te s te r

Condition The average tensile strength (GPa)
PVC PETG PC

N o n  e x p o s u r e 5 3 .2 8 ± 2 .6 7 5 0 . 8 3 i 2 . 6 0 7 0 . 3 0 ± 2 .4 2

Q U V  1 c y c l e 4 8 . 4 9 ± 1 .8 2 6 7 . 2 3 i 3 . 4 2 5 6 . 7 3 i l . 5 9

Q U V  3 c y c l e s 4 7 . 8 1 i 2 . 2 1 4 9 . 4 1 i l . 5 8 6 3 . 1 2 i 0 . 6 0

Q U V  6  c y c l e s 4 7 . 2 6 i 2 . 7 9 4 6 . 7 9 i 2 . 3 9 6 4 . 7 7 i l . 4 8

Q U V  9  c y c l e s 5 1 . 4 4 i l . 5 9 4 8 . 9 5 i 3 . 6 7 6 2 .7 9 ± 2 .2 5

Q U V  12  c y c l e s 5 5 . 2 8 i 2 . 0 9 4 9 . 8 9 i 2 . 7 0 6 6 . 7 0 i 4 . 9 4

Q U V  15 c y c l e s 4 7 .2 8 ± 3 .1 1 4 4 . 8 9 i 8 . 2 6 ■ 6 5 .9 0 i2 .3 3

Number of QUV cycles (cycles)

Figure 4 .7  T h e  a v e r a g e  te n s i le  s t r e n g th  o f  p la s t ic  c a r d s  a f te r  e x p o s u r e  in  Q U V
a c c e le r a te d  w e a th e r in g  te s te r .
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Table 4.8 T h e  a v e r a g e  te n s i le  s t r e n g th  o f  p la s t ic  c a r d s  a f te r  o u td o o r  e x p o s u r e

The average tensile strength (GPa)
PVC PETG PC

N o n  e x p o s u r e 5 3 .2 8 ± 2 .6 7 5 0 . 8 3 ± 2 . 6 0 7 0 . 3 0 i 2 . 4 2

O u td o o r  1 m o n th 4 6 .9 2 ± 5 .5 1 5 0 . 5 2 i l . 5 8 6 4 . 1 0 i 5 . 5 1

O u t d o o r  2  m o n th s 3 9 . 6 6 ± 6 .6 2 4 3 . 3 7 i 8 . 8 2 7 2 . 2 5 i 6 . 6 2

O u td o o r  3  m o n th s 3 6 . 8 1 i 5 . 2 5 3 4 . 4 2 i 2 . 1 6 6 4 . 8 0 ± 5 .2 5

O u t d o o r  4  m o n th s 3 4 . 7 7 ± 4 .7 4 2 8 . 8 5 i 3 . 9 7 6 3 . 4 9 ± 4 . 2 7

O u t d o o r  5 m o n th s 3 2 . 5 9 ± 5 .4 0 2 7 . 5 0 i 3 . 6 9 6 5 . 4 1 i l . 9 1

O u td o o r  6  m o n th s 2 7 .7 5 ± 4 .9 3 3 1 . 4 2 i 5 . 0 0 6 6 . 5 6 i l . 8 7

0  1 2 3  4  5  6
Number of months for ourdoor exposure

Figure 4.8 T h e  a v e r a g e  t e n s i l e  s tr e n g th  o f  p la s t ic  c a r d s  a f te r  o u t d o o r  e x p o s u r e .
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Table 4 .9  T h e  a v e r a g e  to u g h n e s s  o f  p la s t ic  c a r d s  a f te r  e x p o s u r e  in  Q U V  a c c e le r a te d
w e a th e r in g  te s te r

Condition The average toughness (Mpa)
PVC PETG PC

N o n  e x p o s u r e 8 4 .3 7 ± 2 .9 5 8 . 6 6 Ü . 5 3 5 1 .9 7 ± 9 .9 9

Q U V  1 c y c l e 7 6 .8 7 ± 2 .2 8 1 0 .5 9 ± 3 .5 7 1 4 .6 4 ± 7 .7 7

Q U V  3 c y c l e s 1 4 .9 8 ± 5 .8 7 5 .0 1  ± 3 .3 1 1 6 .1 8 ± 3 .41

Q U V  6  c y c l e s 3 .7 4 ± 0 .8 0 1 .7 9 ± 0 .1 5 1 3 . 3 5 i l . 9 6

Q U V  9  c y c l e s 2 . 7 Ü 0 . 3 0 2 .3 4 ± 0 .6 8 1 1 .6 4 ± 4 .8 6

Q U V  1 2  c y c l e s 3 .2 5 ± 0 .5 5 1 .8 3 ± 0 .0 7 5 . 9 U 2 . 9 6

Q U V  15  c y c l e s 1 .4 0 ± 0 .3 1 1 .5 8 ± 0 .3 7 4 . 8 4 Ü . 3 3

Figure 4 .9  T h e  a v e r a g e  to u g h n e s s  o f  p l a s t ic  c a r d s  a f te r  e x p o s u r e  in  Q U V
a c c e le r a te d  w e a th e r in g  te s te r .
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Table 4.10 T h e  a v e r a g e  to u g h n e s s  o f  p la s t ic  c a r d s  a f te r  o u td o o r  e x p o s u r e

The average toughness (Mpa)Condition PVC PETG PC
N o n  e x p o s u r e 8 4 . 3 7 i l . 5 3 8 . 6 6 i 2 . 9 5 5 1 . 9 7 i 9 . 9 9

O u td o o r  1 m o n th 1 .5 8 ± 0 .6 6 2 . 2 0 ± 0 . 1 7 1 4 .0 0 ± 2 .4 8

O u t d o o r  2  m o n t h s 0 . 8 0 i 0 . 2 4 1 .9 0 ± 0 .5 8 1 7 .8 4 ± 3 .5 3

O u t d o o r  3  m o n t h s 0 .6 5 ± 0 .2 0 0 . 9 8 ± 0 . 0 6 1 9 .7 3 ± 5 .4 1
O u td o o r  4  m o n t h s 0 . 5 6 i 0 . 1 4 0 . 7 2 ± 0 . 3 6 1 3 .0 4 ± 4 .8 4

O u t d o o r  5  m o n t h s 0 .5 4 ± 0 .1 8 0 .7 3 ± 0 .4 3 1 2 . 2 9 i 6 . 9 1
O u t d o o r  6  m o n t h s 0 .3 9 ± 0 .1 2 0 . 8 0 i 0 . 3 1 1 1 . 8 4 i 2 . 7 4

Number of months' for ourdoor exposure

Figure 4.10 T h e  a v e r a g e  t o u g h n e s s  o f  p la s t ic  c a r d s  a f te r  o u t d o o r  e x p o s u r e .

4 . 4 .4  T h e r m a l  s t a b i l i t y
T h e  d e g r a d a t io n  t e m p e r a tu r e  o f  P C  c a r d  w a s  h ig h e r  th a n  P E T G  a n d  

P V C  c a r d  a n d  %  w e i g h t  l o s s  o f  P C  w a s  a l s o  fo u n d  to  b e  l o w e r  th a n  th a t P E T G  a n d  

P V C . H e n c e ,  P C  w a s  m u c h  m o r e  s t a b le  a t th e  s a m e  o p e r a t in g  te m p e r a tu r e .
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Figure 4.11 T G A  p lo t s  o f  p la s t ic  ca rd .

Table 4.11 Td d e g r a d a t io n  c o n t e n t  ( w e i g h t  l o s s )  o f  p la s t ic  c a r d

Materials Td (°C ) Weight loss (%)
P C 5 0 0 .1 0 6 5 .9 0

P E T G 3 8 3 .8 0 8 7 .0 0

P V C 2 8 1 .8 0  a n d  4 3 7 .6 0 5 3 .9 0  a n d  2 1 .9 0

า------------1----------- 1------------1----------- 1------------1----------- 1------------1------------T

4 .4 .5  T o p o g r a p h y
A F M  m e a s u r e m e n t s  p e r fo r m e d  in  n o n - c o n t a c t  m o d e  r e v e a le d  th a t th e  

s u r f a c e  o f  p la s t ic  c a r d s  w a s  s m o o t h  a n d  n o  s ig n i f ic a n t  d i f f e r e n c e s  in  to p o g r a p h y .  
T h r e e - d im e n s io n a l  p r o f i l e s  o f  th e  o u t d o o r  e x p o s u r e  s a m p l e  s u r f a c e s  w e r e  r o u g h e r  

th a n  th e  s a m p le  a f t e r  e x p o s u r e  in  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 .
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Figure 4.12 T y p ic a l  t o p o g r a p h y  in  3 D - p r o f i l e s  o f  th e  s u r f a c e s  o f  P V C  c a r d s  b e f o r e  

e x p o s u r e .

Figure 4.13 Typical topography in 3D-profiles of the surfaces of PVC cards after
exposure in QUV accelerated weathering tester for 15 cycles.
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Figure 4.14 T y p ic a l  t o p o g r a p h y  in  3 D - p r o f i l e s  o f  t h e  s u r f a c e s  o f  P V C  c a r d s  a fte r  

o u t d o o r  e x p o s u r e  fo r  5  m o n t h s .

nm

Figure 4.15 Typical topography in 3D-profiles of the surfaces of PC cards before
e x p o s u r e .
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Figure 4.16 T y p ic a l  t o p o g r a p h y  in  3 D - p r o f i l e s  o f  t h e  s u r f a c e s  o f  P C  c a r d s  a fte r  

e x p o s u r e  in  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  fo r  15  c y c l e s .

7 5 -

50- : 

25 '

Figure 4.17 Typical topography in 3D-profiles of the surfaces of PC cards after
outdoor exposure for 5 months.
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Figure 4.18 T y p ic a l  t o p o g r a p h y  in  3 D - p r o f i l e s  o f  th e  s u r f a c e s  o f  P E T G  c a r d s  b e f o r e  

e x p o s u r e .

o  Q

Figure 4.19 Typical topography in 3D-profiles of the surfaces of PETG after
exposure in QUV accelerated weathering tester for 15 cycles.
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F i g u r e  4 .2 0  T y p ic a l  t o p o g r a p h y  in  3 D - p r o f i l e s  o f  th e  s u r f a c e s  o f  P E T G  c a r d s  a fte r  

o u t d o o r  e x p o s u r e  fo r  5  m o n t h s .

4 . 4 .6  F o u r ie r  tr a n s fo r m  in fr a r e d  s p e c t r o s c o p y
T h e  e f f e c t s  o f  e x p o s u r e  w e r e  d e m o n s t r a t e d  to  h a v e  a  c o n s id e r a b le  

i n f lu e n c e  o n  t h e  p r o p e r t ie s  o f  p la s t ic  c a r d s . A l t h o u g h  t h e  e x p e r im e n t  w a s  s e t  in  s a m e  

c o n d i t io n  a n d  e n v ir o n m e n t ,  th e  r e s u lt s  o f  m e a s u r e m e n t  in  e a c h  m a te r ia l  w e r e  

d if f e r e n t  b e c a u s e  o f  th e ir  s tr u c tu r e .
4.4.6.1 Polyvinyl Chloride (P VC)

P V C  c a r d s  w e r e  c h a r a c t e r iz e d  b y  u s i n g  F T I R  t o  e x a m in e  th e  

fu n c t io n a l  g r o u p . T h e  s p e c tr u m  is  s h o w n  in  f ig u r e  4 .1 6 .  P V C  s h o u ld  n o t  b e  e x p e c t e d  

to  a b s o r b  a t le a s t  in  th e  n e a r  u v .  C h o r m o p h o r ic  im p u r it ie s  w e r e  p r e s e n t  w h i c h  m ig h t  

b e  c a r b o n y l  g r o u p  d u e  to  o x id a t io n  o r  u n s a tu r a te d  s tr u c tu r e  b u i l t  in t o  p o ly m e r ic  

d u r in g  th e  p o ly m e r iz a t io n .  T h e  F T I R  s p e c tr u m  s h o w s  th e  c a r b o n y l  a b s o r p t io n  at 

1 7 3 1  c m ' 1 ( n o r m a l ly  e x p a n d e d  in  th e  r e g io n  2 0 0 0 - 1 5 0 0  c m ' 1) .  T r a c e  o f  m o n o m e r  

s u g g e s t s  th a t to  s o m e  s m a ll  e x t e n t  th e  c h a in  t e r m in a l  r a d ic a l  w a s  c a p a b le  o f  

d e p o ly m e r is in g .  P V C  lib e r a te d  h y d r o g e n  c h lo r id e  th a t  o b s e r v e d  a t 2 9 2 4  c m ' 1 a n d  

c o n j u g a t e d  u n s a tu r a t io n , th is  b e h a v io r  c l o s e l y  r e m in i s c e n t  o f  i t s  th e r m a l  d e g r a d a t io n  

( G r a s s ie ,  N . ,  et al., 1 9 8 5 ) .
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2 9 2 4  ^ <c)

W a v e  n u m b e r  ( c m ' 1)

F i g u r e  4 .2 1  F T I R  s p e c t r u m  o f  P V C  c a r d s , (a )  F T I R  s p e c t r u m  b e f o r e  e x p o s u r e  (b )  

F T I R  s p e c t r u m  a f te r  e x p o s u r e  in  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  fo r  1 2  c y c l e s  ( c )  

F T I R  s p e c t r u m  a f te r  o u t d o o r  e x p o s u r e  fo r  6  m o n t h s .

4.4.6.2 Polyethylene Terephthalate G lyco l (P E TG )

P E T G  c a r d s  w e r e  c h a r a c t e r iz e d  b y  u s i n g  F T I R  t o  e x a m in e  th e  

f u n c t io n a l  g r o u p . T h e  s p e c tr u m  is  s h o w n  in  f ig u r e  4 .1 6 .  In  d e g r a d a t io n  o f  

p o l y e t h y l e n e  t e r e p h th a la t e  g l y c o l ,  c h a in  s c i s s i o n  is  a ls o  p r e d o m in a n t .  T h e  in it ia l  

b r e a k  c a n  a p p a r e n t ly  o c c u r  in  th e  e s t e r  g r o u p . C a r b o n  d i o x id e  a n d  c a r b o n  m o n o x i d e  

m a y  b e  l ib e r a te d  f o l l o w i n g  s c i s s i o n  in  e s te r  g r o u p  a n d  a ll  o f  th e  r a d ic a ls  f o r m e d  m a y  

a b s tr a c t  h y d r o g e n  f r o m  e l s e w h e r e  in  th e  s y s t e m  ( G r a s s ie ,  N . ,  et a l ,  1 9 8 5 ) .  T h e  F T I R  

s p e c tr u m  s h o v / s  th e  e s t e r  g r o u p  s t r e t c h in g  b a n d  o f  c = 0  a t 1 7 1 1  c m ' 1 a n d  C - 0  a t  

1 2 3 9  a n d  1 0 9 3  c m ' 1.T h is  c h a in  s c i s s i o n  p r o c e s s  i s  in d ic a t e d  b y  th e  r e a s o n  th a t  v in y l  

g r o u p  a t 2 9 2 1  c m ' 1 w a s  fo r m e d  in  d e g r a d a t io n  o f  p o l y e t h y l e n e  t e r e p h th a la t e  g ly c o l  

( S in n a m o n ,  B .F . ,  et a l,  1 9 9 9 )
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(c)

(b )

(a)

W a v e  n u m b e r  ( c m 1)

F i g u r e  4 .2 2  F T I R  s p e c t r u m  o f  P E T G  c a r d s ,  (a )  F T I R  s p e c t r u m  b e f o r e  e x p o s u r e  (b )  

F T I R  s p e c tr u m  a f te r  e x p o s u r e  in  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  fo r  1 2  c y c l e s  ( c )  

F T I R  s p e c tr u m  a f te r  o u t d o o r  e x p o s u r e  fo r  6  m o n t h s .

4.4.6.3 Polycarbonate (PC)

P C  c a r d s  w e r e  c h a r a c t e r iz e d  b y  u s i n g  F T I R  t o  e x a m in e  th e  

f u n c t io n a l  g r o u p . T h e  s p e c t r u m  i s  s h o w n  in  f ig u r e  4 .1 6 .  P C  i s  r e la t iv e ly  s ta b le  to  

p h o t o d e g r a d a t io n  d u e  to  e n e r g y  s in k  f u n c t io n  o f  th e  a r o m a t ic  r in g s .  A r o m a t ic  

h y d r o c a r b o n s  s h o w  a b s o r p t io n s  in  th e  r e g io n s  1 5 9 9  c m ' 1 a n d  1 5 0 3  c m ' 1 d u e  to  

c a r b o n - c a r b o n  s t r e t c h in g  v ib r a t io n s  in  th e  a r o m a t ic  r in g . T h e  p a tte r n  o f  w e a k  b a n d s  

in  th e  r e g io n  1 7 6 7  c m ' 1 r e f l e c t s  th e  s u b s t i t u t io n  p a tte r n  o n  th e  r in g . T h e  p a tte r n  o f  th e  

o u t  o f  p la n e  C - H  b e n d in g  b a n d s  in  th e  r e g io n  8 8 7 ,  8 2 8 ,  8 1 4 ,  7 6 6  a n d  7 0 7  c m ' 1 are  

a ls o  c h a r a c t e r i s t ic  o f  th e  a r o m a t ic  s u b s t i t u t io n  p a tte r n . R a n d o m  c h a in  s c i s s i o n  o c c u r s  

at a  v e r y  s l o w  r a te  w i t h  l ib e r a t io n  o f  c a r b o n d io x id e .  T h e  r a d ic a l s  f o r m e d  in  th is  

s e q u e n c e  c a n  u n d e r g o  a  s e r i e s  o f  i s o m e r iz a t io n  a n d  r e c o m b in a t io n  p r o c e s s  s o  th a t  

n e w  s tr u c tu r e s  b e c o m e  in c o r p o r a te d  in to  th e  p o ly m e r  m o l e c u l e s  ( G r a s s i e ,  N . ,  et a l ,  

1 9 8 5 ) .
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W a v e  n u m b e r  ( c m ' 1)

F i g u r e  4 .2 3  F T I R  s p e c t r u m  o f  P C  c a r d s ,  ( a )  F T I R  s p e c t r u m  b e f o r e  e x p o s u r e  (b )  

F T I R  s p e c t r u m  a f te r  e x p o s u r e  in  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  fo r  1 2  c y c l e s  ( c )  

F T I R  s p e c t r u m  a f te r  o u t d o o r  e x p o s u r e  f o r  6  m o n t h s .

4.5 Conclusions

P V C , P C  a n d  P E T G  c a r d s  w e r e  o b s e r v e d  th e  d e g r a d a t io n  b y  m o is t u r e ,  l ig h t  

a n d  te m p e r a tu r e .  O u t d o o r  e x p o s u r e  w a s  d e s i g n e d  a n d  s a m p l e s  w e r e  c o l l e c t e d  e v e r y  

m o n th . C o m p a r in g  t o  t h o s e  o n  o u t d o o r  e x p o s u r e ,  th e  a c c e le r a t e d  w e a t h e r in g  t e s t  o r  

Q U V  w a s  p r o g r a m m e d  th e  c y c l e  t e s t  to  d e t e r io r a t e  p l a s t i c  c a r d s .  T h e  g l o s s  to ta l  

c o l o r  d i f f e r e n t  (A E )  m e c h a n ic a l  p r o p e r t ie s  a n d  th e r m a l  p r o p e r ty  w e r e  m e a s u r e d  fo r  

t w o  c o n d i t io n s .  T h e  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  h e lp e d  to  d e t e r m in e  th e  p e r io d s  o f  

t im e  w h e n  p la s t i c  c a r d s  w e r e  d e g r a d e d . P la s t ic  c a r d s  w e r e  s a l l o w  a n d  b r it t le  w h e n  

e x p o s e d  to  th e  u v  fo r  lo n g  p e r io d s  o f  t im e  b e c a u s e  t h e y  w e r e  d e g r a d e d  b y  

p h o t o ly s i s .  T h e  s a m p le s  b e c a m e  s l i g h t ly  d a r k e r  o v e r  t im e  a n d  m ig r a t e d  t o w a r d s  th e  

y e l l o w  a n d  g r e e n  s i d e s  o f  th e  c o l o r  s p e c tr u m . D u r in g  t h e  e x p o s u r e  p r o c e s s ,  a  

r e d u c t io n  in  g l o s s  w a s  o b s e r v e d .  A l l  m a t e r ia ls  h a d  c l i n i c a l l y  a c c e p t a b l e  c o lo r  c h a n g e  

o v e r  t im e .  P C  e x h ib i t e d  th e  b e s t  m e c h a n ic a l  p r o p e r t ie s .  P E T G  e x h ib i t e d  th e  b e s t
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p h o t o s t a b i l i t y .  P V C  w a s  l o w e s t  in  g l o s s  a t 6 0 °  v a lu e  a n d  h i g h e s t  in  to ta l  c o lo r  

d i f f e r e n t  i m p l y in g  t h e  l e a s t  p h o to  r e s is ta n t .  T h e  F T 1 R  s p e c t r u m  s h o w  th e  a b s o r p t io n  

p e a k s  o f  d e g r a d a t io n  in  p la s t ic  c a r d s .  W h e n  e x p o s e d  P C , P V C  a n d  P E T G  c a r d s  in  

O u t d o o r  a n d  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 ,  th e  F T I R  s p e c tr u m  p e a k  w e r e  

b r o a d . M o r e o v e r ,  F T I R  s p e c tr u m s  b e f o r e  e x p o s u r e  h a v e  t h e  a b s o r p t io n  p e a k s  o f  

d e g r a d a t io n  b e c a u s e  o f  th e r m a l d e g r a d a t io n  in  m a n u f a c t u r in g  a n d  p h o t o  d e g r a d a t io n  

w h e n  t e s t in g .  T h r e e - d im e n s io n a l  p r o f i l e s  o f  th e  o u t d o o r  e x p o s u r e  s a m p le  s u r f a c e s  

w e r e  m o r e  r o u g h n e s s  th a n  th e  s a m p le  a f te r  e x p o s u r e  in  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 .

4 .6  A c k n o w l e d g e m e n t s

T h e  a u th o r  w o u ld  l ik e  to  a c k n o w le d g e  S m a r tr a c  T e c h n o lo g y  L T D  

( T h a i la n d )  fo r  s u p p o r t in g  th e  t h e s i s  w o r k  a n d  a ll  p l a s t i c  c a r d s .
T h e  a u th o r  w o u ld  l ik e  t o  a c k n o w le d g e  th e  P e t r o le u m  a n d  P e t r o c h e m ic a l  

C o l l e g e ;  a n d . N a t i o n a l  E x c e l l e n c e  C e n te r  f o r  P e t r o le u m , P e t r o c h e m ic a ls ,  a n d  

A d v a n c e  M a t e r ia ls ,  T h a i la n d  fo r  th e  in s tr u m e n t  s u p p o r t  a n d  t h e ir  k in d n e s s .
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