
CHAPTER IV
DETERMINATION OF SERVICE LIFE TIME OF COMMERCIAL

PLASTIC CARDS

4.1 Abstract

S e r v ic e  l i fe t im e  o f  sm art card w a s  lim it in g  b y th e d eg ra d a tio n  o f  p la s t ic  b o d y . 
It w a s  re la ted  b y  m a n y  a f f i lia te  p ro p erties  su ch  as m e c h a n ic a l p ro p er tie s , th erm al 
p ro p er tie s  and p h y s ic a l ap p ea ran ce . T h e  card  b o d ie s  u su a lly  fa b r ica ted  b y  e ith er  
c o m m o d ity  p la s t ic  or e n g in e e r in g  p la st ic . T h e  c o m m o d ity  p la s t ic  card  su c h  as P V C  
(p o ly v in y l  c h lo r id e ) , P C  (p o ly c a r b o n a te ) , and P E T G  (p o ly e th y le n e  terep h tara te  
g ly c o l)  w e r e  te ste d  that d e f in e  th e  d u ra tion  o f  card . T h e  v a r io u s  c o n d it io n s  and  
a c c e le r a te d  a g in g  w e r e  a p p lied  to  p la s t ic  card s fo l lo w e d  IS O /IE C  2 4 7 8 9 -1  and  
1 0 3 7 3 -1  standard . A c c o r d in g  to th e  resu lts  o f  th e  o b se r v a t io n  o f  su r fa ce  and  
fu n c t io n a lity  c h e c k in g  o f  c o m m e r c ia l p la s t ic  card  s h o w  th e  c h a n g in g  in  A E  (c o lo r  
d if fe r e n c e )  and s o m e  c h a n g e  in  fu n c t io n a lity  c h e c k in g . T h e n , th e  su r fa c e  o f  e a c h  
c o m m e r c ia l p la s t ic  w a s  o b se r v e d  b y  S E M . A n d  th en , th e  in itia l th erm a l p ro p erties  o f  
e a c h  c o m m e r c ia l p la s t ic  card w e r e  a lso  rep orted  in  th is  ch ap ter .

4.2 Introduction

Sm art card is  th e  p la s t ic  card  c o n ta in in g  a c h ip  for  id e n tif ic a t io n . T h e y  
e n h a n c e d  se c u r ity  in  v a r io u s  a p p lic a t io n s . T h ere  are se v e r a l ty p e s  o f  c o m m e r c ia l  
p la st ic  u sed  for sm art card s su ch  a s  P C , P E T G  and P V C . H o w e v e r , th e  d ra w b a ck  o f  
p la st ic  card is  th e  s e r v ic e  l i fe t im e  o f  p la s t ic s  w h ic h  is  th e  p o ly m e r  d eg r a d a tio n . T h e  
p la st ic  card d e g ra d a tio n  is  th e  c o m b in a tio n s  o f  c h e m ic a l and  p h y s ic a l c h a n g e  o c c u r  
d u r in g  s to ra g e  and  u se  o f  m ater ia l and  r e su lt in g  in  lo s s  s o m e  p ro p er tie s  o f  p la s t ic  
m a teria l. T h e r e fo r e , th e  se r v ic e  l i fe t im e  o f  p la st ic  sm art card is  n e c e s sa r y  to  
gu a ra n tee  h o w  lo n g  th e card can  b e  u sed  in d a ily  life .
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T h e  p u r p o se  o f  th is  w o rk  is  to  e v a lu a te  and to  stu d y  th e  v isu a l in sp e c tio n ,  
and  lo g ic a l fu n c t io n a lity  p ro p er tie s  o f  c o m m e r c ia l card a fter  te s t in g  in  an y  c o n d it io n s  
f o l lo w in g  th e  stan dard  te sts . F in a lly , th e  se r v ic e  l i fe t im e  o f  an y  c o m m e r c ia l p la st ic  
card s w e r e  in d ic a te d .

4.3 Materials and Methods

4 .3 .1  C ard m ater ia l
A ll o f  sm art card s (P C -S T D , P V C , and P E T G ) w e r e  su p p o rted  b y  

S m artrac T e c h n o lo g y  L T D .
4 .3 .2  Id en tify  T h e  P la stic  C ard

Id e n tify  th e  e n v ir o n m e n t, sto rag e , read er  p r o f ile , and  fr e q u e n c y  in  
w h ic h  th e ca rd s is  u se d  f o l lo w  to  IS O /IE C  2 4 7 8 9 -1

a) S e le c t  the p o s s ib le  e n v ir o n m e n t, s to r a g e , read er  p r o f ile  and  
fr e q u e n c y  w ith  th e  l i fe t im e  10 y ea rs  in ord er to  fin d  th e  data  o f  U s a g e  ( บ ) ,  A g e  (A )  
and C o e ff ic ie n t  (c )  for  10 y ea rs  te st in g .

b ) D e te r m in e  U c  and  A c  to fin d  th e  d u ra b ility  c la s s  and  te st  
se q u e n c e  c y c le .  A fte r  g e t th e  su m m a tio n  o f  บ  and  su m m a tio n  o f  A  in  e a c h  
c o n d it io n . U c  and  A c  are c h e c k e d  a g a in s t  th e  ta b le  to  d e te r m in e  th e  a g e  c la s s  and  
d u ra b ility  c la s s . F rom  all in fo r m a tio n , w e  g o t 2  m is s io n  p r o f ile s  w h ic h  are C 2  and  
D 2  for te s t in g

4 .3 .3  T est  C y c le s
a ) S to ra g e  in sh ort term  co n ta m in a tio n : f o l lo w  IS O /IE C  1 0 3 7 3 -1
b ) S to ra g e  in lo n g  term  co n ta m in a tio n :

•  S a lt sp ray  test: f o l lo w  IS O  9 2 2 7
•  S to ra g e  in  a c id  so lu tio n : f o l lo w  IS O /IE C  1 0 3 7 3 -1
•  S to ra g e  in a lk a lin e  s o lu t io m fo l lo w  IS O /IE C  1 0 3 7 3 -1

c )  S o fte n e r  sto rag e: f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
d ) u v  lig h t  e x p o s in g :  f o l lo w  to IS O /IE C  2 4 7 8 9 - 2
e )  T h erm al sto rag e: f o l lo w  to IS O /IE C  2 4 7 8 9 - 2
f) T h erm al and h u m id ity  a g e in g : f o l lo w  to  IS O /IE C  2 4 7 8 9 - 2
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g ) D y n a m ic  b e n d in g  stress: f o l lo w  to  IS O /IE C  1 0 3 7 3 -1
h) U S  P o sta l test: f o l lo w  to IS O /IE C  1 0 3 7 3 -3

4 .3 .4  D e f in e  th e  T e s t  M e th o d  F rom  D u r a b ility  C la s s  and T est  S e q u e n c e  
C y c le  ; for  e x a m p le , th e  te st  m e th o d  for  A 1 .
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Figure 4.1 T e st  c y c le  for  d e te r m in in g  card  s e r v ic e  l i fe t im e  o f  c o m m e r c ia l p la stic  
card.

4 .3 .5  C h a ra c te r iz a tio n s  o f  P la s tic  S m art C ard b y  L o g ic a l F u n c tio n a lity  
F u n c tio n a lity  o f  d ata  s to r a g e  d e v ic e s ,  m e m o r ie s  an d  m ic r o p r o c e sso r s

m u st b e  c h e c k e d  a fter  e a c h  test and c h e c k e d  M a x . d is ta n c e  a fter  f in ish  e a c h  c y c le .
4 .3 .6  C h a ra c te r iz a tio n s  o f  P la s t ic  Sm art C ard  b y  V isu a l In sp e c tio n

T h e  A E  (C o lo r  d if fe r e n c e )  and  su r fa c e  o f  p la s t ic  card  w e r e  o b se r v e d  b y  
c o lo r im e tr ic  sp e c tr o p h o to m e te r  and s c a n n in g  e le c tr o n  m ic r o s c o p e  (S E M ),  
r e s p e c t iv e ly .
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4.4 Results and Discussions

4 .4 .1  T h e r m a ls ta b ility  as R e c e iv e d  C ard
T h e  d eg ra d a tio n  tem p era tu re  o f  v ir g in  PC  p la st ic  card w a s  h ig h er  than  

th o s e  o f  P E T G  and P V C  card  and % w e ig h t  lo s s  o f  P C  w a s  a ls o  m ea su red  to  b e  
lo w e r  than  th o se  o f  P E T G  and  P V C . H e n c e , P C  is  m u ch  m o re  s ta b le  at the sa m e  
o p era tin g  tem p era tu re .

Figure 4.2 T h e r m o g r a v im e tr ic  a n a ly s is  o f  v ir g in  c o m m e r c ia l p la s t ic  card .

Table 4.1 Td d eg ra d a tio n  c o n te n t  (w e ig h t  lo s s )  o f  v ir g in  c o m m e r c ia l p la s t ic  card

T d (°C ) W e ig h t  lo s s  (% )
P C -S T D
P E T G
P V C

5 0 0 .1
3 8 3 .8
2 8 1 .8  and  4 3 7 .6

6 5 .9  
8 7 .0
5 3 .9  and  2 1 .9
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4 .4 .2  S u r fa ce  O b se r v a tio n  o f  P la s tic  C ard s
T h e  su r fa c e s  o f  p la st ic  card  b e fo r e  and  a fter  te s t in g  w e r e  c h a ra c ter ized  

b y  F E -S E M . T h e  p la s t ic  sp e c im e n s  w e r e  th en  o b se r v e d  o n  th e  S E M  u s in g  an  
a c c e le r a t in g  v o lta g e  o f  2  k v  w ith  lOOx.

T h e  resu lts  o f  su rfa ce  o f  p la s t ic  card  w e r e  sh o w n  in  F ig u re  4 .3 - 4 . 8 . T h e  
su r fa c e  area o f  ea c h  p la s t ic  card b e fo r e  te s t in g  s h o w s  th e sm o o th  o n  su r fa ce  (F ig . 4 .3 ,
4 .5  and 4 .7 ) .  A fte r  1st c y c le  te st in g , th e  r o u g h n e ss  o n  su r fa ce  w a s  g en era ted  b y  th e  
uv ray and  c h e m ic a l te s t in g  w h ic h  h a s an a b ility  to  d e c o m p o s e  th e  p la st ic  and  lea d s  
to  e n h a n c e  th e  su r fa ce  d eg ra d a tio n

A fte r  p a ss  th e  tw o  re te sted  c y c le ,  th e  su r fa c e  o f  P C  card s p resen t the  
m ark  and  scra tch  o n  su r fa c e  (F ig . 4 .4 ) .  H o w e v e r , P V C  su r fa ce  (F ig . 4 .8 )  s h o w s  th e  
d e e p e r  c ra c k s , d u e  to  th e  d y n a m ic  te s t in g  and  th e  U S  p o sta l s tep . In term  o f  P E T G , 
th e  su r fa ce  s h o w s  v o id s  o n  th e su r fa ce  o f  card  (F ig . 4 .8 )  w h ic h  p o s s ib ly  g e n e r a te  th e  
crack  on  p la s t ic  card  [G . F. et a l, ( 2 0 0 2 ) ,  J. A ttw o o d  et al, ( 2 0 0 6 ) ] .

A c c o r d in g  to  th e  resu lts , th e  uv lig h t and  c h e m ic a l te s t in g  a c c e le r a te s  
th e  in c r e a s in g  th e  r o u g h n e ss  o f  th e  p la s t ic  card.

In m o le c u la r  stru ctu re, P C -S T D  (p o ly c a r b o n a te )  is  th e  b est w h ic h  h as  
th e  aro m atic  in s id e , c a u s in g  h ig h  m e c h a n ic a l p ro p e r tie s  but le s s  r e s is ta n t to  c a u s t ic  
s o lu t io n s  an d  certa in  s o lv e n ts . In c a se  o f  P V C  and  P E T G , P V C  is  e a s i ly  d eg ra d ed  
m o le c u la r  stru ctu re b e c a u s e  o f  th e  - C l  in s id e  w h ic h  can  b e r e le a se d  b y  h eat and  
c h e m ic a l. F in a lly , th e  o p tic a l and m e c h a n ic a l p ro p e r tie s  w i l l  b e  d rop p ed . B u t th e  
P V C  w a s  d is c o v e r e d  for  a  lo n g  t im e  an d  w a s  d e v e lo p e d  for  m a n y  a p p lic a t io n s . T h e  
p la s t ic iz e r  and  a d d it iv e  w e r e  u sed  to  r e s o lv e  th e  p r o b le m s . S o , th e  P V C  card s h a v e  
b etter  a p p ea ra n ces  than  P E T G  after p a ss  th e  c y c le  te st in g .



Figure 4.3 The surface micrograph o f PC card as received.

Figure 4.4 The surface micrograph of PC card after testing 2nd cycle.
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Figure 4 .5  T h e  su rfa ce  m icro g ra p h  o f  P V C  card  as r e c e iv e d .

Figure 4.6 The surface micrograph of PVC after testing 2nd cycle.
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Figure 4.7 T h e  su r fa ce  m icro g ra p h  o f  P E T G  card  a s  r e c e iv e d .

Figure 4.8 The surface micrograph of PETG after testing 2nd cycle.
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4 .4 .3  S e r v ic e  L ife t im e  D e te r m in a tio n s
T h ree  ty p e s  o f  c o m m e r c ia l m a ter ia ls  card  in c lu d in g  p  - S T D ,  P V C , and  

P E T G  w e r e  te sted . 4 0  card s o f  e a c h  m ateria l w e r e  d iv id e d  in to  te s te d  sa m p le s  and  
r e fe r e n c e s  a s  s h o w  in  T a b le  4 .2 .

Table 4.2 T h e sa m p le s  and  r e fe r e n c e s  o f  sm art card  m ateria l

Materials Tested sample 
(pieces)

Reference
(pieces)

Total
(pieces)

PC-STD 30 10 40
PVC 30 10 40
PETG 30 10 40

3 0  ca rd s o f  te sted  s a m p le s  w e r e  d iv id e d  in to  2  g ro u p s  fo r  m is s io n  
p r o file  C 2  and D 3.A 11 tested  card s w e r e  c h e c k e d  for  v isu a l in sp e c t io n  and  
fu n c t io n a lity  b e fo r e  te s t in g . T h e  d eta il is  s h o w n  in  T a b le  4 .3 .

Table 4 .3  V isu a l in sp e c t io n  and fu n c t io n a lity  c h e c k in g  o f  card s b e fo r e  te s t in g

Materials Visual
inspection

Functionality checking, 
Max. distance (cm)

P C -S T D
P V C
P E T G

N o r m a l*
N o r m a l*
N o rm a l*

4 .7
5
5

4.8 4 .9

* stra in ed  and  scra tch ed  w e r e  fou n d  o n  ca rd s a s  r e c e iv e d

A fte r  that, a ll te sted  ca rd s w er e  te s te d  for e a c h  ste p  in  th e  first c y c le .  
T h e  te s te d  card s w e r e  c h e c k e d  for v isu a l in sp e c t io n  and fu n c t io n a lity  a fter  f in ish e d  
ea c h  step . T h e  ste p s  start from  c h e m ic a ls  r e s is ta n c e , so fte n e r  s to r a g e , trea tm en t w ith  
u v  l ig h t, th erm al s to r a g e , d y n a m ic  b e n d in g  test , U S  p o sta l ( te n s i le  te st) , 
r e s p e c t iv e ly .
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1st step: Chemicals Resistance

•  Short Term Contamination
T h is  part is  for d e te r m in in g  th e  e f fe c t s  o f  c h e m ic a l c o n ta m in a n ts  o n  th e  

card s. It c o m p o s e s  o f  sh ort term  te st  w h ic h  ta k e  th e  te s t in g  t im e  for  1 m in u te  and  
lo n g  term  te st  w h ic h  tak e  th e te s t in g  t im e  for  2 4  h ou rs.

A fte r  te s t in g  at l stc y c le  te s t in g , m atted  and stra in ed  scratch  w a s  fo u n d  in  
a ll card s. C o n se q u e n t ly  a fter  te s t in g  at 2 nd c y c le  test , fu n c t io n a lity  c h e c k in g  d is ta n c e s  
o f  a ll card s w e r e  lo w e r  co m p a r e d  to  th o se  o f  1st c y c le .  T h e  d e ta il is  sh o w n  in  T a b le
4 .4 .
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1st s te p :  C h e m ic a ls  R e s i s t a n c e
Short Term Contamination
T h is  part is  for d e te r m in in g  th e  e f fe c t s  o f  c h e m ic a l c o n ta m in a n ts  o n  th e card s. 

It c o m p o s e s  o f  sh ort term  te st w h ic h  ta k e  th e te s t in g  t im e  for 1 m in u te  an d  lo n g  term  
te st  w h ic h  ta k e  th e  te s t in g  t im e  for 2 4  h ou rs. A fte r  te s t in g  at I s' c y c le  te s t in g , m atted  
and  stra in ed  scra tch  w a s  fo u n d  in a ll card s. C o n se q u e n t ly  a fter  te s t in g  at 2 nd c y c le  
te st , fu n c t io n a lity  c h e c k in g  d is ta n c e  o f  a ll card s w a s  lo w e r  c o m p a r e d  to  th o se  o f  1 st 
c y c le .  T h e  d e ta il is  sh o w n  in  T a b le  4 .4 - 4 .5 .

T a b le  4 .4  V isu a l in sp e c t io n  and fu n c t io n a lity  c h e c k in g  o f  card s a fter  sh ort term  
c o n ta m in a tio n  te st  in sp e c t io n  a fter 1 st c y c le

F u n ctio n a lity  c h e c k in g ,

D e fe c ts  for v isu a in sp ec tio n  after I5' c y c le
M ax. d ista n ce  
after I s' c y c le

M ateria ls (M is s io n  p ro file ; C l  and D l  )

*
*on o

Ye
llo

wn
e;

M
att

ed
* 2b(/ว้

c
’S3
<35 W

ar
pa

ge

Cr
ac

k

D is ta n c e  (c m ) X

P C -S T D 4.61
( C l ) NONE FEW FEW NONE NONE 4.5 4.6  4.7 4.8 ±0.06

P C -S T D 4.62
( D l ) NONE FEW FEW NONE NONE 4.5 4 .6  4.7 4.8 ± 0 .09

P V C 4.86
( C l ) NONE FEW FEW NONE NONE 4.7 4 .9  5 ± 0 .10

P V C 4 91
( D l ) NONE FEW FEW NONE NONE 4.7 4 .9  5 ±0.10

PE T G 4.84
( C l ) NONE FEW FEW NONE NONE 4.7 4.8  4 .9  5 ±0.09

PE T G 4.79
( D l ) NONE FEW FEW NONE NONE 4.8 4 .9  5 ±0.13
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Table 4.5 Visual inspection and functionality checking of cards after short term
contamination test after 2nd cycle

M ateria ls

D e fe c ts  for  v isu a l in sp e c tio n  after 2 nd 
c y c le

F u n ctio n a lity  c h e c k in g ,  
M ax. d ista n ce  
after 2 nd c y c le

(M is s io n  p ro file ;  C 2 and D 2 )

Ye
llo

wn
es

s*
*

M
att

ed
* **

St
ain

 S
cr

atc
h

W
ar

pa
ge

Cr
ac

k

D is ta n c e  (c m ) X

P C -S T D
(C 2 )  • A L L  FEW FEW NONE NONE 4 4.1 4 .2  4.3

4.13
±0.12

P C -S T D
( D 2 ) - A L L  FEW FEW NONE NONE 4 4.1 4 .2  4.3

4.18
±0.08

P V C
(C 2 j A L L  FEW FEW NONE NONE 3.9  4 .0  4.1 4.2 4.3

4.12
±0.14

P V C
(D 2 ) A L L  FEW FEW NONE NONE 4 .0  4.1 4 .2  4.3

4.20
±0.07

PE T G
(C 2 ) A L L  FEW FEW A L L  NONE 4.5 4.6

4.52
±0.04

PE T G
(D 2 ) A L L  FEW FEW A L L  NONE 4.5 4.6

4.51
±0.03

* M att fro m  c h e m ic a ls  an d  so fte n e r  s to r a g e  on  b o th  s id e  o f  card ,
** Y e l lo w n e s s  from  u v  lig h t on  b o th  s id e  o f  card
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Long Term Contamination
T h is  te s t  w a s  d iv id e d  in to  2  parts. T h ere  is  first te st  b y  sa lt  sp ray  te s t  and  

se c o n d  b y  a r tif ic ia l p ersp ira tio n  test.
>  S a lt S p ray  T est

A ll card s w e r e  te ste d  w ith  th e sa lt sp ray  te ster  b y  ex tern a l 
la b o ra to ry  (C a lse r v e  T h a ila n d ) C o ., L td .). T h e  p h o to g r a p h s  o f  ca rd s b e fo r e  and a fter  
te s t in g  are sh o w n  in  F ig u r e s  4 .9  and 4 .1 0 .

F ig u r e  4 .9  C ard s b e fo r e  sa lt  sp ray  test.

F ig u r e  4 .1 0  C ard s a fter  sa lt sp ray  test.
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>  A r tif ic ia l P ersp ira tio n  T e s t
A fte r  sa lt  sp ray  te s t , th e  card s w e r e  im m e r se d  in  a lk a lin e  

so lu t io n  for  2 4  hr. and th en  for  ac id  s o lu t io n  for  2 4  hr. T h e  d e ta il is  s h o w n  in  T a b le
4 .6 - 4 .7 .

Table 4.6 V isu a l in sp e c t io n  and fu n c t io n a lity  c h e c k in g  o f  ca rd s a fter  lo n g  term  
c o n ta m in a tio n  te st  a fter 1 st c y c le

F u n ctio n a lity  ch e c k in g ,

D e fe c ts  for  v isu a l in sp ec tio n  after 1sl c y c le
M a x . d is ta n ce  
after  f  c y c le

M ateria ls (M is s io n  p ro file ;  C l  and D l )

**C/5 _co

Ye
llo

wn
e;

M
att

ed
* น

c/5
G

บา W
ar

pa
ge

น
น,0

D is ta n c e  (c m ) X

P C -S T D 4 .5 9
( C l ) NONE FEW FEW NONE NONE 4 .5 " 4 .6  4 .7 4 .8

± 0 .0 3
P C -S T D 4 .6 9

( D l ) NONE FEW FEW NONE NONE 4 .5 4 .6  4 .7
± 0 .0 6

P V C
4 .8

4 .8 6
( C l ) NONE FEW FEW NONE NONE 4 .9  5

± 0 .0 8
P V C 4 .9 1
( D l ) NONE FEW FEW NONE NONE 4 .7 4 .8  4 .9 5

± 0 .0 4
P E T G 4 .8 2
( C l ) NONE FEW FEW NONE NONE 4 .7 4 .8  4 .9 5

± 0 .0 8
P E T G

4 .7
4 .8 4

( D l ) NONE FEW FEW NONE NONE 4 .8  4 .9
± 0 .0 9
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Table 4.7 Visual inspection and functionality checking of cards after long term
contamination test after 2nd cycle

F u n c tio n a lity  c h e c k in g ,
D e fe c ts  for v isu a l in sp ec tio n  after 2 nd M a x . d is ta n ce

c y c le a fter  2 ๗ c y c le

M ateria ls (M is s io n  p ro file ;  C 2  and  D 2 )

**CO ระน
aia ร

W
ar

pa
ge D is ta n c e  (c m ) X

%b "ba>
1
ร ๊

GO
:IGO Cr

ac
k

PC-STD
4.1 4.2 4.3 4.4  4.5

4 .2 4
(C2) ALL FEW FEW N O N E NO NE ± 0 .1 0 .

PC-STD 4.2 4.3 4.4 4.5
4 .2 7  •

(D 2) ALL FEW FEW NO NE NO NE ± 0 .0 7
PVC 4.4 4.6 4.7 4.9

4 .8 4  .
(C2) ALL FEW FEW N O N E NO NE ± 0 .1 6
PVC 4.4 4.5 4.6 4.8

4 .81
(D 2) ALL FEW FEW N O N E NO NE ± 0 .1 2

PE I G 4.6 4.7 4.8 4.9
4 .7 3

(C2) ALL FEW FEW ALL NO NE ± 0 .0 9
PETG 4.6 4.7 4.8

4 .8 1
(D 2) ALL FEW FEW ALL NO NE ± 0 .0 9

* Matt from chemicals and softener storage on both side of card,
** Yellowness from uv light on both side of card
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T h is  part is  for e v a lu a t in g  card  r e s is ta n c e  to  th e  d a m a g in g  e f fe c t s  o f  
p la st ic iz e r s . A fte r  te st in g  at 2 nd c y c le  test , fu n c t io n a lity  c h e c k in g  d is ta n c e s  o f  all 
card s w e r e  lo w e r  co m p a red  to  th o se  o f  1st c y c le .  T h e  d eta il is  sh o w n  in  T a b le  4 .6 .

Table 4.8 V isu a l in sp e c tio n  and  fu n c t io n a lity  c h e c k in g  o f  card s a fter  so fte n e r  
s to r a g e  te st  a fter  1 st c y c le

2nd step: Softener Storage

M a ter ia ls

D e fe c ts  for v isu a l in sp ec tio n  after l sl 
c y c le

F u n ctio n a lity  c h e c k in g ,  
Max. d ista n ce  
after T1 c y c le

(M is s io n  p ro file ;  C l  and D l )

Ye
llo

wn
es

s*
*

M
att

ed
*

St
ain

 S
cr

atc
h

W
ar

pa
ge

Cr
ac

k

D is ta n c e  (cm ) X

P C -S T D 4 .3 8
N O N E F E W F E W N O N E N O N E 4.1 4 .2 4 .3 4 .4

( C l ) ± 0 .0 7

P C -S T D 4 .3 7
N O N E F E W F E W N O N E N O N E 4 .2 4 .3 4 .4 4 .5

( D l ) ± 0 .0 9

P V C 4 .8 0
N O N E F E W F E W N O N E N O N E 4 .4 4 .6 4 .7 4 .9

( C l ) ± 0 .1 9

P V C 4 .9 0
N O N E F E W F E W N O N E N O N E 4 .9

( D l ) ± 0 .0 0

P E T G 4 .7 7
N O N E F E W F E W N O N E N O N E 4 .6 4 .7 4 .8 4 .9

( C l ) ± 0 .0 5

P E T G 4 .8 2
N O N E F E W F E W N O N E N O N E 4 .6 4 .7 4 .8 4 .9

( D l ) ± 0 .0 8
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Table 4.9 Visual inspection and functionality checking of cards after softener
storage test after 2nd cycle

F u n ctio n a lity  c h e c k in g ,
D e fe c ts  for v isu a l in sp ec tio n  after 2 nd M ax. d is ta n ce

c y c le after 2 nd c y c le

M ateria ls (M iss io n  p ro file ; C 2  and D 2 )

* ระ(ร) น
<3c

ปี <u D ista n ce  (c m ) X% ’ปี oom๐ CL>B c & ะ*Ü"ร£
ปี

2
ปี

นที
ปี ปี

น
P C -S T D 4 .3 7

(C 2 ) A L L F E W F E W N O N E N O N E 4.1 4 .2 4 .3 4 .4  4 .5
± 0 .0 6

P C -S T D
4 .2 4 .4 4 .5

4 .3 9
(D 2 ) A L L F E W F E W N O N E N O N E 4.1

± 0 .0 7
P V C 4 .8 2
(C 2 ) A L L F E W F E W N O N E N O N E 4 .4 4 .6 4 .7 4 .9

± 0 .1 7
P V C 4 .8 0
(D 2 ) A L L F E W F E W N O N E N O N E 4 .4 4 .5 4 .6 4 .7  4 .8

± 0 .1 2
PE T G 4 .7 4
(C 2 ) A L L F E W F E W A L L N O N E 4 .6 4 .7 4 .8 4 .9

± 0 .0 9
PE T G 4 .8 0
(D 2 ) A L L F E W F E W A L L N O N E 4 .6 4 .7 4 .8 4 .9

± 0 .0 4

* Matt from chemicals and softener storage on both side of card,
** Yellowness from u v  light on both side of card
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T h is  part is  for  d e te r m in in g  th e e f fe c t s  from  e x p o s u r e  o f  th e  ca rd s to  
u ltr a v io le t  ligh t.

3rd step: Treatment with u v  light

Figure 4.11 Q U V  tester .

Testing conditions are
UV ligh t at 313 nm  
Irrad ian ce at 0 .6 8  พ /ท ไ 2 

T em p era tu re  at 35 °c 
T im e  for 7 9 .1 9  m in

A fte r  UV e x p o su r e  in u 'c y c le  test , th e  s lig h t  y e l lo w n e s s  w a s  fo u n d  o n  all PC- 
S T D , PVC, and  PETG.A fte r  u v  e x p o su r e  in  2 ndc y c le  te st  an y  card  m o re  y e l lo w n e s s  
and th e  fu n c t io n a lity  c h e c k in g  d e ta il is  sh o w n  in T a b le  4 .1 0 - 4 .1 1 .
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Table 4.10 Visual inspection and functionality checking of cards after treatment
with u v  light after 1st cycle

M a te r ia ls

D e f e c t s  fo r  v is u a l  in s p e c t io n  a f te r  1st 
c y c l e

F u n c t io n a l i t y  c h e c k in g ,  
M a x . d is t a n c e  

a f te r  l 5' c y c l e
( M i s s io n  p r o f i le ;  C l  a n d  D l )

Ye
llo

wn
es

s*
*

M
at

ted
*

St
ain

 S
cr

at
ch

W
ar

pa
ge

Cr
ac

k

D i s t a n c e  ( c m ) X

P C - S T D 4 .2 7
F E W F E W F E W N O N E N O N E 4 4 .1 4 . 2 4 .3

( C l ) ± 0 . 0 7

P C - S T D 4 .2 4
F E W F E W F E W N O N E N O N E 4 4 .1  - 4 . 2

( D 1 ) ± 0 . 0 9

P V C 4 .4 5
F E W F E W F E W N O N E N O N E 4 . 2 4 .3 4 . 4 4 . 5  4 . 6

( C l ) ± 0 . 0 9

P V C 4 .4 9
F E W F E W F E W N O N E N O N E 4 . 2 4 .3 4 . 4 4 . 5  4 . 6

( D l ) ± 0 .0 2

P E T G 4 .7 2
F E W F E W F E W F E W N O N E 4 . 5 4 . 6 4 . 7 4 . 8

( C l ) ± 0 .1 3
P E T G 4 .7 3

F E W F E W F E W F E W N O N E 4 .5 4 . 6 4 . 7 4 . 8
( D l ) ± 0 .1 0
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Table 4.11 Visual inspection and functionality checking of cards after treatment
with u v  light after 2nd cycle

F u n ctio n a lity  c h e c k in g ,
D e fe c ts  for v isu a l in sp e c tio n  after 2 nd M a x . d is ta n ce

c y c le after 2 nd c y c le

M ateria ls (M is s io n  p ro file ;  C 2 and D 2 )

** o
ช ิ-G 03นุ <1>พ) D is ta n c e  (c m ) X
รัะ’ 'ปี tr>JO- ชิts G B- o

ะ เ
03

So
03 03

น ิ
P C -S T D

4 .1 4 .2 4 .3
4 .3 2

(C 2 ) ALL FEW FEW NO NE NO NE ± 0 .1 4
P C -S T D

4 .2 4 .3
4 .3 0

(D 2 ) ALL FEW FEW NO NE NO NE 4 4 .1
± 0 .0 9

P V C
4 .7 4 .9 5

4 .7 5
(C 2 ) ALL FEW FEW NO NE NO NE ± 0 .0 9
P V C

4 .7 4 .9
4 .7 2

(D 2 ) ALL FEW FEW NO NE NO NE 5
± 0 .0 6

P E T G 4 .3 5
(C 2 ) ALL FEW FEW ALL NO NE 4 .3 4 .4 4 .5 4 .6

± 0 .0 9
P E T G 4 .3 4
(D 2 ) ALL FEW FEW ALL NO NE 4 .2 4 .3 4 .4 4 .5

± 0 .0 9

* Matt from chemicals and softener storage on both side of card,
** Yellowness from uv light on both side of card
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T h e  card s w e r e  te s te d  for  th erm al s to r a g e  at 5 0 ± 3  ° c  an d  9 3 ± 3  % R H  for 4 8  
h ou rs in o v e n  to  e s ta b lish  a g e in g  o f  th e  card s at e le v a te d  tem p era tu re  and  h u m id ity .  
A fte r  that, a ll card s w e r e  reta in ed  in  th e  c o n d it io n in g  e n v ir o n m e n t for 4  h o u rs . A n d  
th en , th e  ca rd s w e r e  te s te d  for d y n a m ic  b e n d in g  to  d e te r m in e  m e c h a n ic a l or 
fu n c tio n a l e f fe c t s  o f  b e n d in g  s tre ss  in  th e  card s. F or  th e d y n a m ic  b e n d in g  te st , a 
n u m b er  o f  b e n d in g  d e p e n d s  on  d u ra b ility  c la s s  a s  sh o w n  in  T a b le  4 .1 2 .

T a b le  4 .1 2  N u m b e r  o f  b e n d in g  for  e a c h  d u ra b ility  c la s s

4lh step: Thermal Storage and Dynamic Bending Test

D u r a b i l i ty  c la s s N o . o f  b e n d in g

A 1 0 0 0

B 2 0 0 0

c 3 0 0 0

D 4 0 0 0

F in a lly , th e  v isu a l in sp e c t io n  and fu n c t io n a lity  c h e c k in g  a fter  d y n a m ic  
b e n d in g  te st  and  th erm a l s to ra g e  te st  w e r e  sh o w n  in  th e  T a b le  4 .1 3 - 4 .1 4 .
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Table 4.13 V isua l inspection and fu n c tio n a lity  check ing  o f  cards a fte r therm al

storage and dynam ic bending test after 1st cyc le

M a te r ia ls

D e f e c t s  fo r v is u a l  in s p e c t io n  a fte r  1 st 
c y c l e

F u n c t io n a l i t y  c h e c k in g ,  
M a x . d is t a n c e  

a f te r  1s* c y c l e
( M i s s io n  p r o f i le ;  C l  a n d  D l )

* ระCO o
รa 2o a> D is t a n c e  ( c m ) X% TD CO6 «นิ£ _c e - ะ*o> a ■ 2บวี ฐ ิ

น
P C - S T D 4 .2 1

F E W F E W F E W N O N E N O N E 4 4 .1  4 . 2  4 .3 .
( C l ) ± 0 . 1 0

P C - S T D 4 .2 5
F E W F E W F E W N O N E N O N E 4 4 .1  4 . 2  4 : 3

( D l ) ± 0 . 0 7

P V C 4 .1 1
F E W F E W F E W N O N E N O N E 3 . 9 4  4 .1  4 . 2  4 .3

( C l ) ± 0 . 1 9

P V C 4 .1 6
F E W F E W F E W N O N E N O N E 4 4 .1  4 . 2  4 . 3

( D l ) ± 0 .1 8

P E T G 4 .5 5
F E W F E W F E W A L L N O N E 4 . 5 4 . 6

( C l ) ± 0 . 0 5
P E T G 4 .5 6

F E W F E W F E W A L L N O N E 4 . 5 4 . 6
( D l ) ± 0 .0 5
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Table 4.14 V isua l inspection and fu n c tio n a lity  check ing  o f  cards after therm al

storage and dynam ic bending test 2nd cycle

M ateria ls

D e f e c t s  fo r  v is u a l  in s p e c t io n  a f te r  2 nd 

c y c l e

F u n c t io n a l i t y  c h e c k in g ,  
M a x . d is t a n c e  

a f te r  2 nd c y c l e
( M i s s io n  p r o f i le ;  C 2  a n d  D 2 )

Ye
llo

wn
es

s*
*

M
at

ted
*

St
ain

 S
cr

at
ch

W
ar

pa
ge

Cr
ac

k

D i s t a n c e  ( c m ) X

P C -S T D 4.35
(C 2) A L L F E W F E W N O N E N O N E 4.1 4.2 4.3 4.4 4.5 ±0.10

P C -S T D 4.38
(D 2) A L L F E W F E W N O N E N O N E 4.1 4.2 4.3 4.4 4.5 ±0.06
PV C 4.81
(C 2) A L L F E W F E W N O N E N O N E 4.4 4.6 4.7 4.9 ±0.16
P V C 4.84
(D 2) A L L F E W F E W N O N E N O N E 4.6 4.7 4.8 4.9 ±0.11

P E T G 4.74
(C 2) A L L F E W F E W A L L N O N E 4.6 4.7 4.8 4.9 ±0.10

P E T G 4.79
A L L F E W F E W A L L N O N E 4.5 4.6 4.7(D 2 ) ±0.08

* M a tt from  chem icals and softener storage on both side o f  card,

* *  Y e llow ness from  u v  lig h t on both side o f  card
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T h e  ca rd s  w e re  te s ted  fo r U S  p o sta l te s t to  d e te rm in e  m ech an ica l e ffe c ts  o f  
b e n d in g  s tre ss  in  th e  ca rd s. T h e  v isu a l in sp ec tio n  an d  fu n c tio n a lity  c h e c k in g  a f te r  U S  
p o sta l te s t w ere  sh o w n  in the  T ab le  4 .1 5 -4 .1 6 .

Table 4 .1 5  V isu a l in sp ec tio n s  an d  fu n c tio n a lity  ch e c k in g  a f te r  U S  p o sta l te s t a fte r 
l sl cy c le

5th step: US Postal test (Tensile Test)

F u n c t io n a l i t y  c h e c k in g ,
D e f e c t s  fo r v is u a l  in s p e c t io n  a fte r  l sl M a x . d is t a n c e

c y c l e a fte r 1st c y c l e

M ate ria ls ( M i s s io n  p r o f i le ;  C l  a n d  D l )

* _cน
รc? *"b

2oc7) <น ช!) D is t a n c e  ( c m ) X
ร Ô3£ c e - น"ร

£
cd
ร £นา cdu.

น
P C -S T D

4 .1  4 . 2 4 .3
4 .1 8

( C l ) F E W F E W F E W N O N E N O N E 4
± 0 . 1 2

P C -S T D
4 .1  4 . 2 4 . 3

4 .2 5

( D l ) F E W F E W F E W N O N E N O N E 4
± 0 . 0 8

P V C 4 .1 1

( C l ) F E W F E W F E W N O N E N O N E 3 . 9 4 . 0  4 .1 4 . 2  4 .3
± 0 . 1 8

P V C 4 .1 7

( D l ) F E W F E W F E W N O N E N O N E 4 . 0 4 .1  4 . 2 4 .3
± 0 . 1 7

P E T G
4 .5 4 . 6

4 .5 3

( C l ) F E W F E W F E W A L L N O N E ± 0 . 0 4

P E T G
4 . 5 4 . 6

4 .5 2

( D l ) F E W F E W F E W A L L N O N E ± 0 . 0 4
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Table 4.16 V is u a l inspections and fu n c tio n a lity  check ing  a fter US postal test 2nd

cyc le

M a te ria ls

D e f e c t s  fo r  v is u a l  in s p e c t io n  a fte r  2 nd 

c y c l e

F u n c t io n a l i t y  c h e c k in g ,  
M a x . d is t a n c e  

a fte r  2 nd c y c l e
( M i s s io n  p r o f i le ;  C 2  a n d  D 2 )

Ye
llo

wn
es

s*
*

M
at

ted
*

St
ain

 S
cr

at
ch

W
ar

pa
ge

Cr
ac

k

D i s t a n c e  ( c m ) X

P C -S T D
(C 2 ) A L L  F E W  F E W  N O N E  N O N E 4  4 .1  4 . 2  4 .3

4 .2 6
± 0 . 0 7

P C -S T D
(D 2 ) A L L  F E W  F E W  N O N E  N O N E 4 .1  4 . 2  4 .3

4 .2 5
± 0 . 0 9

P V C
(C 2 ) A L L  F E W  F E W  N O N E  N O N E 3 . 9  4 . 0  4 .1  4 . 2  4 . 3

4 .1 7
± 0 . 1 6

P V C
(D 2 ) A L L  F E W  F E W  N O N E  N O N E 3 . 9  4 . 0  4 .1  4 . 2  4 .3

4 .2 3
± 0 .2 5

P E T G
(C 2 ) A L L  F E W  F E W  A L L  N O N E 4 . 5  4 . 6

4 .5 2
± 0 . 0 4

P E T G
(D 2 ) A L L  F E W  F E W  A L L  2 p c s 4 . 5  4 . 6

4 .5 1
± 0 . 0 4

* M a tt from  c h e m ic a ls  and  so f te n e r  s to rag e  on  b o th  s id e  o f  ca rd ,
** Y e llo w n e ss  fro m  u v  ligh t on  b o th  s id e  o f  ca rd
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4.4.4 Color Difference
The surface degradation of plastic card was characterized by color 

changing, defined as the color measurement, after testing in accelerated weathering 
conditions. The tests were performed accordance with ASTM D 65 using a 
colorimetric spectrophotometer (Miniscan XE Plus, Hunter lab Co.) illuminant D65, 
in angle 45.

The total color difference value (AE) of the reference cards and the 
tested cards was shown in Table 4.17 and Figure 4.12.

After the 2nd cycle testing, the PVC, PC-STD and PETG cards in 
mission profile C2have total (AE) about 7.7, 4.7 and 3.7, respectively. In term of 
mission profile D2, PVC has the highest of color difference value ((AE -  7.6) while 
PC-STD and PETG have about 4.5 and 3.1, respectively. The reason was that all of 
plastic card degraded by photolysis to give changed in color difference and they are 
not inherently UV-stable, meaning they will yellow when exposed to the uv for long 
periods of time (Mikiya Ito et al., 2000).

10

8

6 
พ

ไนิ 4 O
2

0

R e f e r e n c e  c a r d  P V C  P C - S T D  P E T G

T ypes of plastic ca rd s

•  M ission profile C2
o  M ission profile D2

Figure 4.12 The total color difference (AE) versus the types of plastic cards.
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Table 4.17 The color changes of plastic card before and after testing

Materials Cycle Average color value Total color 
difference

AL* Aa* Ab* AE
P V C  r e f e r e n c e - 0 0 0 0
P V C  m is s i o n  p r o f i l e  C 2 2 -1.385 -2.108 7.265 7.707
P V C  m is s i o n  p r o f i l e  D 2 2 -1.030 -2.098 7.227 7.612
P C - S T D  r e f e r e n c e - 0 0 0 0
P C - S T D  m is s i o n  p r o f i l e  C 2 2 -0.634 -1.244 4.530 4.740
P C - S T D  m is s i o n  p r o f i l e  D 2 2 -0.370 -1.162 4.364 4.531
P E T G  r e f e r e n c e - 0 0 0 0
P E T G  m is s i o n  p r o f i l e  C 2 2 -1.878 -0.800 3.042 3.663
P E T G  m is s i o n  p r o f i l e  D 2 2 -1.442 -0.824 2.674 3.148

4.4.5 Lifetime Prediction
The plastic cards were guaranteed by logical functionality. The 

logical functionality is the data storage on the chip which measures by RFID (Radio
frequency identification). The detail shows in Table 4.17.

Table 4.18 The lifetime prediction of each mission profile by the functionality

Mission Profile Lifetime
Prediction PC-STD PVC PETG

mission profile C2 10 years Pass 100% Pass 100% P a s s  * ,* *  9 0 %

mission profile D2 3 years Pass 100% Pass* 100% P a s s  V *  7 0 %

* Sample was observed crack ** Sample was fractured

The results showed the observation of functionality checking of their 
plastic cards show insignificant changing in functionality checking (max. distance). 
The plastic card was cracked after testing which also read the functionality until it’s 
fractured.
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Table 4.19 The lifetime prediction of each mission profile by the appearance

Mission Profile Lifetime
Prediction PC-STD PVC PETG

mission profile C2 10 years Pass 100% Pass 100% Pass V *  30%
mission profile D2 3 years Pass 100% Pass* 90% Pass V *  10%
* Sample was observed crack ** Sample was fractured

The Table 4.19 showed the lifetime prediction of each mission profile 
by the appearance which decided by cracking on surface of plastic card.

It can be concluded that PETG (mission profile Cl and Dl) did not 
pass the one cycle testing after characterize by appearance. Therefore, the lifetime 
predictions of PETG (Cl and Dl) are only 1 year. After pass the retested cycle for 
two times, PVC of mission profile D2 was generated the cracking. So, the lifetime 
predictions of PVC were fallen into only 5 years. In case of PC-STD cards, they can 
guarantee for 10 years after passed two cycles testing in normal condition. In term of 
severe condition, only PC-STD was found the lifetime for 3 years.

4.5 Conclusions

All of cards changed in high total color difference value (AE) after testing. 
The PC and PVC image shows the scratch on the surface but PETG shows voids and 
crack on the surface due to the expose to uv ray and mechanical bending. Thus, PC- 
STD and PVC cards can guarantee the lifetime of 10 years in normal condition while 
PETG can guarantee the service life time only 1 year. In term of severe condition, 
only PC-STD was found the lifetime for 3 years.
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