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CHAPTER IV
RESULTS AND DISCUSSIONS

4.1 Thermal Properties

T h erm a l s ta b ility  w a s  d e te r m in e d  b y  D S C . M e lt in g  tem p era tu re  and  
h ea t o f  fu s io n  w e r e  in v e s t ig a te d  b y  o p era ted  u n d er  th e  tem p era tu re  p ro g ra m  
w h ic h  w a s  re p e a te d  5 c y c le s  c o n t in u o u s ly . E a c h  c y c le  w a s  h e a t u p  fro m  30°c 
to  160°c at a rate o f  10°c p er  m in u te  an d  c o n ta in e d  at iso th e r m a l tem p era tu re  
fo r  f iv e  m in u te s . A fte r  that, th e  sa m p le s  w e r e  c o o le d  d o w n  to  30°c at th e  sa m e  
rate. T h e r e  w e r e  3 le v e ls  o f  %  in k  r e m o v a l fro m  su r fa c e s  in  th is  w o r k  w h ic h  
w e r e  0 , 5 0  a n d  1 00% . In e a c h  le v e l  c o m p o s e d  o f  2  ty p e  o f  s a m p le s  w h ic h  
w e r e  th e  v ir g in  p la s t ic , th e  p o r tio n  o f  th e  b o tt le  that c o n ta in  n o  p rin t in k  o n , 
an d  th e  p r in ted  p la s t ic , th e  p o r tio n  o f  th e  b o tt le  that c o v e r  w ith  p r in ted  ink .

4 .1 .1  M e lt in g  T em p era tu re
M e lt in g  tem p era tu re  o f  b o th  v ir g in  an d  p r in ted  H D P E  at 0 , 5 0  

an d  1 0 0 %  in k  r e m o v a l fro m  su r fa c e s  are s h o w n  in  F ig u r e  4 .1  F ro m  th is  
f ig u r e , th e  f ir s t  c y c le  o f  tem p era tu re  p ro g ra m  r ep resen ts  th e  o r ig in a l m e lt in g  
tem p era tu re  o f  sa m p le . A l l  m e lt in g  tem p era tu res  v a ry  in  a ra n g e  o f  1 3 1 .5 -  
1 3 2 .1 6 6 ° c  w h ic h  is  a sm a ll d e v ia t io n . T h is  ra n g e  o f  m e lt in g  tem p era tu re  is  
le s s  th a n  th e  u n p r o c e s se d  H D P E  ’ร m e lt in g  tem p era tu re , 1 3 4 ° c .  T h a t m ig h t b e  
a r e su lt  o f  th e  h is to r y  trea ted  o f  m a ter ia ls

F o r  u n r e m o v a l in k  fro m  su r fa c e s  c o n d it io n , th e  p r in ted  H D P E  
s h o w s  a s im ila r  m e lt in g  tem p era tu re  a s  th e  v ir g in  H D P E . T h r e e  c o n d it io n s  o f  
p e r c e n ta g e  o f  in k  r e m o v a l fro m  su r fa c e s  w h ic h  w e r e  0 , 5 0  an d  1 00%  e x h ib it  
th e  u n ifo r m  v a lu e s  o f  m e lt in g  tem p era tu re  fo r  b o th  v ir g in  a n d  p r in ted  ty p e s  o f  
s a m p le s  S in c e  th e  1 s e c o n d  c y c le  o f  tem p era tu re  p ro g ra m  re p r e se n t m e lt in g  
tem p era tu re  o f  p la s t ic  w ith o u t  its  h is to r y . F ro m  F ig u r e  4 .1 ,  a ll s a m p le s  d o  n o t
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s h o w  th e  s ig n if ic a n t  c h a n g e s  o f  m e lt in g  tem p era tu re  a fter  trea ted  w ith  5 t im e s  
o f  th e  e x p e r im e n ta l p ro ced u re .

M e lt in g  tem p era tu re  o f  b o th  v ir g in  an d  p r in ted  w ith o u t  d e in k in g  
after  5 t im e s  o f  r e -e x tr u s io n  are o b se r v e d  in  F ig u re  4 .2 .  T h e  first c y c le  o f  
tem p era tu re  p ro g ra m  in d ic a te  th e  in c r e a s in g  o f  m e lt in g  tem p era tu re  in b o th  
v ir g in  an d  p r in ted  p la s t ic  a fter  5 t im e s  o f  r e p r o c e ss in g . F ro m  th e  s e c o n d  to  th e  
fifth  c y c le ,  th ere  is  n o  s ig n if ic a n t  o b se r v e d  in  c h a n g in g  o f  th e  v ir g in  and th e  
p r in ted  H D P E  a fter  th e  s a m p le s  w e r e  trea ted  w ith  5 t im e s  o f  r e -e x tr u s io n s .

□  1 032 0 3  D 4  0 5
n u m b er  o f  c y c le s

1 3 3 .5  

G  133
1 3 2 .5

I  3 1 32  
I  1 3 1 .5  

I  131 
I  1 3 0 .5  

1 3 0
1 2 9 .5

v ir g in  p r in ted  v ir g in  p r in ted  v ir g in  p rin ted
0%  d e in k e d 50%  d e in k e d 1 00%  d e in k e d

Figure 4.1 M e lt in g  tem p era tu re  o f  re -ex tru d ed  H D P E  at 0 , 5 0  an d  100%  in k  
r e m o v a l fro m  su r fa c e s .
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Figure 4 .2  M e lt in g  tem p era tu re  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  after  5 
t im e s  o f  r e -e x tr u s io n s .

4 .1 .2  P e r c en t o f  C r y s ta llin ity
P e r c en t o f  c r y s ta ll in ity  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  at 0 , 

5 0  an d  1 00%  r e m o v a l in k  fro m  su r fa c e s  are s h o w n  in  F ig u r e  4 .3 .  T h e  re su lts  
s h o w  th at a fter  th e  first c y c le  o f  e v e r y  s a m p le s  e x h ib it  th e  o r ig in a l  
% c r y sta llin ity  o f  m a ter ia ls . A t  0%  d e in k e d  fro m  su r fa c e s  c o n d it io n , th e  
p r in ted  H D P E  e x p o s e s  th e  lo w e r  %  c r y s ta llin ity  th an  th e  v ir g in . T h is  m ig h t  b e  
a r e su lt  fr o m  in k  c o n ta m in a t io n  c a u se d  th e  im p e r fe c t io n  o f  c r y s ta l stru ctu re  o f  
H D P E . T h e  r e su lts  o f  th e  v ir g in  s a m p le s  at 0 , 5 0  an d  1 0 0 %  in k  r e m o v e d  from  
su r fa c e s  s h o w  a lm o s t  th e  s im ila r  v a lu e s  in  a ra n g e  o f  6 6 .2 7 - 6 7 .2 7 %  w h ic h  is  a 
v e r y  sm a ll d e v ia t io n . T h e  p r in ted  sa m p le s  at 0 , 5 0  an d  1 0 0 %  d e in k e d  from  
su r fa c e s  in d ic a te  th e  in c r e a s in g  %  c r y s ta ll in ity  o f  6 3 .8 1 ,  6 5 .2 6  an d  6 6 .7 9 %
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r e s p e c t iv e l l .  T h e s e  le v e l  o f  c r y s ta ll in ity  c o r r e sp o n d  to  th e  a m o u n t o f  res id u a l  
in k  o n  H D P E  su r fa c e s , th e  le s s  a m o u n t o f  c o n ta m in a te  in k , th e  h ig h e r  o f  % 
c r y s ta llin ity . T h ere  is  n o  s ig n if ic a n t  c h a n g e s  in  % c r y s ta llin ity  o f  s a m p le s  from  
th e  e x p e r im e n t  w h ic h  start fro m  th e  s e c o n d  c y c le  o f  tem p era tu re  p rogram . 
F ro m  %  c r y s ta ll in ity  an d  m e lt in g  tem p era tu re  r e su lts  s in c e  th e  s e c o n d  c y c le  o f  
th e  tem p era tu re  p ro g ra m  m e a n  a ll sa m p le s  d id  n o t e x p o s e d  th e  s ig n if ic a n t  
c h a n g e s  in  th erm a l d eg ra d a tio n .

F ig u r e  4 .4  p r e se n ts  %  c r y s ta llin ity  o f  5 p a s s e s  r e -e x tru d e d  v ir g in  
an d  th e  p r in te d  H D P E  w ith o u t  d e in k in g . It in d ic a te s  th e  %  c r y s ta ll in ity  o f  b o th  
v ir g in  an d  p r in ted  H D P E  in c r e a se  1 .6 5  an d  5 .7 0 %  r e s p e c t iv e ly  a fter  5 t im e s  o f  
r e p r o c e s s in g . D o y a n  e t  a l .  ( 1 9 9 4 )  o b se r v e d  th at c r y s ta ll in ity  is  h ig h e r  a fter  10 
c y c le s  th an  1 c y c le  o f  r e -e x tru s io n . T h e y  a lso  c o n c lu d e d  th a t b o th  ch a in  
s c is s io n  an d  c r o s s l in k in g  o ccu rred  s im u lta n e o u s ly  d u r in g  e x tr u s io n . C h an  
s c is s io n  w a s  th e  d o m in a n t fa c to r  fo r  th e  first c y c le  an d  c r o s s l in k in g  ta k e  o v e r  
after  a w h ile  b e c a u s e  th e  a c c u m u la t io n  o f  free  ra d ica l d u r in g  e x tr u s io n .

133.5
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E31 ฒ2 อ3 ๐4 ร5
g  133

«พ!.'- BE «แร;'. m 
v ir g in  p rin ted

m.พ์:> m mพ.' m 
v ir g in  p r in ted

_ 5 ■ ร! £ 
v ir g in  p rin ted
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Figure 4 .3  P e r c en t o f  c r y s ta ll in ity  o f  r e -ex tru d ed  H D P E  at 0 , 5 0  an d  100%  
in k  r e m o v e d  fro m  su r fa c e s .
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Figure 4.4 P e r c en t o f  c r y s ta ll in ity  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  after  5 
t im e s  o f  r e -e x tr u s io n s .

4 .1 .3  D e c o m p o s it io n  T em p era tu re
T h e  r e su lts  o f  d e c o m p o s it io n  tem p era tu re  o f  b o th  v ir g in  and  

p rin ted  H D P E  at 0, 50 an d  100 %  in k  r e m o v a l fro m  su r fa c e s  p r e se n t  in F ig u re  
4 .5 .It is  o b se r v e d  th a t d e c o m p o s it io n  tem p era tu re  o f  a ll m a te r ia ls  v a r y  in  th e  
ra n g e  o f  4 3 2  to  445°c. T h is  v a lu e s  are n o t s ig n if ic a n t  d if fe r e n t  fro m  th e  ra n g e  
o f  H D P E  ’ ร d e c o m p o s it io n  tem p era tu re  w h ic h  is  335-450°C (M a r H ,1 9 8 6 ) .  
M o r e o v e r , th e  r e su lts  fro m  T G A  a s sh o w n  in  th e  a p p e n d ix  c  a ls o  in d ic a te  that 
th ere  is  o n ly  H D P E  c o m p o n e n t  in  e a c h  sa m p le s . It c o u ld  b e  im p lie d  that th e  
a m o u n t o f  in k  is  v e r y  sm a ll w h e n  c o m p a r e d  to  th e  a m o u n t o f  p la s t ic .

F ig u r e  4 .6  s h o w s  d e c o m p o s it io n  tem p era tu re  o f  5 p a s s e s  re 
e x tru d ed  v ir g in  a n d  p r in ted  H D P E  w ith o u t  d e in k in g . B o th  c a s e s  p r e se n t th e  
s l ig h t ly  h ig h e r  d e c o m p o s it io n  tem p era tu re  a fter  5 t im e s  o f  r e -e x tru s io n . B u t

I  ' เจ 6 G
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th e y  are s t ill  in  th e  ra n g e  o f  3 3 5 -4 5 0 ° C .H o w e v e r , it c o u ld  b e  im p lie d  that th e se  
m a te r ia ls  c a n  b e  p r o c e s s e d  at h ig h  tem p era tu re  p r o c e s s in g  c o n d it io n  (3 0 0  °C ) 
w ith  sm a ll e f f e c t  o f  th erm a l d e c o m p o s it io n .

H  v ir g in  p la s t ic  ■  p rin trd  p la s t ic

Figure 4.5 D e c o m p o s it io n  tem p era tu re  o f  r e -e x tru d e d  H D P E  at 0 , 5 0  and  
1 00%  in k  r e m o v e d  fro m  su r fa c e s .
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5 0 0  

4 5 0  

4 0 0  

3 5 0  

3 0 0
v ir g in  p la s t ic  p r in ted  p la s t ic

H  1 p a s s  ■  5 p a ss

Figure 4.6 D e c o m p o s it io n  tem p era tu re  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  
a fter  5 t im e s  o f  r e -e x tr u s io n s .
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4.2 Mechanical Properties

T h e  sa m e  se r ie s  o f  s a m p le s  in th erm a l s ta b ility  w e r e  te s t  in  th e  
m e c h a n ic a l p r o p e r tie s  te s t in g .

4 .2 .1  T e n s i le  S tren g th
F ig u r e  4 .7  s h o w s  te n s i le  s tren g th  o f  b o th  v ir g in  an d  p r in ted  re 

e x tr u d e d  H D P E  at 0 , 5 0 , a n d  1 00%  in k  r e m o v a l fro m  s u r fa c e s  c o n d it io n s . It is  
fo u n d e d  th a t th ere  is  n o  tren d  s h o w n  in  F ig u r e 4 .7 . T e n s i le  s tren g th  v a lu e s  
c h a n g e  in  th e  n a rro w  ra n g e  o f  c a  2 7  to  31 M P a . A ll  t e n s i le  s tr e n g th s ’ m a ter ia ls  
are le s s  th a n  th e  o r ig in a l in  th e  ra n g e  o f  8 -2 0 % . T h is  sm a ll r e d u c in g  m a y  b e  
d u e  to  th e  h is to r ie s  o f  m a ter ia ls . F o r  u n r e m o v a l o f  in k  c o n d it io n , th e  p rin ted  
an d  th e  v ir g in  p la s t ic  s h o w  v e r y  c lo s e  v a lu e s  to  e a c h  o th er . T e n s i le  s tren g th  o f  
th e  v ir g in  p la s t ic  at 3 le v e ls  o f  in k  r e m o v a l fro m  su r fa c e s  e x h ib ite d  that te n s i le  
stren g th  at u n r e m o v a l o f  in k  c o n d it io n  is  s l ig h t ly  h ig h e r  th a n  th e  v a lu e s  o f  th e  
v ir g in  p la s t ic s  w h ic h  d e in k e d  fro m  su r fa c e s  p la s t ic  b y  th e  c a t io n ic  su rfactan t. 
M o r e o v e r , th e  p r in ted  p la s t ic s  at 5 0  an d  1 00%  in k  r e m o v a l fro m  su r fa c e s  
e x h ib it  th e  s l ig h t ly  lo w e r  t e n s i le  s tren g th s th an  th e  p r in ted  p la s t ic  w ith o u t  
d e in k in g .

F ro m  F ig u r e  4 .8 ,  te n s i le  s tren g th  o f  b o th  v ir g in  a n d  p rin ted  
s a m p le s  w ith o u t  d e in k in g  a fter  5 p a s s e s  o f  e x tr u s io n  are p r e se n te d . T h e  resu lt  
o f  v ir g in  H D P E  fro m  th e  first p a s s  to  th e  fifth  p a ss  c h a n g e s  o n ly  0 .1 3 %  w h ile  
th e  v a lu e s  o f  th e  p r in ted  sa m p le  c h a n g e  o n ly  0 .8 7 %  at th e  sa m e  c o n d it io n . 
T h is  is  c o r r e sp o n d  to  M a llo y  e t a l. ( 1 9 9 8 )  stu d y . T h e y  in d ic a te d  that b o th  
n atu ral an d  w h ite  H D P E  h o m o p o ly m e r  e x h ib it  sm a ll c h a n g e  ( le s s  th an  6 % ) in  
th e  y ie ld  s tren g th  a fter  12 r e c y c le s  h is to r ie s .
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Figure 4 .7  T e n s i le  stren g th  o f  r e -ex tru d ed  H D P E  at 0 , 5 0  an d  100%  ink  
r e m o v e d  fro m  su r fa c e s .
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Figure 4 .8  T e n s i le  s tren g th  o f  th e  v ir g in  a n d  th e  p r in ted  s a m p le s  a fter  5
times of re-extrusions.



30

4 .2 .2  Im p a c t  R e s is ta n c e
Im p a ct r e s is ta n c e  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  at v a r io u s  

%  d e in k e d  fro m  su r fa c e s  are sh o w n  in  F ig u r e  4 .9 . T h e  v a lu e s  o f  a ll im p a ct  
r e s is ta n c e  v a r y  b e tw e e n  1 1 .7 8  to  1 4 .8 2  k J /m 2 w h ic h  is  a  sm a ll ra n g e . A s  
e x h ib its  in  F ig u r e  4 .9 ,  im p a c t r e s is ta n c e  o f  b o th  v ir g in  an d  p r in ted  p la s tic  
ty p e s  w ith o u t  d e in k in g  s h o w  th e  lo w e r  v a lu e s  th an  th e  p r in ted  an d  th e  v irg in  
sa m p le s  w h ic h  are trea ted  w ith  th e  c a t io n ic  su rfa cta n t at 5 0  an d  1 00%  rem o v a l  
o f  in k  fro m  su r fa c e s . Im p a c t r e s is ta n c e  o f  v ir g in  sa m p le  c o r r e sp o n d e d  to  its  
d e g r e e  o f  c r y s ta ll in ity  re su lt  w h ic h  is  th e  h ig h e s t  o n e . A t  h ig h e r  d e g r e e  o f  
c r y s ta ll in ity , im p a c t  stren g th  d e c r e a se  (N e ls e n , 1 9 9 4 ) . O n  th e  o th er  h an d , th e  
r e su lt  o f  th e  p r in ted  H D P E  w ith o u t  d e in k in g  fro m  su r fa c e s  d id  n o t  c o rresp o n d  
to  th e  a b o v e  s ta te m e n t. It m ig h t  b e  b e c a u se  th ere  w e r e  s o m e  a d d it iv e s  p u t in  
th e  p la s t ic s  an d  in k  fo r m u la  th at e f f e c t  im p a c t  r e s is ta n c e  o f  th e  sa m p le .

F ig u r e  4 .1 0  e x h ib its  im p a c t r e s is ta n c e  o f  b o th  v ir g in  an d  p r in ted  
H D P E  w ith o u t  d e in k in g  fro m  su r fa c e s  w h ic h  r e p r o c e sse d  fo r  5 p a s s e s  o f  
e x tr u s io n . It is  fo u n d e d  that b o th  v ir g in  an d  p r in ted  s a m p le s  s h o w  th e  h ig h er  
im p a c t  r e s is ta n c e  a fter  5 p a s s e s  o f  e x tr u s io n . T h e  v ir g in  H D P E  ’ร v a lu e  
p r e se n ts  th e  h ig h e r  v a lu e  th an  th e  p r in ted  H D P E  ’ร v a lu e  a fter  5 t im e s  o f  
r e p r o c e s s in g .
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0%  d e in k e d  50%  d e in k e d  1 0 0 % d e in k e d
Ë3 v ig in  p la s t ic  B l  p r in ted  p la s t ic

F ig u r e  4 .9  Im p a c t r e s is ta n c e  o f  r e -ex tru d ed  H D P E  at 0 , 5 0  an d  100%  ink  
r e m o v a l fro m  su r fa c e s .
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F ig u r e  4 .1 0  Im p a c t  r e s is ta n c e  o f  th e  v ir g in  an d  th e  p r in ted  s a m p le s  after  5
times o f re-extrusions.
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4 .2 .3  H a rd n ess
H a rd n ess  o f  th e  v ir g in  an d  th e  p rin ted  H D P E  at 0 , 5 0 , 100%  ink  

r e m o v e d  fro m  su r fa c e s  are sh o w n  in F ig u re  4 .1 1 .  A l l  sa m p le  e x h ib it  the  
u n ifo rm  v a lu e s  o f  sh o r e  D  in  a ra n g e  o f  6 9 .4 5 - 7 1 .7 5 .  A lth o u g h  a fter  5 t im e s  o f  
r e -e x tr u s io n , th e  h a rd n ess  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  a lso  d o  n ot  
e x h ib it  th e  s ig n if ic a n t  c h a n g e s  in  th e ir  h a rd n ess  as sh o w n  in  F ig u r e  4 .1 2 .

8 0 .0 0
7 0 .0 0
6 0 .0 0  

Q  5 0 .0 0
a  4 0 .0 0

I  3 0 .0 0
20.00
10.00

0%  d e in k e d  50%  d e in k e d  1 0 0 % d e in k e d  

H  v ir g in  p la s t ic  ■  p r i n t e d  p l a s t i c

F ig u r e  4 .1 1  H a r d n e ss  o f  r e -ex tru d ed  H D P E  at 0 , 5 0  an d  1 00%  in k  r e m o v a l  
fro m  su r fa c e s .

8 0 .0 0
7 0 .0 0
6 0 .0 0  

Q  5 0 .0 0
I  4 0 .0 0

£  3 0 .0 0
2 0 . 0 0
10.00

v ir g in  p la s t ic  p r in te d  p la s t ic
[g | 1 p a s s  ■  5 p a s s

F ig u r e  4 .1 2  H a r d n e ss  o f  th e  v ir g in  and th e  p r in ted  s a m p le s  a fter  5 t im e s  o f  
r e -e x tr u s io n s .
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Gecol et al. (1998) po in ted out that in k  contam ination makes the 
p lastic less stiffness and weaker. B u t there are some d iffe ren t po in t ร between 
her w o rk  and th is w o rk . The p las tic f i lm  was used as m ateria l in  the ir w o rk  
and th is p las tic f i lm  composed o f  HDPE  and LD P E  w h ile  th is w o rk  used r ig id  
b low  m o ld  H D PE  bottles as materia ls. However, the im portan t po in t is the 
amount o f  residual in k  when compared to w ho le  amount o f  p lastic f i lm  is 
dram atica lly  greater than the amount o f  residual in k  in  H D P E  bottles. In  
H D PE  bottles case, residual in k  act as on ly  small contam ination when  
compare to  the p las tic f ilm . Hence it  does not g ive the observe results as the 
p lastic f i lm  case.

In  po lym e r fie ld , the s ign ifican t in  mechanica l properties  
changes is chang ing in  ten tim es o r one hundred times. The sm all deviations o f  
mechanica l properties show in the above figu re  cou ld  be a resu lt from  
contam ination o f  in k  in  p las tic  that causes the im perfec tion  crysta l structure. 
This im perfec tion  c ry s ta llin ity  cou ld act as the stress po in t and applied force  
cannot disperse w e ll a long the specimen. In  add ition , m ateria ls in  th is w o rk  
were com m erc ia l H D PE  bottles, qua lity  o f  materia ls cannot be contro lled  
hence it  should be another considered factor that it  m igh t the reason o f  small 
devia tion  o f  the mechanical properties shown above. M oreover, there are 
many additives pu t in  both bottles and p r in t screen in k  that cou ld  be show the 
ve ry small dev ia tion  on therm al and mechanical properties o f  re-extruded  
H D PE  above. However, sample preparation could be one po in t that cause the 
sm all dev ia tion  o f  mechanica l properties present.



3 4

4 .3  C o lo r  D if fe r e n c e
C o lo r  d if fe r e n c e  is  d if f ic u lt  to  o b ta in  an d  d e sc r ib e  u n iv e r sa lly . A  

sp e c tr o p h o to m e te r  L * -a * b *  c o lo r  c o o r d in a te  w a s  u se d  to  e v a lu a te  th e  c o lo r  
d if fe r e n c e  in  th is  w o r k . T h e  c o lo r  d if fe r e n c e , A E , o b ta in e d  fro m

AE =  ((A a *)2+ (A b * )2+ (A L * )2) I/2

F ro m  T a b le  4 .1 ,  A E  b a se d  o n  th e  c o lo r  o f  th e  v ir g in  H D P E  
w ith o u t  d e in k in g . It is  fo u n d e d  th at th e  p r in ted  r e -e x tru d e d  H D P E  at 0  and  

5 0 %  in k  r e m o v e d  fro m  su r fa c e s  s h o w  d ra m a tica lly  in c r e a s in g  o f  A E  w h ic h  are  
3 1 .1 0 7  an d  3 1 .5 2 1  r e s p e c t iv e ly . T h e s e  tw o  v a lu e s  o f  th e  c o lo r  d if fe r e n c e  are  
v e r y  c lo s e  to  e a c h  o th er . T h is  m ig h t  b e  d u e  to  c o n ta m in a te  in k  in  p la s t ic . T h e  
e x a c t ly  c o m p o n e n t  o f  th is  in k  is  u n k n o w n  a c c o r d in g  to  th e  c o m m e r c ia l secre t. 
T h is  p rin t s c r e e n  in k  is  p ig m e n t  c o n c e n tr a tio n  w h e n  c o m p a r e d  to  c o lo r  u se d  in  
p o ly m e r  p r o c e s s  w h ic h  is  p o ly m e r  c o n c e n tr a tio n . H e n c e  o n ly  f e w  a m o u n t o f  
th e  p r in ted  s c r e e n  in k  g iv e  th e  v is u a l ly  c o lo r  in  r e -e x tru d e d  p la s t ic . T h e  c o lo r  
d if fe r e n c e  is  a f fe c te d  b y  m a n y  fa c to rs . A lth o u g h  th is  p r in t s c r e e n  in k  sh o w e d  
th e  b lu e  c o lo r  b u t th e  fo r m u la  o f  th is  in k  c o n ta in  m o re  th a n  o n ly  b lu e  p ig m e n t. 
T h u s  w h e n  s o m e  o f  in k s are r e m o v e d , th e  ra tio  o f  c o m p o s it io n  in  in k  a lso  
c h a n g e d  an d  th e  d if fe r e n c e  o f  c o lo r  sh a d e  in  p la s t ic  m ig h t  b e  p resen t. 
M o r e o v e r , th e  p r o c e s s in g  c o u ld  b e  o n e  fa c to r  o f  c o lo r  d e v ia t io n .

A s  s h o w n  in  T a b le  4 .1 ,  th e  c o lo r  d if fe r e n c e  o f  th e  v ir g in  H D P E  
at 5 0  a n d  1 0 0 %  d e in k e d  fro m  su r fa c e s  an d  th e  p r in ted  H D P E  at 1 0 0 %  d e in k e d  
fro m  su r fa c e s  e x h ib it  a lm o st  th e  s im ila r  v a lu e s . T h is  c a n  b e  im p lie d  that 
d e in k in g  w ith  c a t io n ic  su r fa c ta n t c o m p le te ly  r e m o v e d  in k  fro m  su r fa c e s .  
H o w e v e r , t h e s e  3 v a lu e s  are grea ter  th an  th e  c o lo r  r e fe r e n c e , w h ic h  w a s  th e  
v ir g in  sa m p le  w ith o u t  d e in k in g  5c a  2  w h ile  th e  c o m m e r c ia l a c c e p ta t io n  v a lu e  
is  1. T h is  m ig h t  b e  d u e  to  th e  raw  m a te r ia ls  w h ic h  are c o m m e r c ia l H D P E  
b o tt le s . T h e s e  c o m m e r c ia l b o tt le s  c o m p o s e  o f  r e c y c le d  an d  fre sh  m a ter ia ls
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to g e th e r  w h ic h  is  th e  s a v e  c o s t  w a y  in  p r a c tic a lity . H e n c e  th ere  c o u ld  b e  so m e  
im p u r ity  p la s t ic  th at m a k e  th e s e  v ir g in  H D P E  at 5 0  an d  1 0 0 %  in k  r e m o v e d  
fro m  su r fa c e s  c o n d it io n  c o n ta in  in c r e a s in g  o f  th e  c o lo r  d if fe r e n c e .

T a b le  4 .1  T h e  c o lo r  d if fe r e n c e  o f  th e  v ir g in  an d  th e  p r in ted  H D P E  at 0 , 5 0  and  
1 00%  in k  r e m o v a l fro m  su r fa c e s .

s a m p le s L * a* b* A E C o m m e n d
0%  in k  r e m o v a l v ir g in 7 2 .0 9 -1 .1 9 -8 .0 6 - -

fro m  su r fa c e s p rin ted 4 3 .2 5 5 .0 2 - 1 7 .9 2 3 1 .1 1 darker, m o r e  b lu e , 
red d er

5 0 %  in k  r e m o v a l v irg in 7 1 .6 3 -0 .7 0 - 1 0 .3 2 2 .3 5 darker, le s s  g reen , 
m o r e  b lu e

fro m  su r fa c e s p rin ted 4 9 .7 1 9 .5 0 - 2 7 .5 2 3 1 .5 2 darker, red d er, 
m o r e  b lu e

100%  in k  r e m o v a l v irg in 7 1 .3 7 -2 .1 4 -1 0 .0 4 2 .4 9 darker, m o re  g reen , 
m o r e  b lu e

fro m  su r fa c e s p rin ted 7 1 .6 9 -2 .7 7 -1 0 .3 0 2 .7 6 d ark er, m o re  
g reen

A s  s h o w n  in  T a b le  4 .2 ,  th e  v ir g in  H D P E  w ith o u t  d e in k in g  
e x h ib its  th e  sh ift  o f  c o lo r  e q u a l to  5 .9 9 . M a llo y  e t  a l .  1 9 9 8  s tu d ie d  th e  c o lo r  

c h a n g e  o f  n atu ra l H D P E  a fter  12 c y c le s  o f  e x tr u s io n . T h e y  fo u n d e d  th at A E  o f  
th e  n atural H D P E  in c r e a se  w ith  a n u m b er  o f  p a s s e s . H e n c e  th is  w o r k  is  
c o r r e sp o n d in g  to  th e ir  resu lt. It c o u ld  b e  o b se r v e d  th e  in c r e a s in g  o f  c o lo r  
d if fe r e n c e  fro m  th e  p r in ted  H D P E  w ith o u t  d e in k in g . Its v a lu e  in c r e a se  from  
3 1 .1 0 7  to  3 5 .7 9 3  w h e n  th e  n u m b er  o f  p a s s e s  in c r e a se d  fro m  1 to  5 p a sse s .  
T h is  c o u ld  b e  in d ic a te d  that th e  in c r e a s in g  o f  a n u m b e r  o f  p a s s e s ,  th e  
in c r e a s in g  o f  c o lo r  d if fe r e n c e  p r e se n ts .



Table 4.2 The color difference o f the virgin and the printed HDPE without
deinking after 5 passes of re-extrusion.

S a m p le *L *a *b A E C o m m e n d

v ir g in 1 p a s s e s 7 2 .0 9 1 -1 .1 9 3 -8 .0 6 3 - -

H D P E 5 p a s s e s 6 8 .3 0 7 - 2 .8 5 9 -4 .5 9 1 5 .3 9 9 d ark er, m o r e  g reen , 
le s s  b lu e

p r in te d 1 p a s s e s 4 3 .2 4 7 5 .0 1 6 -1 7 .9 1 9 3 1 .1 0 7 d ark er, m o r e  b lu e ,  
red d er

H D P E 5 p a s s e s 3 8 .5 1 3 4 .1 8 5 -1 9 .2 3 3 3 5 .7 9 3
d ark er, m o r e  b lu e ,  
red d er
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