
CHAPTER III
EXPERIMENTAL

3.1 Materials and Chemicals

3 .1 .1  H ig h  D e n s ity  P o ly e th y le n e
P la s t ic  sa m p le s  w e r e  cu t fro m  d r in k in g  w a te r  b o tt le s  w h ic h  

m a d e  o f  h ig h  d e n s ity  p o ly e th y le n e  (H D P E ) an d  p r in ted  w ith  b lu e  c o lo r  
so lv e n t -b a s e d  in k  b y  sc r e e n  p r in tin g  p r o c e ss . T h e  b o tt le s  w e r e  p rep ared  th eir  

su r fa c e s  b e fo r e  p r in tin g  p r o c e s s  b y  fla m e d -tr e a tm e n t m e th o d . T h is  m eth o d  
c rea ted  g o o d  a d h e r in g  b e tw e e n  in k  an d  p la s t ic  su r fa ces .

3 .1 .2  C a tio n ic  S u rfactan t
n -h e x a d e c y ltr im e th y la m m o n iu m  b r o m id e  (C T A B : C i 6 H 3 3 + N  

(C H 3 ) B r )  w ith  9 8 %  p u rity  in  th e  p o w d e r  fo rm  w a s  su p p lie d  b y  th e  F lu k a  

C o m p a n y , S w itz e r la n d .

3 .1 .3  p H  A d ju s tm e n t C h e m ic a ls
S o d iu m  h y d r o x id e  (N a O H ) w ith  9 8 %  p u rity  w a s  su p p lie d  from  

E K A  N o b e l  C o m p a n y .

3 .1 .4  W ater
D e io n iz e d  w a te r  w a s  u se d  in  th is  e x p e r im e n t.
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3.2 Experimental Procedure

3 .2 .1  D e in k in g  Part
3.2.1.1 Sample P repa ra tion

2  a reas o f  th e  H D P E  b o tt le  w e r e  c u t in to  s iz e  o f  ca  
7 .3x7.3 c m 2 .  T h e  first o n e  w a s  p r in ted  area  an d  th e  s e c o n d  o n e  w a s  v ir g in  area  

at th e  sa m e  p o s it io n . T h e n  e a c h  p la s t ic  s h e e t  w a s  cu t in to  s m a lle r  p ie c e s  (c a
0.5x0.5 c m 2  ) T h e  r e a so n  o f  th is  s tep  w a s  to  sh a p e  fo r  th e  p r o c e s s in g  step . 
M o r e o v e r , th e  sm a ll p ie c e s  o f  p la s t ic  a lso  e n h a n c e d  in k  r e m o v a l b y  a c t in g  as 
a b r a s iv e s .

3.2.1.2 A na lys is  o f%  In k  Removed

O p tic a l s c a n n in g  m e th o d  w a s  u se d  to  d e te r m in e  %  ink  
r e m o v e d  b e fo r e  an d  a fter  d e in k in g in g  p r o c e s s . A  H P  L a serJ et 4 c  S ca n n er  w a s  

u se d  to  sc a n  th e  sa m p le s . A fte r  that, im a g e  f i le s  w e r e  se n t  to  A d o b e  
P h o to s h o p  p ro g ra m  an d  a n a ly z e d  b y  h is to g r a m  m e th o d . T h is  m e th o d  u se d  to  
q u a lify  th e  a m o u n t o f  in k  an d  %  in k  r e m o v e d  fro m  su r fa c e s  w a s  a b le  to  

c a lc u la te d  b y  th is  eq u a tio n . H is to g r a m  o f  b lu e  in k  w h ic h  w a s  d e te r m in e d  b y  

th e  m a c h in e  w a s  u s e d  fo r  c a lc u la t in g  in  th is  eq u a tio n .

%  in k  r e m o v e d  =  h is to g r a m  bef0redeinked -  h is to g r a m  af1crdcmk£d X  100 %

h is to g r a m  bef0redei„ked

3.2.1.3 E xperim ent
S u rfa c ta n t so lu t io n  w a s  p rep a red  w ith  d e io n iz e d  w ater . 

T h e  c o n c e n tr a tio n  o f  su rfa cta n t s o lu t io n  w a s  5 m M  (5  t im e s  o f  C M C  o f  
C T A B ) . A  m a g n e t ic  stirrer w a s  u se d  to  m a k e  h o m o g e n e o u s  so lu t io n . A n d  

tem p era tu re  w a s  s l ig h t ly  in c r e a se d  a b o v e  r o o m  tem p era tu re  w h e n  C T A B
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s o lu t io n  w a s  p rep a red  in  ord er  to  d is s o lv e d  su rfa cta n t in  w a ter . N e x t ,  p H  le v e l  

o f  su rfa cta n t so lu t io n  w a s  a d ju stm en t b y  a d d in g  o f  N a O H  to  g e t  th e  v a lu e  o f
12. A  p H  m e te r  (B e n c h to p  p H /IS E  M eter , M o d e l 4 2 0 A  w ith  T r io d e  p H  
e le c tr o d e  M o d e l 9 1 - 5 7 8 N )  w a s  u se d  to  d e term in e  th e  p H  le v e l .  T h e n  th e  sm a ll  
p ie c e s  o f  p la s t ic  fro m  3 sh e e ts  o f  7 .3 x 7 .3  c m 2  s iz e d  w e r e  p la c e d  in  2 0 m L  

su rfa cta n t so lu t io n  in  a c o n ic a l  f la sk . T h e  n e x t  step  w a s  p r e -s o a k in g  step , th e se  
te s t in g  f la sk s  w e r e  p la c e d  in  th e  G F L  1 0 8 6  M o d e l sh a k in g  w a te r  b ath  at 3 0  °c 
for  2 h rs . A fte r  th at w a s  th e  sh a k in g  step , th e se  te s t in g  f la sk s  w e r e  sh a k en  at a 
s p e e d  o f  2 0 0  o s c i l la t io n s  p er  m in u te . T h is  step  to o k  6 hrs an d  lh r  2 5  m in e s  for  

1 00%  an d  5 0 %  in k  r e m o v e d  fro m  su r fa c e s , r e s p e c t iv e ly . T h e n  th e se  p la s tic  
s a m p le s  w e r e  w a s h e d  w ith  fresh  w a ter  se v e r a l t im e s  an d  d ried  in a 

G a lle n k a m p  v a c u u m  o v e n  at 4 5  °c o v e r  n ig h t. F o r  b o th  5 0 %  an d  100%  

r e m o v e d  fro m  su r fa c e s  c o n d it io n s , th ere  w a s  v ir g in  p la s t ic  a s th e  co n tro l  
sa m p le .

3 .2 .2  P r o c e s s in g  Part
T h e  d r ied  p la s t ic  p ie c e s  w e r e  p a s se d  in to  a C O L L IN  c o -r o ta tin g  

tw in  s c r e w  k n ea d er  Z K -2 5  (2 5 m m  x 3 D X  A ll  c o n d it io n s  o f  th is  s tep  w e r e  
s h o w e d  b e lo w .

S c r e w  sp e e d  =  4 0  rpm
Figure 3.1 P r o c e s s in g  c o n d it io n  at th e  tw in  s c r e w  extru d er.
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T h e  r e -ex tru d ed  p la s t ic  w a s  c o o le d  in  w a ter  at ro o m  
tem p era tu re  an d  cu t in to  p e lle t  sh a p e  b y  a P lan tro l 0 7 5 D 2  p e lle t iz e r . A n d  th e se  

p e lle t s  w e r e  d ie d  at 45°c fo r  6 hrs for  n e x t  step .

3 .2 .3  S a m p le  P rep a ra tio n  for  M e c h a n ic a l T e s t in g
S p e c im e n s  fo r  m e c h a n ic a l te s t in g  w e r e  p rep a red  in  th e  sh e e t  

sh a p e  b y  W a b a sh  c o m p r e s s io n . T h e  p la s t ic  p e l le ts  w e r e  h e a te d  up  to  2 3 0  °c 
fo r  3 m in u te s  an d  p r e sse d  at 10  to n s  at iso th erm a l c o n d it io n  fo r  3 m in u te s . 
A fte r  that, th e  sa m p le  w a s  c o o le d  d o w n  to  r o o m  tem p era tu re  in  10 m in u te s .

3.3 Testing Procedure and Analysis

3 .3 .1  T e n s i le  S tren g th
D o g  b o n e  sh a p e d  sa m p le s  w e r e  cu t b y  a p la s t ic  c u tt in g  m a c h in e  

Y a sa d a  S e ik i.  A n d  s p e c im e n s  w e r e  d raw n  in  th e  In stro n  U n iv e r sa l T e s t in g  

M a c h in e  at c o n s ta n t  c r o s s -h e a d  sp e e d  o f  5 0  m m /m in u te . T h e  te s t  f o l lo w e d  th e  
A S T M  D 3 8 6 .

3 .3 .2  Im p a c t R e s is ta n t
T h e  s p e c im e n s  w e r e  cu t b y  th e  p la s t ic  c u tt in g  m a c h in e  Y a sa d a  

S e ik i in to  th e  s iz e  o f  1 2 .7 5  X  6 3 .5  m m  an d  n o tch  d ep th  o f  2 .5 m m  b y  p la s t ic  

c u tt in g  m a c h in e  Y a sa d a  S e ik i.  T h is  te s t  f o l lo w e d  A S T M  D 2 5 6  A n  Iz o d  Im p a ct  
ty p e  w ith  V  n o tc h . A  Z m ic k  P en d u lu m  Im p a ct T e ste r  w a s  u se d  to  d e term in e  

th e  im p a c t  r e s is ta n t  v a lu e .
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3 .3 .3  H a r d n e ss
T h e  h a rd n ess  w a s  te s te d  b y  a S h o re  D  D u r o m e te r  Z w ic h  

fo l lo w e d  A S T M  D 2 2 4 0 .

3 .3 .4  D if fe r e n t ia l  S c a n n in g  C a lo r im e te r  (D S C )
D if fe r e n t ia l  S c a n n in g  C a lo r im eter  (D S C )  w a s  ca rr ied  o u t o n  a 

D S C 7  P erk in  E lm e n  S a m p le s  o f  3 -7  m g  w e r e  p rep ared  in  a lu m in iu m  sa m p le  
p a n s . T h e  tem p era tu re  p ro g ra m  w a s  a h e a tin g  rate o f  1 0 ° c /m in  fro m  3 0  °c to  

160 °c th e n  s ta y e d  at an  iso th e r m a l tem p era tu re  fo r  5 m in u te s  an d  c o o l  d o w n  
to  30°c at th e  s a m e  rate. T h is  p ro ced u re  w a s  rep ea ted  5 c y c le s  to  d e term in e  

c h a n g in g  o f  m e lt in g  tem p era tu re  an d  % crysta l U nity.

3 .3 .5  T h e r m o  g ra v im etr ic  A n a ly z e r  (T G A )
A  D u p o n  T G A  w a s  u se d  to  d e term in e  th e  c h a n g in g  m a ss  o f  th e  

s a m p le s  w ith  th e  e m p ty  c r u s ib le  as a b la n k  c o rrec tio n . A  tem p era tu re  p r o file  
w a s  s ta r tin g  fro m  r o o m  tem p era tu re  to  6 0 0  °c at a rate o f  1 0 ° c /m in  and  
c o n ta in e d  an  iso th e r m a l fo r  1 m in u te .

3 .3 .6  S p e c tr o p h o to m e te r
A ll  c o m p r e s se d  p la s t ic  sh e e ts  w e r e  d e te r m in e d  th e ir  c o lo r ’ร 

d if fe r e n c e  b y  a  C o lo r -e y e  7 0 0 0  S p e c tr o p h o to m e te r . T h e  c o n d it io n  o f  fa c to r  for  

th is  m e a su r e m e n t  w a s  C R IO L L  an d  th e  in te n s ity  o f  lig h t  u se d  w a s  D 6 5  w h ic h  
w a s  th e  sa m e  in te n s ity  o f  th e  รนท lig h t.
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