
CHAPTER II
LITERATURE SURVEY

2.1 High Density Polyethylene

H ig h  d e n s ity  p o ly e th y le n e  (H D P E ) is  a  th e r m o p la s t ic  p o ly o le f in  
m a n u fa c tu r e d  b y  e th y le n e  p o ly m e r iz a t io n  w ith  d e n s ity  o f  0 .9 4  g/cm3 or  

h ig h e r , d e p e n d in g  o n  th e  th e r m o -m e c h a n ic a l h is to r ie s  o f  th e  s a m p le s . H D P E  

w a s  first p rep a red  fro m  d ia z o m e th a n e  in  th e  ea r ly  1 9 5 0 ’ร, e ith e r  b y  th e  P h illip s  
or Z ie g le r -N a tta  p r o c e s s .

2.2 Recycling of HDPE

T h e  t e c h n o lo g y  o f  r e c y c l in g  ca n  b e  d irec ted  at fo u r  m o d e s  o f  s o u r c e s  
w h ic h  are u s e  a s  g e n e r ic  p la s t ic , u se  o f  m ix e d  p la s t ic , r e g e n e r a tio n  o f  raw  
m a te r ia ls , an d  u se  in  e n e r g y  r e c o v e r y  (C o r n e ll, 1 9 9 5 ) .

P o ly e th y le n e  ca n  b e  r e c y c le d  b y  m a n y  m o d e s  o f  t e c h n o lo g y . T h e  first  

o n e  is  p r im a ry  r e c y c l in g  w h ic h  tra n sfo rm s a p r o d u c t in to  a p r o d u c t s im ila r  or  

id e n t ic a l to  th e  o r ig in a l. N e x t  is  u se  as g e n e r ic  p la s t ic , w h ic h  is  c a lle d  th e  
se c o n d a r y  r e c y c lin g . T h e  m e th o d  o f  th is  t e c h n o lo g y  is  p r o c e s s in g  o f  w a s te  in to  
a  p ro d u c t w h ic h  fe w e r  req u ir e m e n ts  o f  p h y s ic a l an d  c h e m ic a l  p ro p er tie s .  
M o r e o v e r , p o ly e th y le n e  ca n  b e  u se  in  e n e r g y  r e c o v e r y  or  q u atern ary  r e c y c lin g  

b e c a u s e  th e  r e c o v e r a b le  e n e r g y  c o n te n ts  o f  p la s t ic  th at c a n  b e  ca p tu red  d u r in g  
c o m b u s t io n . (C o r n e ll ,  1 9 9 5 )  H o w e v e r , e a c h  t e c h n o lo g y  is  n o t  ju s t if ie d  a s th e  

b e s t  to  o th er  d u e  to  th e  e c o n o m ic  r e a so n s  sh o u ld  b e  c o n s id e r e d  in  c a s e  b y  c a se .
H D P E  b o tt le  r e c y c l in g  is  a ttra c tiv e  b e c a u s e  o f  s e v e r a l fa cto rs:
A . la rg e  q u a n tit ie s  o f  H D P E  scra p s p r o d u c e d  e a c h  year;
B . th e  b o tt le s  are u s u a lly  b lo w -m o ld e d  fro m  H D P E ;
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c . H D P E  is  e a sy  to  rep r o c e sse d ;
E . th ere  e x is t  t e c h n o lo g ic a l  k n o w -h o w  to  r e c y c le  H D P E .
A p p lic a t io n s  o f  r e c y c le d  H D P E  b o tt le s  are la rg e  c o n ta in e r s , b lo w  

m o ld  b o tt le s , b o tt le  cra tes, d ra in a g e  p ip e s , g a rb a g e  b a g  e tc .

2.3 Print Screen Ink

In k  is  d e f in e d  as a d isp e r s io n  o f  p ig m e n ts  or d y e s  in  a f lu id  carrier. 
T h e  ty p e s  o f  p r in tin g  sc r e e n  in k s fo r  c o m m e r c ia l u se  in  th e  p la s t ic  p a c k a g in g  
in d u s tr ie s  are u ltr a v io le t  c u r in g  p r in tin g  in k s an d  c o n v e n t io n a l  in k s, u v  
cu ra b le  in k s , w h ic h  c o m p o s e  o f  a p h o to  in itia to r , are u su a lly  u s e d  for  p r in tin g  

o n  p la s t ic s  c lo su r e s  (e .g . ,  c a p s , lid s , e tc .)  w h ile  c o n v e n t io n a l in k s  are u se d  in  
s c r e e n in g  an d  p a d  p r in tin g  o f  a  r ig id  p la s t ic  c o n ta in e r  (e .g . ,  a  b lo w -m o ld e d  
b o tt le ) .

C o n v e n t io n a l p r in tin g  in k s are c o m p o s e d  o f  p ig m e n t  carriers, r e s in s  
an d  a d d it iv e s . O r g a n ic  an d  in o r g a n ic  p ig m e n ts  g iv e  c o lo u r  an d  o p a c ity  to  th e  
in k  an d  in f lu e n c e s  its f lu id ity . R e s in s , w h ic h  are m o s t ly  lo w  m o le c u la r  w e ig h t  
p o ly m e r ic  r e s in s , is  r e sp o n s ib le  fo r  d isp e r s in g  an d  r e ta in in g  th e  p ig m e n t  o n  th e  

p la s t ic  su r fa c e  a fter  p r in tin g . T h e  carrier is  a liq u id  that p r o v id e s  f lu id ity  for  

th e  in k  an d  tra n sfers  th e  in k  fro m  th e  p r in tin g  sy s te m  to  th e  p la s t ic  su b stra te , 
an d  a fter  a p p lic a tio n  o f  th e  in k  o n to  a su r fa ce , th e  carrier sh o u ld  e v a p o ra te  
q u ic k ly . A d d it iv e s  in  th e  in k  in c lu d e  w a x e s ,  su r fa c ta n ts , d r y in g  a g e n ts  and  
a n t i-o x id iz in g  a g en ts .

C o n v e n t io n a l p r in tin g  in k s are c la s s i f ie d  as e ith e r  s o lv e n t-b a s e d  or  
w a te r -b a se d , d e p e n d in g  o n  th e  ty p e  o f  th e  carrier u se d . T h e  carriers for  
so lv e n t -b a s e d  in k s  are s o lv e n ts ,  s o lv e n t  m ix tu r e s , or w a te r  m is c ib le  so lv e n ts .  
W a te r -b a se d  in k s  u se  w a te r  as th e  carrier, w h ic h  c o u ld  c o n ta in  up  to  2 0 %
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Table 2.1 P rin t s c r e e n  in k s fo rm u la .

alcohol (Gecol, 1998). Besides, the resin used in water-based inks is usually
called a binder.

In g r e d ie n ts Part p er  h u n d red

fo r  p o ly e th y le n e  b o tt le s
- o r g a n ic  p ig m e n t 5 .0
- tita n iu m  d io x id e 1 1 .0
- lo n g  o il  e p o x y  ester 8 2 .0
- n a p h th en a te  c a ta ly s ts 2 .0

S o u rce : E n c y c lo p a e d ia  o f  P o ly m e r  S c ie n c e  an d  E n g in e e r in g , 2 n d e d it io n , V o l.  
1 3 ,1 9 9 6 .

It is  e s s e n t ia l  that th e  in k  w e ts  th e  su r fa c e  o f  th e  p la s t ic  to  p r o d u c e  a 
u n ifo r m  c o v e r in g  an d  b o n d  s tr o n g ly  to  th e  su r fa c e  d u r in g  p r in tin g . S in c e  it is  
g e n e r a lly  k n o w n  th at p o ly e th y le n e  is  an  e x c e l le n t  c h e m ic a l  re s is ta n t, . th e  

n atu re  o f  p o ly e th y le n e  is  la r g e ly  re s is ta n t to  c h e m ic a l a ttack  a n d  a lit t le  e f fe c t  

b y  e le c tr ic a l f ie ld s  (P e a c o c k , 2 0 0 0 ) .  H e n c e , th ere  are a n u m b e r  o f  trea tm en t  
p r o c e s s e s  a p p lie d  fo r  p la s t ic  su r fa c e  in  ord er  to  in c r e a se  th e  su r fa c e  e n e r g y  o f  

th e  p la s t ic  an d  th ereb y  e n h a n c e  th e  w e ta b il ity  o f  th e  in k . T h e s e  trea tm en t  
p r o c e s s e s  are c h e m ic a l trea tm en t, f la m e  trea tm en t, c o r o n a  d isc h a r g e  trea tm en t, 
p la sm a  trea tm en t, an d  u ltr a v io le t  trea tm en t. F la m e  trea tm en t is  th e  m o st  
c o m m o n  p r o c e s s  u se d  to  im p r o v e  in k  a d h e s io n  to  m o ld  p o ly m e r  su c h  a s r ig id  

p la s t ic  c o n ta in e r s .
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It is  b e l ie v e d  that f la m e  trea tm en t o x id iz e s  th e  su r fa c e  o f  th e  p la stic  

an d  m a k e s  it m o r e  e a s i ly  w e tta b le . F la m e s  c o n ta in  e x ite d  s p e c ie s  o f  o ,  N O  

O H , an d  N H , w h ic h  ca n  r e m o v e  h y d r o g e n  from  th e  su b stra te  su r fa ce . T h e  
o x id a t io n  that f o l lo w s  is  th o u g h t to  p ro p a g a te  b y  a free  ra d ica l m e c h a n ism .

T h e  p la s t ic  su r fa c e  is  c o n ta c te d  for  a p e r io d  o f  l e s s  th an  1 s e c o n d  w ith  
th e  o x id iz in g  p o r tio n  o f  th e  f la m e . T h e  g a s  is  b u rn ed  u s in g  10% - 15% e x c e s s  

air o v e r  th e  s to ic h io m e tr ic  ra tio  in  ord er to  o b ta in  an  o x id iz in g  f la m e  w ith  a 
tem p era tu re  o f  1090 - 2760°c (S a n tu ss , 1986).

2.4 Surfactant

2 .4 .1  T h e  N a tu re  o f  S u rfactan t
A  su rfa cta n t or su r fa c e  a c t iv e  a g e n t is  a su b s ta n c e  that w h e n  

p r e se n ts  at lo w  c o n c e n tr a tio n  in a sy s te m , h a s th e  p ro p erty  o f  a d so r b in g  o n to  

th e  su r fa c e  or in te r fa c e s  o f  th e  sy s te m  an d  a lter in g  to  a m a rk ed  d e g r e e  th e  

su r fa c e  or in te r fa c ia l free  e n e r g ie s  o f  th o s e  su r fa c e s  or in te r fa c e s  (R o se n , 
1 9 8 9 ) . It is  a  p o la r  c o m p o u n d  c o n s is t in g  o f  an  a m p h ip h ilic  m o le c u le s ,  i.e . a 
m o le c u le  w ith  a h y d r o p h ilic  h e a d  a tta ch ed  to  a lo n g  h y d r o p h o b ic  ta il 
(K o u lo h e r is ,  1 9 8 9 ) . A t  a p artia l c o n c e n tr a tio n  (k n o w  as th e  cr it ica l m ic e l le  
c o n c e n tr a tio n , C M C ) su rfa cta n t m o le c u le s  b e c o m e  m o re  fa v o u r a b le  to  form  

a g g r e g a te s  c a lle d  m ic e l le  as s h o w n  in F ig u re  2 .1 . A  su rfa c ta n t ca n  b e  rep la ced  

in  o n e  o f  fo u r  c la s s e s ,  d e p e n d in g  o n  w h a t ch a r g e  is  p r e se n t  in  th e  c h a in 
ca rry in g  p o r tio n  o  th e  m o le c u le  a fter  d is s o c ia t io n  in  a q u e o u s  s o lu t io n s  (Jak ob i  
an d  L o h r l, 1 9 8 7 ) . ,



H y d r o p h ilic  h ea d

Surfactant Monomer Surfactant Micelle

Figure 2.1 S u rfa c ta n t m o le c u le / io n , an d  a rep r e se n ta tio n  o f  a  su r fa c ta n t m ic e l le  in  a su r fa c ta n t s o lu t io n  s o m e  w h a t  
a b o v e  th e  cr it ica l m ic e l le  c o n c e n tr a tio n  (a d a p te d  fro m  W ils o n  a n d  C la rk e , 1 9 9 4 ) .

oo

O
O
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2 .4 .2  M e c h a n is m  o f  D e in k in g
T h e r e  is  n o  c lea r  m e c h a n ism  th a t d e sc r ib e s  th e  r e m o v a l o f  ink  

fro m  H D P E  su r fa c e  b y  su rfa c ta n t y e t . H o w e v e r , th ere  are t w o  th e o r ie s  su p p ort 
th e  d e in k in g  m e c h a n is m  w h ic h  are:

2.4.2.1 R o ll -  Backed (R o ll-U p ) M echanism
R e m o v a l o f  liq u id  ( o i ly )  s o i l  b y  a q u e o u s  s o lu t io n s  is  

a c c o m p lis h e d  m a in ly  b y  a ro ll-u p  or  r o ll-b a c k  m e c h a n ism  in  w h ic h  th e  co n ta c t  
a n g le  th at th e  liq u id  s o i l  m a k e s  w ith  th e  su b stra te  is  in c r e a se d  b y  a d so r p tio n  o f  
su r fa c ta n t fro m  th e  c le a n in g  b ath  (R o s e n , 1 9 8 9 ) .

In th e  la u n d e r in g  p r o c e s s , th e  m e c h a n is m  o f  so il  
r e m o v a l fr o m  c lo th  fib re  d e p e n d s  o n  w h e th e r  th e  s o i l  ty p e  is  s o l id  or  liq u id . 
T h e r e fo r e , it s e e m s  r e a so n a b le  to  su p p o se  th at th e  m e c h a n is m  o f  in k  r e m o v a l  
is  d e p e n d e n t  o n  th e  in k  ty p e . T h e  sh a p e  o f  a liq u id  d ro p le t or  f i lm  c a n  c h a n g e  
d u r in g  s o i l  r e m o v a l, p e r m itt in g  th e  su r fa c ta n t to  o c c u p y  th e  v a c a te d  sp a c e . Ink  
r o ll-b a c k  c a n  o c c u r  w e t s  th e  in k  f ilm  o n  th e  p o ly m e r  su r fa c e . A s  ร re su lt, th e  
f i lm  r o lls  b a c k  to  fo rm  d ro p le t. F ig u r e  2 .2  is  an illu str a tio n  o f  h o w  100%  ink  
r e m o v a l o c c u r s . In  r e a lity , h o w e v e r , s o m e  in k  m a y  b e  le f t  b eh in d . S u ch  
m a rg in a l r o ll-b a c k  h a s  b e e n  p r o p o se d  to  o c c u r  in  th e  la u n d e r in g  o f  liq u id  s o ils .



Figure 2 .2  D e ta c h m e n t  o f  in k  fr o m  a p o ly m e r  su r fa c e  b y  th e  R o ll-u p  m e c h a n is m  (a d p ter  fro m  B o rch a rd t, 1 9 9 4 ) .
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2.4.2.2 S o lub iliza tion

I f  th e  d e in k in g  su rfa c ta n t is  a b o v e  its  C M C , ink  

s o lu b iliz a t io n  c a n  o c c u r  b y  th e  p r o c e s s  illu stra ted  in f ig u r e  2 .3
S o lu b i liz a t io n  c o n s is ts  o f  th e  fo l lo w in g  step s:
A . D if fu s io n  o f  su rfa cta n t m ic e l le s  to  th e  in k  su r fa ce .
B . A d so r p tio n  o f  th e  m ic e l le  at th e  in k /w a te r  in ter fa ce , 
c . T h e  in k  s p e c ie s  m ix  w ith  th e  su r fa c ta n t m o le c u le s .
D . T h e  m ic e l le  d e so r b s  fro m  th e  su r fa c e  w ith  in k  in  

th e  in ter io r  o f  th e  m ic e lle .
E . T h e  m ic e l le  d if fu s e s  in to  th e  b u lk  o f  th e  so lu tio n .  
S tep  A  an d  step  c  c a n  b e  p r o m o te d  b y  h y d r o d y n a m ic

f lo w  o f  th e  a q u e o u s  p h a se  d u r in g  d e in k in g , i.e . b y  a g ita t io n  o f  th e  m ix tu re .



M ic e l le  in  b u lk M ic e l le  in  b u lk  
w ith  ink

Figure 2 .3  D e ta c h m e n t  o f  Ink  fro m  a p o ly m e r  S u r fa c e  b y  th e  S o lu b i liz a t io n  m e c h a n ism  (a d a p te d  fro m  B o r c h a r d t ,1 9 9 4 ) .
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2.4 Related Work

P a tta n a k u l e t  a l .  ( 1 9 9 1 )  in v e s t ig a te d  th e  e f f e c t  o f  v ir g in  H D P E /  
r e c y c le d  H D P E  fro m  m ilk  b o tt le  c o m p o s it io n  o n  th e  m e c h a n ic a l an d  p h y s ic a l  
c h a n g e s . T h e y  in d ic a te d  th at th ere  w a s  n o  c h a n g e  in  th e  f lo w  p r o p e r tie s  and n o  

th ere  w a s  n o  e f f e c t  o f  c o m p o s it io n  o n  te n s i le  stren g th  o b se r v e d . In  a d d itio n , 
th e y  s u g g e s te d  th at th e  r e c y c le d  H D P E  fro m  m ilk  b o tt le s  w a s  a m a ter ia l w ith  

u s e fu l p ro p er tie s  th at d id  n o t s h o w  th e  s ig n if ic a n t  d iffe r e n t  p ro p er tie s  from  

th o s e  o f  th e  v ir g in  m a ter ia l.
D o y a n  e t  a l .  ( 1 9 9 4 )  o b se r v e d  th e  p r o c e s sa b ility  an d  th e  m e c h a n ic a l  

p r o p e r tie s  o f  c lo s e d - lo o p  ex tru d ed  H D P E . T h e y  s h o w e d  th at th e  m o le c u la r  
w e ig h t  o b ta in e d  fro m  in tr in s ic  an d  c r y s ta llin ity  is  h ig h e r  a fter  10 c y c le s  than  

after  1 c y c le .  T h e y  a lso  c o n c lu d e d  that b o th  c h a in  s c is s io n  an d  c r o s s lin k in g  
o c cu 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 a in  s c is s io n  is  th e  d o m in a n t  

fa c to r  fo r  th e  f ir st c y c le  and c r o s s lin k in g  ta k e  o v e r  a fter  a w h i le  b e c a u s e  o f  th e  
a c c u m u la t io n  o f  free  ra d ica l d u r in g  ex tru s io n .

A rth a sa t e t  a l .  ( 1 9 9 6 )  s tu d ie d  b le n d s  o f  v ir g in /p o s t  c o n su m e r  H D P E  
fro m  w a te r  b o tt le  a t d iffe r e n t  ra tio s ra n g in g  fro m  0%  to  1 00%  p o s t -c o n su m e r  

H D P E  a fter  r e p r o c e s se d  for  10 p a s s e s  u s in g  tw in  s c r e w  ex tru d er . It w a s  

fo u n d e d  that v ir g in  H D P E  an d  b le n d s  o f  v ir g in /p o s t -c o n s u m e r  H D P E  ca n  b e  

r e p r o c e s se d  at 235 °c  for  10 p a s s e s  w ith  b etter  p r o c e s s a b ility , d e c r e a s in g  in  
v is c o s i t y  an d  p e r c e n ta g e  o f  c r y s ta llin ity , sm a ll c h a n g in g  in  m e c h a n ic a l  
p r o p e r tie s . A  d e c r e a se d  in  M F I is  h y p o th e s iz e d  to  b e  d u e  to  c r o s s l ik in g  or  
c h a in  b r a n c h in g  rather th an  to  c h a in  s c is s io n .

M a llo y  e t  a l .  ( 1 9 9 8 )  s tu d ie d  th e  e f f e c t  o f  m u lt ip le  r e c y c le  h is to r y  o n  

th e  m e c h a n ic a l p ro p e r tie s  o f  h o m o p o ly m e r  b o tt le  f la k e s  an d  p ig m e n te d  H D P E  

h o m o p o ly m e r  f la k e s  b y  s e le c t in g  w h ite  H D P E  b o tt le  f la k e s . T h e y  fo u n d  that
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b o th  n atural H D P E  and w h ite  H D P E  w h ic h  are trea ted  as sep a ra te  m ateria l 
s te a m  ca n  b e  r e c y c le d  a s m u ch  as 12 c y c le s  an d  a lso  e x h ib it  e x c e l le n t  p ro p erty  
re ten tio n .

T h e y  a ls o  in v e s t ig a te d  th e  e f f e c t  o f  w h ite  H D P E  h o m o p o ly m e r  b o ttle  

f la k e s  o n  th e  p r o p e r tie s  o f  m ix e d  c o lo r  H D P E  b o tt le  f la k e s  b y  b le n d e d  w h ite  
H D P E  to g e th e r  w ith  m ix e d  c o lo r  H D P E  b o tt le  f la k e s  at v a r ia tio n  %  

c o m p o s it io n . T h e  r e su lt  s h o w e d  that th e  m e c h a n ic a l p r o p e r tie s  o f  th e  m ix e d  
c o lo r  H D P E  is  a ltered  to  a l im ite d  d e g r e e  b y  th e  a d d it io n  o f  th e  w h ite  H D P E  

h o m o p o ly m e r . T h e  a d d itio n  o f  w h ite  H D P E  to  th e  m ix e d  c o lo r  H D P E  resu lted  
in  a s o m e w h a t  s t if fe r , stro n g er , b u t le s s  d u c tile  fo rm u la tio n .

G e c o l  e t  a l .  ( 1 9 9 8 )  s tu d ie d  th e  p ro p e r tie s  o f  r e -e x tru d e d  p la s t ic  film . 
T h e y  fo u n d e d  th at p la s t ic  f ilm  co n ta m in a te d  w ith  h e a v y  p r in tin g  is  n o t  su ita b le  

ra w  m a ter ia l fo r  c le a n  p la s t ic  f ilm  r e c y c le d  p r o d u c tio n  c a u s e  th e  d e c r e a s in g  
an d  v a r ia tio n  o f  p h y s ic a l  p ro p er tie s , p e l le t  c r a c k in g  an d  c o lo r  fro m  resid u a l  
in k . In k  c o n ta m in a t io n  m a k e s  th e  p la s t ic  le s s  s t i f f  an d  w e a k e r . T h e  r e a so n  for  
th is  is  a g g lo m e r a t io n  o f  in k  p a r tic le  w h ic h  a ct a s s tre ss  c o n c e n tr a t io n  p o in t  
r e d u c e s  th e  stren g th .

T h e y  a ls o  o b se r v e d  th e  u s a g e  o f  d iffe r e n t  o f  su r fa c ta n t s o lu t io n s  for  

d e in k in g  o f  p o ly e th y le n e  p la s t ic  f i lm s  p rin ted  w ith  w a te r -b a se d  in k  b y  

f le x o g r a p h ic  p r o c e s s  at v a r io u s  p H  le v e ls .  T h e  r e su lts  s h o w e d  th a t th e  c a t io n ic  
su rfa c ta n t is  th e  m o s t  e f f e c t iv e  o n  d e in k in g  o f  w a te r -b a se d  in k s  at a ll p H  

v a lu e s  s tu d ie d . In a d d itio n , th e y  a ls o  in v e s t ig a te d  o n  th e  s o lv e n t -b a s e d  in k  

r e m o v a l. T h e y  fo u n d e d  that th e  c a t io n ic  su rfa cta n t is  th e  m o s t  e f f e c t iv e  

su rfa c ta n t b u t req u ire s  a  p H  v a lu e  o f  11 or h ig h er .
M in  ( 1 9 9 9 )  s tu d ie d  th e  e f f e c ts  o f  su r fa c ta n t ty p e , p H , su rfa cta n t  

c o n c e n tr a tio n , an d  a b r a s iv e  o n  th e  r e m o v a l o f  s o lv e n t -b a s e d  in k  fro m  H D P E  

c o n ta in e r s , c a t io n ic ,  a n io n ic  , an d  n o n  io n ic  su r fa c ta n ts  w e r e  u s e d  u n d er  b a s ic  
p H  c o n d it io n s . A T R -F T IR  sp e c tr o sc o p y  an d  o p t ic a l s c a n n in g  m e th o d s  w e r e
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u se d  to  d e te r m in e  th e  d e g r e e  o f  d e in k in g . C a tio n ic  su rfa cta n ts at 
c o n c e n tr a tio n  a b o v e  th e  C M C  at p H  12 w e r e  th e  m o s t  e f f e c t iv e  sy s te m  
stu d ied .

S o n g s ir i ( 2 0 0 0 )  in v e s t ig a te d  th e  e f f e c ts  o f  c a t io n ic  su rfactan t  
c o n c e n tr a tio n , p H  le v e l ,  p r o c e s s  tem p era tu re , p r e -so a k in g  t im e , sh a k in g  tim e , 
an d  a b r a s iv e  w e r e  in v e s t ig a te d  fo r  so lv e n t-b a s e d  in k  o n  H D P E  su r fa c e s . T h e  

r esu lts  s h o w e d  that th e  c a t io n ic  su rfa cta n t w a s  e f f e c t iv e  o n ly  at c o n c e n tr a tio n  
a b o v e  th e  C M C  an d  at h ig h  p H  le v e ls .  A t b o th  b e lo w  an d  a b o v e  th e  C M C , ink  
r e m o v a l w a s  p r o m o te d  b y  in c r e a s in g  tem p era tu re , p r e -s o a k in g  t im e , and  

sh a k in g  t im e . T h e  p r e se n c e  o f  an a b ra s iv e  a lso  h e lp s  to  d e ta c h  th e  lo o s e n  ink  
fro m  p la s t ic  su r fa ce .
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