
CHAPTER II 
LITERATURE REVIEW

2.1 Antioxidants

V ir tu a lly  a ll  p o ly m e r ic  m a ter ia ls , b o th  o f  sy n th e t ic  o r  n a tu ra l o r ig in ,  
u n d e r g o  r e a c t io n s  w ith  o x y g e n . T e c h n ic a lly  it  i s  im p o rta n t to  d is t in g u is h  
w h e th e r  su c h  o x id a t io n  r e a c t io n s  are ta k in g  p la c e  a s  p u r e ly  th erm a l p r o c e s s e s  
at u s u a lly  e le v a te d  tem p era tu res , or  w ith  th e  a s s is ta n c e  o f  l ig h t  (m a in ly  
u ltr a v io le t) . O x id a t io n  c a n  m a n ife s t  i t s e l f  in  e v e r y  s ta g e  o f  th e  l i f e  c y c le  o f  a 
p o ly m e r , i .e .  d u r in g  m a n u fa c tu r in g  an d  s to ra g e  o f  th e  m a ter ia l, or  d u r in g  
p r o c e s s in g  a n d  u se .

P la s t ic s  are v e r y  d iffe r e n t  fr o m  e a c h  o th er  a s far  a s  th e ir  in h eren t  
r e s is ta n c e  to  o x id a t io n  is  c o n c e r n e d . A s  e x a m p le s , p o ly s ty r e n e  an d  
p o ly m e th y l m e th a c r y la te  are q u ite  s ta b le , a lso  at n o r m a l p r o c e s s in g  
tem p era tu res . H ig h ly  u n sa tu ra ted  p o ly m e r s  are m u c h  m o r e  s e n s it iv e  to  
o x id a t io n . D if fe r e n c e s  in  s ta b ility  a g a in st  o x id a t io n  m a y  a r ise  n o t  o n ly  fro m  
th e  b road  v a r ie ty  o f  c h e m ic a l stru ctu res o f  p o ly m e r s , b u t w ith in  a g iv e n  
p o ly m e r  ty p e , a lso  fro m  d if fe r e n c e s  in  th e  m a n u fa c tu r in g  p r o c e s s  (n a tu re  an d  
a m o u n t o f  c a ta ly s t  r e s id u e s )  a n d  in  m o r p h o lo g y  (c r y s ta llin ity , o r ie n ta tio n ) .

T h e  ty p ic a l m a n ife s ta t io n s  o f  o x id a t io n  are su m m a r iz e d  b y  th e  term  
a g in g  p h e n o m e n a  an d  are v e r y  d e p e n d e n t o n  th e  p o ly m e r  ty p e  a n d  its  u se . O n  
th e  o n e  h a n d , th e  m a n ife s ta t io n s  o f  o x id a t io n  c o n c e r n  p o ly m e r , e .g . 
d isc o lo r a t io n  ( y e l lo w in g ) ,  lo s s  o f  g lo s s  or  tra n sp a ren cy , c h a lk in g  a n d  su r fa ce  
cra ck s. O n  th e  o th er  h an d , th ere  o c c u r s  m o re  or  le s s  s im u lta n e o u s ly  a  lo s s  o f  
m e c h a n ic a l p ro p er tie s  su c h  a s  im p a c t stren gth , e lo n g a t io n , a n d  te n s ile  
stren gth . W ith  o n g o in g  a g in g , th e  ch a ra c ter is tic s  o f  a  p la s t ic s  a r tic le  are  
m o d if ie d  in  su c h  a  w a y  th at it  lo s e s  its  u se fu ln e s s .
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F u n d a m e n ta lly , th ere  are v a r io u s  m e a n s  a v a ila b le  to  retard  th erm a l 
o x id a t io n  (m e th o d s  o f  s ta b iliz a tio n ):

■  s tr u c tu r a l m o d if ic a t io n  o f  th e  p o ly m e r , e .g . b y  c o p o ly m e r iz a t io n  
w ith  v in y l  g r o u p s  c o n ta in in g  a n tio x id a n ts . F o r  th is  c o n c e p t , G u g u m u s  (1 9 9 7 )  
w a s  s tu d ie d  th e  e f f e c t  o f  ty p e  o f  H D P E , Z ie g le r - ty p e  (T i c a ta ly s t )  a n d  P h ill ip s -  
ty p e  (C r  c a ta ly s t) . T h e  r e su lts  d e r iv e d  th at Z ie g le r - ty p e  h a s  m o r e  th erm a l 
o x id a t io n  r e s is t iv ity  th a n  P h ill ip s -ty p e .

■  c a p p in g  o f  th e  e n d g ro u p s; th is  p ro ced u re  is  c o m m o n  m a in ly  fo r  
p o ly a c e ta ls ,

■  p h y s ic a l  s ta b iliz a t io n  b y  o r ie n ta tio n  o f  th e  p o ly m e r  (s tr e tc h in g ) ,  
a d d it io n  o f  s ta b iliz in g  a d d it iv e s  : a n tio x id a n ts , s ta b ilizer .

H o w e v e r , th is  r e sea rch  w a s  co n c e n tr a te d  o n  p h y s ic a l  s ta b iliz a t io n  
(a d d it io n  o f  a n tio x id a n ts ) . T h e  m e c h a n ism s  o f  d eg ra d a tio n  are n o w  c le a r ly  
k n o w n .

2.2 Degradation Mechanism

P o ly m ers su ch  as P E  are n o t u sa b le  ou td oors w ith o u t appropriate  
stab ilizer  b e c a u se  o f  th e p resen ce  o f  read ily  rem o v a b le  h y d ro g en  a to m s o n  the  
tertiary carb on  atom s. P E  an d  m a n y  other p o ly m ers (R H ) are attack ed  during  
p ro cess in g  or o u td oor  u se  in  th e  a b sen ce  o f  stab ilizers b e c a u se  o f  a  ch a in  
d egrad ation  reaction , as sh o w n  in  th e  fo llo w in g  equations:

Initiation: R - H - > R * + H * (2 .1 )
Polymer — ^ Free radicals

P ropagation: R •  + 0 2 —>  ROO • (2 .2 )

Free radical +  Oxygen — ^ Peroxy free radical 
ROO •+ R ':  H  — »  ROOH +  /? '•

P eroxy  free radical +  Polymer — ^ Hydroperoxide +  Free radical
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T erm ination: R •  + / ? ' •  — ^ R : R'
Dead polymer

£ ' •  +  R O O *  — »  R O O R '  (2 .3 )
Dead polymer ( peroxide)

R O O  •  + R ' 0 0 •  — >  R O O R ' + O 2

Dead polymer ( peroxide)
T h e  rate o f  th e  free-rad ica l ch a in  reaction s sh o w n  a b o v e  is  a cce lera ted  b y  

th e  p r esen ce  o f  h e a v y  m eta ls  su ch  as c o b a lt(n )  io n s  or th e  o th ers tran sition  m eta l, 
d ep en d  o n  se le c te d  ca ta ly st o f  p o ly m er iza tio n , as sh o w n  in  (2 .4 )

ROOH + Co2+ - >  C o 3+ +  RO •  +OH -  (2 .4 )
ROOH + Co3+ - >  ROO •  + / r  +  Co2+

A s  th e  eq u ation  ab o v e , ca ta ly tic  degradation , Park e l  a l .  ( 1 9 9 9 )  w a s  
in v estig a ted  th e ca ta ly tic  d egrad ation  o f  p o ly e th y le n e  in  a  f ix e d -b e d  reactor  
c o m p o se d  o f  a  m etier  an d  a ca ta ly tic  crack in g  b ed . C om p ared  w ith  th o se  o b ta in ed  
b y  therm al d egradation , th e  ca ta ly tic  d egrad ation  p rod u cts are d istr ib u ted  in  a 
n arrow  ran ge o f  carbon  num bers. In contrast, th e  rate o f  ch a in -rea ctio n  
d egrad ation  is  in h ib ited  b y  th e p resen ce  o f  sm a ll am ou n ts o f  an tiox id an ts. T h e  
first sy n th etic  an tiox id an ts w ere  sy n th e s iz e d  in d ep en d en tly  b y  C a ld w e ll and  b y  
W in k e lm a n  and G ray b y  th e  co n d en sa tio n  o f  arom atic a m in es  w ith  a lip h atic  
a ld eh y d es. W h ile  u n p u rified  co m m ercia l p rod u cts su ch  as p h e n y l-P -  
n ap h th y lam in e are to x ic , th e y  are s till u se d  as an tiox id an ts fo r  rubber tires.

M a n y  naturally  occu rrin g  an tiox id an ts are d er iv a tiv es o f  p h e n o l and  
h in d ered  p h en o ls , su ch  as d i-tert-b u ty l-p ara-creso l. A s  sh o w n  b y  F igu re  2 .1 , th e  
an tiox id an t acts as a  chain -tran sfer  agen t to  p rod u ce  a  d ea d  p o ly m e r  an d  a  stab le  
free  rad ica l that d o e s  n o t in itia te  further ch a in -rad ica l degradation .
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DMeit-but>4-para-cresd Free ladcal Hindered free radical Hydroperoxide

Figure 2.1 S ta b iliz ed  free  rad ica l b y  D i-tert-b u ty l-p ara-creso l.

H o w ev er , th e p h e n o x y  free  rad ica l m a y  react w ith  o th er free  rad ica ls to  
p ro d u ce  a  q u in o n e  d erivative . D er iv a tiv e  o f  q u in o n e  ca n  gen erate  c o lo r  in  p o ly m er  
as sh o w  in  F igu re  2 .2 .

H indered pheno lic  free radical Petoxy Q uinone deriva tive

Figure 2.2 Q u in o n e  d erivative  gen era ted  b y  free  radical in h ib itin g  reaction .

C h em ica l reaction  o f  antiox idant, rh eo lo g ica l p rop erties and  
d isco lo u ra tio n  are a lso  im portant fo r  testin g  o f  an tiox id an ts as p resen ted  in  
E p ach er  e t  a l .  (1 9 9 9 a )  research  w ork . T h ey  sh o w e d  that th e rea ctio n s o f  h in d ered  
p h e n o lic  an tiox id an t w h ic h  p o ss ib ly  to o k  p la ce  in  th e m e lt  H D P E , in c lu d in g  
d isco lo u ra tio n , stab ilizer  co n su m p tio n , ch a n g e  o f  rh eo lo g ica l an d  m ech a n ica l  
p rop erties se e m  to  b e  p roportional to  ea ch  other. S tab ilizer  co n su m p tio n  lea d s to  
co lo u r  d ev e lo p m en t and m ad e th e ch a n g es  in  th e v in y l co n ten t o f  th e H D P E  
w h ic h  se e m s to  b e  re sp o n sib le  for th e d ecrea se  o f  m e lt  f lo w  in d e x  v a lu es.
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2.3 Types of Antioxidant

G en era lly , an tiox id an ts are d iv id ed  in to  tw o  typ es.

2 .3 .1  Prim ary A n tio x id a n ts
P rim ary an tiox id an ts react rap id ly  w ith  p e r o x y  rad ica ls and are 

term ed  ‘rad ica l sc a v e n g e r s ’. C h a in  breakers are m a in ly  s t o ic a l ly  h in d ered  
p h e n o ls  (th e  m o st  im portant) an d  seco n d a ry  arom atic a m in es. T h e  m a in  h in d ered  
p h e n o lic  a n tiox id an t is  b u ty la ted  h y d ro x y  to lu en e  (B H T ), c o m m o n ly  u se d  in  
p o ly o le f in s , styren es and v in y l p o lym ers.

A s  prim ary antiox idant, h in d ered  p h e n o lic  a n tio x id a n ts are h ig h  
m o lecu la r  w e ig h t  m ateria ls, su itab le  fo r  p o ly m er  sy stem s se n s it iv e  to  therm al and  
o x id a tiv e  d egrad ation  that p rod u ce  free  rad ica ls an d  p ero x id es . T h e y  g iv e  
p ro tectio n  a ga in st d egradation  at h ig h  p ro cess in g  tem peratures an d  are h ig h ly  
e ffic ie n t, o f  lo w  vo la tility , n o n -sta in in g  and h ave w id e  to x ic o lo g ic a l c learan ce. 
T h e  e f f ic ie n c y  ca n  b e  en h a n ced  b y  u s in g  w ith  o ther a n tio x id a n ts su ch  as  
p h o sp h ites  and th ioesters, p rod u cin g  sy n erg istic  e ffe c ts  fo r  e f fe c t iv e  and  
e c o n o m ic a l form u la tion s. T h ey  are n orm ally  a va ilab le  as fr e e -f lo w in g  p ow d ers, 
b u t 5 0 %  a q u eo u s d isp ersio n s are a lso  availab le . A lth o u g h  m a n y  d egrad ation  
rea ctio n  is  occu rred  in  p o ly m er , an tiox id an t is  e ffe c tiv e  at v ery  lo w  d o sa g e s  (0 .0 1 -
0.1% ) in  lo w  and h ig h -d en s ity  p o ly e th y le n e  (e sp e c ia lly  carbon  b la c k -fille d  grades  
fo r  p ip e  an d  co p p er  ca b le  in su la tion ). F or th is w ork  p h e n o lic  p r im a iy  an tiox id an t  
w ere  e m p lo y e d  fo r  p ro cess in g  and lo n g  term  therm al stab iliza tion . It is  h ig h ly  
e ffe c tiv e , n o n  d isco lo r in g  stab ilizer  fo r  p la stics , protects substrates a ga in st th erm o-  
o x id a tiv e  d egradation . C h em ica l structure o f  p h en o lic  an tiox id an t is  p resen ted  in  
F igure 2 .3 .
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2 .3 .2  S eco n d a ry  A n tio x id a n ts
S eco n d a ry  an tiox id an ts react w ith  h y d ro p ero x id es  (R O O H ) to  

p rod u ce n on -rad ica l prod u cts an d  are o ften  term ed  ‘h y d ro p ero x id e  d e c o m p o se r s ’. 
P e r o x id e -d e c o m p o s in g  an tiox id an ts are n o rm a lly  u se d  as seco n d a ry  ad d itives, 
d iffer in g  fro m  prim ary p h en o ls  and am in es in  that th ey  are d e c o m p o se d  b y  
reaction  w ith  h yd ro p ero x id e , rather than co n ta in in g  it. T h e y  are particu larly  u se fu l 
in  sy n erg istic  co m b in a tio n s w ith  prim ary antiox idants.

P h o sp h ite /p h o sp h o n ites  are th e m o st e ffe c tiv e  sta b ilisers during  
p ro cess in g , p rotectin g  b oth  p o ly m er  and prim ary an tiox id an ts. H y d ro ly tica lly  
stab le  p h o sp h ites  are th e m o st  freq u en tly -u sed  p r o cess in g  sta b liliser  in  h ig h -  
p erform an ce ad d itive  sy stem s. F igure 2 .4  g iv e s  th e ch e m ic a l structure o f  
seco n d a ry  an tiox id an t u se d  in  th is stu d y

Figure 2.3 C h em ica l structure o f  prim ary p h e n o lic  antiox idant.

Figure 2.4 C h em ica l structure o f  s e c o n d a iy  antioxidant.

H o w ev er , an tiox id an t te c h n o lo g y  still d e v e lo p s  to  g e t  th e better 
stab ility  p rop erties (Joh n son , 1999). A  n e w  ser ies  o f  an tiox id an t fro m  C ib a
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S p e c ia lty  C h e m ic a l C orp. w a s  in trod u ced  as p ro cess in g  stab ilisers, it  is  the  
Irgastab F S  stab ilizer , w h ic h  rep orted ly  p ro v id es g o o d  therm al an d  p ro cess  
stab ility . Furtherm ore, to  earn e x c e lle n t  c o lo r  stab ility . In th is sy stem , a  h in d ered  
a m in e  lig h t  sta b ilizer  is  u se d  in stea d  o f  a  h in d ered  p h e n o lic  therm al sta b ilizer  su ch  
as Irgan ox  1 0 1 0  an d  R e o n o x  10, an d  is  co m b in ed  w ith  a  seco n d a ry  an tiox id an t 
d ia lk y lh y d ro x y la m in e , w h ic h  acts as a  p ero x id e  d e -co m p o ser , rad ica l scaven ger , 
an d  red u c in g  agent. F or th is  w o rk  seco n d a ry  an tiox id an ts w e r e  Irgfos 168  and  
R e o n o x  6 8 .

In stead  u s in g  o f  o n ly  prim ary or seco n d a ry  an tiox id an t, It w a s  u sed  
to  co m p o u n d  togeth er  at p rop er ratio o f  prim ary a n tiox id an t to  seco n d a ry  
a n tiox id an t to  g e t  sy n erg istic  e ffec ts .

2.4 Synergism and Antagonism

M o st stab ilisers fo r  p o ly m ers con ta in  a co m b in a tio n  o f  an tiox id an ts actin g  
b y  d ifferen t m ech a n ism s an d  n o rm a lly  co m p lem en tary . T h e  an tiox id an t, w h ic h  
d estro y s  h y d ro p ero x id es (e .g . Irgafos 168 or R e o n o x  6 8 ) , th ereb y  red u c in g  the  
con cen tra tio n  o f  rad ica ls in  eq u ation  (2 ), w il l  in  co n se q u e n c e  s lo w  d o w n  the  
d estru ctio n  o f  a  ch a in -b reak in g  an tiox id an t. B y  th e  sa m e tok en , an  e ffe c tiv e  
ch a in -b reak in g  an tiox id an t red u ces  th e  am ou n t o f  h y d ro p ero x id e  fo rm ed  in  an  
a u to x id is in g  sy s te m  an d  h e n c e  protects a  p ero x id e  d eco m p o ser . T h is  co -o p era tiv e  
in teraction , w h ic h  is  c o m m o n ly  c a lle d  sy n erg ism , lea d s to  an  o v era ll an tiox id an t 
e ffe c t  w h ic h  is  greater than  th e su m  o f  th e in d iv id u a l e f fe c ts  an d  v ery  o ften  to  an  
e ffe c t iv e n e s s  m u ch  greater than  can  b e  a ch iev ed  b y  e ith er  an tiox id an ts a lo n e  ev en  
at m u ch  h ig h er  con cen tra tion s F igu re 2 .5 . T h e p h e n o m en o n  is  th erefore  o f  
co n sid era b le  p ractica l an d  th eoretica l s ig n ifica n ce .

O c c a s io n a lly  th e  reverse  p h en o m en o n  is  o b served , that is , tw o  
an tiox id an ts in teract to  d ecrea se  th e su m  o f  their in d iv id u a l e ffe c ts . T h is  is  
d escr ib ed  as an tagon ism , (F ig u re  2 .5 ).
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Figure 2.5 S y n erg istic  and an ta g o n istic  e f fe c t  o f  in teraction  b e tw e e n  prim ary and  
seco n d a ry  an tiox id an ts.

M a n y  r e sea rch  w o rk  w e r e  carried  o u t to  s tu d y  th e  s y n e r g is t ic  e f fe c t .  
L ia u w  e t  a l .  ( 1 9 9 9 )  s tu d ie d  th e  e f f e c t  o f  in tera c tio n s  b e tw e e n  s ta b ilis e r s  an d  
s i l ic a  u se d . T h e y  o b se r v e d  th at u n d er  th e r m o o x id a tio n  o f  p o ly o le f m  f ilm , 
c o m b in a t io n  o f  Irg a n o x  1 0 1 0  w ith  a p o ly m e r ic  h in d ered  a m in e  l ig h t  s ta b ilise r s  
(H A L S )(C h im a sso r b  9 4 4 )  g a v e  stro n g er  sy n e r g ism  e f f e c t  w h e n  s i l ic a  w a s  
p resen ted . N o t  o n ly  s tu d y  sy n e r g ism  or  a n ta g o n ism  e f f e c t  o f  th e r m o -o x id a t iv e  
a n tio x id a n t w a s  ca rr ied  o u t b u t p h o to -o x id a t iv e  a n tio x id a n ts  are a ls o  s tu d ie d  
as B a u er  e t  a l .  ( 1 9 9 7 )  w o rk . T h e y  fo u n d  that, w h e n  in c r e a s in g  th e  a m o u n t o f  
se c o n d a r y  a n tio x id a n ts  Irg a fo s  168  in  p o ly p r o p y le n e  m ix tu re , th e  e x te n t  o f  
a n ta g o n ism  w a s  d e c r e a se d .
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2.5 Testing of Antioxidants
T h e  m o s t  r e le v a n t te s ts  fo r  a n tio x id a n t p e r fo r m a n c e  c o n s is t  o f  

m e a su r e m e n ts  o f  k e y  p ro p er tie s  u n d er  sto ra g e , p r o c e s s in g  o r  u s in g  c o n d it io n s .  
In  th is  r e sp e c t , s im u la t io n  o f  p r o c e s s in g  b y  s in g le  o r  m u lt ip le  e x tr u s io n , 
in je c t io n  m o ld in g . H o w e v e r , te s ts  fo r  p o ly m e r  b e h a v io r  d u r in g  s to r a g e  an d  
u s e  is  o f te n  te d io u s  a n d  v e r y  t im e  c o n su m in g . It c o u ld  ta k e  s e v e r a l y e a r s  to  
d e te r m in e  th e  lo n g -te r m  s ta b ility  o f  a  p la s t ic  at a m b ie n t  tem p era tu res . F or  
th e s e  r e a so n s , v a r io u s  a c c e le r a te d  te s t  m e th o d s  w a s  d e v e lo p e d  w ith  th e  m a in  
g o a l to  r e d u c e  te s t in g  t im e . T h is  is  a c h ie v e d  b y  in c r e a s in g  th e  te s t  
tem p era tu re , r e d u c in g  sa m p le  th ic k n e s s  or  b y  te s t in g  in  p u re  o x y g e n  at 
a tm o sp h e r ic  c o n d it io n s . T h e s e  te s ts  m a y  b e  p er fo rm ed  w ith  a c tu a l p la s t ic s  
(p re ferred ) a s w e l l  as w ith  m o d e l c o m p o u n d s  or  m o d e l sy s te m s .

2 .5 .1  T e s t in g  W ith  M o d e l S y s te m s
F u n d a m en ta l e x p e r im e n ta tio n  w ith  m o d e l c o m p o u n d s  h a s  b e e n  

u se d  w id e ly .  R a th er  o f te n  th e  m e th o d  u se d  c o n s is t s  o f  f o l lo w in g  th e  o x id a t io n  
k in e t ic s  o f  lo w  m o le c u la r  w e ig h t  a n a lo g s  o f  p o ly m e r s  a n d  to  d e te r m in e  th e  
in f lu e n c e  o f  a d d ed  a n tio x id a n ts . M o d e l c o m p o u n d s  th at h a v e  b e e n  u s e d  are;

•  e th y le n e  d ib e n z o a te , d ie th y le n e  g ly c o l  d ib e n z o a te  a n d  2 -  
h y d r o x y e th y l b e n z o a te  fo r  sa tu ra ted  p o ly e s te r s ,

•  lo w  m o le c u la r  w e ig h t  a m id e s  fo r  p o ly a m id e s ,
•  b ra n ch ed , lo w  m o le c u la r  w e ig h t  h y d r o c a r b o n s  fo r  p o ly o le f in s ,
•  c u m e n e , te tra lin  or d e c a lin  b e c a u s e  th e ir  o x id a t io n  to  th e  

c o r r e sp o n d in g  h y d r o p e r o x id e s  a n d  p ro d u cts  o f  fu rth er  r e a c tio n  
ca n  b e  e a s i ly  fo l lo w e d .

A n oth er  te st m eth o d  u sed  co n s is ts  o f  e x a m in in g  th e rea c tio n  o f  
an tiox id an ts w ith  w e ll-d e f in e d  h y d ro p ero x id es or p e r o x y  rad ica ls R O 2 *. C u m en e  
h y d ro p ero x id e  is  very  o ften  u se d  for  th is p u rpose. B y  h o m o ly s is  o f  co m p o u n d s
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y ie ld in g  carb on -cen tered  rad ica ls in  th e p resen ce  o f  o x y g e n  it  is  p o ss ib le  to  
g en era te  p e r o x y  rad ica ls in  th e  sy stem . G unter e t  a l .  ( 1 9 9 6 )  u se d  m o d e l  
h y d ro p ero x id e  to  in v estig a te  th e e ffe c t  o f  su lp h u rou s a c id  esters as seco n d a ry  
an tiox id an ts, th e  reaction s o f  su lp h ites w ith  cu m en e  h y d ro p ero x id e  (C H P ), tert- 
b u ty l h y d ro p ero x id e  (T B H P ) and a -te tra ly l h y d ro p ero x id e  (a -T H P ). T h e y  fo u n d  
that a ll su p lp h ites in v estig a ted  d e c o m p o se  h y d ro p ero x id es in  a  n on rad ica l w ay . 
F or q uantitative d eterm in ation  o f  th e  e ffe c tiv e n e ss  o f  an tiox id an ts, m ea su rem en t  
o f  o x y g e n  u p tak e rem ain s an  im portant m eth od . It is  p erform ed  w ith  liq u id  m o d e l  
c o m p o u n d s  or  m o d e l co m p o u n d s in  so lu tio n  or w ith  th e  p o ly m er  as su ch . F or th is  
research  w o rk  is  n o t co n cern  about m o d e l sy stem s test.

2 .5 .2  P ractica l T estin g
T h is  w o rk  is  m a in ly  con cen trated  o n  a g e in g  test, therm al stab ility  

test, an d  th erm o o x id a tiv e  stab ility  test. T h ere are n u m erou s m eth o d s o f  a sse ss in g  
th erm o o x id a tiv e  stab ility  o f  p la stics . A m o n g  th e preferred  o n e s  are d ifferen t  
th erm o a n a ly tica l tech n iq u es  su ch  as d ifferen tia l therm al a n a ly sis  (D T A ), 
d ifferen tia l sca n n in g  ca lorim etry  (D S C ), an d  th erm ograv im etric  a n a ly sis  (T G A ). 
T h e se  m eth o d s h a v e  a  b ig  ad van tage  o f  y ie ld in g  data in  a v ery  short tim e.

E ffe c t  o f  ty p e  o f  p o ly m er , e f fe c t  o f  m o lecu la r  w e ig h t  an d  e ffe c t  o f  
ca ta ly st resid u e  are s ig n ifica n tly  im portant. A lle n  e t  a l .  (2 0 0 0 )  stu d ied  th e  therm al 
an d  p h o to o x id a tiv e  b eh a v io r  o f  three n o n -a d d itiv e  p o ly e th y le n e s , H D P E , L L D P E  
an d  a m e ta llo c e n e  grade m aterial. T h e  p o ly e th y le n e  sa m p les w e r e  ex a m in e  b y  
therm al m eth o d s (D S C , T G A ), F T IR  a n a ly sis , d er ivative  u v  an d  lu m in e sc e n c e  
sp ec tro sco p ic  tech n iq u es. T h ey  fo u n d  that th e v in y l ty p es  an d  con cen tra tion s  
r e flec t  th e th erm al stab ility  o f  th e p o ly m er  m ateria ls b u t d ifferen ces  in  ca ta lyst  
resid u es  d id  n o t sh o w  an y  s ig n ifica n tly  e ffec t. T h e d ifferen ces  in  th e  lig h t stab ility  
o f  th e p o ly m ers w ith  th e m eta llo cen e  ex h ib itin g  th e greatest in ten sity  and lea st  
stab ility  fo l lo w e d  b y  H D P E  and L L D P E . F or therm al d eco m p o sitio n , th e  lo w e s t  
w a s  L L D P E  ex h ib its , th e  h igh er  H D P E , w h ile  th e m eta llo cen e  th e  h igh est.



13

O n e  p u rp ose  o f  ad d in g  ad d itive  and stab ilizers in to  p o ly m er  is  to  
ex ten d  p rod u ct life tim e . S o  p o st-u se  p o ly e th y le n e  m u st h as a  g o o d  therm al 
d egrad ation  resista n ce  and o x id a tiv e  d egrad ation  resistan ce . K yria k o u  e t  a l .  

(1 9 9 9 ) , stu d ied  th e  o x id a tiv e  in d u ctio n  tim e  m eth o d  b a sed  o n  th erm ograv im etric  
a n a ly sis  fo r  m o n ito r in g  th e  restab iliza tion  o f  p o st-u se  L D P E . R e c y c lo s ta b  4 2 1  
an tiox id an t (p h e n o lic  and o rg an op h osp h ite  m ix tu re) fro m  C ib a  G e ig y  Ltd. w a s  
u se d  in  th e  w ork . O x id a tiv e  in d u ctio n  tim e  v a lu es  o f  r e sta b ilized  sa m p les  w ere  
h ig h er  th an  n o n -resta b ilized  sa m p les at e v ery  rem eltin g  c y c le .

T o  te st  th e p erform an ce o f  an tiox id an ts in  p o ly m er , as m en tio n ed  
a b o v e , a cce le lera ted  a g in g  in  o v en s at re la tiv e ly  h ig h  tem perature, b ut g en era lly  
b e lo w  th e  p o ly m e r  m e ltin g  p o in t, in  c ircu la tin g  m ed iu m , is  o n e  o f  th e m o st  w id e ly  
u se d  test m eth o d s  (e .g . DEN 5 3 3 8 3  part 1, ISO  4 5 7 7 -1 9 8 3 ) . In th is  tech n iq u e , the  
te st criteria  in c lu d e  sp ec tro sco p ic  data su ch  as carb on yl (e .g . D IN  5 3 3 8 3  part 2 )  or  
h y d ro x y  group  con cen tra tion s o b ta in ed  b y  IR  sp ec tro sco p y , d isco lo ra tio n  
m ea su red  b y  co lo r im etry  an d  m ech a n ica l ch aracteristics su ch  as im p a ct strength, 
e lo n g a tio n  and te n s ile  strength. T h e o v e n  a g in g  tech n iq u e  r e sem b les  co n d itio n s  
en co u n tered  in  serv ice  m u ch  m ore c lo s e ly  than th e p reced in g  o n es . It is  the  
m eth o d  o f  c h o ic e  w h ere  tim e  a llo w s  a sse ss in g  th e p erform an ce o f  an tiox id an ts  
u n d er co n d itio n s  o f  actual u se  or during storage.

A s  m en tio n  a b o v e  th e e ffe c ts  o f  th e en v iro n m en ta l m ed iu m s are 
tak en  e ffe c t  o n  p o ly m er  degradation . D ô m e r  and L an g (1 9 9 8 a  an d  1 9 9 8 b ) w ere  
stu d ied  th e  e ffe c t  o f  variou s stab ilizer  sy stem s o n  th e a g e in g  b eh a v io r  o f  m ed iu m  
d en sity  p o ly e th y le n e  (M D H D  or P E -M D ) in  h o t w ater  com p are to  air, 95°c o f  

c o m p ress io n  m o ld e d  p la g u es . T h e resu lts sh o w n  that, o x id a tiv e  in d u ctio n  tim e  
v a lu es  (O IT ) o f  M D P E  sa m p les  w h ic h  under w e n t a g e in g  in  air is  h ig h er  than  
o x id a tiv e  in d u ctio n  tim e v a lu es  o f  M D P E  sa m p les w h ic h  u n d er w e n t  a g e in g  in  
w ater.

T h e p erform an ce o f  a n tiox id an ts in  p o ly m er  p r o c e ss in g  so m e  tim es  
w a s  tested  in  th e p o ly m er  m elt. It is  b e s t  a sse sse d  b y  m u ltip le  ex tru sion s, f ilm
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b lo w in g  or  in jec tio n  m o ld in g . A cco rd in g  to  E p ach er e t  a l .  (1 9 9 9 b )  as p resen ted  
a b o v e  (1 9 9 9 a ) , th e y  stu d ied  p ro cess in g  h isto ry  b y  m u ltip le  ex tru sio n  that a ffec ted  
o n  r h e o lo g y  o f  H D P E  sam p le , th e  resu lts sh o w e d  that th e  in crea sin g  o f  p ro cess in g  
h istory , d ecrea sin g  o f  M F I. A lth o u g h  so m e  therm al a n a ly tica l m eth o d s  su ch  as 
D T A /D S C  m a y  g iv e  u se fu l in d ica tio n s co n cern in g  p erform an ce, th e  m o st  
im p ortan t p o ly m e r  ch aracteristics to  b e  o b serv ed  u n d er th e se  co n d itio n s  are 
ch a n g es  in  m e lt  f lo w  in d e x  or  m e lt  f lo w  (DEN 5 3 7 3 5 , IS O P  1 1 3 3 -1 9 8 1 , A S T M  D  
1 2 3 8 -8 8 )  an d  p o s s ib le  d isco lo ra tio n  (e .g . y e l lo w n e s s  in d e x  a cco rd in g  to  A S T M  D  
1 9 2 5 -7 0 ).



15

2.6 Objectives

1. T o  stu d y  th e e ffe c t  o f  an tiox id an ts o n  ex tru sio n  g rad es H O P E .
2 . T o  stu d y  th e  e ffe c t  o f  th e  ratio o f  prim ary an d  seco n d a ry  an tiox id an ts  

o n  th e  stab ility  o f  H O P E .
3 . T o  stu d y  th e  e ffe c t  o f  tem perature and sh ear du rin g  p r o c e ss in g  o n  the  

th erm o -m ech a n ica l stab ility  o f  H O P E
4. T o  d eterm in e th e  m o st  e c o n o m ic a lly  an d  c o s t -e f fe c t iv e ly  an tiox id an ts  

F rom  d ifferen t producers.

2.7 Statement of Problems

1. H o w  d o e s  th e p ro cess in g  h istory  a ffe c t  th e  v irg in  H O P E  and  
sta b ilized  H D P E  sam p le

2 . H o w  d o  th e  an tiox id an ts at variou s ratios a ffec t o n  th e m ech a n ica l 
properties, r h e o lo g y  prop erty  an d  ch a n g e  in  fu n ctio n a l grou p  b efo re  
and after a g e in g  in  c ircu la tin g  h o t air o v en .

3. W h ic h  is  th e  ratio o f  an tiox id an ts, that h a v in g  a g o o d  anti-therm al 
d egrad ation  an d  h a v in g  g o o d  p ro cess  stab ility .
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