
C H A P T E R  III  
E X P E R I M E N T A L  P A R T

3 .1  M a t e r ia l s

3 .1 .1  L in e a r  L o w  D e n s i t y  P o ly e t h y le n e  ( L L D P E )

In  th is  s tu d y , lin e a r  lo w  d en s ity  p o ly e th y le n e  (L L D P E ) o f  film  
e x tru s io n  g ra d e  (L 1 8 1 0 F I)  w as  u se d  as th e  p o ly m e r m a trix . S o m e  p h y s ic a l 
p ro p e r tie s  w e re  lis te d  in  T a b le  3 .1 .

T a b le  3 .1  P h y s ic a l  p r o p e r t ie s  o f  L L D P E  f i lm ร.

P ro p e r tie s V a lu e
M F I (g /1 0 m in .) 1.0
D e n s ity  (g /c m 3) 0 .9 1 8
T e n s ile  s tre n g th  (k g /c m 2) M D :1 0 5 , T D * :1 10
T e n s ile  s tre n g th  a t b re ak  
(k g /c m 2)

M D :4 1 0 , T D *:320

U ltim a te  e lo n g a tio n  (% ) M D :6 2 0 , T D *:840
T e a r  re s is ta n c e  (g /2 5  m ic ro n ) M D :1 4 5 , T D  :370
F a ll in g  d a r t im p a c t s tre n g th  
(m J /m m 2)

150*

N o te : * film  th ic k n e ss  =  38 m ic ro n , B U R  =  2, D R  =  1, M D  =  m a c h in e  d ire c tio n
an d  T D  =  tra n s v e rs e  d irec tio n
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3 .1 .2  N a t u r a l  R u b b e r  (N R )

T h e  n a tu ra l ru b b e r (N R ) w as  u se d  as d isp e rse d  p h a s e  fro m  R a y o n g  
B a n g k o k  R u b b e r  w a s  u se d  N R  g rad e  S T R  5L . S o m e  sp e c if ic a tio n s  w e re  lis te d  in  
T a b le  3 .2 .

T a b le  3 .2  S p e c i f ic a t io n  f o r  s ta n d a r d  T h a i  r u b b e r  ( S T R  5 L ) .

S p e c if ic a tio n S p e c if ic a tio n  lim it
D ir t 0 .0 4
R e ta in e d  in  4 4  p  a p e rtu re  (m ax , %  w t.)
A sh  (m ax . %  w t.) 0 .4 0
N itro g e n  (m ax . % w t.) 0 .6 0
V o la ti le  m a tte r  (m ax . % w t.) 0 .8 0
In itia l  p la s tic i ty  (P 0) (m in .) 35
P la s tic i ty  R e te n tio n  In d e x  (P R I) (m in .) 60
C o lo r  L o v ib o n d  S cale 6 .0
(In d iv id u a l v a lu e , m ax .)
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3 .1 .3  M a le ic  A n h y d r id e  (M A )

M a le ic  a n h y d r id e  (M A ) fro m  F lu k a  c o m p a n y  w ith  d e n s ity  0 .2 0  
g /c m 3 a n d  m e ltin g  p o in t 52 .6  ° c  w a s  u sed . T h is  m a te r ia l w a s  u se d  to  fo rm  in-situ 
th e  c o m p a tib iliz e r  in  b le n d in g  o f  L L D P E /N R . T h e  re a so n  fo r  u s in g  th is  m a te r ia l 
as  a  c o m p a tib iliz e r  w a s  th e  su c c in ic  a n h y d rid e  a tta c h e d  to  th e  c h a in  e n d s  o f  P E  
a n d  a tta c h e d  to  d o u b le  b o n d  o f  N R  led  to  fo rm  a  m isc ib le  b le n d  o f  L L D P E /N R .

3 .2  E x p e r im e n t a l

3 .2 .1  C h a r a c t e r iz a t io n  o f  t h e  M a te r ia l s

3 .2 .1 .1  W e ig h t A v e ra g e  M o le c u la r  w e ig h t (M w), N u m b e r  A v e ra g e  
M o le c u la r  w e ig h t (M n) an d  M o le c u la r  W e ig h t D is tr ib u tio n  (M W D )

G el p e rm e a tio n  c h ro m a to g ra p h y  (G P C ) w a s  p e r fo rm e d  b y  W a te rs  
150 c  A L C /G P C  c o n n e c te d  w ith  3 c o lu m n s  o f  p -s ty ra g e l 104, 105, 106. 
D ic h lo ro b e n z e n e  a t 1 4 0 °c  w a s  u se d  as so lv e n t a t a  flo w  ra te  o f  1 c m 3/m in . T h e  
c a lib ra tio n  c u rv e  p re p a ra tio n  is sh o w n  in  A p p e n d ix  B .

R o o m  te m p e ra tu re  gel p e rm e a tio n  c h ro m a tro g ra p h y  (G P C ) w as  
c a rr ie d  o u t b y  W a te rs  6 0 0 E  to  d e te rm in e  th e  m o le c u la r  p a ra m e te rs  o f  N R . 
T e tra h y d ro fu ra n  w a s  u se d  as so lv en t. T h e  o p e ra tin g  te m p e ra tu re , f lo w  ra te , an d  
in je c tio n  v o lu m e  w e re  3 5 .2 ° c , 1 c m 3/m in , an d  60  |iL , re sp e c tiv e ly .
C h a ra c te r is tic s  o f  th e  c o lu m n  H T 4  w e re  c a lib ra te d  u s in g  n a r ro w  s ta n d a rd  
p o ly s ty re n e  (se e  a lso  A p p e n d ix  B ).
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3 .2 .1 .2  M e lt F lo w  In d e x  fM F D

T h e  m a te r ia ls  w ere  te s te d  fo r m e lt flo w  in d e x  a t te m p e ra tu re  190°c 
w ith  lo a d  c e ll 2.16 K g  a c c o rd in g  to  A S T M  D 1238.

3 .2 .2  P r e p a r a t io n  t h e  M a te r ia l s

3 .2 .2 .1  T w in  S c rew  E x tru d e r

L L D P E  an d  N R  w e re  p re lim in a ry  g ra fte d  b y  m a le ic  a n h y d r id e  w ith  
75 an d  25 w t%  re sp e c tiv e ly , th e n  L L D P E -g -M A  an d  N R -g -M A  w e re  m ix e d  o n  a 
tw o -ro ll  m ill a t te m p e ra tu re  170°c fo r 5 m in . T h e  p re m ix  w a s  th e n  p ro c e s s e d  in 
th e  C o llin  tw in  sc re w  ex tru d er.

Z o n e  1 2 3 4  5 d ie

F ig u r e  3 .1  T w in  sc re w  e x tru d er.

T e m p e ra tu re  se ttin g s  fro m  z o n e  1 to  d ie  w e re  150, 155, 160, 175, 
185, a n d  195 ° c ,  re sp e c tiv e ly  w ith  a sc rew  sp e ed  o f  130 rp m . T h e  e x tru d a te  w as  
c o o le d  in  w a te r  a t 2 5 ° c  an d  p e lle tiz e d  b y  g ran u la to r.
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T h is  se t o f  te m p e ra tu re  se rie s  w as  o b ta in e d  b y  tr ia l a n d  e rro r  an d  as 
re c o m m e n d e d  b y  C o llin  m an u a l.

3 .2 .2 .2  B lo w n  F ilm  E x tru s io n

T h e  se v en  c o m p o s itio n s  o f  L L D P E  an d  L L D P E /N R  b le n d s  w ere  
p ro c e s s e d  in  B e to l b lo w n  film  e x tru d e r  th a t  h as  a  s in g le  flig h t s c re w  o f  15 m m  
d ia m e te r  a n d  a  L /D  ra tio  o f  40 . T h e  m o lte n  m a te r ia ls  w e re  e x tru d e d  th ro u g h  a 25 
m m  a n n u la r  d ie  w ith  a  d ie  g ap  o f  0 .5  m m . T h e  free z e  lin e  w a s  se t a t 100 m m . 
B lo w  u p  ra tio  w a s  v a r ie d  fro m  1, 3 an d  5. E a ch  b lo w  u p  ra tio  w a s  v a r ie d  w ith  
th re e -d ra w  ra tio  1, 3 an d  5 re sp e c tiv e ly  (s e e  A p p e n d ix  A ).

T e m p e ra tu re  se ttin g s  fo r b lo w n  film  fro m  z o n e  1 to  d ie  w e re  150, 
155, 160, 175, 185, an d  195 °c re sp e c tiv e ly . S c rew  sp e e d s  fo r  b lo w n  film  w as  
75 rp m .

3 .2 .2 .3  C h ill R o ll C a s t F ilm  E x tru s io n

T h e  L L D P E  an d  L L D P E /N R  b le n d s  w e re  m e lte d  in  a  C o llin  ch ill 
ro ll c a s t f i lm  e x tru d e r  w ith  a  d ia m e te r  o f  30  m m  an d  L /D  o f  4 0 . E x tru s io n  w as  
p e r fo rm e d  th ro u g h  a  f la t-s lit, 2 0 0 0 0  m m 2 (8 0  m m  X  2 5 0  m m ) in  size . T h e  
e x tru d e d  m e lt e n te re d  a  te m p e rin g  tw o -d ru m  u n it th a t p ro v id e d  re lia b le  te m p e rin g  
a n d  a  s tr ic t  h in d e r in g  o f  lo n g itu d in a l flo w  b y  su p e rp o s itio n  o f  a  s tro n g  v isc o u s  
d ra g  b e fo re  a  su b s e q u e n t e x te n s io n  an d  c ry s ta lliz a tio n . D ra w  ra tio  w a s  v a r ie d  
fro m  1, 3 , a n d  5 .5 . T h e  p re p a re d  film  w a s  w o u n d  o n  a  s ta n d a rd  b o b b in .

T e m p e ra tu re  se ttin g s  fo r  ch ill ro ll c a s t film  fro m  z o n e  1 to  d ie  w ere  
150, 155, 160, 175, 185, an d  195 ° c  re sp e c tiv e ly . S c rew  sp e ed s  o f  ch ill ro ll c a s t 
film  w a s  100 rp m .
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3 .2 .3  T e s t in g  th e  P r o p e r t ie s  o f  t h e  B le n d s

3 .2 .3 .1  M e lt V isc o s ity  o f  B le n d  C o m p o n e n t

T h e  p o ly e th y le n e  re s in s  a n d  th e  c o r re sp o n d in g  c o m p o u n d s  in  a 
p e l le t  fo rm  w e re  te s te d  b y  fo llo w in g  A S T M  D  3 8 3 5 -9 0  u s in g  In s tro n  c a p illa ry  
rh e o m e te r  m o d e l 321 3  a t 180 ° c  an d  sh e a r ra te  ra n g in g  fro m  30  to  1200  ร' 1 w ith  a 
25  k N  lo a d  ce ll ( th e  L /D  ra tio  o f  c a p illa ry  d ie  w a s  4 0 ). T h e  R a b in o w itsc h  
c o r re c tio n s  w e re  a p p lie d  to  th e  c a p illa ry  rh e o m e te r  d a ta .

3 .2 .3 .2  S ca n n in g  E le c tro n  M ic ro sc o p e

T h e  p h a se  m o rp h o lo g y  o f  th e  b le n d s  w a s  e x a m in e d  b y  u s in g  o f  a 
J e o l JS M  5 2 0 0  a t 10 k v  sc a n n in g  e le c tro n  m ic ro sc o p e . C a p illa ry  e x tru d a te s  w ere  
c ry o g e n ic a lly  fra c tu re d  in  liq u id  n itro g e n , a n d  u n d e rw e n t e tc h in g  to  se le c tiv e ly  
re m o v e  N R  b y  to lu e n e  ex tra c tio n . S am p le  w a s  g o ld - s p u tte re d  a n d  e x a m in ed . 
T h e  m a g n if ic a tio n  w a s  2 ,0 0 0 X .

3 .2 .3 .3  T h e rm a l P ro p e rtie s

T h e rm a l p ro p e rtie s  w e re  a n a ly z e d  b y  d if fe re n tia l s c a n n in g  
c a lo r im e te r  (D S C ) w ith  N 2 c o o lin g  u n it. H e a tin g  an d  c o o lin g  c u rv e s  o f  se lec te d  
f ilm s  w e re  o b ta in e d  a t 1 0 °c  /m in . T h e  d e g re e  o f  c ry s ta ll in ity  w a s  c a lc u la te d  as 
w e ig h t  f ra c tio n  re la tiv e  to  100%  d eg re e  c ry s ta llin ity  o f  p o ly e th y le n e  (h e a t o f  
fu s io n  AHfioo = 299.1 J/g).
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3 .2 .4  M e c h a n ic a l  P r o p e r t ie s

3 .2 .4 .1  T e n s ile  P ro p e rtie s  T e s tin g

T e n s ile  s tre n g th  a t b re a k  o f  L L D P E /N R  b lo w n  film  an d  c h ill ro ll 
c a s t f ilm  in  b o th  th e  M D  an d  T D  w e re  m e a su re d  u s in g  a  L lo y d  u n iv e rsa l- te s tin g  
m a c h in e . T h e  te s t w a s  c o n d u c te d  a c c o rd in g  to  A S T M  D 8 8 2 . C u ttin g  s tr ip s  o f  
u n ifo rm  w id th  an d  th ic k n e ss  fro m  th e  film  sa m p le s  w e re  u se d  as te s t  sp e c im e n s . 
T h e  s p e c im e n s  u se d  w e re  1 25 -m m  lo n g , 2 5 .4  m m  w id e  a n d  3 0 -1 0 0  p m  th ick . 
T e n  s p e c im e n s  fo r  fiv e  M D  an d  fiv e  T D , w e re  te s te d  a n d  th e  re su lts  w ere  
a v e ra g e d  to  o b ta in  a  m e a n  v a lu e . T e s t c o n d itio n s  w e re  su m m a riz e d  in  T a b le  3 .3 .

T a b le  3 .3  T e s t  c o n d it io n  fo r  t e n s i le  t e s t in g .

T e s t p a ra m e te r V a lu e
L o a d  c e ll (N ) 2 5 0 0
In itia l  g rip  s e p a ra tio n  (m m ) 25
C ro s s h e a d  sp e e d  (m m /m in ) 500
In itia l  s tra in  ra te  (m m /m m .m in ) 10

3 .2 .4 .2  Im p a c t S tren g th

Im p a c t re s is ta n c e  fo r film s w e re  d e te rm in e d  fo llo w in g  A S T M  D 2 5 6  
b y  In s tro n  im p a c t te s te r , m o d e l IT R -2 0 0 0 . T h e  film s p ro d u c e d  fro m  b lo w n  film
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an d  ch ill ro ll c a s t film  e x tru s io n s  w e re  c u t to  th e  s iz e  o f  15X 15 cm , sp e e d  o f  
p u n c tu re  w a s  4  m /s .

3 .2 .4 .3  T e a r R e s is ta n c e

T h e  fo rce  re q u ire d  to  p ro p a g a te  te a r in g  ac ro ss  L L D P E  an d  
L L D P E /N R  film  w e re  m e a su re d  u s in g  th e  E lm e n d o r f  2 0 0 0  te a r  te s te r  w ith  th e  'C  
p e n d u lu m  (3 2 0 0  m N  fu ll- sc a le  lo ad ). T h is  te s t w a s  c o n d u c te d  a c c o rd in g  to  
A S T M  D 1 9 2 2 . T e s t sp e c im e n s  w e re  c u t as sh o w n  in  F ig u re  3 .2  to  fo rm  a 
c o n s ta n t ra d iu s  an d  c e rta in  te s tin g  len g th  to  c o m p e n sa te  fo r  o b liq u e  te a rin g . T w o  
se ts  o f  sp e c im e n s  w e re  cu t, o n e  se t w h ic h  w a s  to m  p a ra lle l to  th e  m a c h in e  
d ire c tio n  (M D ) an d  th e  o th e r  se t w a s  to m  p a ra lle l to  th e  tra n s v e rse  d ire c tio n  
(T D ). T e n  m e a su re m e n ts  w e re  c o n d u c te d  fo r e a c h  sa m p le  an d  th e  re su lts  w e re  
a v e ra g e d  to  o b ta in  a  m e a n  v a lu e .

43 m m  R a d iu s  o f  te a r
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F ig u r e  3 .2  C o n s ta n t-ra d iu s  sp e c im e n s  fo r te a r  re s is ta n c e  tes t.
3 .2 .5  M o le c u la r  O r ie n ta t io n

3 .2 .5 .1  In fra re d  D ic h ro ism

In fra re d  sp e c tra  w e re  re c o rd e d  u s in g  F T IR  s p e c tro m e te r  w ith  a 
re so lu tio n  o f  16 sc a n s  co llec te d , B ru k e r R F S  100 F T -IR  sp e c tro m e te r . 
B a c k g ro u n d  re a d in g  fo r  b o th  0 an d  90 d eg re e  IR  p o la r iz a tio n  w e re  o b ta in e d  u s in g  
w ire  g rid  p o la r iz e r  in  fro n t o f  th e  e m p ty  sa m p le  h o ld e r  an d  m e a su re m e n t w e re  
d o n e  w ith  th e  0 a n d  90  d e g re e  p o la riz a tio n . T o  d e te rm in e  o rie n ta tio n  o f  
a m o rp h o u s  an d  c ry s ta llin e  p h a se  o f  L L D P E , th e  d ic ro ic  ra tio  fo r b a n d s  a t 1368 
an d  1464 c m ' 1 w e re  a ss ig n e d . D ic h ro ism  w a s  d e te c te d  a t d if fe re n t d ra w  ra tio  an d  
b lo w  u p  ra tio .

3 .2 .5 .2  B ire fr in g e n c e

T h e  b ire f r in g e n c e  m e a su re m e n t w a s  c a rr ie d  o u t u s in g  a n  o p tica l 
p o la r iz in g  m ic ro sc o p e , L e ic a  m o d e l D M R X , X e  75 lam p  p o la r iz e r . T h e  
m e a su re m e n ts  w e re  m a d e  by  p la c in g  a  sa m p le  a t 45 d e g re e s  to  th e  c ro ss  p o la rs . 
T h e  sa m p le  m a c h in e  d ire c tio n  w a s  p a ra lle l o r v e ry  c lo se d  to  p o la r iz e d  d irec tio n . 
B ire f r in g e n c e  w a s  m e a su re d  b y  re ta rd a tio n  te c h n iq u e  w ith  a  la m d a  (A,) p la te  an d  
q u a r te r  (A./4) p la te .
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