
CHAPTER IV
BREATHABLE FILM FROM REACTIVE PROCESSING  

OF LLDPE/NR BLENDS W ITH ENR AND MALEIC ANHYDRIDE

4.1 Abstract

T h e  h ig h  o x y g e n  p e rm e a b ility  film , so -ca lled  b re a th a b le  film , c an  be 
p ro d u c e d  v ia  re a c tiv e  b len d in g  an d  p ro c e ss in g  o f  lin ea r-lo w  d e n s ity  p o ly e th y le n e , 
n a tu ra l ru b b e r, an d  ep o x id ized  n a tu ra l ru b b e r w ith  sm all co n te n t o f  m a le ic  an h y d rid e  
as a  re a c tiv e  co ag en t. T h e  fo am -lik e  s tru c tu re  o f  the  p ro d u c e d  b re a th a b le  film  w as 
p u rp o se d  b y  th e  re a c tio n  b e tw een  th e  fu n c tio n a l g ro u p s  d u rin g  th e  ex tru s io n . O x y g en  
p e rm e a b ility  o f  th e  b le n d e d  film s c a n  b e  c o n tro lled  by  th e  b le n d  c o m p o s itio n s , sc rew  
sp eed , an d  d ra w  ra tio  d u rin g  th e  c h ill- ro ll ca s tin g  step . T h e  b le n d e d  film s e x h ib it n o t 
o n ly  th e  g ood  b re a th a b lility  b u t a lso  the  o u ts tan d in g  u v  s c re e n -o ff  w ith  sm all 
tra n sp a re n c y  trad e -o ff . T h ese  p ro p e rtie s  are su itab le  fo r  th e  f ilm s  to  b e  u se d  in  
ag ricu ltu ra l ap p lica tio n s  to  en h an ce  th e  g ro w in g  and  p ro d u c tio n  o f  fru it tre e s , 
f lo w ers , v e g e ta b le s , an d  ev en  g ra in s, e sp ec ia lly  d u rin g  th e  g ro w in g  stage  o f  p lan ts .

Keywords: B rea th ab le  film , O x y g e n  p e rm eab ility , N a tu ra l ru b b e r, P o ly e th y le n e , 
R eac tiv e  p ro c e ss in g
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4.2 Introduction

P o ly e th y len e  (P E ) is th e  m o st u n iv e rsa lly  u sed  th e rm o p la s tic  m a te ria l in  the  
ag ricu ltu ra l se c tio n , e sp ec ia lly  in  th e  film  fo rm . It is n o tic eab le  th a t m an y  u se s  o f  
ag ricu ltu ra l f ilm  a re  fo r p lan tin g  p u rp o se  w h ic h  req u ires  so m e p ro p e rtie s  to  en h an ce  
th e  g ro w in g  an d  p ro d u c tio n  o f  ag ricu ltu re  p ro d u c ts . O ne e x am p le  o f  th is  fu n c tio n  is 
b e in g  a b a rrie r  to  liq u id s an d  in sec t a tta ck  w h ile  m a in ta in in g  th e  gas p e rm e a b ility  
th ro u g h  p o res . G en era lly , o x y g en  is n eed ed  b ecau se  o f  h ig h  re sp ira tio n  ra te  d u rin g  
th e  g ro w in g  s ta g e  o f  b ab y  p lan ts ; th e re fo re , th e  film  w ith  h ig h  o x y g en  p e rm e a b ility  
is a m u st.

T h e  p h y s ic a l an d  m ech an ica l m erits  o f  the  p ro d u c t c an  b e  d o n e  e a s ily  by  
b len d in g  o f  p o ly m e rs  w h ic h  re su lts  in  ra p id  an d  sim ple  w ay  to  d ev e lo p  n e w  m a te ria ls  
w ith  lo w  cost. A cc o rd in g  to  th e  p o ly m er b len d in g  p rin c ip le , th e  h y d ro p h o b ic ity  o f  
th e  m eth y l b a c k b o n e  o f  P E  can  be  co m p a tib le  w ith  n a tu ra l ru b b e r  (N R ), k n o w n . 
ch em ica lly  as l,4 -c w -P o ly iso p re n e . B es id e s , th e ir  low  su rface  te n s io n s  are re la tiv e ly  
c lo sed . N R  is a  n a tu ra l p o ly m e r th a t is very  flex ib le  an d  p ro n e  to  p h o to d e g ra d a tio n  
and  o zo n e  a tta ck  w h ile  P E  is m o re  w e a th e r stab ility . A d d in g  N R  to  P E  co u ld  
en h an ce  d eg rad ab ility  o f  th e  P E  film . M an y  resea rch es  h av e  in v es tig a ted  th e  
b le n d in g  o f  N R  w ith  P E  fo r th e rm o p la s tic  e la s to m er in  te rm  o f  s tab ility  and  
m ech an ica l p ro p e rtie s . T h e  p h o to -o x id a tio n  s tab ility  o f  th e  N R /L D P E  b len d  (70/30 
w t% ) sy stem s w as  v ery  rap id  fo r the  b len d s  w ith o u t s tab iliz e r  u n d e r  tro p ica l lev e l o f  
lab o ra to ry  u v  e x p o su re s  (B h o w m ick  e t  a l ,  2001).

M o re o v e r, A h m ad , S ah rim  e t a l  s tu d ied  the  sy stem  o f  N R  and  H D P E  w ith  
use  o f  liq u id  n a tu ra l ru b b e r (L N R ) as c o m p a tib iliz in g  ag en t (S ah rim  e t  a l ,  1994) 
w h ile  A b d u llah , Ib rah im  e t  a l  (A b d u llah  e t a l . ,  1995), and  D ah lan , H .M . e t  a l  
(D ah lan  e t a l ,  2 0 0 2 )  s tu d ied  the N R  and  L L D P E  b len d in g  sy stem . T h ey  p ro p o se d  
tha t th e  ac tiv e  te rm in a ls  o f  L N R  w as ex p ec ted  to  induce  ch em ica l b o n d in g  w ith in  
ru b b e r p h ase  an d  in te rfac ia l in te rac tio n  b e tw een  ru b b er and  p las tic  p h a se s  w h ic h  can  
s ig n ifican tly  im p ro v e  in p h y sica l p ro p e rtie s  o f  th e  b lends.

In a d d itio n  to  L N R . the p ro p erty  o f  ep o x id ized  n a tu ra l ru b b e r  (E N R ), 
e p o x id e -m o d ifie d  N R , w as in v estig a ted  in N R  b len d in g  system s. T h e  tra n sp o rt 
b eh av io r, m ech an ica l p ro p e rtie s , th e  p e rm eab ility  o f  tw o  types o f  gas w h ich  w ere
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o x y g en  an d  n itro g e n  th ro u g h  th e  N R , E N R , and  th e ir  b len d s  w ere  c o n s id e re d  b y  T. 
Jo h n so n  e t  a l  ( Jo h n so n  e t  a l . ,  1999; 2000). T h ey  h ad  fo u n d  th a t  p u re  N R  h a d  b een  
the  h ig h e s t o x y g en  p e rm eab le  and  th e  p erm eab ility  o f  b o th  g ases d e c re a sed  w ith  
in c rea s in g  o f  th e  m o le  p e rcen tag e  o f  ep o x id a tio n . In  all b len d s , th e  p e rm e a b ility  o f  
the  b le n d s  to  o x y g e n  an d  n itro g en  d ecreased  w ith  in c rea s in g  E N R  co n ten t. In  the  
sam e m an n e r, th e  so lv e n t u p tak e  d ec reased  w ith  in c reas in g  in  e p o x id a tio n  w h e re a s  
no  e p o x id a tio n  o r p u re  N R  had  th e  h ig h est u p tak e . F o r th e  m ech an ica l p ro p e rtie s , 
E N R  sh o w ed  th e  g o o d  o il re s is tan ce , low  n itro g e n  an d  o x y g en  gas p e rm eab ility , 
s tra in  c ry s ta lliz in g . M o reo v e r, the reac tio n  b e tw een  ep o x id e  g ro u p  o f  E N R  c h a in  and  
acid  g ro u p  such  as  e th y len e -acry lic  ac id  w as u tiliz ed  as co m p a tib iliz in g  p a th  to  
im p ro v e  th e  m isc ib ility  in  th e  b len d s (S an joy  e t  a l ,  1993). T h e re fo re , E N R  c a n  be 
p o te n tia l m a te ria l to  b rin g  th e  e x ce llen t p ro p erties  to  the  b lend .

In  th is  w o rk , th e  b len d in g  o f  L L D P E  an d  N R  w as ca rried  o u t w ith  h ig h  
L L D P E  co n ten t (8 0 -9 0  w t% ) and  m a le ic  anhydride  (M A ) w as u sed  as reac tiv e  ag en t 
to  fu n c tio n a liz e  L L D P E  an d  su b seq u en tly  p e rfo rm ed  as th e  c o m p a tib iliz e r  in  the 
L L D P E /N R  b len d in g  system . M o reo v er, E N R  w as u sed  as a  c o a g e n t o r 
c o m p a tib iliz in g  ag en t in  th is  system  due  to  the reac tiv e  e p o x id e  g ro u p . O u r a p p ro a c h  
is to  m ak e  the  b rea th ab le  film  v ia  reac tiv e  p ro cess in g  o f  M A  fu n c tio n a liz e d  L L D P E  
and  E N R  in the  ru b b e r  p h ase  to  g iv e  rig id  c ro ss lin k ed  p o in ts  th a t w ere  h a rd  to  
d efo rm  u p o n  stre tch in g . T h ese  rig id  p o in ts  w ere d is tr ib u ted  in  th e  m e lt e x tru d a te  and 
the  b y -p ro d u c t m o is tu re  ad d ed  p re ssu re  to  b lo w  th e  film  slig h tly  and  thus m a d e  the 
film  fo am ed  w ith  s tru c tu re  o f  m e lt tearing  o p en in g  the  p o re s  fo r o x y g en  
p e rm eab ility . T h e  e ffec ts  o f  p ro cessin g  p a ram e te r w h ich  w ere  th e  b len d  
c o m p o s itio n s , sc rew  sp eed , and  d raw  ra tio  on film  s tru c tu re  an d  p e rm e a b ility  w ere  
in v es tig a ted . M o reo v e r, u v ab so rp tio n  o f  the b le n d e d  film s w as d e te rm in ed  as w ell.

4.3 Materials and Method

4.3.1 M a te ria ls
N a tu ra l ru b b er. S T R -5 L  grade, u sed  as d isp e rsed  p h a se  in  the  b len d s  

w as o b ta in ed  by  R ay o n g  B an g k o k  R u b b e r C o., L td . E p o x id ized  n a tu ra l ru b b e r  w ith  
50%  e p o x id iz a tio n  w as k in d ly  su p p lied  from  lab o ra to ry  by  K M U T T . F o r p o ly m e r
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m a trix , lin ea r lo w -d e n s ity  p o ly e th y len e  (L L D P E ) o f  c o m m erc ia l film  g rad e  
(D O W L E X  2045.11G) w as su p p lied  b y  D o w  C h em ica l C o m p an y  (T h a ilan d ). Its 
p ro p e rtie s  are a lso  su p p lied  fro m  the  m an u fa c tu re r  as fo llo w ed : M F I =  1.0 g /10  m in , 
d en s ity  =  0.922 g /c m 3, T m =  125°c. M ale ic  an h y d rid e  w ith  m e ltin g  p o in t o f  57°c 
w a s  p u rc h a se d  fro m  A cro s  co m p an y . A ll ch em ica ls  w e re  u sed  w ith o u t fu rth e r 
p u rif ic a tio n .

4.3.2 B le n d s  P re p a ra tio n
F o r  ease  to  p ro c e ss , N R  w as m as tic a ted  o n  tw o -ro ll m ill at a m b ie n t 

te m p e ra tu re  b e fo re  fu rth e r u se d . T he m a s tic a tio n  tim e  w as 10 m in  an d  ro lle r  sp eed  o f  
30  m in '1 w as se t w ith  ad ju s ta b le  gap  d is tan ce  in  th e  ran g e  o f  5 -10  m m .

M a tr ix  o f  b le n d  fo rm u lae  w a s  k ep t co n s ta n t a t 80 w t%  o f  L L D P E  and  
to ta l 'ru b b e r c o n te n t in c lu d in g  N R  and  E N R  w as 20  w t% , o th e rw ise  w a s  s ta ted . S m all 
a m o u n t o f  M A  u se d  as re a c tiv e  agen t w as  3 phr. R u b b e r p h ase  w as cu t in to  sm all 
p iece s  an d  M A  w as  g ro u n d  b e fo re  feed in g  to  the  m ix e r  fo r  ease  o f  d isp e rs io n  an d  
d is tr ib u tio n . A ll m e lt b le n d in g  w ere  p rep a red  in  50 c m 3 o f  c h a m b e r v o lu m e  o f  
lab o ra to ry  in te rn a l m ix e r, B rabender®  W -5 0  w ith  th e rm o p la s tic  m ix in g  head , w ith  
ro to r  sp eed  o f  50 m in '1. T h e  b le n d in g  s tep s  s ta rted  w ith  m e ltin g  o f  a c e rta in  am o u n t 
o f  L L D P E  at 170°c fo r 3 m in . M A  w as th en  ad d ed  at 3 rd m in u te  b e fo re  E N R  w as 
ad d ed  b y  6 th m in u te  and th e  b len d  had  been  fu rth e r m ix ed  fo r 3 m in  b efo re  th e  last 
in g re d ie n t w h ich  w as N R  w a s  added  at 9th m in u te . A fte r  th a t th e  b le n d  w as k ep t 
m ix in g  fo r a n o th e r 3 m in  to  a llo w  the  u n ifo rm  m ix in g . T h e re fo re , th e  to ta l m ix in g  
tim e  w as 12 m in  fo r reac tiv e  b len d in g  (L M E N ). F o r b in a ry  and  te rn a ry  b len d s  w h ich  
a re  n o n -reac tiv e  b len d in g  th e  m ix in g  s tep  w as sh ifted  up  by k eep  in te rv a l tim e  
c o n s ta n t fo r each  s tep  re su ltin g  in 9 m in  o f  the to ta l b le n d in g  tim e . A ll ru n s  w ere  
done  u n d e r n itro g e n  a tm o sp h e re  to  av o id  o x id a tio n  from  a tm o sp h e ric  a ir. T he b len d  
th en  w as rem o v ed  from  th e  b a tch  m ix e r  and  p laced  on  sta in le ss  s tee l p la te  w ith  
co o lin g  do w n  by a m b ien t air.

4 .3 .3  T w in -S c re w  E x tru s io n
T o  o b ta in  b e tte r  h o m o g en eo u s m ix in g , th e  b len d  g iv en  by in te rn a l 

m ix e r  w as sh red d ed  in to  sm a ll p ieces an d  kep t o v e r n ig h t in  v acu u m  o v en  at 110°c
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b efo re  p a ss in g  th ro u g h  th e  Collin®  co -ro ta tin g  ty p e  tw in -sc re w  ex tru d e r, m o d e l T -2 0  
w ith  sc re w  d ia m e te r  o f  25 m m . T w o  sc re w  speeds, 80  and  90  m in '1, w ere  ca rried  ou t. 
T e m p e ra tu re  p ro file  o f  tw in -sc re w  e x tru s io n  from  feed  zo n e  th ro u g h  d ie  zo n e  w as se t 
as fo llo w ed : 150, 155, 160, 175, 185, 195°c.

4 .3 .4  C h ill-R o ll C a s t F ilm  P ro c e ss in g
T he e x tru d a te  w as fu r th e r  p ro cessed  in to  th e  th in  film  by  u sin g  sin g le  

sc rew  c h ill- ro ll c a s t film  ex tru d e r, Collin® . It w as  eq u ip p ed  w ith  a  f la t-s lit d ie  
d im e n s io n  o f  0 .8  X 2 5 0  m m . T h e  sc re w  speed  u se d  fo r th is  s tep  w as 4 0  m in ’1. T h e  
sam e te m p e ra tu re  p ro f ile  as  im p o se d  d u rin g  th e  tw in -sc re w  p ro cess  w as  u sed . T he 
film  w a s  p ro c e sse d  w ith  v a rio u s  d raw  ra tio s  th a t w ere  7, 10, 15, an d  20.

4 .3 .5  F.T-IR S p e c tro sc o p y
- In fra red  an a ly sis  w as  p e rfo rm ed  w ith  N ic o le t  N E X U S  6 7 0  IR  

sp ec tro sco p y  to  co n firm  th e  o c c u rrin g  o f  L L D P E -g -M A  o b ta in ed  by  reac tiv e  
b len d in g . T h e  ran g e  o b se rv ed  w as 4 0 0 -4 0 0 0  c m '1 w ith  32 scans.

4 .3 .6  S can n in g  E le c tro n  M ic ro sco p y  (S E M ) and  P o la riz in g  O p tica l
M ic ro sc o p y  (P O M )
S E M  Jeo l 5200 w ere  u sed  and S E M  m ic ro g rap h s  w ere  tak en  fro m  

c ry o g en ica lly  f rac tu red  su rface  o f  th e  b len d  p ro cessed  by  tw in -sc re w  e x tru d e r  to  
in v es tig a te  th e  m o rp h o lo g y  o f  b inary , te rn ary , and  reac tiv e  b len d s . A cco rd in g  to  the  
S E M  p rin c ip le , an d  n o n -c o n d u c tiv e  p ro p e rty  o f  b o th  L L D P E  an d  N R  p h ases , th ey  
w ere  n e e d e d  to  be  d iffe re n tia te d  o th e rw ise  the p h ase  d iffe ren ce  can n o t be o b serv ed . 
F o r tha t re aso n , th e  e x tra c tio n  o f  ru b b e r  p h ase  w as se lec ted . T he d e ta il o f  ru b b er- 
p h ase  ex tra c tio n  is as fo llo w ed . T he b len d  ex tru d a te  w as k ep t in  liq u id  n itro g en  and  
th en  frac tu red  im m e d ia te ly  to  av o id  th e  phase  ch an g e  d u rin g  th e  b reak in g  p ro cess . 
T h en  th e y  w ere  k ep t in to lu e n e  at 70°c for 24 h to  sw ell, co n se q u e n tly  the ru b b e r  
p h ase  w as d isso lv ed  ou t. T h e  ex trac ted  sam ple  w as then  d ried  u sin g  v acu u m  oven  
o v e rn ig h t b efo re  sp u tte r-c o a tin g  w ith  g o ld  at an a rg o n  p re ssu re  o f  0.1 T o rr  fo r 4 m in  
at a  c u rre n t o f  10 m A . as th e  fina l s tep  fo r SE M  sam p le  p rep a ra tio n .
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M o re o v e r , th e  S E M  w as th e  m e th o d  to  co n firm  th e  fo am -lik e  
s tru c tu re  o f  th e  c ro ss -se c tio n  o f  reac tiv e  b le n d  ex truda te . F o r  th is  p u rp o se , to  o b se rv e  
th e  v o id s  in s id e  th e  b len d , th e  ru b b e r  p h ase  w as n o t n e e d e d  to  be  ex trac ted . 
F u rth e rm o re , th e  ap p ea ran ce  o f  b rea th ab le  film  w as m ade  o u t by  P O M , F e ic a  D M  
R X P  w ith  m a g n if ic a tio n  o f  20 .

4 .3 .7  D e n s ity  M e a su re m e n t
S o lid  d en sity  o f  th e  film s o f  F F D P E , b in ary  b le n d , te rn a ry  b len d , and  

re a c tiv e  b len d  w e re  e v a lu a ted  acco rd in g  to  A S T M  D 792  a t 2 7  °c u s in g  th e  d en sity  
k it, S a rto riu s , m o d e l Y D K  01 w ith  4 d ig its  b a lan ce . A t le a s t s ix  ru n s w e re  m easu red  
an d  th e n  av e ra g e d  to  o b ta in  th e  rep o rted  d ensity .

4 .3 .8  G as P e rm e a b ility  T est
A  g as  p e rm e a b ility  te s te r, B ru g g e r G D P /E , w as  u sed  to  ev a lu a te  the  

o x y g en  gas p e rm e a b ility  th ro u g h  th e  p la s tic  film s in  th is  study . T h e  c irc u la r  film  
sam p le  w ith  110 m m  d ia m e te r  w as p laced  o v e r the  v o lu m e  o f  0 .4 3 7 0  c m 3 o f  
e v a c u a tio n  ch am b er. T he sam p le  to  be te s te d  m u st have  a t least o n e  sm o o th  side  
w h ic h  can  be  w e ll sea led  w ith  th e  face o f  the  ev acu a tio n  ch am b er. T h e  m e th o d  V  o f  
A S T M  D 1 4 3 4  w as u sed  as a  s tan d ard  m e th o d  fo r th is  te s t an d  the  gas p e rm eab ility  
w as  re p o rte d  in  th e  u n it o f  c m 3.m il/m 2.d .bar.

4 .3 .9  U V -V is ib le  F ig h t S p ec tro sco p y
U V -v is ib le  lig h t sp ec tro m ete r, P e rk in  E lm e r m o d e l lam b d a-1 0 , in  

ran g e  o f  2 0 0 -8 0 0  n m  w as u se d  to  m easu re  th e  ab so rb an ce  o f  ra d ia tio n  in  the  v is ib le  
lig h t and  u v reg io n s . S am p les  w ere  p rep a red  as th in  film s. M o reo v e r, to  study  the  
e ffec t o f  N R  co n te n t on  th e  u v  and  v is ib le  ligh t rad ia tio n  a b so rp tio n , the  b len d  
fo rm u la tio n  o f  90  w t%  L L D P E  and  10 w t%  N R  w as p rep a red  as w ell.

4.4 Results and Discussion

To understand easily, the sample with blend formulations and preparations
will be symbolized by “FMEN s/d”. The meaning of each are as followed: L =
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L L D P E , M  =  M a le ic  A n h y d rid e , E  =  E N R , N  =  N R . M o reo v e r, th e  o rd e r  o f  th e  
cap ita l le tte rs  can  n o tify  th e  s tep  o f  a d d in g  an d  m ix in g  in  th e  B rabender®  in te rn a l 
m ix e r. T h e  sm all le tte r  “ ร” rep re sen ts  th e  tw in -sc re w  sp eed  in  th e  u n it o f  m in '1 an d  
“ d ” re p re se n ts  the  d ra w  ra tio  o f  ch ill-ro ll cas tin g  step .

4 .4 .1  A p p ea ran ce  o f  F ilm  P ro d u c ts
T he film  p ro d u c ts  o f  b a s ic  b in ary  b le n d  w ere  y e llo w , d ep en d in g  on  

ru b b e r co n ten t, an d  th e  film  co n ta in in g  E N R  got a  d a rk e r y e llo w . T h e  film s  o f  L L  
(p u re  L L D P E ), b in a ry , an d  te rn a ry  b le n d  sam p le  ty p es  w e re  so lid  h o m o g e n e o u s  
film s  b u t n o t fo r re a c tiv e  b le n d  film . T h e  re a c tiv e  b len d  film  sh o w ed  fo am ed  
s tru c tu re  (m an y  v o id s  in s id e , as  seen  by  P O M ) w ith  ra th e r ro u g h  su rface  as sh o w n  in 
F ig u re  4 .1 . T h e  film  th ic k n e ss  w as sh o w n  in  T ab le  4 .1 . T h ese  av e rag e  v a lu e s  w ere  
u se d  to  ev a lu a te  th e  gas p erm eab ility , as  w ell. A cco rd in g  to  th e  ch ill-ro ll c a s tin g  
p ro ced u re , th e  te n s io n  fo rce  is  ap p lied  to  p ro cess  th e  ex tru d a te  in to  th e  film  fo rm . 
T h ere fo re , th e  a ir b u b b le s  o r  v o id s  d e v e lo p ed  in  th e  reac tiv e  b le n d  ex tru d a te  w ere  
m o re  c le a rly  seen  d u rin g  th e  s tre tch in g  p ro cess  sin ce  th e  v o id  e x p a n s io n  w as 
o ccu rred  a n d  th e  film  th ic k n e ss  w a s 're d u c e d  (F ig u re  4 .1 ). T h e  b u b b le s  are  w e ll 
d is tr ib u ted , ev en  th o u g h  n o t u n ifo rm  size , on  the  film  m ak in g  th e  ro u g h  p a th  an d  so 
th is  in te rio r  s tru c tu re  is th o u g h t to  b e  g ood  fo r ag ricu ltu ra l a p p lic a tio n  su ch  as 
w rap p in g  th e  baby  fru its  o r flo w ers  to  p ro te c t th em  fro m  in sec t a tta ck  b ecau se  o f  th e  
v o id s  and  th e  ro u g h  p a th  o f  th e  film  m ay  d e lay  o r lo ck  up  the  in tru s io n  o f  th e  in sec ts .

(A ) P O M  m ic ro g rap h  o f  L M E N  b e fo re  s tre tch in g .
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(B ) P O M  m ic ro g ra p h  o f  L M E N  stre tch in g  film .

Figure 4.1 P O M  m ic ro g ra p h s  o f  th e  reactive, b le n d  b e fo re  an d  a fte r s tre tch in g . 

Table 4.1 A v erag e  th ic k n e ss  o f  th e  film  p ro d u c ts

Sample Type Average Thickness (pm)
Draw Ratio =15 Draw Ratio = 20

L L D P E 92 .50  ± 0 .7 9 85 .00  ± 0 .3 5

L N  80 9 1 .0 0  +  0 .5 0  - 87 .00  ± 0 .5 0

L N  90 79 .00  ± 0 .3 5  - 74 .00  ± 0 .3 5

L E N  80 81 .50  ± 0 .3 5 7 0 .0 0  ±  0 .0 0

L E N  90 7 8 .50  ± 0 .5 0 72 .50  ± 0 .5 0

L M E N  80 2 7 0 .0 0  ± 5 .0 0 2 3 7 .5 0  ± 0 .3 5

L M E N  90 2 7 0 .0 0  ± 0 .3 5 2 0 0 .0 0  ± 0 .3 5

D e n s ity  o f  u n ia x ia l d raw n  film s p ro d u ced  w ith  tw o  d ra w  ra tio s  are  
sh o w n  in T ab le  4 .2 . S in ce  th e  f ilm s  o f  L L D P E , b in a ry , and  te rn a ry  b le n d s  w e re  so lid  
h o m o g e n e o u s  f ilm s , th e  d en s ity , as ex p ec ted , in c reased  w ith  d raw  ra tio . T h is  w as 
d u e  to  h ig h  s tre tc h in g  lev e l d u rin g  th e  c h ill-ro ll c a s tin g , w h ich  co n se q u e n tly  
fac ilita te d  th e  m o le c u la r  ch a in  p ack in g . M o re o v e r , in c rea s in g  tw in -sc re w  sp eed  a lso
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a ffec ted  th e  ch a in  o r ie n ta tio n  b ecau se  o f  m o re  h o m o g e n e o u s  b le n d  c a n  be  o b ta in e d  
a t h ig h e r sh e a r  ra te . O n  th e  o th e r h an d s , th e  v o id s in s id e  th e  film s  o f  re ac tiv e  b le n d  
s ig n if ic a n tly  re d u c e d  th e  so lid  d en sity . U se  o f  h ig h  d ra w  ra tio  d u rin g  th e  p ro d u c tio n  
o f  re a c tiv e  b len d  film  d e c re a sed  the  d e n s ity  o f  th e  film s b e c a u se  o f  th e  v o id  
ex p a n s io n s , h en ce ; m o re  e m p ty  sp aces  w e re  in s id e  th e  film s. B y  co m p a riso n  th e  
d en s ity  o f  a  fo am ed  film  (L M E N ) and  a  te rn a ry  b le n d  film  (L E N ), th e  p e rcen tag e  o f  
v o id s  w as th en  ev a lu a ted . T h e  reac tiv e  b len d  film s p ro d u ced  by  b o th  tw in -sc re w  
sp eed s  an d  b o th  d raw  ra tio s  h a d  ap p ro x im a te ly  th e  sam e  p e rc e n ta g e  o f  v o id s  w h ic h  
w as 4 %  v o id  in sid e  th e  film s.

Table 4.2 A v erag e  d e n s ity  o f  th e  film p ro d u c ts

Sample Type Average Density (g/cm3)
Draw Ratio = 15 Draw Ratio = 20

L L D P E 0 .920  ± 0 .0 0 1 0.921 ± 0 .0 0 1

L N  80 0 .914  ± 0 .0 0 2 0 .9 1 6  ± 0 .0 0 1

L N  90 0 .916  ± 0 .0 0 3 . 0 .9 1 9  ± 0 .0 0 2

L E N  80 0 .9 1 4  ± 0 .0 0 2 0 .9 1 6  ± 0 .0 0 1

L E N  90 0 .915  ± 0 .0 0 1 0 .9 1 8  ± 0 .0 0 1

L M E N  80 0.882  ± 0 .0 0 3 0 .8 8 0 J ;  0 .002
L M E N  90 0 .879  ± 0 .0 0 3 0 .8 7 8  ± 0 .0 0 2

4 .4 .2  T h ro u g h p u t R a te
T he o u tp u t ra te s  o f  the  b len d  ex tru d a te  w ere  d e te rm in ed  at th e  

p ro c e ss in g  tim e  c o m in g  o u t o f  tw in -sc re w  ex tru d e r. T h e  av e rag e  v a lue  w as  
ca lcu la ted  from  at leas t 10 sam p lin g . T h e  ex tru s io n  o u tp u t ra te  o f  b inary  (L N ), 
te rn a ry  (L E N ), and  reac tiv e  b len d s  (L M E N ) are sh o w n  in T ab le  4 .3 . It w as tru e  th a t 
in c reas in g  in  sc rew  sp eed  lead s to  in c rease  in  th ro u g h p u t ra te ; h o w ev e r, the d iffe ren t 
v a lu e  o f  th e  th ro u g h p u t ra te  b e tw e e n  tw o  speeds o f  re ac tiv e  b len d  w as th e  least. T h is  
in d ica ted  th a t the  reac tiv e  b len d  has its  m e lt s tren g th  b e in g  im p ro v ed  s ig n ific an tly



50

d u e  to  th e  o ccu rrin g  o f  s lig h t c ro ss lin k in g  o r  g ra ftin g  th a t m ak es  so m e  r ig id  ju n c tio n s  
w h ic h  a re  h a rd  to  b re a k  in  the  m elt.

Table 4.3 A v e ra g e  th ro u g h p u t ra te  d e te rm in e d  a t th e  p ro c e ss in g  tim e  c o m in g  o u t o f  
tw in -sc re w  ex tru d e r

Sample Type Average Throughput Rate (g/min)
Screw Speed = 80 min'1 Screw Speed = 90 m in1

L N 8.34  ±  0 .07 9 .9 5  ±  0 .04
L E N 7 .5 6  ± 0 .0 6 8 .2 5  ±  0 .05

L M E N 7.23  +  0.03 7 .6 0  +  0 .04

G ra ftin g  o f  d isp e rse d  p h ase  to  th e  th e rm o p la s tic  m a trix  (L L D P E ) 
co u ld  p ro m o te  in te rfac ia l a d h e s io n  and  th u s  im p ro v ed  m e c h a n ic a l p ro p e rtie s  
c o m p a re d  w ith  m e c h a n ic a l b le n d in g  w ith o u t reac tio n . In th is  ca se , M A  c a n  a tta ck  to  
u n sa tu ra te d  b o n d  o f  b o th  PE  ch a in  and  N R  b u t it is m o re  reac tiv e  to  N R  th an  L L D P E  
d u e  to  th e  n a tu re  o f  d o u b le  b o n d  av a ilab le  fo r the  reac tio n ; th e re fo re , th e  in itia tin g  
s ite s  e ith e r  at th e  L L D P E  ch a in  en d  o r a t th e  m id d le  o f  L L D P E  c h a in  co u ld  fu rth e r 
re ac t w ith  d o u b le  b o n d  o f  m a le ic  an h y d rid e . In  o u r m ix in g  s tep , h en c e , M A  w as 
a llo w ed  to  reac t w ith  m e lted  L L D P E  firs t to  form  L L D P E -g -M A . H o w e v e r, h igh  
sh ea r ra te  u n d e r sev e re  c o n d itio n s , a lso  k n o w n  as sh ea r m o d ific a tio n , c an  b reak  the  
p o ly m e r ch a in  p ro v id in g  th e  m ac ro rad ica ls  co n seq u en tly  to  be th e  h y d ro g en  
ab s tra c tin g  spec ies , th e re fo re , m a le ic  an h y d rid e  ad d itio n  can  o c c u r  a lo n g  th e  p o ly m e r 
ch a in  as w e ll. M A  g ra fted  on  L L D P E  c h a in  w as th en  o b ta in ed  and  p ro m p t to  reac t 
w ith  E N R . T he re m a in in g  M A  co u ld  reac t f in a lly  w ith  N R  a n d  fo rm  th e  g rafted  
p o ly m e r  e .g . N R -g -M A  (w h ich  a lso  b eco m e  co m p a tib le  w ith  E N R ). A s n o  in itia to r  
o r  p e ro x id e  add ed  in  th e  sy stem , th e  p o ss ib le  reac tio n  m ig h t n o t co o p e ra te  w ith  the  
su cc in ic  ro u te . T h e  D ie ls -A ld e r reac tio n  w o u ld  be  th e  key  ro u te  fo r th is  ad d itio n  
reac tio n . T he ‘in  s i tu  ' L L D P E -g -M A , E N R -g -M A  w ere  e x p e c te d  to  o c c u r and  
u ltim a te ly  'ไท s i tu '  L L D P E -g -M A -E N R  by reac tio n  b e tw een  m a le ic  a n h y d rid e  and  
e p o x id e  g ro u p  w as  g en era ted  an d  co u ld  reac t fu rth e r to  fo rm  c ro ss lin k  ju n c tio n s .
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to g e th e r  w ith  w a te r  as a  b y -p ro d u c t th a t w a s  re lea sed  o u t as d e m o n s tra te d  in  F ig u re
4 .2 . T he re a c tio n  can  m o v e  fo rw ard  as  w a te r  w as  rem o v ed . A s  a  re su lt,  u p o n  
s tre tch in g  (d raw in g ) th e  m e lt w as  b ro k en  b u t n o t th e  rig id  c ro ss lin k  ju n c tio n s , see 
F ig u re  4 .3 .

Figure 4 .2  P o ss ib le  re a c tio n  o f  L L D P E -g -M A  and  E N R .to  o b ta in  H 2O  as a  by  
p ro d u c t.

Figure 4 .3  C ro ss -se c tio n a l S E M  m ic ro g rap h  o f  th e  L M E N  n o n -e x tra c te d  ex tru d a te  
w ith  90 m in ’1 tw in -sc re w  speed .
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Wavenumber (cm '1)

Figure 4.4 F T -IR  sp e c tra  o f  L L D P E  film , L L D P E -g -M A , an d  L M E N .

F ig u re  4 .4  sh o w s th e  F T -IR  sp ec tra  o f  L L D P E , L L D P E -g -M A , and  
L M E N . C o m p arin g  w ith  the  sp ec tra  o f  L L D P E , th e  sp ec tra  o f  the  M A  g rafted  
L L D P E  sh o w ed  c h a ra c te ris tic  p e a k s  o f  sa tu ra ted  rin g  an h y d rid e . T h e  b an d s  a t 1800 
cm "1 and  1725 cm "1 w ere  due  to  sym m etrica l and  a sy m m etrica l, s tre tch in g  o f  c=0, 

re sp e c tiv e ly . F o r re a c tiv e  b len d  film , in  ad d itio n  to  th e  m en tio n e d  p eak s , th e  b an d  
w ith  m ed iu m  in ten s ity  at 847  cm "1 w as o b se rv ed  as it in d ica ted  th e  an g u la r  
d e fo rm a tio n  o f  O H .

T he fo am -lik e  s tru c tu re  o f  th e  ex tru d a te  w as f in a lly  o b ta in ed  w ith  the  
L M E N  sam p le  as seen  in  F ig u re  4. In  o th e r w o rd s , fo r  the  re a c tiv e  b lend  co n ta in in g  
M A  an d  E N R , the  v o id s  o r  a ir  b u b b le s  in s id e  th e  b len d  are e x p e c te d  to  g e n e ra te  by 
(ใ) w a te r  re leas in g  d u e  to  th e  reac tio n s  b e tw een  M A  and  h y d ro x y l g ro u p s  w h ic h  
o c c u rr  by  m o is tu re -se n s itiv e  o p e n in g  o f  e p o x id e  g ro u p s as p ro p o se d  in  F ig u re  4 .2 . 
S in ce  E N R  is very  se n s itiv e  to  m o is tu re , m o reo v er, o n e  has to  tak e  the  b o u n d  w a te r  
m o le c u le s  in to  acco u n t. T h e  w a te r , o r fu rth e r s team  at th e  p ro c e ss  te m p e ra tu re , is 
ra th e r  d iff icu lt to  v e n t ou t o f  th e  h igh  v isco u s  p o ly m er m a tr ix . M o reo v e r, the  
p ro c e ss in g  eq u ip m en t u sed  has no  the  v en tin g  p o rt, these  s team  is still trap p ed , 
c o n se q u e n tly  leaved  th e  v o id s  in s id e  the  m atric . (7i) A n o th e r p o ss ib le  a sp ec t o f  v o id
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e x is tin g  is fro m  th e  e ffe c t o f  d iffe ren ce  in  p h y sica lly  in te rac tio n  fo rce  d u rin g  th e  
s tre tc h in g  p ro c e ss . C h e m ic a l lin k ag e  as g ra ftin g  o r c ro ss lin k in g  a n d /o r  p h y s ica l tie  
c a n  a c t as r ig id  reg io n s . A c c o rd in g  to  te n s io n  fo rce  co n trib u ted  d u rin g  th e  d raw in g  in  
c h ill- ro ll  c a s tin g  p ro cess , th e  so fte r  reg io n s  w h ich  w ere  ea s ie r  to  b reak  th a n  th e  
s tro n g  o n es  in itia te d  th e  em p ty  space  f irs t fo llo w in g  by  v o id  ex p a n s io n  d u rin g  
s tre tch in g .

4 .4 .3  M o rp h o lo g ic a l E x a m in a tio n
S E M  m ic ro g ra p h s  in  F ig u re  4.5 sh o w ed  th e  m o rp h o lo g ica l 

d e v e lo p m e n t o f  b in ary , te rn a ry , an d  reac tiv e  b len d s. It can  be  seen  th a t th e  d isp e rse d  
d o m a in  s izes  b ecam e  a little  f in e r  and  th e ir  d is tr ib u tio n  b ecam e  n a rro w er. T h ese  
w e re  due  to  th e  ‘in  รนน, fo rm a tio n  o f  a g raft c o p o ly m er w h ic h  ac ted  as a  
c o m p a tib iliz e r  to  red u ce  in te rfa c ia l ten sio n . T he reac tiv e  b len d  m ic ro g ra p h  sh o w ed  
th e  le ss  e x tra c tio n  due  to  th e  ex is tin g  o f  g ra ft co p o ly m er w h o se  n o t all m o le c u la r  
c h a in s  w ere  e x tra c te d  o u t o f  th e  m a trix . S o m e seg m en ts  s till a p p e a re d  im p ly in g  to  
o c c u rre n ce  o f  b e tte r  a d h e s io n  b e tw een  th e  b lend  co m p o n en ts . N e v e rth e le ss , th e  
e m p ty  sp aces  e x is tin g  p r io r  to  to lu e n e  e x tra c tio n  w ere  a n o th e r a sp e c t o f  d iff icu lt- to -  
d e fin e d  b o u n d ary .

(A ) L N
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(C ) L M E N
Figure 4 .5  S E M  m ic ro g ra p h s  o f  to lu e n e  ex trac ted  b len d s  p ro d u c e d  b y  tw in -sc re w  

sp eed  o f  90  m in ’1.

4 .4 .4  G as P e rm eab ility
T he f ilm s  p ro d u ced  b y  o u r p ro cess  sh o w ed  tha t, as seen  in  F ig u re  4 .6 , 

in c re a s in g  in  sc rew  sp eed  o f  tw in -sc re w  ex tru d e r  re su lted  in  lo w e r o x y g en  gas 
p e rm e a b ility  fo r b in a ry  an d  te rn a ry  b len d  film s w h e rea s  th e  re a c tiv e  b len d  film  
p e rfo rm e d  th e  o p p o s ite  tren d . T h is  is b ecau se  m o re  u n ifo rm  b le n d s  w ere  g iv en  at 
h ig h e r  sh e a r  ra te . G en e ra lly , th e  p e rm e a b ility  o f  p la s tic  d ep en d s  on  c ry s ta llin ity ,
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m o le c u la r  o rie n ta tio n , m o le c u la r  ch a in  s tiffn e ss , etc. (F e ld m a n  e t .a l . ,  2 0 0 1 ) It is 
p ro v e d  p rin c ip a lly  th a t h ig h e r  c ry s ta llin ity , m o le c u la r  o rie n ta tio n , m o le c u la r  ch a in  
s tiffn e ss  lead s  to  lo w er gas p e rm e a b ility  lik e  in  th is  w o rk . T h e  lo w e r in  o x y g en  
p e rm e a b ility  b y  th e  in c rea se  in  m o le c u la r  o r ie n ta tio n  as d raw in g  in c rea se  w as fo r 
so lid  h o m o g e n e o u s  film s. In  co n tra s t, m o re  b u b b le s  w e re  g e n e ra ted  in  th e  reac tiv e  
b le n d s  as in c rea s in g  sc re w  sp eed . O n ce  th e  em p ty  sp ace  is fo rm ed , th e se  v o id s  can  
fa c ilita te  gas p e rm eab ility .
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Figure 4.6  O x y g en  p e rm e a b ility  o f  pu re  L L D P E , b in a ry , te rtia ry , an d  re a c tiv e  b len d  
film s.

M o reo v e r, in c re a s in g  in  d raw  ra tio  le ad s  to  v o id  ex p a n s io n  in gen e ra l and , 
fo r th e  b rea th ab le  film , th is  is th e  ad v an tag e  from  th is  te c h n iq u e  o f  m a k in g  reac tiv e  
b len d s .

4 .4 .5  U V -V is ib le  L ig h t S p ec tro sco p y
It can  be o b se rv e d  from  F ig u re  4 .7  tha t th e  b len d ed  film s  w ith  10 w t%  

N R  w ere  tra n sp a re n c y  to  v is ib le  ligh t b u t w h en  in c rea s in g  N R  co n ten t, th e
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tra n sp a re n c y  b ecam e  le ss  w h ic h  w as d e p en d en t o n  d ra w  ra tio . T h e  m o re  N R  
co o p e ra te d  in  th e  film , th e  m o re  a b so rp tio n  an d  th e  m o re  sh ift to  lo n g e r w a v e len g th . 
W h en  th e  d ra w  ra tio  in c rea sed , th e  d e c rea s in g  in  ab so rb an ce  rev ea led . T h is  is 
b ecau se  sm a lle r  s ize  o f  c ry s ta llin e  s tru c tu re  fo rm ed  w h e n  in c rea s in g  th e  d ra w  ra tio  
p ro v id e s  less  sca tte rin g  a n d  th en  th e  film  is m o re  tran sp a ren t, e sp ec ia lly  fo r  b len d  
w ith  lo w  N R . In  o th e r w o rd s , th e  h ig h e r  d raw in g  ra tio  m ad e  th e  m o re  tra n sp a re n t 
film  an d  sh if tin g  th e  a b so rp tio n  to  h ig h e r en e rg y  rev ea lin g  th e  s tro n g e r  ch a in  
o rien ta tio n . H o w ev er, d ra w in g  ra tio s  o f  7 an d  10 w ere  su itab le  to  ab so rb  U V A  and  
บ V B . T h e  reac tiv e  b le n d  L M E N  film s  m ad e  fro m  th re e  d raw  ra tio s  p e rm itte d  the  
s im ila r  ab so rb an ce  o f  u v  lig h t re g io n  rev ea lin g  th a t in c rea s in g  d raw in g  h ad  sm all 
e ffec t o n  ch a in  o r ie n ta tio n  d u e  to  th e  rig id ity  o f  c ro ss lin k  ju n c tio n s  to  lim it m o le c u la r  
m o tio n . T h e  ab so rb an ce  in c re a se d  s ig n ific an tly  w ith  th e  h ig h e r ru b b e r  c o n te n t (L N  
80 tw in -sc re w  sp eed  ty p e ). T h is  can  co n firm  th a t N R  w as a g o o d  u v  a d so rp tio n  
m a te ria l th u s  th e  re a c tiv e  film  is. .p o ss ib ly  ea s ily  d eg rad ed  by  u v  ligh t o r  m o re  
e n v iro n m en ta l friend ly . R e a c tiv e  b le n d  film  a llo w e d  lo n g e r w av e len g th  tra n sm iss io n  
th u s  reac tiv e  b le n d  film  can  s c re e n -o ff  sh o rtw av e  u v  th a t is h a rm fu l to  liv in g  
o rg an ism s. M o reo v er, th e  s tru c tu re  o f  fo am ed  film  m ay  lead  to  sca tte rin g  o f  ra d ia tio n  
as n o tic eab le  is F ig u re  4 .1 . T h is  can  be  so -ca lled  p h y sica l s c re e n -o ff  w h ic h  can 
a tte n u a te  a  rad ia tio n  b eam  a fte r  re f le c tio n  from  th e  sam p le  su rface . In a d d itio n , the 
o th e r b len d  film s can  b e  p h o to d e g ra d a b le  m a te ria ls  as th e  ab so rb an ce  o ccu rred  a t the 
w av e le n g th  lo w er th an  3 0 0  nm . T h is  su g g ested  th a t b inary , te rn a ry , and  reac tiv e  
b len d  film  p ro d u c ts  can  su p p o rt g ro w in g  stage o f  baby  p lan t.
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(A)
L L D P E  +  10 w t%  N R ) film s p ro c e sse d  b y  80  m in '1 tw in -sc re w  sp eed

(B)
L N  (8 0  w t%  L L D P E  + 2 0  w t%  N R ) film s p ro cessed  by  80  m in '1 tw in -sc re w  sp eed
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L M E N  film s  p ro cessed  b y  80 m in '1 tw in -sc re w  sp eed

Figure 4.7  U V -V is ib le  lig h t ab so rb an ce  o f  th e 'f ilm  p ro d u c ts .

T h e  v o id  s ize  an d  v o id  d is tr ib u tio n  seem ed  n o t to  be  w e ll u n ifo rm  as can  be  
seen  in  F ig u re  4 .1 . P rac tica lly , the  m a n u fa c tu rin g  o f  b rea th ab le  f ilm  w h ich  th e  fie ld  
o f  a p p lic a tio n  is h yg iene  m a rk e t is th e  u se  o f  m in e ra l f ille rs , e sp e c ia lly  CaCC>3 . In th e  
fab rica tio n  p ro c e ss  o f  c o m m erc ia l b rea th ab le  film , e ith e r co a ted  o r  u n c o a te d  m in e ra l 
f ille r is co m p o u n d e d  co o p e ra ted  w ith  s tre tch in g  o f  the  ex tru d a te  film . F in a lly , m an y  
m ic ro -p o re s  are  p resen ted  in  the  film  stru c tu re . B y  b o th  th e  c o m m e rc ia l m e th o d  and  
the  m e th o d  ca rried  o u t in  th is  a rtic le , th e re  are  th ree  fac to rs  th a t p lay  an  im p o rta n t 
ro le  w h ic h  are  th e  co m p o u n d in g  fo rm u la tio n , th e  e x tru s io n , an d  s tre tch in g . 
A cco rd in g  to  th e  m ix in g  p ro ced u re  in  o u r  ap p ro ach , th e  v o id  s ize  w a s  q u ite  d iff ic u lt 
to  be c o n tro lle d  due  to  th e  tech n iq u e  o f  v o id  g en e ra tio n  w as th e  w a te r-re le a s in g  as 
p ro p o sed . N e v e rth e le ss , th e  u n ifo rm  size  and d is tr ib u tio n  o f  b u b b le  o r v o id  can  be 
p rep a red  i f  m o re  m ix in g  ra te  is ap p lied  s in ce  h ig h  sh ea r ra te  can  p ro v id e  m o re  
h o m o g en eo u s  b len d in g  th a t leads to  be m o re  p o ss ib ility  o f  w ell d is tr ib u te d  reac tio n  
and b y -p ro d u c t re leas in g  as w ell. T h e re fo re , u s in g  h ig h  m ix in g  sp eed  in  b a tch  a n d /o r 
co n tin u o u s  p ro cesse s  sh o u ld  be  e s tab lish ed  i f  the  u n ifo rm ity  o f  th e  v o id s  is req u ired . 
H o w ev er, th e  p ro p o sed  ap p lica tio n s  o f  th e  film s p ro d u ced  here  co u ld  be  co n s id e red
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in  th e  ag ricu ltu re  sec to r, e sp e c ia lly  fo r  p lan tin g . H ig h  level o f  p o re  s ize  u n ifo rm ity  is 
n o t th e  m o s t im p o rta n t fo r th is  ap p lic a tio n  sin ce  th e  re sp ira tio n  o f  b ab y  p la n ts  o ccu rs  
as  a  w h o le  c lu s te r. B es id e s  th e  h ig h  o x y g en  p e rm eab ility , th e  re a c tiv e  b le n d  o r 
b re a th a b le  film  p ro d u c t w as  tran s lu cen t, n o t o p aq u e  a s  c o m m erc ia l m ic ro -p o re  
p ro d u c ts . T h e re fo re , th ese  are  th e  ad v an tag es  o f  th e  film  p ro d u c e d  v ia  o u r  te ch n iq u e  
w h ic h  is su itab le  fo r  ag ricu ltu ra l film  as su p p o rted  by  all re su lts .

4.5 Conclusions

T h e  u n iq u e  b rea th ab le  film  h av in g  fo am -lik e  s tru c tu re  w ith  c ro ss lin k  
ju n c tio n s  w as su ccessfu lly  o b ta in ed  by  g ra ftin g  an d  c ro ss lin k  fo rm a tio n  v ia  reac tiv e  
b le n d in g  and  p ro c e ss in g  o f  lin e a r-lo w  d en sity  p o ly e th y len e  (L L D P E ), n a tu ra l ru b b e r 
(N R ) an d  ep o x id iz e d  n a tu ra l ru b b e r (E N R ) w ith  sm all co n te n t o f  m a le ic  an h y d rid e  
th a t a c ts  as a re a c tiv e  co ag en t. T h e  reac tiv e  b len d ed  film s  c a n -p ro v id e  th e  u v  
s c re e n -o ff  an d  g o o d  b rea th ab le  film s w h ile  th o se  b in ary  an d  te rn a ry  b le n d e d  film s 
can  p ro v id e  o n ly  u v  sc reen -o ff. T h ese  p ro p e rtie s  can  be  c o n tro lled  by  sc re w  sp eed  
o f  e x tru s io n  p ro c e ss  and  d ra w  ra tio  o f  c as t film  p ro cess . H ig h ly  o x y g en  p e rm e a b ility  
fo u n d  in  the  fo am ed  film  in  c o m p a riso n  to  p u re  L L D P E  film  a llo w s fo r  th e  u se  in 
ag ricu ltu ra l ap p lica tio n s .
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