
CHAPTER V
MECHANICAL AND THERMAL PROPERTIES OF POLYPROPYLENE

NANOCOMPOSITE FILMS

5.1 Abstract

E ffe c t  o f  c o p p e r  n a n o p a rtic le s  (C u N P ) c o n ten t (5 , 10 , 15 and  2 0  w t%  o f  
total n a n o p a r tic le s )  o n  c la r ity , m e ch a n ica l p ro p er tie s  and th erm a l p ro p er tie s  (D S C  
and T G A )  o f  p o ly p r o p y le n e  (P P ) n a n o c o m p o s ite  b lo w n  fd m  w a s  in v e stig a te d , p p  
n a n o c o m p o s ite  fd m s  w e r e  fab rica ted  v ia  w a te r -q u e n c h e d  b lo w n  f ilm  e x tru sio n . 
S o d iu m  n e u tra lized  e th y le n e -m e th a c r y lic  acid  io n o m e r  (S u r ly n ) o f  2  phr w a s  u sed  to  
m o d ify  c o m p a tib ility  b e tw e e n  p p  and n an op a rtic les . W ith  th e  p r e se n c e  o f  C u N P s, p p  
n a n o c o m p o s ite  b lo w n  f ilm s  w e r e  h a z e  and had h ig h er  y e l lo w is h  t in g e . E v e n  h a v in g  1 
w t%  o f  n a n o p a r tic le s  in  f ilm s , th e se  w a ter -q u en ch ed  b lo w n  f i lm s  sh o w e d  e lo n g a tio n  
at b reak  in  m a c h in e  d ir e c tio n  o v e r  300% . A d d in g  P V P -c o a te d  C u N P s  in to  p p  f ilm s  
sh o w e d  p o s it iv e  e f fe c t  on  te n s ile  strength  o f  n a n o c o m p o s ite  f i lm s . T h is  is  d u e to  
S u rlyn  io n o m e r  and  n a n o p a rtic le s  acted  as n u c le a t in g  s ite s  to  in c r e a se  c r y s ta llin ity  o f  
PP n a n o c o m p o s ite  f ilm s . T h erm al s ta b ility  o f  p p  n a n o c o m p o s ite  f i lm s  w a s  im p ro v ed  
w ith  th e  p r e se n c e  o f  n a n o p a rtic les . From  th e  o v e r a ll m e c h a n ic a l p ro p er tie s  and  
c la r ity , it in d ic a te s  that the p p  n a n o c o m p o s ite  f i lm s  w o u ld  b e  c a p a b le  to  b e  u se d  in  
p rep a ck ed  c h il le d  f is h  p a ck a g in g .

5.2 Introduction

P o ly p r o p y le n e  is  a v e r sa tile  th erm o p la stic  p o ly m e r  fro m  th e  m o n o m e r  
p r o p y le n e . It ca n  b e  fab r ica ted  in to  p a ck a g in g  f i lm  that h as g o o d  c la r ity , r e s is ta n c e  to  
u v  l ig h t, e x c e lle n t  c h e m ic a l and ab rasion  r es is ta n ce . A lth o u g h  p o ly p r o p y le n e  (P P )  
f ilm  h a s  w id e ly  u sed  for  fo o d  p a c k a g in g , but it d o e s  n ot h a v e  o x y g e n  and m o istu re  
barrier p ro p erties . T h is  lim its  u s in g  p o ly p r o p y le n e  f ilm  in  s o m e  fresh  fo o d  p a c k a g in g  
s in c e  it is  n o t b reath ab le . A d d in g  m icro  p erfo ra tio n  (a  se r ie s  o f  t in y  h o le s  p u n c h e d  in  
p la stic  f i lm )  in to  p p  f ilm  is  p erfo rm ed  in  ord er  to  u se  for  b io c h e m ic a l ly  a c t iv e  
agricu ltu ra l p ro d u cts  su c h  as fresh  fru its, fresh  v e g e ta b le s , fre sh  h erb s, and  f lo w e r s ,
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and  m o re  p articu la r ly  for  u se  in  m o d ify in g  th e  f lo w  o f  o x y g e n  an d  c a rb o n  d io x id e  
in to  a n d /o u t o f  a fre sh  p rod u ce  con ta in er.

O ver th e  la st f e w  d e c a d e s , a great am o u n t o f  e f fo r t  h a s  b e e n  d e v o te d  to  
fa b r ica tio n  o f  p o ly m e r  la yered  s il ic a te  n a n o c o m p o s ite s  b e c a u se  o f  th eir  e x c e p t io n a lly  
im p r o v e d  m e c h a n ic a l p ro p erties , su ch  as im p r o v e d  s t if fn e s s , barrier p ro p erties , and  
fla m e-re ta rd a n ce  at lo w  f ille r  lo a d in g  (3 -5  w t% ). A m o n g  th e  n a n o c o m p o s ite s  b ased  
o n  v a r io u s  p o ly m e r s , p o ly p r o p y le n e -c la y  n a n o c o m p o s ite s  h a v e  attracted  sp ec ia l 
atten tio n  d u e to  th eir  c o m m e r c ia l im p o rtan ce . H o w e v e r , d u e  to th e  lo w  p o lar ity  o f  
p p , it is  d if f ic u lt  to  g e t the e x fo lia te d  and h o m o g e n e o u s  d isp e r s io n  o f  th e  s ilic a te  
la y er  at th e  n a n o m eter  le v e l in  th e  p o ly m er . T h is  is m a in ly  d u e  to  th e  fa c t  that the  
s il ic a te  c la y s  la y ers  h a v e  p o lar  h y d ro x y l g ro u p s and  are c o m p a tib le  o n ly  w ith  
p o ly m e r s  c o n ta in in g  p o lar  fu n ctio n a l gro u p s. W h en  p rep arin g  n a n o c o m p o s ite s  b y  
m e lt  c o m p o u n d in g , sh ear a lo n e  is  n ot e n o u g h  to  p ro v id e  n a n o m e tr ic  d isp e r s io n  o f  
c la y  p la te le ts .

A s  a c la s s  o f  io n o m er , S u rlyn  d e v e lo p e d  b y  D u p o n t is  e th y le n e c o -  
m e th a c r y lic  a c id  (E -M A A ) p o ly m er , in w h ic h  a  sm a ll a m o u n t o f  m e th y l-c a r b o x y lic  
a c id  is  p artia lly  n eu tra lized  b y  m eta l b a se s , e .g .,  N a +, L i+ an d  Z n 2+. H ere , the  
a sso c ia te d  io n ic  g ro u p s form  io n -r ich  d o m a in s  in  th e  n a n o m e te r  s iz e  ( io n ic  
a g g r e g a te s /c lu s te r )  in  the h y d ro p h o b ic  p o ly e th y le n e  (P E ) m atr ix . T h e  p r e se n c e  o f  
th e se  a g g r e g a te s  d e e p ly  in f lu e n c e s  m e c h a n ic a l and m e lt - f lo w  p ro p er tie s  o f  the  
r e su lt in g  m ater ia ls . T h e  g en era l m o le c u la r  stru ctu re o f  S u r ly n  is  as fo llo w s :

COOH coo M+

M* a Na\ Z*12\ น*

Figure 5 .1  S u r ly n  stru ctu re (L im  et a l ,  2 0 1 0 ) .

w h e r e  m , ท, and 1 are th e  s e g m e n t n u m b er o f  u n its . T h e  p r e se n c e  o f  th e  p en d a n t io n ic  
g ro u p s in the io n o m e r  crea tes  fa v o ra b le  in tera ctio n  b e tw e e n  io n o m e r  and
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a lu m in o s ilic a te  c la y . L im  et al. (2 0 1 0 )  rep orted  that th e  a d d it io n  o f  io n o m er  
s ig n if ic a n tly  e n h a n c e d  the d isp e r s io n  o f  c la y s . A p art from  th e  lo c a liz a t io n  in s id e  th e  
d isp e r se d  S u rlyn  d o m a in , c la y  p la te le ts  w er e  a lso  lo c a liz e d  at th e  in ter fa ce  b e tw e e n  
p p  and  S u rlyn , a s  e v id e n c e d  b y  S E M  p ic tu res. T h e v is c o e la s t ic  p ro p erties  o f  the  
P P /S u r ly n /O M M T  ternary h yb rid s e x h ib ite d  a  rem ark ab le  in c r e a se  u p o n  th e  ad d ition  
o f  th e  io n o m e r , w h ic h  c o u ld  b e attributed  to  th e  in crea sed  e x fo l ia t io n  o f  c la y s  and  
in ter fa c ia l co n tr ib u tio n  c a u sed  b y  s il ic a te  la y ers  at the in ter fa ce .

T h ere h a v e  b e e n  a f e w  reports fab rica ted  p o ly o le f in -c la y  n a n o c o m p o s ite  by  
b lo w n  f ilm  e x tr u s io n  and s tu d ied  the p ro p erties  o f  b lo w n  f ilm s . Z h o n g  et al. (2 0 0 5 ,  
2 0 0 7 )  c o m p o u n d e d  e th y le n e  v in y l aceta te  (E V A ), lo w  d e n s ity  p o ly e th y le n e e th y le n e  
(L D P E ), and h ig h  d e n s ity  p o ly e th y le n e  (H D P E ) w ith  an  o r g a n ic a lly  m o d ifie d  
m o n tm o r illo n ite  w ith  m elt c o m p o u n d in g  and  b lo w n  in to  f ilm s . T h e  m o r p h o lo g y  
s tu d ie s  sh o w e d  that a ll three ty p e s  o f  f ilm  in v o lv e  in terca la te d  c la y  p a r tic le s . T h e  
te n s i le  te st in g  d ata  sh o w e d  that the c la y  e n h a n c in g  e f fe c t s  a p p ly  m a in ly  to the  
m o d u lu s , in stea d  o f  to  the stren g th . It w a s  fo u n d  that th e  c la y  e n h a n c in g  e f fe c ts  are  
fu n c t io n  o f  th e  m atr ix . T h e m ec h a n ic a l and  o x y g e n  barrier p ro p er tie s  o f  c la y /E V A  
sy s te m s  in crea sed  w ith  c la y  lo a d in g . B o th  th e  te n s ile  m o d u lu s  and  o x y g e n  barrier o f  
E V A  d o u b led  at 5 w t%  c la y . M a le ic  an h yd rid e  grafted  p o ly e th y le n e  (M A P E ) u su a lly  
w a s  u sed  a s  a c o m p a tib iliz e r  for L D P E  and H D P E -b a se d  n a n o c o m p o s ite s . H o w e v e r ,  
th e  M A P E s  w e r e  fou n d  to w e a k e n  th e o x y g e n  barrier o f  th e  P E s , e s p e c ia l ly  for  
H D P E . T h e y  d is c u s s e d  that th is  w a s  a resu lt o f  le s s  c o m p a c tn e s s  c a u se d  b y  th e large  
s id e  gro u p s and th e in crea se  in  p o lar ity  o f  th e  M A P E s. In co rp o ra tin g  c la y  5 w t%  
im p r o v e s  th e  o x y g e n  barrier b y  30%  and  th e te n s ile  m o d u lu s  b y  37 %  for the  
L D P E /M A P E  sy s te m . In corp ora tion  o f  c la y  d o e s  n ot e n h a n c e  th e p ro p er tie s  o f  th e  
H D P E -b a se d  s y s te m s , lik e ly  d u e  to large d o m a in  structure an d  p o o r  b o n d in g .

T h e  o b je c t iv e  o f  th e  research  w a s  to  d e v e lo p  a c t iv e  p a c k a g in g  f ilm  m a d e  o f  
p o ly p r o p y le n e  b a sed  o n  n a n o te c h n o lo g y . B e n to n ite  o r g a n o c la y  and  co p p er  
n a n o p a rtic le s  w e r e  c h o s e n  to add  in to  p o ly p r o p y le n e  f i lm s  for  barrier p rop erty  and  
a n tim icro b ia l a c t iv ity . C o p p er  n a n o p a rtic le s  w e r e  sy n th e s iz e d  v ia  a c h e m ic a l m eth o d  
in  a q u eo u s  s o lu t io n  u s in g  a sco rb ic  a c id  to b e  a  red u c in g  ag en t and  
p o ly v in y lp y r r o lid o n e  as a d isp ersa n t in our lab oratory . F a b r ica tio n  o f  n a n o c o m p o s ite  
f i lm s  w a s  p erfo rm ed  v ia  a w a te r -c o o le d  b lo w n  f ilm  e x tr u s io n  w h ic h  w a s
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c o n v e n tio n a l u se d  to  p ro d u ce  c lea r  fd m s  for  fo o d  p a c k a g in g  in  T h a ila n d . E th y le n e  - 
m eth a cry lic  a c id  io n o m e r  (Surlyn® ) w a s  u se d  to im p r o v e  e x fo l ia t io n  o f  c la y  p la te le ts . 
In th is  ch ap ter , e f fe c t  o f  C u N P  con ten t (5 , 10 , 15 an d  2 0  w t%  o f  to ta l p a rtic le s)  on  
c la r ity , m e c h a n ic a l and th erm al p ro p erties  o f  p o ly p r o p y le n e  n a n o c o m p o s ite  f ilm  
w e r e  in v e stig a te d . X R D  w a s  u sed  to in v e s tig a te  th e  e x fo l ia t io n  o f  B e n to n ite  
o r g a n o c la y  in  th e  b lo w n  f ilm  sa m p les , and  S E M  w a s  u se d  to  s tu d y  th e  c o m p a tib ility  
o f  the P P /S u r ly n /O B E N -C u N P  tertiary p h a se s .

5.3 Experimental

5 .3 .1  M a ter ia ls
P o ly p r o p y le n e  h o m o p o ly m e r  (P P  1 1 0 2 K ) p e lle ts  w ith  M F I o f  4  g /1 0  

m in  (1 9 0  °c, 2 .1 6  k g )  w a s  p u rch ased  fro m  IR P C  C o . L td ., T h a ila n d . A d d it iv e s  su ch  
as s lip  and  a n tib lo c k  a g en ts  w ere  n o t  ad d ed . S u r ly n ® P 3 5 0 , s o d iu m  n eu tra lized  
e th y le n e -m e th a c r y lic  a c id  io n o m er , w ith  M F I o f  4 .5  g /1 0 m in  ( 1 9 0  °c, 2 .1 6  k g ) w a s  
p u rch ased  from  D u p o n t™ , U S A . B e n to n ite  o r g a n o c la y  (O B E N )  w a s  prep ared  in  our  
lab oratory  b y  u s in g  so d iu m  activ a ted  B e n to n ite  (k in d ly  su p p lie d  b y  T h ai N ip p o n  
C o ., L td ., T h a ila n d ) and d is te a r o y le th y l h y d r o x y e th y lm o n iu m  m e th o su lfa te  and  
ce tea ry l a lc o h o l. C o p p er  n a n o p a rtic les  w e r e  sy n th e s iz e d  p r e v io u s ly  in  th e  lab oratory  
fo l lo w in g  th e p ro ced u re  d escr ib ed  in  พ น  et al. (2 0 0 6 ) .

5 .3 .2  P rep aration  o f  O B E N /C u N P  M a sterb a tch
T h e  m a sterb atch  o f  O B E N /C u N P  w a s  p rep ared  b y  m ix in g  d ried  

O B E N /C u N P  m ix tu re  w ith  S u r ly n ®  P 3 5 0  in  a ratio o f  1:2 b y  w e ig h t , in  a H a a k e  
R h e o m e x  P T W -1 6  c o -ro ta tin g  tw in -sc r e w  extru d er w ith  D  =  16 m m  and  L /D  =  2 5 .  
T h e  o p era tin g  tem p era tu re o f  extru d er w a s  se t  at 1 8 0  °c w ith  a  s c r e w  sp e e d  o f  70 
rpm . E x tru d ate  w a s  p e lle t iz e d  for further m ix e d  w ith  p p  p e lle t s  in  a ratio  o f  
P P :O B E N /C u N P x  =  99:1  w t% . T h e le tter  X refers to  c o p p e r  n a n o p a r tic le  c o n te n t in  
w t%  a d d in g  in to  O B E N -C u N P  m ixtu re.

5 .3 .3  P rep ara tion  o f  N e a t  p p  and p p  N a n o c o m p o s ite  F ilm s
N e a t  P P , P P /S u r ly n , P P /O B E N , and P P /O B E N -C u N P x  f ilm  sa m p le s  

w e r e  fab r ica ted  u s in g  a  w a te r -q u en ch ed  b lo w n  f ilm  ex tru d er  (P P 5 0 , T h a ila n d ). 
T em p era tu re p r o f ile s  w er e  2 1 0 , 2 2 0 , 2 2 0 , and  2 1 0  °c fr o m  fe e d  z o n e  to  d ie . S c r e w
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sp eed  w a s  k ep t co n sta n t at 8 0  rpm . B u b b le  fo r m in g  r in g  o f  2 3  c m  in  w a ter  b ath  w a s  
u sed , w h ic h  fin a l w id th  o f  b lo w n  f ilm  w a s  ab o u t 2 2 -2 3  c m . N ip -r o ll  sp e e d  an d  p u ll­
ou t sp e e d  w e r e  a d ju sted  to  p ro d u ce  b lo w n  f ilm s  w ith  fin a l th ic k n e s s  o f  4 0 -5 0  jam. 
T a b le  5.1 su m m a ries  th e  a b b r e v ia tio n s  o f  th e  b lo w n  f ilm  sa m p le s  and  th eir  
c o m p o s it io n s  after m ix in g  the m a sterb a tch  w ith  n ea t p p .

Table 5.1 A b b r e v ia tio n s  and c o m p o s it io n  o f  b lo w n  f ilm s

A b b r e v ia tio n s PP (w t% )
B e n to n ite

o r g a n o c la y
(w t% )

C u N P
(w t% )

S u rly n  (phr)

N ea t PP 1 0 0 . 0 - - -
P P /S u r lyn 1 0 0 . 0 - - 2

P P /O B E N 9 9 .0 1 . 0 0 - 2

P P /O B E N -C u 5 9 9 .0 0 .9 5 0 .0 5 2

P P /O B E N -C u lO 9 9 .0 0 .9 0 0 . 1 0 2

P P /O B E N -C u l5 9 9 .0 0 .8 5 0 .1 5 2

P P /O B E N -C u 2 0 9 9 .0 0 .8 0 0 . 2 0 2

5 .3 .4  C larity  and  M e c h a n ic a l P rop erties  o f  N e a t  p p  an d  p p  N a n o c o m p o s ite  
F ilm s

C larity  and  c o lo r  o f  f i lm  sa m p le s  w a s  d e te r m in e d  u s in g  a  U V -V I S -  
N IR  sp e c tr o p h o to m e te r  (P erk in  E lm er  L a m b d a  9 0 0 )  in  tra n sm itta n ce  m o d e . 
L ig h tn e ss  (L * )  and c o lo r  in  Lab s y s te m  w a s  rep orted .

T e n s ile  stren g th  an d  e lo n g a t io n  at b reak  o f  n ea t p p  and  p p  
n a n o c o m p o s ite  f ilm s  w er e  m ea su r e d  in a c c o r d a n c e  to  A S T M  D -8 8 2  u s in g  a 
u n iv ersa l te s t in g  m a c h in e  (In stron  5 9 6 9 , In stron  E n g in e e r in g  C o rp ., U S A ). U s in g  a 
sharp razor b la d e , f i lm  s p e c im e n s  w e r e  cu t fr o m  b lo w n  f i lm s  in  m a c h in e  and  
tran sverse  d ir e c tio n s  to  ob ta in  rectan gu la r  strips o f  2 5 .4  m m  X 1 2 7  m m  lo n g . G a u g e  
len g th  o f  5 0  m m  w a s  u se d , and te s t  sp e e d  w a s  s e t  at 5 0  m m /m in . B e fo r e  te st in g , 
th ic k n e ss  o f  f ilm  sp e c im e n s  w a s  m ea su r e d  a lo n g  th e  le n g th  in  5 d iffe r e n t a rea s to
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d eterm in e  a v era g e  th ic k n e ss . T e n  s p e c im e n s  in  m a c h in e  an d  tra n sv erse  d irec tio n s  
w er e  te ste d , and f iv e  data  w ith  c lo s e d  standard d e v ia t io n  w a s  s e le c te d  to  rep resen t  
th e  a v e r a g e  and  stan dard  d e v ia tio n .

T ear p ro p a g a tio n  r e s is ta n c e  o f  n ea t p p  and  p p  n a n o c o m p o s ite  f ilm s  
w ere  m ea su red  in  a c c o rd a n ce  to A S T M  D -1 9 3 8  u s in g  a u n iv ersa l te s t in g  m a ch in e  
(In stron  5 9 6 9 , In stron  E n g in e e r in g  C orp ., U S A ) . U s in g  a  sharp razor b la d e , film  
s p e c im e n s  w e r e  cu t from  b lo w n  f ilm s  in m a c h in e  and tra n sv erse  d ir e c tio n s  to  ob tain  
rectan gu la r  str ip s o f  25  m m  X 7 6  m m  lo n g . B e fo r e  te s t in g , th ic k n e ss  o f  f ilm  
sp e c im e n s  w a s  m ea su red  a lo n g  th e  len g th  in  5 d ifferen t areas to d e term in e  av erag e  
th ic k n e ss . T h e g r ip -sep a ra tio n  sp e e d  w a s  se t at 2 5 0  m m /m in . T h e  lo ad  n e c e ssa r y  to 
p rop a gate  th e  tear th ro u gh  th e en tire  u n s lit  2 5  m m  p o rtio n  w a s  reco rd ed . T en  
sp e c im e n s  in  m a c h in e  and tra n sv erse  d ir e c tio n s  w e r e  te s te d , and  f iv e  d ata  w ith  
c lo s e d  standard  d e v ia t io n  w a s  s e le c te d  to  rep resen t th e  a v era g e  and  standard  
d e v ia tio n .

5 .3 .5  M o r p h o lo g y  o f  N e a t  p p  and p p  N a n o c o m p o s ite  F ilm s
D isp e r s io n  o f  n a n o p a rtic le s  (O B E N  and  O B E N -C u N P ) in  p p  m atrix  

and c o m p a tib ility  o f  the P P /S u r ly n /O B E N -C u N P  tertiary p h a se s  w ere  carr ied  out 
u sin g  S E M  (J E O L /J E M  5 8 0 0  L V ). F ilm  sa m p le s  w er e  d ip p ed  and  fractured  in  liqu id  
n itrog en . T h en  th e sa m p le s  w er e  sp u ttered  w ith  g o ld  b e fo r e  v ie w in g  u n d er  sca n n in g  
e le c tr o n  m ic r o sc o p e  (S E M ) op era tin g .

N a n o s c a le  d isp e r s io n  o f  n a n o p a rtic le s  (O B E N  an d  O B E N -C u N P ) in  
PP m atr ix  w a s  s tu d ie d  u s in g  X R D  (B ru k er A X S  M o d e l D 8 ) d iffr a c to m e te r  w ith  

C u K a rad ia tion  o p era te  at 4 0  k v  an d  3 0  m A . T h e  f ilm  sa m p le s  w e r e  o b se r v e d  on  the  

2 9  ran g e  o f  2 - 2 0  d e g r e e  w ith  a sc a n  sp eed  o f  2  d e g r e e /m in  an d  sca n  step  o f  0 . 0 1  

d eg ree .
5 .3 .6  T h erm al P rop erties  o f  N e a t p p  and  p p  N a n o c o m p o s ite  F ilm

C ry sta llin ity  and m e lt in g  b e h a v io r s  o f  n ea t p p  and p p  n a n o c o m p o s ite
f ilm s  w e r e  s tu d ied  w ith  a D iffe r e n tia l S ca n n in g  C a lo r im e te r  (M ettler  D S C  1, M ettler  
T o le d o , S w itz e r la n d ). A l l  o p era tio n s  w ere  p e r fo rm ed  u n d er a n itro g en  a tm osp h ere . 
T h e sa m p le s  w er e  first h ea ted  fro m  2 5  °c to  2 5 0  °c at th e  h e a tin g  rate o f  10 ° c /m in  
in  ord er to  e lim in a te  th e  in f lu e n c e  o f  th erm al h is to r y  and  th en  c o o le d  d o w n  at rate o f
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10 ° c /m in  fro m  2 5 0  °c to 2 5  °c to o b se r v e  th e  m e lt  c r y s ta lliz a tio n  b eh a v io r . T h e  
sa m p le s  w er e  th en  reh ea ted  to  2 5 0  °c at th e  sa m e  rate.

T h e rm o g ra v im etr ic  a n a ly s is  (T G A ) w a s  u sed  to  s tu d y  therm al 
s ta b ility  o f  n ea t p p  and p p  n a n o c o m p o s ite  f ilm s . T G -D T A  cu r v e s  w e r e  c o lle c te d  on  
a M E T T L E R  T G /D T A  in stru m en t. T h e d eg ra d a tio n  tem p era tu re , in it ia l d egra d ation  
tem p era tu re , w e ig h t  lo s s  and fin a l d eg ra d a tio n  tem p era tu re o f  th e  sa m p le s  w ere  
d eterm in ed . T h e  sa m p le s  w e r e  lo a d ed  on  c era m ic  pan  and  h eated  fro m  2 5  °c to  
800°c at h e a tin g  rate 1 0 ° c /m in  and f lo w  u n d er n itro g en  g a s  o f  200 m l/m in .

5.4 Results and Discussion

5 .4 .1  C lar ity  and C o lo r  o f  N ea t p p  and p p  N a n o c o m p o s ite  F ilm s
S in c e  th e  f ilm  sa m p le s  w er e  p ro d u ced  v ia  w a te r -q u e n c h e d  b lo w n  film  

e x tr u s io n , h ig h  transparent f ilm s  w ere  p ro d u ced . B y  n ak ed  e y e s , it is  s een  that 
P P /O B E N  b lo w n  f ilm s  w e r e  c lea r  f ilm s  s im ila r ly  to n ea t p p  f i lm s , h o w e v e r , it w a s  
y e l lo w is h  t in g e  from  d isp e r s io n  o f  B e n to n ite  o r g a n o c la y  in  p p  m atrix . T h is  c o u ld  be  
attr ibuted  to  th e  g o o d  o r g a n o c la y  d isp e r s io n  a c h ie v e d  in  th e se  n a n o c o m p o s ite  f ilm s  
resu lt in g  from  the u se  o f  S u rlyn  and  o p tim u m  p r o c e s s in g  c o n d it io n s , p p  
n a n o c o m p o s ite  f i lm s  w ith  C u N P  w ere  h a z e  and had y e l lo w is h  t in g e  a s  p resen ted  in  
F ig .5 .2 . N e a t  p p  and P P /S u r ly n  f ilm s  had a sm o o th  tex tu re , w h ile  p p  n a n o c o m p o s ite  
f i lm s  had ro u g h er  tex tu re d u e  to  the p r e se n c e  o f  in o rg a n ic  p a r tic le s . H o w e v e r , a ll o f  
th e  f i lm s  p ro d u ced , in c lu d in g  th o se  w ith  th e n a n o p a rtic le s , c o n ta in e d  v e r y  f e w  v isu a l 
im p e r fe c tio n s  su c h  as g e ls  or  f ish e y e s .

F ig .5 .3  and F ig .5 .4  s h o w  L* ( lig h tn e s s )  and  b* ( y e l lo w n e s s )  o f  neat  
P P  and P P  n a n o c o m p o s ite  b lo w n  f ilm s , r e sp e c tiv e ly . A ll sa m p le  f i lm s  w ere  
tran slu cen t f ilm  w ith  L* o v e r  9 5 . Y e l lo w n e s s  o f  f ilm  sa m p le s  re su lts  fro m  d isp ers io n  
o f  O B E N  and co p p er  n a n o p a rtic le s  in p p  m atrix . F rom  b* v a lu e , it in d ic a te s  that 
y e l lo w n e s s  o f  p p  n a n o c o m p o s ite  f ilm s  w er e  in crea sed  w ith  r e sp e c t  to  C u N P  con ten t.
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Figure 5.1 A p p e a r a n c e  o f  p p  n a n o c o m p o s ite  b lo w n  f i lm s  a d d in g  O B E N /C u N P -5 .

CnNP (°owt)

Figure 5.2 L ig h tn e ss  (L * )  o f  n ea t p p  an d  p p  n a n o c o m p o s ite  b lo w n  f ilm s .
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CuNP (°0ฬ )

Figure 5.1 b* o f  n ea t p p  an d  p p  n a n o c o m p o s ite  b lo w n  f ilm s . V a lu e  o f  V in d ic a t e s  
y e l lo w n e s s  o f  f ilm s .

5 .4 .2  M e c h a n ic a l P ro p er tie s  o f  N e a t  p p  an d  p p  N a n o c o m p o s ite  F ilm s
T e n s ile  te sts  w e r e  p er fo rm ed  o n  n ea t p p , P P /S u r ly n  an d  p p  

n a n o c o m p o s ite  b lo w n  f ilm s  to  in v e s t ig a te  in f lu e n c e  o f  C u N P  c o n te n t  o n  m e c h a n ic a l  
p ro p er tie s  o f  th e  b lo w n  f ilm  sa m p le s . F ig .5 .5  s h o w s  te n s i le  stren g th  (a t b reak ) o f  n ea t  
P P , P P /S u r ly n  an d  p p  n a n o c o m p o s ite  b lo w n  f ilm s  in  m a c h in e  an d  tra n sv erse  
d ire c tio n . G e n e r a lly , th e  te n s i le  stren g th  in  tra n sv erse  d ir e c tio n  o f  w a te r -q u e n c h e d  
b lo w n  f ilm s  is  so m e w h a t  lo w e r  th a n  th o se  in  m a c h in e  d ir e c tio n  b e c a u s e  o f  lim ita tio n  
o f  b u b b le  e x te n s io n  ( le s s  s tr e sse s )  in  tra n sv erse  d ir e c t io n  fro m  f ix e d  r in g  in  th e  w a ter  
b ath  to  ฟ ๒ พ  m o le c u la r  o r ie n ta tio n  o f  p o ly m e r  m o le c u le s .

A ls o ,  th e  r e p resen ta tiv e  stre ss-stra in  c u r v e  o f  th e  b lo w n  f i lm s  is  
p rese n te d  in  F ig .5 .6 . T h e  s tr e ss -s tr a in  c u rv e  o f  n ea t  p p  b lo w n  f i lm s  is  ch a ra c ter ized  
b y  an  in itia l h ig h  s lo p e , f o l lo w e d  b y  a  p la tea u  w ith  g r a d u a lly  in c r e a s in g  s tr e ss  u n til 
fracture. M a c r o s c o p ic a lly , th e  n ea t p p  f i lm s  w e r e  stre tch ed  u n ifo r m ly  u p  to  fracture. 
P P  e x h ib its  a  ty p ic a l c o ld -d r a w n  b eh a v io r . It e x p e r ie n c e s  y ie ld , s tre ss  w h ite n in g ,
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c o ld -d r a w in g , fo llo w e d  b y  th e  fin a l break d u r in g  a te n s io n  e x c u r s io n . D u r in g  c o ld ­
d ra w in g , c h a in s  u n fo ld  and  th en  a lig n  in  the stre ss  d ire c tio n , w h ic h  th is  
reo r g a n iza tio n  p ro d u ces  a m u ch  lo n g er , th in n er , and stro n g er  f ilm  (Z h o n g  et a l ,  
2 0 0 7 ) . D e fo r m a tio n  o f  th e  P P /S u r ly n  b len d  f ilm s  w a s  m a c r o s c o p ic a lly  u n ifo rm , but  
s tr e ss -w h ite n in g  w a s  fa in t s im ila r ly  to  th e  stress-stra in  c u rv e  o f  P P /P E  b len d  reported  
in  C h a n g  et al. (2 0 0 2 ) . L im  et al. (2 0 1 0 )  rep orted  the d eter io ra tio n  o f  te n s i le  strength  
for  P P /S u r ly n  9 5 /5  w t%  b le n d  co m p a red  to th e  n ea t p p . T h e y  d en o ted  th e  d ecrea se  in  
te n s i le  stren g th  resu lted  fro m  lo w  in ter fa c ia l a d h e s io n  b e tw e e n  th e  p h a se s  w h ich  
d e b o n d in g  b e tw e e n  p p  m atrix  and  S u rlyn  d isp e r se d  p h a se s  w a s  o b se r v e d  in  the cry o -  
fractured  S E M  m icro g ra p h s. T h e  red u ction  o f  te n s ile  stren g th  o f  P P /S u r ly n  is  ab out  
14%  co m p a red  to th e  te n s i le  stren g th  o f  n ea t p p  f ilm s .

Figure 5 .5  T e n s ile  stren g th  o f  n eat p p  and p p  n a n o c o m p o s ite  b lo w n  f ilm s .
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Figure 5.1 The stress-strain curves of neat pp and pp nanocomposite blown films 
cutting along the machine direction (MD).

Adding 1 wt% Bentonite organoclay further decreased tensile strength 
(at break) of pp nanocomposite blown film. Zhong et al. (2007) explained the 
strength deterioration of 2 wt% clay/LDPE films compared to neat LDPE films 
relating to the fact that clay tactoids hinder the orientation of polyethylene lamellae 
during cold drawing. From SEM micrographs, good dispersion of OBEN-Surlyn 
masterbatch in pp matrix is observed, however, voids around some dispersed phases 
are evident indicating poor adhesion between pp and OBEN-Surlyn. These would 
become stress concentration during the extension of blown films and reduced the 
cold-drawing phenomenon of pp molecules.

Adding PVP-coated CuNP into pp matrix shows positive effect on 
tensile strength in machine direction of nanocomposite blown films, except with the 
lowest content of 5 wt% CuNP. Since the amount of nanoparticles was kept constant 
of 1 wt% of nanocomposite films, adding higher content of denser CuNP decreased 
the volume of OBEN nanoclay, therefore, the better dispersion of nanoclay into
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Surlyn dispersed phases was achieved. As a result, the ability of the dispersed 
ionomer particles to form cavitation under uniaxial tensile stress is decreased (Lim et 
al., 2010), resulting to the decrease in elongation at break and higher stress is needed 
to extend the films. For the lowest tensile in PP/OBEN-CuNP5 films, it is attributed 
to there are more voids due to debonding of nanoparticles from pp matrix compared 
to other nanocomposite film samples as evident in SEM micrographs.

Figure 5.7 Percentage of elongation at break of neat pp and pp nanocomposite 
blown films.

Fig.5.7 shows the percentage of elongation at break of neat pp, 
PP/Surlyn and pp nanocomposite blown films in machine and transverse direction. 
The elongation at break is very sensitive to the strength of the interface, and it is used 
to evaluate the efficiency of compatibility. It is seen that % elongation at break of 
PP/Surlyn and PP/OBEN films were lower than those of neat pp film, indicating the
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insufficient interfacial bonding between Surlyn and pp matrix to prevent debonding 
of Surlyn dispersed phases from pp matrix. Compared to PP/OBEN films, 
incorporating CuNP into OBEN did not affect % elongation at break in machine 
direction significantly, except films with 5 wt% CuNP. The decrease of elongation at 
break in PP/OBEN-Cu5 film indicates there were more inhomogeneous regions to 
initiate premature breakage. From SEM micrographs, the PP/OBEN-Cu5 cross- 
section surfaces shows more voids due to debonding of nanoparticles from pp matrix 
during the cryo-fracture compared to other samples.

In contrast, % elongation at break in transverse direction of 
nanocomposite films decreased with respect to CuNP content. This resulted from 
water-quenched process that bubbles were quenched via open-ring in the water bath. 
While the bubble was quenched to not be able to expand in transverse direction, the 
nip-roll pulled blown films to stretch along the machine direction resulting on 
yielding of pp matrix around the agglomeration of particles while orienting Surlyn 
dispersed phases along the machine direction. The combination of these phenomena 
weakened quenched blown films in the transverse direction as seen in the results. 
Tensile results are summarized in Table 5.2.

Table 5.2 Tensile properties of neat pp and pp nanocomposite blown films

Abbreviations Tensile strength (MPa) % Elongation at break
MD TD MD TD

Neat PP 37.6 ±4.95 26.4 ±3.08 400 ± 44.27 320 ± 10.29
PP/Surlyn 32.2 ±2.91 26.3 ± 2.43 360 ±37.01 340 ± 40.60
PP/OBEN 26.4 ±2.89 20.6 ±3.36 340 ± 17.60 290 ± 34.48
PP/OBEN-Cu5 22.2 ± 1.05 22.0+1.17 280 ±27.02 320 ± 15.67
PP/OBEN-CulO 26.8 ±2.88 21.1 ±3.48 330 ±37.27 320 ±24.86
PP/OBEN-Cul5 30.3 ±3.85 22.1 ± 1.55 310 ± 14.39 290 ± 19.03
PP/OBEN-Cu20 29.7 ± 1.35 22.6 ±2.45 340 ± 10.91 290 ±34.15
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Since pp is high extension plastics, tear strength at maximum loading 
is reported in this study. Fig.5.8 shows tear strength at maximum loading of neat pp, 
PP/Surlyn and pp nanocomposite blown films in machine and transverse direction. 
In contrast to tensile results, for all film samples, the tear strength or resistance to 
tear propagation is higher along the transverse direction relative to machine 
direction. This results from high orientation of polymer molecules in machine 
direction during the water-quenched blown film process as discussed in tensile test. It 
is seen that tear strength in transverse direction of pp nanocomposite films with were 
in the same range of neat pp films except the one with CuNP content of 10 wt%, 
while tear strength in machine direction of nanocomposite films increased with 
respect to CuNP content similarly to tensile test. This comes from the fact that high 
extension pp films were torn and stretched during the tear propagation test, which 
resembled the action in the tensile test. The lowest tear strength in PP/OBEN-CulO 
films comes from the large Surlyn/OBEN dispersed phases as seen in SEM 
micrograph. This behaves as stress concentration to allow breakage of films to occur 
around the surface easier than the smaller ones.

Figure 5.8 Tear strength at maximum loading of neat pp and pp nanocomposite 
films.
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5.4.3 Morphology of Neat pp and pp Nanocomposite Films
Fig.5.9 and Fig.5.10 show SEM micrographs of cryo-fractured cross- 

section surfaces of neat pp, PP/Surlyn, PP/Surlyn/OBEN, and PP/Surlyn/OBEN- 
CuNPx blown films. Compared to neat pp, it is clearly observed that there are many 
smooth particles dispersed in pp matrix indicating immiscibility between pp and 
Surlyn ionomer. Debonding of ionomer aggregates from pp matrix during the cryo- 
fracture is observed implying low adhesion between them. It should be noted that the 
elongated Surlyn phases are results from the cryo-fracture since Surlyn is rubber-like 
even at the low temperature.

In PP/Surlyn/OBEN, larger dispersed phases are observed which 
results from relatively stiffer Surlyn/OBEN dispersed phases to be sheared and 
dispersed into pp matrix during the blown film extrusion. There are some of silicate 
layers localized at the phase boundary between pp and Surlyn similarly to LinTร 
report (2010). In PP/Surlyn/OBEN-Cu5 sample, debonding of Surlyn dispersed 
phases are evident implying poor interfacial adhesion between the phases. In 
PP/Surlyn/OBEN-CulO, some larger dispersed phases are present indicating to less 
dispersion of OBEN/Surlyn. However, the dispersed phases become smaller closed 
to the PP/OBEN when the CuNP content is 15 and 20 wt%. The change in size of 
dispersed phase is attributed to the lower volume of nanoclay dispersed the Surlyn, 
so that the Surlyn/OBEN is more flexible to be sheared and broken into smaller 
spheres during the blown film extrusion.
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Figure 5.9 Cryo-fractured SEM micrographs of neat PP, PP/Surlyn and PP 
nanocomposite blown films (magnification 10,000X).
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Figure 5.10 Cryo-fractured SEM micrographs of neat pp, PP/Surlyn and pp 
nanocomposite blown films (magnification 3,500X).
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Figure 5.1 XRD patterns of neat pp and pp nanocomposite films showing crystals 
of PP matrix. The XRD patterns of each sample have a common scale such that any 
increase or decrease in intensity of particular peak is a direct measure of the 
percentage of crystallization.
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Figure 5.11 shows the XRD patterns of neat pp, PP/Surlyn and 
PP/Surlyn/OBEN-CuNPX blown film samples from 20 = 2°-30°. Polypropylene 
(PP) is characterized by four different crystalline phases that which include 
monoclinic (a), hexagonal (P), orthorhombic (y), and mesomorphic (smectic). The 
nucléation of these different polymorphs depends on the crystallization conditions. 
The commonly observed crystalline phase of polypropylene is a-phase (a-PP), 
which is characterized by six distinct peaks at 20 values of —14.2, 17.0, 18.7, 21.3, 
21.7 and 25.4°, respectively. These peaks individually correspond to the (110), (040), 
(130), (111), (041) and (060) reflections. (Fages et al, 2011, Yuan et al, 2010). In 
this study, the neat pp blown film sample is characterized by two broad peaks at 20 
values of -15.5° and 22.0° with low intensity indicating relatively low 
%Crystallinity in neat pp blown film fabricated by water-quenched blown film 
process. In DSC results, the %Crystallinity in the first heating scan is lower than 
those in the second heating scan for about 30-40%.

In PP/Surlyn films, almost the same XRD pattern is obtained. It is 
found the presence of the small peaks at 20 = 17.0° corresponding to (300) reflection 
of (3-phase. The presence of the (3-phase is believed to be nucleated because of the 
nucleating effect by Surlyn dispersed phases. There have been reports that the (3- 
phase (P-PP) nucleates in the presence of nucleating agent or under specific 
conditions of temperature gradient and strain. Occasionally, reinforcement minerals 
may act as P-nucleating agents. (Yuan et al, 2010). Also, the increase in percentage 
of crystallinity of the blown film with the presence of Surlyn is also supported by 
DSC tests later.

In PP/Surlyn/OBEN blown films, the distinct peak at 20 = 17.0° 
becomes outstanding from the XRD patterns indicating the P-phase of pp crystals are 
present in a certain amount. Also, the a-peaks are more distinct indicating more 
complete spherulites are formed. Some of the OBEN are exfoliated in the pp matrix 
(evident in the next XRD pattern) and act as the nucleating sites for pp molecules to 
nucleate and form spherulite in p-form. XRD patterns of PP/Surlyn/OBEN-CuNPx 
samples show the same XRD patterns with higher intensity compared to neat pp 
films, however, the peak of P-PP disappears in all the PP/OBEN-CuNPx
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nanocomposite films except in the 10 wt% CuNP loading samples. This would
attribute to better exfoliation of OBEN in the pp matrix with the presence of CuNP
incorporating into OBEN particles.

Figure 5.1 XRD patterns of neat pp and pp nanocomposite blown films showing 
intercalation and exfoliation of nanoclay in pp matrix.

Figure 5.12 the XRD patterns of neat pp, PP/Surlyn and 
PP/Surlyn/OBEN-CuNPx blown film samples from 20 = 2°-10°. From Fig.44, the 
OBEN has the characteristic peaks at 20 = 5.67° and 4.09° which corresponding to d- 
spacing of 1.56 and 2.15 nm, respectively. Compared to the XRD pattern in
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PP/OBEN, the 29 = 4.09° corresponding to d-spacing of 2.15 nm disappears. This 
refers to the breakage of silicate layers (or exfoliation) of nanoclay that having the 
organic ion intercalated inside the silicate layers. In PP/OBEN-CuNP films, the peak 
at 4.09° corresponding to d-spacing of 2.15 nm disappears similarly to the PP/OBEN 
sample, and the peak of the (001) basal diffraction of organoclay becomes more 
broadened and its intensity is weaker. As a result, the well-defined interlayer spacing 
is difficult to determine accurately. This result indicates that the stacks of layered 
silicates become more disordered, although a periodic distance is still maintained. 
Apparently, the partial exfoliation of the layered silicates could be responsible for the 
decrease in intensity (Lim et al, 2010).

5.4.4 Thermal Properties of Neat pp and pp Nanocomposite Films
Melting temperatures of neat pp and pp nanocomposite blown films 

were studied by DSC technique. The thermal properties of films by the DSC 
technique are presented in Table 5.3, and their thermograms are graphically shown in 
Fig.5.13 and 5.14, respectively. It is worthy to note that the %Crystallinity (Xc) in the 
1st heating scan is less than those in the 2nd heating scan. This is due to the 1st heating 
scan indicates the thermal history of the blown films fabricated by water-quenched 
blown film process.

The 2nd heating scan would be used for the discussion in the role of 
nanoparticles in the thermal properties of pp film. It is found that crystalline melting 
temperature (Tm) of neat pp blown film was 159 °c with %Crystallinity of 43.40 in 
the 2nd heating scan. Adding Surlyn into pp matrix decreased Tm of PP; however, the 
percentage of crystallinity was increased from 43.40 to 45.65. This indicates that 
dispersed phases of ionic aggregates (Surlyn) acted as a nucléation sites for pp 
molecules to form crystallize. Meanwhile, they interrupted pp molecules to form 
larger spherulites causing Tm to be reduced. This observation is similarly to those 
reported by Lin et al. Also, this nucleating effect of Surlyn in pp crystallization is 
evident in the quenching process since the %Crystallinity in the 1st heating scan is 
26.81% compared to 23.92% of neat pp.
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Table 5.3 Thermal properties of neat pp and pp nanocomposite films

Abbreviations Tc.peak
( ° C )

Tm.peak
( ° C )

1st h e a t in g

Tm.peak
( ° C )

2 nd h e a t in g

%Xc
( 1st h e a t in g )

%Xc
(2 nd h e a t in g )

Neat PP 109.85 159.49 159.33 23.92 43.40
PP/Surlyn 109.86 158.89 156.05 26.81 45.65
PP/OBEN 109.06 160.25 156.98 30.09 43.30
PP/OBEN-Cu5 110.31 159.85 157.19 27.75 45.13
PP/OBEN-CulO 111.41 160.38 156.24 26.45 44.59
PP/OBEN-Cul5 110.48 159.56 158.05 27.57 46,62
PP/OBEN-Cu20 109.86 160.56 158.21 27.08 47.86

Note: PP 100% crystallinity, AH *11 = 209 J/g 

For the 2nd heating, Xc = m* ^  x 100a h ;
where AHm is the melting enthalpy of the pp sample, AH*m is the enthalpy for 100% 
crystalline pp, and <j) is the mass ratio of pp in the pp nanocomposite sample.

For the 1st heating, Xc = — — x 100
A H  ๓

where AHm is the melting enthalpy of the pp sample, AHC is the crystallization 
enthalpy of the pp sample during the heating scan, and AH *11 is the enthalpy for
100% crystalline pp, and <j) is the mass ratio of pp in the pp nanocomposite sample.
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Figure 5.1 2nd heating scan of neat pp and pp nanocomposite films.

“ emperature (°C)

Figure 5.2 DSC cooling scans of neat pp and pp nanocomposite films.
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Compared to neat pp, adding 1 wt% of OBEN with the presence of 
Surlyn decreased Tm of pp, but the %Crystallinity was in the same range for the 2nd 
heating scan. This indicates that the well-dispersion of organoclay in pp matrix 
inhibited pp molecules to form complete spherulites. Lim et al. reported a synergistic 
effect between Surlyn and clay in suppressing the accelerating crystallization on pp 
matrix. They argued that there was a strong charge interaction between clay platelets 
and ionic aggregates in Surlyn phase, which could weaken nucleating effect of ionic 
aggregates (Surlyn) on pp matrix. Furthermore, the clay platelets localized at the 
interface prevent the contact of Surlyn domains from pp matrix during 
crystallization. It should be noted that the %Crystallinity in the 1st heating scan is 
higher than neat pp and PP/Surlyn significantly. This is attributed to the combination 
of nucleating effect of OBEN-Surlyn and the molecular orientation of pp molecules 
during the bubble stretching to allow crystallization to form in higher degree.

For PP nanocomposite blown films adding OBEN-CuNP in various 
ratios, it is found that the crystalline melting temperatures (Tm) were slightly 
increased compared to PP/OBEN samples but still lower than those of neat pp. 
Nevertheless, the percentages of crystallinity were marginally higher with respect to 
CuNP contents. Also, the crystallization temperature (Tc) of PP/OBEN-CuNP 
samples appeared at higher temperatures than neat pp. This could be attributed to the 
nucléation effect of PVP-coated CuNP and the lesser content of OBEN dispersed in 
the PP matrix. As for the weight ratio of organoclay decreased, there was less clay 
particles to have interactions with Surlyn dispersed phases and hinder the mobility of 
polymer chains, resulting to increase of the spherulite growth along with the 
enhanced nucleating activity of Surlyn phases as nucléation sites, pp molecules 
could also nucleate the crystallization of PVP-coated CuNP that dispersed in the pp 
matrix.

Fig.5.14 presents thermal degradation thermograms of neat pp and pp 
nanocomposite blown films studied by TGA technique under nitrogen atmosphere. 
Table 5.4 summaries their initial (onset) degradation temperatures (Tj), final 
degradation temperatures (Tf), inflation degradation temperatures (Td), and char 
residues. It is found that neat pp film had the degradation temperature (Td) at 445.6 
°c leaving char residue of 3.2 wt%. Adding Surlyn ionomer of 2 phr into pp
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increased Td to occur at 459.4 °c and left slightly higher char residue. It is reported 
that the ionic aggregates within ionomer could persist in the molten state up to 300 
°c (Lim et al, 2010), which is much higher than the melting temperature of pp. 
These aggregates thus delayed the onset degradation (Tj) of pp molecules to occur at 
somewhat higher temperature, but once the degradation of pp molecules occurred the 
rate of degradation was faster as evident in the slope of TGA curves.

Compared to PP/Surlyn sample, adding OBEN organoclay of 1 wt% 
into PP decreased Td slightly but left higher char residue from the OBEN content (1 
wt%). In all PP/OBEN-CuNP samples, the significant increase in Td was observed 
compared to neat pp sample while their char residue was in the same range in 
PP/OBEN sample. The increase in Td could attribute to the relatively high heat 
capacity of CuNP that could absorb much heat in the vicinity so that the pp 
molecules in those samples degraded at higher temperatures.

Table 5.4 TGA results of neat pp and pp nanocomposite blown films

Abbreviations T, (°C) Tf(°C) Td (°C) Char residue (wt%)
Neat PP 401.8 473.2 445.6 3.2
PP/Surlyn 430.7 485.2 459.4 4.1
PP/Surlyn/OBEN 428.3 484.4 458.7 5.1
PP/OBEN-Cu5 432.0 485.7 460.1 4.6
PP/OBEN-CulO 432.1 486.5 460.7 5.1
PP/OBEN-Cul5 432.2 486.3 460.5 5.5
PP/OBEN-Cu20 431.3 486.6 460.0 5.4
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Figure 5.1 TGA thermogram of neat pp and pp nanocomposite blown films (under 
nitrogen atmosphere).

5.5 Conclusions

With the presence of OBEN-CuNP, pp nanocomposite blown films were 
haze and had higher yellowish tinge. Adding OBEN or OBEN-CuNP into pp films 
reduced the elongation at break of the films due to loss of film homogeneity. 
However, these nanocomposite films showed good elongation at break in machine 
direction over 300% compared to neat pp with elongation at break of 400%. Adding 
PVP-coated CuNP into pp films showed positive effect on tensile strength of 
nanocomposite films. This is due to Surlyn ionomer and nanoparticles acted as 
nucleating sites to increase crystallinity of pp nanocomposite films. Thermal stability 
of PP nanocomposite films was improved with the presence of nanoparticles. From 
the overall mechanical properties and clarity, it indicates that the pp nanocomposite
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films would be capable to be used in prepacked chilled fish packaging since these
films could be used to wrap around chilled fish with ease and could present the
products properly.
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