
CHAPTER II 
LITERATURE REVIEW

As we know both PBT and HDPE possess some useful properties, but their 
uncompatibilized blends do not exhibit many interesting properties. PBT offers 
strong impact properties, good dimensional stability and excellent electrical 
resistivity, however, it has a negative swelling during melt extrusion and a relatively 
high mold shrinkage during compression. Also, its lower melt viscosity result in 
poorly defined sample shapes during certain processing operations.HDPE,on the 
other hand, has excellent low temperature flexibility, low mold shrinkage, ease of 
processing and good resistance to moisture permeation. The combination of the 
excellent properties of more than one existing polymers is required.

2.1 Poly (butylene terephthalate)
Poly (butylene terephthalate) (PBT) is one member of the terephthalic 

polyesters, PBT is a general-purpose engineering plastic made through 
polycondensation of purified terephthalic acid (PTA) with 1,4-butanediol 
(BDO).Initially, PBT was first used in the textile industry. In the textile sector, PBT 
is spun into fibers and used in the carpet sector. However, today due to competition 
with polyamides, PBT is mainly used as a substitute for metals, thennoset resins, and 
engineering plastics. The most important applications of PBT are for products used 
in the automotive, electrical, electronics, telecommunication, as well as precision 
engineering sectors.

Figure 1: Structure of Poly(butylene terephthalate).
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PBT offers a valuable combination of technical properties with its 
exceptional resistance to heat, creep and chemicals, good processability and good 
economics for a variety of applications. However, PBT faces inter-material 
competition from other engineering thermoplastics. In electronics and electrical 
applications, PBT competes with PET. On the other hand, PBT faces new 
competition from polytrimethylene terephthalate (PTT), which exhibits performance 
and processing characteristics similar to high-performance PBT. From their 
macromolecular structures, we can notice the structural and substantial differences 
give rise to their different properties.

Structure of Aromatic Polyester Polymers

Figure 2: Different structuresof PET, PTT and PBT.

In the year 2000, Yeong-TamgShien et al, studied the mixture of PP-MA 
and an epoxy resin was demonstrated to be an efficient dual reactive compatibilizer 
for immiscible and incompatible PP/PBT blends. The PP-MA with a low MA 
content is miscible with pp to make it quasi-functionalized, while the multifunctional
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content is miscible with pp to make it quasi-functionalized, while the multifunctional 
epoxy has the chance to react with PBT and PP-MA at the interface simultaneously. 
Thus, the in shw-formed PP-MA-co-epoxy-co-PBT copolymers are able to 
anchoralong the interface and serve as efficient compatibilizers. The mechanical 
properties of the PBT-richblends are improved by increasing the epoxycontent to 0.3 
phr. An epoxy content of 0.5phr can lead to a light crosslinking in the PBT phase of 
the PBT-rich blends and result in a lack of a compatibilization effect. Epoxy does not 
demonstrate compatibilization effects for the PP/PBTblends without the presence of 
PP-MA in theblends.

Sadhan c. Jana (et ai, 2001) studied low molecular weight epoxy molecules 
in compatibilization of PBT-PPE blends. The blend morphology and stability of 
morphology against annealing depended on epoxy content and the type of epoxy. It 
was found that a minimum of 2phr of EPON®832, 5phr of EPON*828, or lOphr of 
EPON® รบ-ร were required to effectively compatibilize the PBT-rich blends. The 
effects of compatibilization by epoxy were also reflected in tensile and impact 
strengths. The best improvements were obtained in blends containing EPON®832, 
probably due to better chain flexibility of the molecules, a three-fold increase of 
tensile strength and a four-fold increase of impact strength over uncompatibilized 
blend were observed.

S.H. Jafari (etal.,2005) studied the morphology and thermal characteristics 
of poly(trimethyleneterephthalate) (PTT)/metallocene linear low-density 
polyethylene (m-LLDPE) blends with different amounts of a terpolymer based on 
glycidyl methacrylate (GMA), employed as a possible compatibilizer, were 
systematically examined. DMTA results showed two distinct peaks in all the blends 
associated with each component. DSC thermograms of the blends also revealed two 
separate melt crystallization peaks and two distinct melting peaks showing that two 
polymers crystallize separately to form their own crystallites.lt was verified that the 
presence of PTT retards the crystallization ability of m-LLDPE owing to the 
influence of the compatibilizer in changing the state of dispersion of minor 
component. The addition of the terpolymer to the system efficiently reduced the 
droplet size of the dispersed phase associated with the role of interfacial products in 
suppressing the coalescence. However, the effectiveness of the terpolymer as a
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c o m p a t ib i l i z e r  b e y o n d  5 w t%  d e c r e a s e s  w h ic h  c a n  b e  a s s ig n e d  to  th e  f o r m a t io n  o f  
m ic e l le s  in  th e  b u lk  p h a s e s .

J o u n g S o o k  H o n g  (et al, 2 0 0 6 )  W h e n  tw o  im m is c ib le  p o ly m e r s ,  P B T  a n d  
P E , a r e  m ix e d , s p e c i f i c a l ly  w h e n  P B T  p h a s e  i s  m a tr ix ,  a  s iz e  r e d u c t io n is  o b ta in e d  b y  
th e  a d d it io n  o f  o r g a n o c la y  h a v in g  a  s p e c i f i c  p r e f e r e n c e  f o r  o n e  o f  th e  b l e n d  
c o m p o n e n ts ,  a n d  th e  r e s u l t in g b le n d  s h o w s  a  s ta b le  m o r p h o lo g y  w i th  a  h o m o g e n e o u s  
d o m a in s iz e .  T h e  e f fe c t  o f  th e  o r g a n o c la y  o n  th e  r e d u c t io n  in  th e d r o p le t  s i z e  is  
g o v e r n e d  b y  th e  lo c a t io n  o f  th e  o rg a n o c la y , w h ic h  is  d e te rm in e d  b y  th e  d i f f e r e n c e  in  
th e  a f f in i ty  o f  th e  o r g a n o c la y  w i th  e a c h  c o m p o n e n t  a n d  th e  c la y  c o n te n t .  T h e  
p r e s e n c e  o f  o r g a n o c la y  a t  th e  in te r f a c e  h y d r o d y n a m ic a l ly  s ta b i l iz e s  th e  b l e n d  
m o r p h o lo g y  b y  s u p p r e s s in g th e  c o a le s c e n c e  o f  th e  d r o p le ts  a n d  a ls o  m a k e s  
th e m o rp h o lo g y  th e r m a l ly  s ta b le .

2.2 High Density Polyethylene (HDPE)
H ig h -d e n s i ty  p o ly e th y le n e  ( H D P E )  is  o n e  ty p e  o f  p o ly e th y le n e  ( P E )  f a m i ly  

w h ic h  h a s  m a n y  ty p e s  b e in g  d i f f e r e n t  d e n s i ty  s u c h  a s  lo w  d e n s i ty  p o ly e th y le n e  
( L D P E ) , l in e a r  lo w  d e n s i ty  p o ly e th y le n e  ( L L D P E ) , m e d iu m  d e n s i ty  p o ly e th y le n e  
( M D P E )  , a lso  h ig h  d e n s i ty  p o ly e th y le n e  (H D P E )  a n d  U l t r a  H ig h  M o le c u la r  W e ig h t  
P o ly e th y le n e  ( U H M W - P E ) .A lth o u g h  th e  d e n s i ty  o f  H D P E  is  o n ly  m a r g in a l ly  h ig h e r  
th a n  th a t  o f  lo w - d e n s i ty  p o ly e th y le n e ,  H D P E  h a s  l i t t le  b r a n c h in g ,  g iv in g  i t  s t r o n g e r  
m te r m o le c u la r  fo rc e s  a n d  te n s i le  s t r e n g th  th a n  L D P E . T h e  la c k  o f  b r a n c h in g  is  
e n s u re d  b y  a n  a p p ro p r ia te  c h o ic e  o f  c a ta ly s t  ( e .g . ,  Z ie g le r - N a t ta  c a ta ly s ts )  a n d  
r e a c t io n  c o n d i t io n s .T h e  d i f f e re n c e  in  s t r e n g th  e x c e e d s  th e  d i f f e r e n c e  in  d e n s i ty ,  
g iv in g  H D P E  a  h ig h e r  s p e c i f ic  s tr e n g th . I t is  a lso  h a r d e r  a n d  m o r e  o p a q u e  a n d  c a n  
w ith s ta n d  s o m e w h a t  h ig h e r  te m p e ra tu re s  ( 1 2 0 ° C /2 4 8 ° F  fo r  s h o r t  p e r io d s , 1 1 0  °c 
/ 2 3 0  °F  c o n tin u o u s ly ) .

T h e re  is  b o th  h o m o g e n e o u s  a n d  h e te ro g e n e o u s  p o ly m e r  b le n d in g .  F o r  
h o m o g e n e o u s  b le n d , e a c h  b le n d  c o m p o n e n t  lo s e s  th e i r  u n iq u e  p r o p e r t ie s  a n d  th e  
b le n d  p ro p e r t ie s  a r e  a b o u t  th e  a v e r a g e  o f  b o th  b le n d  c o m p o n e n ts .  F o r  h e te ro g e n e o u s  
b le n d s , th e  p r o p e r t ie s  o f  e a c h  b le n d  c o m p o n e n t  s t i l l  p r e s e n t .  T h e  p o o r  p r o p e r t ie s  o f  
o n e  c o m p o n e n t  c a n  b e  im p ro v e d  b y  th e  s t r e n g th  o f  th e  o th e r  b l e n d  c o m p o n e n t .  T h e r e
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a re  s e v e ra l  o f  m o r p h o lo g ie s  o f  h e te r o g e n e o u s  b le n d s . T h e  m o s t  f r e q u e n t ly  fo u n d e d  
a re  i)  a  d i s p e r s io n  o f  o n e  p o ly m e r  in  th e  m a tr ix  o f  a n o th e r  p o ly m e r ,  ii)  a  c o -  
c o n t in u o u s  tw o - p h a s e  m o r p h o lo g y .  T h e  ty p e  m o r p h o lo g y  th a t  w i l l  b e  o b ta in e d  
d e p e n d s  o n  th e  c h a r a c te r i s t ic  o f  th e  b le n d  c o m p o n e n t .

T .L . D im i t r o v a  (et al, 2 0 0 0 )  s tu d ie d  o n  th e  c o m p a t ib i l i z a t io n  o f  P E T /H D P E  
b le n d s , th e i r  m o r p h o lo g y ,  r h e o lo g ic a l  a n d  m e c h a n ic a l  p r o p e r t ie s  h a v e  b e e n  
c o m p a re d  w i th  th o s e  o f  th e  s a m e  b le n d s  c o m p a t ib i l i z e d  w ith  a  c la s s  o f  E V A  a n d  
E V O H  b a s e d  c o p o ly e s te r s .  T h e  in c o m p a t ib i l i ty  o f  th e s e  tw o  c la s s e s  o f  p o ly m e r s ,  
p o ly e s te r s  a n d  p o ly o le f in s ,  g iv e s  r i s e  to  g r o s s  p h a s e  s e p a r a t io n , l a c k  o f  a d h e s io n  
b e tw e e n  th e  p h a s e  a n d  th e n  to  p o o r  m e c h a n ic a l  a n d  b a r r ie r  p r o p e r t ie s .  O n  th e  b a s i s  
o f  i ts  s t r u c tu r e ,  P E T  is  c a p a b le  b o th  o f  c h e m ic a l  r e a c t io n s  w i th  p o la r  p o ly m e r s  a n d  o f  
s p e c i f ic  p o la r  in te r a c t io n s ,  l ik e  H - b o n d in g .  A  s ig n if ic a n t  im p r o v e m e n t  o f  th e  
m o r p h o lo g y  a n d  o f  th e  m e c h a n ic a l  p r o p e r t ie s ,  a n d  in  p a r t i c u la r  o f  th e  e lo n g a t io n  a t  
b re a k , c a n  b e  a c h ie v e d  b y  u s in g  a  th i r d  c o m p o n e n t  a c t in g  a s  c o m p a t ib i l i z in g  a g e n t .  
T h e  c o m p a t ib i l i z in g  c a p a b i l i ty  o f  th e  f u n c t io n a l iz e d e la s to m e r  a n d  o f  th e  c o p o ly e s te r  
u s e d  in  th is  w o rk is  c o n f i rm e d  b o th  b y  th e  v i s c o s i ty  c u rv e s  a n d  b y  th e  S E M  
m ic r o g r a p h s .  T h e  c o m p a t ib i l i z in g  a c t io n  o f  th e  f u n c t io n a l iz e d  e la s to m e r  e m p lo y e d  in  
th is  w o rk  c a n  b e  a t t r ib u te d  to  th e  fo rm a t io n  o f  H - b o n d in g  w i th  th e  p o la r  c o m p o n e n t .

K i lw o n  C h o ( ๙  al., 1 9 9 3 )  I t  w a s  fo u n d  th a t  e a c h  H D P E / io n o m e r  b le n d  h a d  
tw o  w e l l - s e p a r a te d  m e l t in g  p e a k s  a n d  tw o  c r y s ta l l iz a t io n  p e a k s , w h ic h  in d ic a te s  th a t  
th e  c o m p o n e n ts  o f  s u c h  a  b le n d  a re  im m is c ib le  w i th  e a c h  o th e r . T h e  te n s i l e  b e h a v io r  
o f  th e  io n o m e r  s h o w e d  s e v e r e  s tr a in  h a r d e n in g  j u s t  a b o v e  th e  y ie ld  p o in t ,  w h ic h  
le a d s  to  a  lo w e r  e lo n g a t io n  a t  b r e a k  a n d  a  h ig h e r  te n s i le  s t r e n g th  th a n  H D P E , 
p o s s ib ly  d u e  to  a  n e tw o rk - l ik e  s t r u c tu r e  f o r m a t io n  o f  io n ic  a g g re g a te s .  T h e  te n s i le  
p r o p e r t ie s  o f  H D P E / io n o m e r  b le n d s  w e r e  g e n e r a l ly  in f e r io r  to  th o s e  o f  th e  p u r e  
c o m p o n e n ts .  F u r th e rm o r e ,  th e  te n s i le  p r o p e r t ie s  e x h ib i te d  s e v e re  n e g a t iv e  d e v ia t io n  
f ro m  l in e a r  a d d i t iv i ty  o f  p r o p e r t ie s ,  w h ic h  is  c h a r a c te r i s t ic  o f  in c o m p a t ib le  b le n d s . 
T h e  n e g a t iv e  d e v ia t io n  w a s  a ls o  o b s e rv e d  f o r  t e a r  s t r e n g th  o f  H D P E / io n o m e r  b le n d s . 
O b s e rv a t io n  o f  te a r  f r a c tu re  s u r fa c e s  o f  th e  b le n d s  s h o w e d  f ib r i l l a r  s t r u c tu r e  w h e n  
io n o m e r  c o n te n t  w a s  r e la t iv e ly  lo w . H o w e v e r ,  fo r  th e  b le n d s  o f  h ig h e r  io n o m e r  
c o m p o s i t io n  m u c h  le s s  f ib r i l l a t io n  o n  th e  f r a c tu re  s u r f a c e  w a s  o b s e rv e d ,  w h ic h  y ie ld s
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2.3 Na-EMAA ionomer
P o ly m e rs  w i th  s m a ll  m o le  f r a c t io n s  (< 1 5  m o l% )  o f  io n ic  g ro u p s  c o v a le n t ly  

b o n d e d  to  th e  p o ly m e r  b a c k b o n e  a re  c a l le d  io n o m e r s .  U s u a l ly ,  th e  io n ic  g ro u p s  re s u l t  
f ro m  n e u t r a l iz a t io n  o f  s u lp h o n ic  a c id  o r  c a r b o x y l ic  a c id  g ro u p s . E i th e r  m o n o v a le n t  
(e .g . N a +,K +) o r  d iv a le n t  ( e .g .Z n 2+) m e ta l  c a t io n s  a r e  u s e d  a s  c o u n te r io n s .  S u lp h o n ic  
a c id  o r  c a r b o x y l ic  a c id  g r o u p s a r e in t r o d u c e d  in to  th e  p o ly m e r c h a in s  b y  
c o p o ly m e r iz a t io n  o r  c h e m ic a l  m o d if ic a t io n  o f  e x i s t in g  p o ly m e r s .  W h a te v e r  th e  
c a t io n , th e  io n ic  g r o u p s  te n d  to  a s s o c ia te  in to  m u l t ip le ts ,  w h ic h  a t  s u f f ic ie n t ly  h ig h  
c o n c e n t r a t io n s  c a n  a s s o c ia te  in to  c lu s te r s .  M u l t ip le ts  a n d  c lu s te r s  a c t  a s  p h y s ic a l  
c r o s s l in k s  b e tw e e n  p o ly m e r  c h a in s .  A t  e le v a te d  te m p e ra tu re s ,  th e s e  io n ic  c ro s s l in k s  
b e c o m e  re v e r s ib le .

a higher value of tear energy. This is attributed to a network-like structure of the
ionomer continuous phase of the blends.

Figure 3: i l lu s t r a t io n  o f  th e rm o r e v e r s ib le  c r o s s l in k  o f  io n o m e r .

N a - E M A A  is  a  f a m i ly  o f  e th y le n e  m e th a c r y l ic  a c id  ( E - M A A )  c o p o ly m e r , in  
w h ic h  p a r t  o f  th e  m e th a c ry l ic  a c id  is  n e u t r a l iz e d  w ith  s o d iu m  m e ta l io n s . 
T h e m o r p h o lo g y  o f  io n o m e r s  b a s e d  o n  p o ly ( e th y le n e - c o - m e th a c r y l ic  a c id )  (E M A A )  
c o n s is ts  o f  th re e  r e g io n s :  a m o r p h o u s  p h a s e s ,  c r y s ta l l in e p h a s e s ,  a n d  io n ic  c lu s te r s .
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The ionic clusters act as thermoreversible crosslinks and improve the toughness,
meltviscosity, clarity, and adhesion properties of the copolymer.

ethylene

c h 2= c h 2 +

methacrylic acid 

CH3
CH2=(j; —

{• =0

C H j—  CH2—  CH 2—  CH j — CHy -  c h 2—  c h 2

W hen we polymerize ethylene with a /
httle bit of methacrylic acid we get tills
ionomer, called poly(ethylene-cro-methacryhc acid).

C H j

- ( p — CH y— C'H2— C H 2-----r°
H

It's  pretty much polyethylene with
a m ethacrylic acid repeat unit thrown in every  now and then. I f  we neutralize the acid 
with N aO H , we get the sodium salt, which DuPont calls Siu iyn

ÇHj
AAAA'iA/--------  C H 2—  CH 2—  C H y— CH 2— CH 2-  C H 2—  CH2— c — C H 2—  CH2— C H 2

r °
° N a +

Figure 4: i l lu s t r a t io n  o f  E M A A  io n o m e r .

T h e  tw o  m o s t  c o m m o n  n e u t r a l iz in g  c a t io n s  a r e  z in c  ( Z n 2+) o r  s o d iu m  (N a +). 
T h e  p r o p e r t i e s  o f  z in c - n e u t r a l i z e d  a n d  s o d iu m  n e u t r a l iz e d  c a r b o x y la te  io n o m e rs  a re  
v e r y  d i f f e r e n t ;  fo r  e x a m p le  s o d iu m  io n o m e r s  a b s o rb  s ig n i f ic a n t ly  m o r e  w a te r  a n d  
te n d  to  h a v e  h ig h e r  f ra c t io n a l  c r y s ta l l in i t i e s  th a n  z in c  io n o m e r s  d u e  to  th e  e f fe c t  o f  
s tru c tu re .  A s  m o n o v a le n t  N a + n e u tr a l iz e d  io n o m e r  is  e a s ie r  to  f o rm  a n  io n -d ip o le  
in te r a c t io n  w h i le  d iv a le n t  Z n 2+ n e u tr a l iz e d  io n o m e r  is  m o r e  s te r ic a l ly  h in d e ra n c e .

Figure 5: i l lu s t r a t io n  o f  s o d iu m - n e u t r a l iz e d  a n d  z in c - n e u t r a l i z e d  io n o m e r .
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In  b le n d s  o f  P B T /H D P E , P B T  h a s  p o la r i ty  w h ile  H D P E  h a s  n o n - p o la r i ty ,  
th e n  th e  a d d i t io n  o f  a  P E  b a s e d  io n o m e r  s h o u ld  b e  s u f f ic ie n t  f o r  o b ta in in g  a  
c o m p a t ib le  b le n d  s in c e  th e  in te r a c t io n s  b e tw e e n  th e  io n ic  g r o u p s  o f  P E  a n d  th e  p o la r  
f u n c t io n a l  g r o u p s  o f  P B T  a re  s t r o n g  e n o u g h  to  g e n e ra te  a  k in d  o f  a  g ra f te d  
c o p o ly m e r  a t  th e  in te r fa c e .

A tc h a r a  L a h o r .( ๙  ai, 2 0 0 4 )  In  th e  r e s e a r c h  o f  ‘B le n d s  o f  lo w - d e n s i ty  
p o ly e th y le n e  w i th  n y lo n  c o m p a t ib i l i z e d  w i th  a  s o d iu m - n e u tr a l iz e d  c a r b o x y la te  
io n o m e r ,  a n  e th y le n e - m e th a c r y l ic  a c id  c o p o ly m e r  p a r t i a l ly  n e u t r a l iz e d  w i th  s o d iu m  
( N a - E M A A )  w a s  s u c c e s s f u l ly  u s e d  to  c o m p a t ib i l i z e  N y lo n  6  a n d  lo w - d e n s i ty  
p o ly e th y le n e ( L D P E )  b le n d s .  T h e  a d d it io n  o f  s m a l l  a m o u n ts  ( 0 .5 p h r )  o f  N a - E M A A  
im p r o v e d  th e  c o m p a t ib i l i ty  o f  N y 6 /L D P E  b le n d s  as e v id e n c e d  b y  a  s ig n if ic a n t  
r e d u c t io n  in  d i s p e r s e d  p h a s e  s iz e s .  A d d i t io n o f  s m a ll  a m o u n ts  o f  N a - E M A A  re d u c e s  
th e  d i s p e r s e d p h a s e  s iz e  b y  a p p ro x im a te ly  a  f a c to r  o f  5, a n d a s  l i t t l e  a s  0 .5 p h r  o f  N a -  
E M A A  w a s  s u f f ic ie n t  to  p r o d u c e a  m a x im u m  r e d u c t io n  o f  d i s p e r s e d  p h a s e  s iz e .

T h e  p r e s e n c e  o f  N a - E M A A  d e c re a s e d  th e  c r y s ta l l iz a t io n  te m p e r a tu r e  a n d  
m e l t in g  te m p e r a tu r e  o f  N y 6  in  b in a r y b le n d s , in d ic a t in g  th a t  N a - E M A A  r e ta r d s  n y lo n  
c r y s ta l l iz a t io n .H o w e v e r ,  th e  e f f e c ts  o f  th is  r e ta r d a t io n  a re  n o t  s e e n  in  th e  te rn a ry  
b le n d s ,  n o r  in  th e  L D P E /N a -E M A A  b le n d s . Z in c - n e u t r a l i z e d  io n o m e r s  h a v e  b e e n  
s tu d ie d  a s  b le n d  c o m p a t ib i l i z e r  f o r  th e  n y lo n - P E  s y s te m  e x te n s iv e ly . T h e  a d d i t io n  o f  
c o m p a t ib i l i z e r  h a s  b e e n  s h o w n  r e p e a te d ly  to  in c r e a s e  c o m p a t ib i l i ty  b e tw e e n  th e  tw o  
c o m p o n e n ts ,  in c lu d in g  im p ro v e m e n ts  in  m e c h a n ic a l  p r o p e r t ie s ,  in je c t io n  m o ld in g  
p r o p e r t ie s ,  b a r r ie r  p r o p e r t ie s ,  a s  w e l l  a s  s m a l le r  d is p e r s e d  d o m a in  s iz e s .A l th o u g h  n o t 
f ro m  th e  s a m e  b a s e  r e s in n o r  th e  s a m e  n e u t r a l iz a t io n  le v e l ,  th e  N a + c a r b o x y la te  
io n o m e r s  w e r e  m o r e  e f f e c t iv e  c o m p a t ib i l iz e r s  th a n  th e  Z n 2+ c a r b o x y la te  io n o m e rs  
d u e  to  th e  lo w e r  d i s p e r s e d  p h a s e  s iz e  a n d  h ig h e r  th e rm a l s ta b i l i ty  o f  th e  r e s u l t in g  
b le n d s .
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