
C H A P T E R  IV
RESULTS AND DISCUSSION

4.1 Blend Preparation

P re lim in a ry  te s ts  u s in g  D iffe r e n t ia l s c a n n in g  c a lo r im e tr y  (D S C )  and  
th erm a l g r a v im e tr ic  a n a ly s is  (T G A ) w e r e  carried  o n  th e  m a te r ia ls  r e c ie v e d . 
T h e  m e lt in g  tem p era tu re  (T m), c r y s ta lliz a t io n  tem p era tu re  (T c) an d  d eg ra d a tio n  
tem p era tu re  (T d) o f  lo w  d e n s ity  p o ly e th y le n e  (L D P E ), n y lo n  6 (P A 6 )  and  
Surlyn®  as d e te r m in e d  b y  D S C  and T G A  are sh o w n  in  T a b le  4 .1 ,  s e e  a lso  
a p p e n d ix  A .

Table 4.1 M e lt in g  tem p era tu re  and c r y s ta lliz a t io n  tem p era tu re  o f  raw  
m a ter ia ls  b e fo r e  b le n d in g .

M a te r ia ls Tm (๐๑ Tc (๐๑ Td (๐๑
PA6 222.20 183.20 451.00

LDPE 107.60 92.40 469.23
Surlyn® 87.30 - 462.00

T h e s e  r e su lts  w e r e  u se d  to  e s ta b lish  th e  p r o c e s s in g  c o n d it io n  for  
b le n d in g  an d  c o m p r e s s io n  m o ld in g . It w a s  fo u n d  th at th e  o p tim u m  

tem p era tu re  u se d  d u r in g  m ix in g  an d  c o m p r e s s io n  m o ld in g  w a s  2 4 0  °c. T h is  is 
th e  tem p era tu re  that w il l  a l lo w  p o ly m e r s  to  m e lt  and m ix  b u t n o t h ig h  en o u g h  
to  d eg ra d e  th e se  p o ly m e r s .
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4.2 Mechanical Properties

T h e  te n s i le  p ro p er tie s  an d  im p a c t p rop erty  o f  th e  b le n d s  w e r e  stu d ied . 
T h is  w a s  in v e s t ig a te  th e  e f f e c t  o f  b le n d  c o m p o s it io n  an d  c o m p a tib il iz e r s .

4 .2 .1  T e n s ile  P ro p ertie s

4.2.1.1 B len d  o f  N ylon  6 a n d  L D P E  (w ithout com patib ilizer)
T h e tw o  te n s i le  p ro p ertie s  s tu d ie d  fo r  n y lo n  6 /L D P E  

b le n d  w ith o u t  c o m p a tib il iz e r  w e r e  te n s i le  stren gth  an d  te n s i le  m o d u lu s . T h e se  
p ro p er tie s  w e r e  d e term in ed  a s fu n c tio n  o f  L D P E  co n ten t.

4.2.1.1 a) Tensile S trength

Figure 4.1 E ffe c t  o f  L D P E  c o n te n t  o n  te n s ile  s tren g th  o f  u n c o m p a tib il iz e d  
n y lo n  6 /L D P E  b le n d s .
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F ig u r e  4 .1  sh o w s  th e  te n s i le  stren g th  o f  th e  
u n c o m p a t ib il iz e d  n y lo n  6 /L D P E  b le n d s . A  c o n tin u o u s  d e c r e a se  in  te n s ile  
stren gth  as th e  a m o u n t o f  L D P E  in c r e a se d  w a s  o b se r v e d . T h is  b e h a v io r  w a s  
c a u se d  b y  d e c r e a se d  in  c r y s ta llin ity  from  th e  d e c r e a s in g  a m o u n t o f  n y lo n  6  
c o m p o s it io n  in  th e  b len d . T h e  stru ctu re o f  n y lo n  6  c o n ta in s  a m id e  g ro u p s, 
w h ic h  h a s  th e  in te r m o le c u la r  h y d r o g e n  b o n d in g , th at g iv e  n y lo n  6 h ig h er  
te n s i le  s tren g th  th an  L D P E , w h ic h  h a s structure c o n ta in s  e th y le n e  rep ea t u n its  
w ith  s o m e  a lk y l su b stitu e n ts  or sh o rt and lo n g  c h a in  b r a n c h e s  o n  th e  ch a in  
b a c k b o n e . In  a d d itio n , b e c a u s e  o f  th e  p o o r  in ter fa c ia l a d h e s io n  b e tw e e n  th e  
d isp e r se  p h a se  an d  th e  m a tr ix  p h a se , th u s th e  a p p lie d  s tre ss  ca n  n o t b e  
tra n sfered  th ro u g h  th e  d isp e r se d  p h a se  p a r tic le s , r e su lt in g  in  d e c r e a se  in  
te n s i le  s tren g th .

4 .2 .1 .1 b ) Tensile M odulus

Figure 4.2 E ffe c t  o f  L D P E  c o n te n t  on  te n s i le  m o d u lu s  o f  u n c o m p a tib il iz e d  
n y lo n  6 /L D P E  b le n d s .
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F ro m  F ig u re  4 .2  th e  g ra d u a lly  d e c r e a se d  o f  
Y o u n g 's  m o d u lu s  o f  u n c o m p a tib il iz e d  b le n d s  w a s  o b se r v e d  as th e  c o n te n t o f  
L D P E  in c r e a se d . T h is  b e h a v io r  c o u ld  b e  attrib u ted  to  th e  lo w e r  te n s ile  
m o d u lu s  o f  L D P E  c o m p a r e d  w ith  n y lo n  6 . A t  h ig h e r  c o m p o s it io n  o f  L D P E , 
th e  s p e c im e n s  e lo n g a te d  h ig h e r  d u e  to  th e  lo w e r  c r y s ta llin ity  o f  L D P E  than  
n y lo n  6 .

4.2 .1 .2  B len d  o f  N ylon  6 a n d  L D P E  (with C om patib ilizer)
T h e  te n s i le  p ro p ertie s  o f  th e  b le n d  w e r e  s tu d ie d  to  

in v e s t ig a te  th e  e f f e c t  o f  Surlyn®  io n o m e r  as b len d  c o m p a tib il iz e r . T h e  tw o  

m e c h a n ic a l p ro p er tie s  d e te r m in e d  as fu n c tio n  o f  Surlyn®  c o n te n t  w e r e  te n s ile  
stren g th  an d  te n s i le  m o d u lu s . In b le n d s  o f  n y lo n  6 an d  L D P E , th e  c o m p o s it io n  
o f  th e  b le n d s  w e r e  c o n tr o lle d  at 0 .8 :0 .2 ,  0 .6 :0 .4 ,  0 .4 :0 .6  an d  0 .2 :0 .8  an d  th e  
a m o u n t o f  Surlyn®  w e r e  v a r ie d  0 .1 % , 0 .5 % , 1 .0% , 1 .5% , 2 .5 % , 3 .5 % , 5 .0% , 
7 .5 % , 1 0 .0% , 1 5 .0 % , 2 5 .0 %  and 3 5 .0 % . T h e  a m o u n t o f  S urlyn®  w e r e  s tu d ied  
in  ord er  to  in v e s t ig a te  th e  e f f e c t  o f  b len d  c o m p o s it io n  and c o m p a t ib il iz e r s .

4.2 .1 .2  a) Tensile S trength
F ro m  F ig u re  4 .3 ,  te n s i le  s tren g th  in c r e a se d  as 

th e  a m o u n t o f  Surlyn®  w a s  in c r e a se d  ( 0 -1 0  % Surlyn® ). A t  a m o u n t o f  Surlyn®  
e x c e e d e d  10 % , sm a ll c h a n g e s  in  th e  te n s i le  stren gth  w a s  o b se r v e d  u n til it 
re a c h e d  th e  p la tea u . T h is  c o u ld  b e  d u e  to  th e  h ig h e r  c o m p a t ib il ity  o f  th e  b len d . 
F o r  th e  c o m p a tib le  b le n d , th e  stress  c o u ld  tran sfer  th ro u g h  th e  in ter fa c ia l o f  
th e  b le n d  g iv in g  h ig h e r  te n s i le  stren g th . A t  la rg e  a m o u n t o f  Surlyn® , th e  
io n o m e r  p la y e d  an  im p o rta n t ro le  in  tr iv ia l im p r o v e d  th e  t e n s i le  stren g th  o f  th e  
b le n d  u n til r e a c h e d  th e  p la tea u .
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Figure 4.3 E ffe c t  o f  S u r ly n  ๑  c o m p a tib iliz e r  c o n te n t o n  t e n s i le  s tren g th  o f  
c o m p a t ib il iz e d  P A 6 /L D P E  b le n d s .

4.2 .1 .2  b) Tensile M odulus
Sharp in c r e a se  in  te n s i le  m o d u lu s  w a s  o b se r v e d  

w h e n  sm a ll a m o u n t o f  Surlyn®  (1 -2  % Surlyn® ) w a s  a d d ed . A t a m o u n t o f  

Surlyn®  e x c e e d e d  5 %, sm a ll c h a n g e s  in  te n s ile  m o d u lu s  w a s  o b se r v e d  u n til it 
r e a ch ed  th e  p la te a u  d u e  to  th e  m o re  c o m p a tib ility  o f  th e  b le n d  w a s  s h o w n  in  

F ig u re  4 .4 .  A t  la rg e  a m o u n t o f  Surlyn® , th e  io n o m e r  p la y e d  an  im p o rta n t ro le  
in  tr iv ia l im p r o v e d  th e  te n s i le  m o d u lu s  o f  th e  b len d  u n til r e a c h e d  th e  p la tea u . 
T h is  is  b e c a u s e  th e  m o le c u la r  c h a in  o f  n y lo n  6 is  a lin ea r  p o ly m e r  ch a in , 
w h ic h  h a s h ig h e r  r ig id ity  th an  b o th  L D P E  an d  io n o m e r . T h e r e fo r e , b le n d s  
w h ic h  c o n ta in  h ig h e r  a m o u n t o f  n y lo n  6 w il l  h a v e  h ig h e r  m o d u lu s  th an  b len d s  

w h ic h  c o n ta in  h ig h e r  a m o u n t o f  L D P E  and Surlyn®  io n o m e r .
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Figure 4.4 Effect o f Surlyn ® compatibilizer content on tensile modulus of 
compatibilized PA6/LDPE blends.

4.2.2 Impact Properties

4.2.2.1 Blend o f  Nylon 6 and LDPE (without Compatibilizer)
The relationship between impact strength and LDPE 

content is illustrated in Figure 4.5. The impact strength o f the 
uncompatibilized blends was rapidly increased as the LDPE content increased. 
As LDPE increased, the phase which composed of LDPE absorb more energy 
than the phase which composed of nylon 6. This is due to more entanglement 
from the higher branches of LDPE, more energy required to move the 
entangled molecular chain.
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Figure 4.5 Effect o f LDPE content on impact strength of uncompatibilized 
nylon 6/LDPE blends.

4.2.2.2 Blend o f  Nylon 6 and LDPE (with compatibilizer)
Impact strength of nylon 6/LDPE blends determined as a 

function o f Surlyn® contents. The relationship between impact strength of 
different nylon 6/LDPE blends are illustrated in Figure 4.6. The rapid 
increased o f impact strength of nylon 6/LDPE blend as the amount of Surlyn® 
increased was observed. This could be due to the ability o f the compatible 
blend to absorb more energy. When the blend contained large amount of 
ionomer, the characteristic of the impact property of ionomer was dominant. 
The structure o f ionomer contains clusters of ionic parts in LDPE matrix 
which make ionomer has high impact strength. Because at the point that ionic 
part was cluster, it composes o f methacrylic part neutralized with zinc counter 
ion which could be act as the crosslinking point. In addition, at the cluster of 
ionic part, the divalent zinc atom might also act as the welding atom.
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Figure 4.6 Effect of Surlyn® content on impact strength of compatibilized 
nylon 6/LDPE blends.

4.3 Physical Property

4.3.1 Blend o f  Nylon 6 and LDPE (without compatibilizer)
Hardness of the blends was studied in order to investigate the 

effect o f LDPE contents o f the blend. The hardness of uncompatibilized nylon 
6/LDPE blends was rapidly decreased as the LDPE content increased. LDPE 
has short and long branches causing the density of LDPE to be lower than 
nylon 6 because the steric effect of the branch chains. Nylon 6 contains amide 
groups in the backbone, which can have some intermolecular hydrogen 
bonding and the chain of nylon 6 are linear chain, which can be tightly packed. 
These make the blends containing higher amount of nylon 6 harder than the 
blends containing higher amount of LDPE.
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Figure 4.7 Effect of LDPE content on hardness of uncompatibilized nylon 
6/LDPE blends.

4.3.2 Blend o f  Nylon 6 and LDPE (with Compatibilizer)
Hardness of nylon 6/LDPE blends determined as function of 

Surlyn® contents was studied. The relationship between hardness and LDPE 
content is illustrated in Figure 4.8. The hardness of nylon 6/LDPE blend was 
increased as the amount of Surlyn® increased. This is due to the increased in 
compatibility of the blends.
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Figure 4.8 Effect of Surlyn® content on hardness of compatibilized nylon 
6/LDPE blends.

4.4 Microstructure Characterization

Morphology o f the blend is one of the most important thing, which can 
explain a lot o f properties of the blend such as mechanical properties and 
physical properties. Scanning electron microscope (SEM) was used to study 
the morphology of these blends.

4.4.1 Effect of Blend Composition on Blend Morphology of 
บทcompatibilized Blends

Morphology of nylon 6/LDPE blends without compatibilizer 
were shown in Figure 4.9
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Figure 4.9 Effect of LDPE composition on Morphology o f Nylon 6/LDPE 
blends at magnification 2000:
(a) 20 % of LDPE, (b) 40 % of LDPE, (c) 60 % of LDPE, (d) 80 % of 
LDPE.
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Figure 4.10 Effect o f LDPE content on the particle size o f uncompatibilized 
nylon 6/LDPE blend.

The SEM micrographes of uncompatibilized blends are shown in 
Figure 4.9. The compositions of the nylon 6/LDPE blends were varied from 
20, 40, 60 and 80 % of LDPE. In the blend of nylon 6/LDPE which contained 
higher percentage o f nylon 6 (LDPE was the dispersed phase). It was found 
that the particle size of the dispersed phase (LDPE) were smaller and finer 
than the blend which contains higher percentage of LDPE (nylon 6 is the 
dispersed phase) as shown in Figure 4.10

It was found that in the composition which contain nylon 6 as 
the dispersed phase (lower percentage of nylon 6), the trivial larger dispersed 
particle size than the other composition which contain LDPE as the dispersed 
phase (lower percentage of LDPE) was due to the lower viscosity of LDPE. 
Nylon 6 had higher viscosity than LDPE by reason of intermolecular hydrogen 
bonding of nylon 6 and the higher crystallinity of nylon 6 than LDPE. In
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blending process, the dispersed phase, which had lower viscosity could be 
broken up easier than the one which had higher viscosity. So, the larger 
droplet was obtained in the composition containing nylon 6 as a dispersed 
phase.

4.4.2 Effect o f Ionomer Compatibilizer on Blend Morphologies of 
Compatiblized blends

Morphology of compatibilized nylon 6/LDPE blends compared 
with uncompatibilized blend were shown in Figure 4.11 (LDPE as a dispersed 
phase) and 4.12 (nylon 6 as a dipersed phase) respectively. It is obvious that 
the presence o f ionomer in these blends resulted in a decrease in the size of the 
dispersed phase. The dispersed particles size were reduced due to the ability of 
ionomer to reduced the interfacial tension between dispersed phase and matrix 
phase. The dipole-dipole interaction of the ionic cluster part of ionomer and 
the partially polar part of nylon 6 increased interfacial adhesion of the blend.

Comparing between Figure 4.11 and Figure 4.12 it was found 
that the extent of particle size reduction was more pronounced when nylon 6 
was the dispersed phase. This may be related to the high affinity which 
ionomer has for polyamide.
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Figure 4.11 Effect of compatibilizer on morphology of Nylon 6/LDPE blend 
containing 80 % of nylon 6 and 20 % of LDPE (LDPE as a dispersed phase): 
(a) The uncompatibilized blend, (b) The compatibilized blend with 0.1 % 
Surlyn®, (c) The compatibilized blend with 0.5 % Surlyn®, (d) The 
compatibilized blend with 1.0 % Surlyn®, (e) The compatibilized blend with 
2.5 % Surlyn®.
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Figure 4.12 Effect of compatibilizer on morphology of nylon 6/LDPE blend 
containing 80 % of LDPE and 20 % of nylon 6 (nylon 6 is dispersed phase): 
(a) The uncompatibilized blend, (b) The compatibilized blend with 0.1 % 
Surlyn®, (c) The compatibilized blend with 0.5 % Surlyn®, (d) The 
compatibilized blend with 1.0 % Surlyn®.

z  \ C \ A A  4 0
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Figure 4.13 Effect of compatibilizer on morphology of compatibilized nylon 
6/LDPE blends.

At around 1 % ionomer, there was no further decreased in 
particle size of compatibilized blends (for all blend compositions). From 
Figure 4.13. This is observed for all blend compositions. The dramatically 
decreased of particle size of dispersed phases as the content of ionomer 
compatibilizer increased until reached the plateau is due to the ability of the 
ionomer to reduce the interfacial tension between the dispersed phase and the 
matrix phase. 1 % weight o f Surlyn® is the quantity o f ionomer required to 
fully cover an interface.
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4.5 Fourier Transform Infrared Spectroscopy (FT-IR)

Fourier Transform Infrared Spectroscopy (FT-IR) was used to probe 
the specific interpolymer interaction between Surlyn® ionomer and nylon 
6/LDPE blends. The composition dependent perturbation of the metal and the 
amide groups.

Figure 4.14 FTIR spectra of uncompatibilized and compatibilized nylon 
6/LDPE blends.

The FT-IR spectra of uncompatibilized and compatibilized blend of 
nylon 6 and LDPE were relatively similar in every wave number as shown in
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Figure 4.14. There was no chemical interaction between ionomer and the 
blend. The interaction of compatibilizer and the two polymers are both dipole- 
dipole interaction and hydrophobic interaction. The ionic parts o f ionomer, 
which contain methacrylic acid neutralized with zinc counter ions, could have 
dipole-dipole interaction with partially polar part of nylon 6.
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