
CHAPTER IV

RESULTS AND DISCUSSION

4.1 Effect of MAH loading on the grafted amount of the HDPE-g-MAH

The products a fte r the reactive po lym e riza tion  were s lig h t ly  b rown

so lids. The b row n co lo r can be caused by  the co lo r o f  M A I I itse lf, on due to therm o- 

ox ida tive  degradation o f  M A H  under heat, oxygen and shear stress. D u rin g  the 

ex trus ion , N 2 ine rt gas was not applied . Some the rm o-ox ida tive  degradation was 

expected. The g ra ft reaction o f  M A H  on HOPE chains is expected to produce M A H  

gra fted  HDPE  as shown in  F igure 4.1.

/WVW(CH-CH2 }WWV\ + 0^ + DCP

AWW[C H -  c H9] — 1 โc H - c H2tyww

F ig u re  4.1 G ra ft reaction o f  M A H  on H D P E  chains.

F igure 4.2 shows the grafted y ie ld  o f  M A H  grafted H D P E  dependence  

on M A H  load ing, i.e ., M A H  load ings o f  1 to 5 ph r were used in  the reactive m e lt 

g ra fting . I t  was found that the M A H  load ing  o f  2 ph r y ie lded the h ighest g ra fting
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degree OI 1.5% on to  H D PE  chains. A l (he h igher M A H  load ings (3 to 5 p in ) , the 

amounts o f  M A H  gra fted HDPE were nearly  constant w ith  an unexpected ly lowest 

g ra ftin g  y ie ld , (0 .5%  y ie ld ). On the other end, the lowest M A H  load ing  o f  1 phr 

produced a su rp rise ly  h igh g ra ftin g  y ie ld  (1 .2% ), w h ich  exceeds 100% convers ion. 

The unusua lly  h igh convers ion m ay be caused by  the im pu ritie s  in M A H . A t the h igh  

M A H  loadings, the tendency o f  side reactions may increase, such as a d im e riza tio n  to  

cyc lobutane tc traca rboxy lic  d ianhyd ride  (C B T A ) under heat o r degradation o f  the 

excess amount o f  the ungra fted M A H  (Ana , Joao and F ig c iro , 2008).
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Figure 4.2 E ffe c t o f  M A H  loadings on grafted y ie lds o f  the H D P E -g -M A H .

4.2 FTIR characterization

F igure 4.3 shows the F T IR  spectra o f  the reference H D P E -g -M A H  

(com m erc ia l p roduct), the H D P E -g -M A H  (from  the present w o rk ), M A H , and the 

ungrafted HDPE. N ew  absorbance peaks at 179I and 1716 cm "' fo r  the c=0 
stre tch ing o f  anhydride group were observed (M oad , 1999). A n  intense characteris tic
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band al 17e) I cm "1 and a weak absorp lion  band at 1716 cm "1 are corre la ted w ith  the 

asym m etric (s trong) and sym m etric  (w eak) c = 0  stre tch ing v ib ra tions o f  succ iny l 

anhydride rings, respective ly . T h is  con firm s that the g ra ftin g  reaction has taken 

placed successfu lly since unreactcd M A H  was removed in  the p u r if ic a tio n  step. In 

F igure 4.3 also shows the peak areas o f  the anhydride absorp tion bands, w h ich  can be 

considered a measure o f  the extent o f  M A 1 I g ra ftin g  onto the 1IDPE backbone. The  

peak area is h ighest at 2 phr M A H , and drops to the low  leve ls fo r the h ighe r M A H  

loadings up to 5 phr. The spectra fo r the M A H  add itions at 1 and 2 ph r show a new  

absorbance at around 890 cm "1 in d ica tin g  the absorbance o f  the ox irane r in g  o f  M A H  

(at 865 cm "1 in free M A H ). The peaks o f - C = C -  absorp tion o f  the M A H  at 1603-1667  

cm "1 disappeared in a ll M A H  grafted H D P E  spectra w h ich  ind ica ted that the doub le  

bond was consumed in  the g ra ftin g  reaction and the unreacted M A H  was removed  

by d isso lu tion -p re c ip ita tio n  process. The ca rbony l peak o f  free M A H  at 1772 cm "1 

was sh ifted to 1791 cm "1 in the g ra ft copo lym er.

F rom  the IR  characte riza tion , it is possib le to con firm  that the 
com pa tib ilize rs  so prepared by reactive m e lt g ra ftin g  between h igh -dens ity  
po lye thy lene  and m a le ic anhydride in the tw in  screw extruder in  th is w o rk  is H D P E -  
g -M A H .
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Figure 4.3 IR spectra o f  the cu rren tly  synthesized H D P E -g -M A F I at va rious M A H  

load ings (A  : 1 phr, B : 2 phr, c  : 3 phr, D : 4 ph r and E : 5 phr), F : the reference PE- 

g -M A H , G is HDPE  and H is the pure M A H .

Based on the new absorbance peaks at 1791 c m '1 and 1716 c m '1 fo r the c=0 
stre tch ing from  the anhydride group and at around 890 c m '1 assign ing fo r the 

absorbance o f  the ox iranc ring  o f  M A H , the H D PE  and M A H  g ra ft copo lym e riza tion  

is possib le to  dep ic t in F igure 4.4.
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Figure 4.4 Possible g ra ftin g  reaction o f  M A H  on HDPE  chains by  DCP  
in it ia tio n .

4.3 Rheological properties of ABS/HDPE blends

The effects o f  b lend ra tio  and shear rate on the shear v is co s ity  o f  

com pa tib ilized  A B S /H D P E  blends w ith  1.5% M A H  grafted HDPE  com pa tib ilize rs  

are described as fo llow s . It can be seen from  F igure 4.5 that the v is co s ity  o f  a ll the 

blends decreased w ith  increases in shear rate, in d ica ting  pscudop lastic (shear­

th in n in g ) behavio r o f  the blends. The pseudop las tic ity  is caused by random  

o rien ta tion  and h igh entanglement o f  molecules. U nder a h igh shear rate, the 

m olecules became d isentangled and oriented, resu lting  in a reduction o f  v iscos ity . In 

po lym e r b lends, the v iscos ity  depends on the in te rfac ia l th ickness and in te rfac ia l 

adhesion, in add ition  to the characteris tics o f  the components in the po lym er.

In po lym e r b lend , an in te rlaye r s lip  a long w ith  the o rien ta tion  and 

d isentanglement takes place when increasing shear rate o r shear stress. I f  the 

in te rfa c ia l bond ing is strong, de fo rm a tion  o f  the dispersed phase is e ffe c tiv e ly
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transferred to the con tinuous phase. W hen (he in te rrac ia l bond ing  is weak, the  

in te rla ye r s lip  takes place easily to reduce the b lend v iscos ity  (Paul and Newman, 

1978).
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Figure 4.5 F low  curve o f  A B S /H D P E  blends w ith  the 1.5% H D P E -g -M A H  

com patib ilize r.
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111 F igure 4.6, the shear v iscos ities o f HDPF, at (he low  shear rates are h ighe r  

than those o f  A BS . A t h igh shear rates, the shear v iscos ities o f  A B S  become h ighe r  

than those o f  HDPE . Th is  result can be exp la ined as fo llow s : the com pa tib ility  o f  

these blends is considered in terms o f  the v iscos ity  ra tio  o f  the blends. I f  the m ino r  

component has a low e r v iscos ity  than that o f  the m a jo r one. the m ino r component w i l l  

then be f in e ly  and u n ifo rm ly  dispersed in the m a jo r component. On the other hand, 

the m ino r com ponent w i l l  be coarsely dispersed i f  its v isco s ity  is h ighe r than that o f  

the m a jo r com ponent (Paul and Newm an, 1978). In  the case o f  the A BS  m a trix  phase 

and H D PE  dispersed phase, the h igher shear rate is requ ired to  impose HDPE  

dispersed phase to  g ive  the low e r v iscos ity . The HDPE can, therefore, become f in e ly  

and u n ifo rm ly  d ispersed in to  the A BS  m a trix . The same s itua tion  can be observed in  

the case where A B S  is the m a trix  and HDPE  is the dispersed phase. Th rough th is  

behavio r, the HDPE  m a tr ix  phase and the A BS  dispersed phase can be com patib le  v ia  

th is technique and w ith  the assistance o f  M A H  grafted HDPE . I l l add ition , IID P E -g -  

M A H  generates the low e r shear v iscos ities at a ll shear rates.
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F ig u re  4.6 F low  curve o f  A B S  pure, H D P E  pure and H D P E -g -M A H  at 473 K .
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F ig u re  4.7 V a ria tio n  o f  the shear v is co s ity  as a fun c tio n  o f  w e igh t fra c tion , o f  A B S  in 

A B S /H D P E  blends, at d iffe re n t shear rates.

The w e igh t frac tion  o f  the A B S /H D P E  blends against shear rate is presented in  

F igure 4.7. The low e r shear rates (20, 50, 150 and 250 ร"1) g ive  nearly  constant 

v iscos ity  at the blends frac tion  but the pure HDPE  and pure A B S  have the s lig h t ly
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h igher v iscos ity . W hen the shear rates are h igher, the shear v iscos ities increase w ith  

increasing w e igh t fra c tio n  o f  ABS . T h is  flo w  patterns ind ica te  that more  

com pa tib iliza tio n  o f  H D P E  as the dispersed phase in the h igher fra c tio n  o f  A B S  as the 

m a tr ix  phase had taken place w ith  more amorphous te rpo lym e r espec ia lly  at h igher 

shear rates. The h igher shear rates and the added lID P E -g -M A H  com pa tib ilize r  

increased the favorab le  m ix in g  o f  both po lym ers to increase in te rfac ia l adhesion and 

decreased each phase size.

Shear rate (ร'1)

F ig u re  4.8 F low  curve o f  A B S /H D P E  b lends (50 /50 ) w ith  and w ith o u t H D P E -g -

M A H
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In F igure 4.8, the shear v iscos ity  o f  the .ABS /HDPE blends (50 /50 ) w ith  

H D P E -g -M A H  was h igher than the blends w ith ou t H D P E -g -M A H . A t low  shears, the 

shear v iscos ity  o f  the A B S /H D P E  blends (50 /50 ) w ith  H D P E -g -M A H  was 

approx im a te ly  8 tim es h igher than the b lend w ith ou t H D P E -g -M A H ; s im ila r trends 

fo r the m idd le  and h igh shear rates, a 6 tim es h igher the shear v isco s ity  than the b lend  

w ith o u t H D P E -g -M A H  are also observed.

The strong o r weak in te ractions between phases o f  the b lend can be 

determ ined by  a pos itive  o r negative dev ia tion  o f  the measured v iscos ity  from  that 

ca lcu lated by  the log a d d it iv ity  ru le  m odel. It is used fo r the eva lua tion  o f  the 

the rm odynam ic com pa tib ility  o f  the po lym e r b lend fo r the dev ia tions o f  the b lend  

v iscos ities from  the ideal behavior.

The results o f  c o m p a tib ility  analysis by log  a d d it iv ity  ru le m odel are shown in  

Tab le  4.1. In re la tion to log  a d d it iv ity  ru le  m ode l, the A B S /H D P E  blend ra tios from  

20/80 to 80/20 showed the s lig h t ly  negative dev ia tion  behav io r (N D B ) at low  and a 

pos itive  dev ia tion  behav io r (PD B ) at h igh shear rate. T h is  indicates in c o m p a tib ility  at 

the low  shear rates, and the tw o  components become more com pa tib le  at the h igh  

shear rates.
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T ab le  4.1 Shear v is co s ity  o f  A B S /H D P E  blends com pa tib ilized  w ith  H D P E -g -M A H  

from  experim enta l data versus log a d d it iv ity  ru le  model.

A B S /H D P E
Shear rate 

๙ )

H D P E -g -M A H  
( 2 phr)

Status o f  dev ia tion  
behavio r

Log 7  b lend Log  <7 Eq 2.2

150 2.84 2.86 S lig h tly  negative

600 2.40 2.34 S lig h tly  pos itive

20/80 1500 2.08 2.08 S lig h tly  pos itive

4500 1.71 1.70 S lig h tly  pos itive

6500 1.59 1.58 S lig h tly  pos itive
150 2.81 2.86 S lig h tly  negative

600 2.41 2.37 S lig h tly  pos itive

40/60 1500 2.12 2.11 S lig h tly  pos itive

4500 1.73 1.73 S lig h tly  pos itive

6500 1.63 1.62 S lig h tly  pos itive

150 2.80 2.86 S lig h tly  negative

600 2.41 2.39 S lig h tly  pos itive
50/50 1500 2.12 2.13 S lig h tly  negative

4500 1.75 1.75 S lig h tly  pos itive

6500 1.65 1.64 S lig h tly  pos itive

150 2.80 2.86 S lig h tly  negative

600 2.41 2.41 S lig h tly  pos itive
60/40 1500 2.13 2.14 S lig h tly  negative

4500 1.77 1.76 S lig h tly  pos itive

6500 1.67 1.66 S lig h tly  pos itive

150 2.81 2.87 S lig h tly  negative

600 2.42 2.44 S lig h tly  negative

80/20 1500 2.15 2.17 S lig h tly  negative

4500 1.80 1.80 S lig h tly  pos itive
6500 1.71 1.70 S lig h tly  pos itive
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High shear rate

F ig u re  4.9 Illu s tra tiv e  m odel in d ica tion  o f  partic les break down o f  an in com pa tib le  

blend at d iffe ren t shear rates in  a cap illa ry  d u rin g  extrus ion .

A  schematic exp lana tion  o f  the incom pa tib le  b lend A B S /H D P E  was 

sheared in  the cap illa ry  rheometer under low  and h igh shear rates in the cap illa ry  

rheometer is shown in  F igure 4.9. Compared w ith  Table 4.1, one can observe that 

most blends are more com pa tib le  at the h ighe r shear rates than those at the low e r  

shear rates. A t h igh shear rate, the dispersed phase is composed o f  ve ry m inu te  

droplets, the com pa tib ilize rs  enhances better d ispersion, h inders coalescence and 

aggregation o f  the dispersed phase and thus im p ro v in g  in te rfac ia l w e ttin g  and 

adhesion between the tw o  po lym e r phases.
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The m o rpho logy  o f  com pa tib ilized  blends o f  A B S /H D P E  (50 /50 ) w ith  H D P E - 

g -M A H  as com pa tib ilize rs  prepared in  a coun te r-ro ta tion  tw in  screw extruder are 

shown in  F igure 4.10. The e ffects o f  com pa tib ilize r concentra tion on b lend  

m orpho logy  were exam ined in a 50 /50 A B S /H D P E  blend w ith  0, 2, 4, 8 p h r o f  

H D P E -g -M A F I. A s  m entioned in  the section 3.7 that the etched samples were  

obta ined from  the e tch ing  o f  to luene o f  the fractu red  surfaces o f  the samples. S ince  

the to ta l s o lu b ility  parameters (S r) o f  H D P E , A B S  and to luene are 16.3, 23.0 and 18.2 

M P a l/2, respective ly , whereas those o f  PB =  18.0, P A N  =  23.0, and SAN  =  22.7  

M P a1/2 (P ing , B ao li, L ina , and B in , 2010). Based on the to ta l s o lu b ility  parameter, it  

can be said that to luene is a re la tive  good so lven t fo r  H D PE  and a ve ry  good so lven t 

fo r  PB po rtio n  o f  the A B S  phase, thus the H D P E  surface and PB  po rtio n  shall be 

removed (Ram irez, Sandoval, Hernandez, M a rtinez  and Sanchez, 2005) and the phase 

remained and presented should be the components com pos ing  o f  A B S  phase. F igures  

4 .10A  and 10B are the neat HDPE  and A B S ; there are a ve ry  sm a ll change on the irs  

surfaces; whereas F igures 4 .10C to  4.1 OF are the etched and to luene extracted  

surfaces under the com pa tib iliz in g  in fluences o f  H D P E -g -M A H . S ince the H D P E  

phase (6 =  16.3 M P a l/2) and the po rtio n  o f  PB (5 =  18.0 M P a l/2) in  A B S  should be 

removed b y  to luene (Ô =  18.2 M P a l/2) extraction . F igures 4 .9C  shows the coarse 

con tinuous phase o f  A B S  (the long strands o f  P A N  and S A N  phases) and poo r 

in te rfa c ia l adhesion between phases because o f  no H D P E -g -M A H  add ition . A  sm all 

decrease in  pa rtic le  size was observed w ith  the in co rpo ra tion  o f  2 ph r o f  the  

com pa tib ilize r in  F igure 4 .10D . The d ispers ions o f  P A N  o r S A N  in  the A B S /H D P E  

blends in  F igure 4 .10E  and F were m uch fin e r when the com pa tib iliz e r concentration

4.4 Morphological observation of ABS/HDPE blends
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increased (4 and 8 p in ) because o f  the better in te rrac ia l adhesion. Based on the above

m e n t io n e d  m o rp h o lo g ie s ,  th e  o p t im u m  H D P E - g - M A H  a d d i t io n  s h o u ld  b e  4  p h r .

F ig u r e  4 .1 0  S c a n n in g  e le c t r o n  m ic r o g ra p h s  s h o w in g  e tc h e d  im p a c t  f r a c tu r e  s u r fa c e s  

o f  A )  n e a t H D P E ,  B )  n e a t A B S ,  C )  A B S /H D P E  ( 5 0 /5 0 )  b le n d s  w i t h o u t  H D P E - g -  

M A H ,  D )  A B S /H D P E  ( 5 0 /5 0 )  b le n d s  w i t h  H D P E - g - M A I I  2 p h r ,  E )  4  p h r ,  a n d  F )  8

p h r .
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Therm a l analysis o f  the A B S /H D P E  blends is shown in Tab le  4.2. In  

general, the glass trans ition  temperature o f  styrene in  A B S  is 382.5 K . In A B S , the 

m inera l o il is added as a p las tic ize r fo r ad jus ting  the m e lt How index. Such an 

add ition  o f  the m inera l o il is to  increase the free vo lum e  o f  the po lym e r system , to  

g ive  more po lym e ric  segmental m o tion , w h ich  leads to reducing in the Tg. W hen A BS  

is b lended w ith  the H D PE  at various po rtions in the A B S -ric h  phase, the added HDPE  

behaved as a disperse phase, w h ich  reduced the free vo lum e o f  the system lead ing to 

an increase in the A B S  con tinuous phase. The com pa tib iliza tio n  o f  A B S /H D P E  

blends d id  not show any appreciable sh ift in  Tg values. Th is  indicates that the add ition  

o f  2 ph r H D P E -g -M A H  as a com pa tib ilize r m a in ta ined the m arg ina l leve l o f  

m is c ib ility . The data in  Tab le  4.2 im p ly  that the DSC d id  not detect any glass 

trans ition  o f  the HDPE  po rtio n  but o n ly  detected the A BS  part since the values shown  

are the glass trans ition  o f  the A BS  phase. A s a matter o f  fact, to produce the good Tg 

o f  th is system that conta ins PE po rtio n  that has a ve ry  weak glass trans ition , a special 

type o f  doub le-fu rnace DSC  is needed. The doub le -fu rnace DSC used u ltra  lig h t 

w e igh t furnaces w ith  ve ry lo w  therm al inertia  can achieve the fastest possib le DSC  

response tim e  to detect the changes in glassy state o f  po lym ers. I t  a llow s  ve ry  fast 

con tro lled  linea r heating and coo lin g  scanning up to 750 K  m in"' (N o rm an and Ye,

4.5 Thermal Analysis of ABS/HDPE blends

2011).



41

Table 4.2 Tg and Tm of ABS/HDPE blends compatibilizcd with HDPE-g-MAH (2
phr).

A B S / HDPE Tg (K ) T m (K )

100/0 382.5 -

0/100 162* 404.1

80/20 383.7 405.0

60/40 382.8 403.7

50/50 383.5 404.8

40 /60 N D 406.6

20/80 N D 405.8

* = The Tg of the HDPE sample measured by HyperDSC (Perkin Elmer8500) to be 
approximately -111.63 °c (162 K), Cp = 0.014 J/g with a heating rate of 100 K min'1 (Norman

and Ye, 2011). ND = Not detectable.

The therm al properties o f  the blends in  the c rys ta lline , m e ltin g  p roperties are 

lis ted in Tab le 4 .3, it can be seen that, there is a s ligh t d iffe rence in c rys ta lliza tio n  

between the HDPE  and the blends cou ld be re lated w ith  the fact that IID P E  has h ighe r 

c ry s ta llin ity ; nevertheless, these d iffe rences in c ry s ta llin ity  are re la tive ly  low  

(Ram irez, Sandoval, Hernandez, M a rtinez  and Sanchez, 2005). The A B S /H D P E  

blends w ith  the inco rpo ra tion  o f  H D P E -g -M A H  d id  not apprec iab ly a ffec t T c and T m 

properties o f  the blends.
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Table 4.3 Thermal properties of the blends components.

A B S /H D P E -g -

M A H /H D P E

Exo the rm ic Endotherm ic

Tc (K )
A H C

(J/g)
C rys ta llin ity

(% )
T,11 (K )

A H m

(J/g)
C rys ta llin ity

(% )

0 /0 /100 388.5 185.2 63.2 404.4 -171.6 58.6

100/0/0 388.3 1.83 0.6 410.1 -1.2 0.44

382.7 -1.6 0.65

20/2 /80 386.6 122.4 41.8 405.8 -110.9 37.9

40 /2 /60 387.1 97.4 33.3 406.6 -91.6 31.3

50/2 /50 386.6 71.8 24.5 407.1 -64.2 21.9

60/2 /40 389.2 69.4 23.7 403.7 -66.1 22.5

80/2 /20 388.0 27.5 9.4 405.0 -27.6 9.4

50/0 /50 388.1 82.2 28.1 404.8 -80.6 27.5

4.6 Mechanical properties of ABS/HDPE blends

G enera lly , it  has been know n  fo r a long tim e  that im m isc ib le  po lym e r  

blends have in te r io r mechanical properties due to the existence o f  weak in te rfac ia l 

adhesion and poor d ispersion o f  the component. In  th is study, the mechanica l 

properties fo r the com pa tib iliz in g  e ffec t o f  A B S /H D P E  blends by H D P E -g -M A H  on 

the im pact strength, tensile strength and fle xu ra l strength are investigated.
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Izod im pact strength data o f  A B S /H D P E  blends com pa tib iliz cd  w ith  

and w ith o u t H D P E -g -M A H  arc shown in Tab le 4.4.

4.6.! Impact strength of ABS/HDPE blends

T ab le  4.4 M echan ica l properties o f  A B S /H D P E  blends w ith  IID P E -g -M A H .

A B S /H D P E H D P E - ^ - M A H

p h r

I z o d  im p a c t  

s t r e n g t h

(J ■ ท1)

T e n s i l e

s t r e n g t h

( M P a )

E lo n g a t io n  

a t  b r e a k

( % )

F le x u r a l

s t r e n g t h

( M P a )

100/0 0 2 0 .0  ±  1.32 3 4 . 0 1 3 . 1 4 5 0 . 0 1 3 . 3 4 63 .0  1  0 .23

0 / 1 0 0 0 22 .5  ±  1.03 4 5 . 0 1 5 . 1 5 1 6 0 . 2 1 3 . 9 4 1 7 . 0 1 0 . 1 0

80 /2 0 0 4.7  ±  0 .04 2 9 . 8 1 2 . 2 7 1 3 . 2 1  1.12 2 5. 2  +  0 .17

80 /2 0 2 7.7  t 0 .04 31 5 1 2 . 7 4 60.2  +  2 .12 37 .2  1  0 .27

50 /5 0 0 3.4 1 0 . 1 6 2 3 . 9 1 2 . 1 2 1 1 . 2 1  1.75 2 3 . 8 1 0 . 1 4

50 /5 0 2 6.4 ±  0 .72 25.2  1  1.56 7 1 . 2 1 2 . 4 5 2 0 . 3 1 0 . 1 5

2 0 /8 0 0 6 . 2 1 0 . 2 6 2 7 . 4 1 2 . 2 9 1 0 7 . 0 1 2 . 1 8 2 0 .6  1  0 .33

20 /8 0 2 1 2 . 2 1 0 . 3 9 2 8 . 8 1 2 . 4 5 1 3 7 . 0 1 2 . 6 0 16.6 +  0 .47

N umber  o f  mechanica l  test ing is 5.

It can be seen that the Izod  im pact strengths o f  a ll uncom pa tib ilized  

blends became poo r because o f  the poor in te rfac ia l adhesion between the tw o  phases. 

W hen they were com pa tib iliz cd  by H D P E -g -M A H , the im pact strength was im proved  

and increased in  each b lend ra tio . The im pact strength o f  the com pa tib ilized  blends  

increased s lo w ly  w ith  H D PE  contents in  the b lends was less than that o f  50/50 blend. 

W hen the H D PE  became the con tinuous phase, the im pact strength was sharp ly  

increased w ith  increasing HDPE  contents w h ich  was in good agreement w ith  those o f
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T jong  and Xu  ( i c)08). The HOPE m a trix  phase (>50  v v t  % ) m igh t be more com patib le  

w ith  H D P E -g -M A H  than the A B S  m a tr ix  phase.

4.6.2 Tensile strength of ABS/I1DPE blends

Tensile  strength data o f  A B S /H D P E  blends uncom pa tib ilized  and 

com pa tib ilized  shown in Tab le  4.4 ind ica te  that the com pa tib ilized  blends y ie ld  the 

h igher values than the uncom pa tib ilized  blends. The tensile strength was im proved  

and increased about 5% in  each b lend ra tio .

E longa tion  at break results also shows that the u ncom pa tib ilized  blends 

y ie ld  low e r values at a ll b lends. It is because A B S  is a hyd rophob ic  po lym e r, w h ich  

cannot be m isc ib le  in the H D PE  m a trix . The e longa tion at break fo r a ll b lend ratios  

illus tra tes the result o f  poor d isp e rs ib ility  o f  A B S  domains in the H D PE  m a trix  

po lym er. W hen the b lend ra tio  o f  A B S /H D P E  is 20/80, the e longa tion  at break o f  the 

blends is in fluenced by  the e ffec t o f  the HDPE  m a trix  po lym er. H D PE  is a low  

m odu lus and duc tile  m ateria l w ith  a re la tive ly  h igh degree o f  c ry s ta llin ity  (63 .2% ). 

However, these blends were in fluenced by A BS  since the e longa tion at break was 

low e r than that o f  neat HDPE . For the com pa tib ilized  blends, the e longa tion  at break 

increased because o f  the in fluence  o f  the c ry s ta llin ity  po rtion  o f  HDPE .
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4.63 Flexural strength of ABS/HDPE blends

The tle xu ra l strengths o f  the neat ABS  and A BS  blends as a con tinuous  

phase w ith ou t the com pa tib ilize r arc h ighe r than the neat HDPE  and HOPE blends as 

a con tinuous phase as shown in Tab le  4.4. It seems that inco rpo ra tion  o f  the 

com pa tib ilize rs  at 2 ph r cannot im prove  the strength at a ll b lend ratios. It is 

antic ipated that the low  fle xu ra l strength o f  HDPE  plastics is an inherent p roperty  o f  

the h igh c ry s ta llin ity  p lastics. As shown in Tab le  4.4, increasing the HDPE we igh t 

fra c tion , the strength decreased stead ily . There fo re , more load ing  o f  H D P E -g -M A H , 

such as, 4 ph r o r more should be needed to im prove the fle xu ra l strength o f  the 

blends.

4.7 Weathering properties of ABS/HDPE blends

The weather s ta b ility  was also exam ined by m on ito r in g  the co lo r  

d iffe rence À E  fo r ye llowness as shown in Tab le  4.5. It can be seen that the A E  va lue  

o f  the neat A BS  is h ighest as an inherent p roperty because the the rm o-ox ida tive  

degradation occurs more read ily  in the rubber phase (po lybu tad iene phase), leading to  

chain scission and fo rm a tion  o f  hydroperoxides. Degradation was be lieved to  occu r 

by hydrogen abstraction from  the a -ca rbon  next to the trans-1, 4 and 1, 2 

unsaturations in the po lybu tad iene phase (T igan is , B um , Davis and H il l ,  2002). The  

A E  values o f  a ll o f  b lend ratios decreased w ith  increasing the HDPE  contents, w h ile  

the neat 1IDPE has the lowest A E  o f  ye llowness. It can be exp la ined that the HDPE  

has a greater p ropo rtion  o f  c rys ta lline  regions, the size, and size d is tr ib u tio n  o f  

crys ta lline  regions are determ inants o f  env ironm en t resistance. I l l add ition , A E  o f
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ye llowness increased w ith  increasing exposure times from  100 h to 300 h. The neat 

HDPE  afte r 100 h o f  weathering test d id  not produce any appreciable A E  va lue, 

human eye cannot d iffe ren tia te  the change o f  co lo r when A E <  1.

T a b le  4.5 A E  o f  Ye llowness o f  A B S /H D P E  blends com pa tib ilized  w ith  H D P E -g - 

M A H  afte r w eathering test 100 h, 200 h and 300 h.

A B S /H D P E
H D P E -g -M A H A E  o f  y e l l o w n e s s

p h r to o  h 2 0 0  h 3 0 0  h

100/0 2 5 .62  ± 0 . 2 0 11.31 ± 0 . 1 9 14.41 ± 0 . 1 6

0 /1 00 2 0.91 ± 0 . 1 5 3.52 ± 0 . 1 6 3 .82  ± 0 . 1 1

80/20 2 3 .84  ± 0 . 1 7 10.54 ± 0 . 2 3 13.91 ± 0 . 2 2

60 /40 2 3 .23  ± 0 . 1 2 9 .15  ±  0 .17 13.06 + 0.21

50 /50 2 2 .60  ± 0 . 2 0 8.34 ± 0 . 1 0 11.80 ±  0 .22

4 0 /6 0 2 2 .46  ± 0 . 1 8 7.31 ± 0 . 1 1 10.84 ± 0 . 1 8

2 0 /8 0 2 1.99 ± 0 . 2 1 6 . 1 6  +  0.13 8.45 ± 0 . 1 6
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