
C H A P T E R  III  
E X P E R I M E N T A L

3 .1  M a t e r ia l s
M ateria ls u sing  in th is w ork  w ere  given in T able  3.1.

T a b le  3 .1  S um m ary  o f  m aterials used in this study.
M ateria l G rade Source Property Function
L L D P E Film

extrusion
(L 1810FI)

Thai
Polyethylene 

Co., Ltd.

M F I =  1 
(g/10 m in) 
D ensity  = 

0 .918(g /cm 3) 
Tm = 137.5 

(°C)

P o ly m er m atrix

N R S T R  5L R ayong
B angkok
R ubber

D ensity  =  0.9 
(g /cm 3) 

E qulibrium  
T m = 35.5 

(°C)

M inor phase

M A A naly tical F luka D ensity  =  0.2 
(g /cm 3)

T m =  52.6 
(°C)

F orm ing
in  s i tu

com p atib ilizer

D C P A naly tical F luka T m =  39-41
(°C)

In itia ting  free 
radical

A ll o f  m ateria ls w ere  used as received.
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3 .2  M e t h o d o lo g y

3.2.1 B lending  prepara tion
B rabender P lasti-C order PL-2000 batch  m ixer w as used  to  

p repare  the blends. B lending  conditions w as show n in T ab le  3.2.

T a b le  3.2 B lend ing  conditions.
L L D P E /N R T em perature  (°C) R otor speed (rpm )

90/10 150 50
80/20 150 50
50/50 150 30
40/60 150 30

F or b lend ing  procedure, first N R  w as m asticated  on tw o ro ll-m ill 
at ro o m  tem peratu re  for 10 m in. A fter that m asticated  N R  w as grafted  w ith  
25%  M A  at room  tem perature  for 5 m in by a m ixer type N  50. T he resu ltan t 
w as M A  grafted  N R  (N R -M A ). T hen the m ixer type  N  50 w as rem oved  and 
rep laced  by the m ixer type พ  50. W hen cham ber m ixer w as reached  150 °c, 
L L D P E  w as added and m olten  for 3 m in. T hen 75%  M A  w as added  and 
a fte r 1 m in m ixing  D C P w as added and m ixed for another m inute. N R -M A  
w as then  m ixed un til to rque w as constant. T otal m ix ing  tim e w as abou t 10 
m in. T he b lend  w as rem oved and brought in to  sh redder un it to  m ake 
g ranulate . T he com positions o f  the blends w ere  varied  as sh ow n  in T ab le
3.3.

F ootnote:
H ere %  m eans %  w t th roughou t the book.



14

T a b le  3.3 A m oun t o f  L L D P E /N R /M A /D C P  in the blends (g).

A m oun t o f  M A  and D C P o f  com position  80/20 w ere se lected  from  the 
p ro p e r com position  o f  90/10 b lend w hile that o f  com position  40/60  b lend  
w as se lected  from  50/50.

F ootnote:
In  T ab le  3.3 reveal th at contents o f  D C P and M A  are re la tive ly  sm all 

com pared  to  po lym ers and should be expressed in “phr” unit. T he m ean ing  
o f  %  D C P or % M A  used in this thesis m eans p h r o f  D C P  or M A  
respectively .
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3.2.2 F racture  behav ior determ ination
3.2.2.1 Impact test

B reak energy per unit th ickness w as obtained  from  
IT R -2000 Im pact T ester at am bien t conditions fo llow ing  A S T M  D 3763. 
T est specim ens w ere com pressed  in round shape. The d iam eter w as 12 cm. 
L oad  and speed o f  im pactor w ere  300 kPa and 4 m /s respectively .

3.2.2.2 Tear test
M axim um  tear strength or tear resistance  w as m easured  

by  Instron  4206 U niversal T esting  M achine at am bien t cond itions fo llow ing  
A S T M  D 1938. T he specim ens w ere cut as show n in F igu re  3.1. The 
th ickness o f  the specim ens w as 1 m m . T est conditions w ere  g iven in T able
3.4.

25 mm

F ig u r e  3 .1  T ear test piece.

T a b le  3 .4  T est condition  for tear test.
T est param eter V alue
L oad cell (kN ) 2.5

Initial grip separation  (m m ) 50
C rosshead  speed (m m /m in) 50

3.2.2.3 Tensile test
T est specim ens w ere b rought into C i3000 X enon 

W eather-O m eter fo llow ing  standard  m ethod SA E J1885 for 7 days (1 cycle
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=  4.8 hr). W eathering  condition  w as show n in T able 3.5 A fter they w ere  
rem oved from  w eatherom eter, the test w as perfo rm ed  by Instron  4206 
U niversa l T esting  M achine accord ing  to  A ST M  D 638. T est conditions w ere  
sum m arized  in T able  3.6. D im ension  o f  test p iece w ere 6 m m  w ide, 1 m m  
thick, and 25 m m  gauge length.

T a b le  3 .5  D escrip tion  o f  w eathering  condition  for one cycle.
D uration T im e

(m in)
B PT a
(°C)

D B T b
(°C)

R II
(% )

Irr
(W /m 2)

F ixed
b low er
speed
(rpm )

F ilter
inner/
outer

L igth 228 89 62 50 0.55 @  
340 nm

N o Q /S c

D ark 60 38 38 95 0.00 2185
a B lack Panel T em perature  
b D ry B ulb  T em perature  
c Q uartz /T ype ร B orosilicate

T a b le  3 .6  T est condition  for tensile  test.
T est param eter V alue
L oad cell (kN ) 5

In itia l grip separation  (m m ) 80
C rosshead  speed (m m /m in) 100

3.2.2.4 Creep test
M easuring the extension as a function  o f  tim e at 

am bien t conditions w as done by creep tester apparatus accord ing  to  A S T M  
D 2990. T est specim ens w ere  the sam e as tensile  test. L oad  1 k g  w as u sed  in 
th is test. T he ex tension  range or creep w as show n in F igure  3.2.
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LA

L

T im e =  0

creep

T im e =  t

F ig u r e  3 .2  D iagram  illustrating  creep.

3.2.2.5 Fatigue test
Fatigue crack propagation  (FC P) analysis w as 

perfo rm ed  by L lo yd  T esting  M achine in cyclic  m ode at am bien t cond itions 
fo llow ing  A S T M  D 671. S ingle edge crack specim ens w ere  used  in th is test. 
T est specim ens w ere  cut in 25 m m  w id th  and 128 m m  length. T he th ickness 
w as 3 m m . A  no tch  1.5 m m  (a0) w as cut w ith  a razor b lade. T he test 
specim ens w ere  show n in Figure 3.3. C rack length (a) or crack p ropagation  
w as m easured  by vern ie r every 500 cycles. T est conditions w ere  g iven in 
T able  3.7.

128 mm

25 mm

F ig u r e  3 .3  S ing le-edge crack specim en.
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T a b le  3.7  T est condition  for fatigue test.
T est param eter V alue
L oad  cell (kN ) 2.5

F requency  (H z) 0.5
M axim u m  strain  (% ) 20
M inim um  strain  (% ) 0

3.2.3 M orpholog ical characterization
T ear-fractu red  surfaces w ere coated  w ith  gold and  observed  

by  a JE O L  JS M  6400 scanning  electron m icroscope (SE M ) at 15 k v . T he 
m agn ifica tion  w as 1000X.

T urn over to observe by SEM

L
Fiber a long  w ith  

tear d irection

F ig u r e  3.4 D iagram  illustrating  SEM  crack grow th direction .
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