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A P P E N D I X  A

M e c h a n ic a l  p r o p e r t ie s

T a b le  A 1  E ffect o f  D C P concen tration  on im pact and tear streng th  o f  
L L D P E /N R  90/10 and 50/50 at 3 and 7 %  w t o f  M A.

A m oun t o f  D C P Im pact strength  (J/m m ) T ear strength  (N /m m )
(%  w t) 90/10 50/50 90/10 50/50

0 2.18±0.07 3.94+0.14 91.23+3.71 30.04+2.07
0.5 3.61+0.16 3.96+0.86 55.06+0.57 26.37+1.67

1 3.72+0.23 4.33+0.21 27.02+1.15 27.51+0.91
1.5 3.92+0.12 3.62+0.14 19.21+3.71 29.80+2.29

T a b le  A 2  E ffect o f  M A  concen tration  on im pact and tea r streng th  o f  
L L D P E /N R  90/10 and 50/50 at 0.5 %  w t o f  DCP.

A m oun t o f  M A Im pact strength  (J/m m ) T ear strength  (N /m m )
(%  w t) 90/10 50/50 90/10 50/50

1 3.47+0.16 2.05+0.55 45.71+1.78 24.82+1.99
3 3.61+0.16 2.08+0.02 55.06+0.57 24.75+ 3.36
5 3.91+0.12 2.67+0.08 63.2+2.94 25.01+ 0.52
7 3.33+0.11 3.96+0.86 74.71+6.73 26.37+ 1.67
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T a b le  A 3 E ffec t o f  N R  concen tration  on im pact and tear strength  o f  various
com positions.

L L D P E /N R /M A /D C P  
(%  w t)

Im pact strength 
(J/m m )

T ear strength  
(N /m m )

40/60/7/1 .5 3.68+0.12 14.48+0.45
50/50/7/1.5 3.62+0.14 28.42+2.29
80/20/3/0.5 3.7+0.18 47.64+2.14
90/10/3/0.5 3.61+0.16 55.06+0.57

T a b le  A 4 D isp lacem en t from  creep test.
T im e

(h)
D isp lacem ent o f  L L D P E /N R /M A /D C P  (m m )

90/10/3/0 .5 90/10/3/0 50/50/7/1.5 50/50/7/0
0 0.17 0.18 0.54 2.1

0.017 0.19 0.21 0.78 3.58
0.1 0.21 0.26 1.04 7.28
0.2 0.21 0.3 1.12 8.39
0.5 0.21 0.3 1.12 9.74

1 0.27 0.4 1.12 11.03
2 0.27 0.4 1.28 12.57
5 0.31 0.5 1.28 14.39

20 0.31 0.75 1.28 20.68
50 0.31 0.76 1.28 24.84
100 0.32 0.76 1.29 25.74
200 0.32 0.76 1.29 26.06
300 0.32 0.76 1.81 26.06
400 0.32 0.97 2.46 26.06
500 0.32 1.1 2.67 26.95
600 0.32 1.1 2.84 26.95
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T a b le  A  5  C rack length (a) and m axim um  stress ( a max) at each 500 cycles o f  
90/10/3 L L D P E /N R /M A  w ith and w ithout D C P from  fatigue test.

90/10/3/0 90/10/3/0.5
C ycle a (m m ) ^max (M Pa) C ycle a (m m ) Omax (M Pa)

500 4.2 9.01 500 4.6 10.53
1000 4.4 8.95 1000 6 9.45
1500 4.7 8.88 1500 7.8 9.07
2000 5 8.85 2000 10 8.67
2500 5.5 8.79 2500 12.5 8.35
3000 6.1 8.69 3000 15.6 8.10
3500 6.9 8.68 3500 21.2 7.75
4000 8.4 8.62 3557 25
4500 10.9 8.59
5000 14.4 8.57
5500 17.5 8.50
6000 21.2 8.549
6473 25

T h e  v a lu e s  o f  a max c o u ld  n o t b e  o b se rv e d  w h e n  th e  sa m p le s  w e re  to ta lly  b ro k e n
(c ra c k  len g th  =  25 m m ).
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Table A 6 C rack  grow th rate (da/dN ) and range o f  stress in tensity  factor (AK) 
o f  com position  90/10/3/0  and 90/10/3/0.5 .

90/10/3/0 90/10/3/0.5
da/dN  (m m /cycle) AK (M P a.m 1̂ ) da/dN  (m m /cycle) AK (M P a .m 1̂ )

0.0005 1.2022 0.0032 1.4824
0.0006 1.2328 0.004 1.6222
0.0008 1.2673 0.0047 1.7558
0.0011 1.3201 0.0056 1.8905
0.0014 1.3744 0.0087 2.0488
0.0023 1.4601 0.0146 2.2852
0.004 1.5999
0.006 1.8162

0.0066 2.0826
0.0068 2.2771
0.0077 2.5034

F or sing le-edge crack  specim en 
K  =  Q a  a 1/2

w here

Q = 1 .99-0 .41 (ท 5 a 0 + 18.7
( a  \£ 0.

l w  ; 1 พ J -3 8 .4 8
f  a V a 0
k w )

r  0 \
+ 53.85

v w /
a  =  stress 
a =  crack length 

a0 =  orig inal crack length 
พ  =  w id th  o f  specim en

( A . l )
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T he values o f  da/dN  w ere  calcu lated  from  slope o f  graph crack  length versus 
num ber o f  cycle at each 500 cycles by using  S igm a P lot p rogram .
E xam ple  o f  calcu lation  AK

A K  — Kmax " K min
112

K m i n  —  Q  O 'm in  3  

Sine CTmin= 0  
K m in  =  0

So AK. — K max — Q Gmax a 
a0 = 1.5 m m  
พ  = 25 m m

Q  = 1 .9 9 - 0 .4 1
v25y

+ 18.7 0 .5^2
V 25 y

- 3 8 .4 8 L 5
V25y +  53 .85 E 5 j

v25y
= 2.0251

AK o f  com position  90/10/3/0  at 1000 cycles w ith  crack length  =  4.4 m m  and 
m axim um  stress =  8.95 M Pa w as shown.

AK =  2.0251 X  8.95 M Pa X  (0 .0044 m )1/2 
=  1.2022 M P a .m 1/2
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Table A 7 T ensile  properties o f  various com positions before  and after
w eathering .
L L D P E /N R /M A /D C P Tensile  strength  (M Pa) E longation  at b reak  (% )

(%  w t) B efore A fter B efore A fter
90/10/3/0 19.57+1.11 12.1+1.15 1613.6+63.85 701 .76+8.94

90/10/3/0 .5 15.92+1.30 14.40+0.61 190.30+63.88 113.61+3.63
90/10/3 /1 .0 13.47+1.43 11.41+0.95 116.57+8.18 51.991+10.93
90/10/3/1.5 14.47+0.75 13.12+1.08 114.9+19.95 63.63+15.87
50/50/7/0 4.9+0.46 3.96+0.37 294 .93+77.18 257 .01+ 24.34

50/50/7/0.5 8.52+1.26 4.6+0.27 321 .24+ 47.47 248 .76+ 3.32
50/50/7/1 .0 10.82+0.9 4.72+0.37 417.03+26.65 177.36+27.45
50/50/7/1.5 14.42+0.43 6.08+0.88 459 .60+8.66 222 .04+ 23 .07
90/10/1/0 .5 15.34+0.95 12.91+0.26 297 .58+ 39.96 188.36+20.79
90/10/5/0.5 15.61+0.65 14.73+0.64 272 .65+ 28.47 120.94+14.49
90/10/7/0.5 19.52+1.06 13.3+0.27 397.4+20 223 .58+ 10 .86
50/50/1/0.5 12.19+1.23 5.15+0.69 346 .98+ 23.26 156.07+10.58
50/50/3/0.5 9.85+0.89 5.65+0.64 401.6+37.74 145.4+30.66
50/50/5/0.5 7.71+0.53 4.97+0.46 313.31 + 106.14 96.73+39.63
40/60/7/1 .5 4.26+0.24 4.07+0.04 559.61+53.91 251 .68+ 6 .07
80/20/3/0.5 15.32+0.28 13.05+0.57 287 .25+ 27.24 165.74+5.92



A p p e n d ix  B
C a lc u la t io n  a m o u n t  o f  m a t e r ia ls  fo r  b le n d in g  a n d  g r a p h s  f r o m

B r a b e n d e r  m ix e r

C alcu lation  am ount o f  m ateria ls for b lend ing

ก  _  M ,o,altotal TT Jtotal
(B .l )

Mtotai =  M x+ M y+ M z+ . .. (B .2)

v „ u  = ^  + 7 T  +  7 7 + - (B .3)D x D y D z
w here D =  D ensity  o f  m aterial (g /cm 3)

M  =  W eight o f  m aterial (g)
V  =  V olum e o f  m aterial (cm 3)

E xam ple  o f  calculation
C alcu lation  am ounts o f  L L D PE , N R , M A , and D C P for com position  
90/10/3 /0 .5  w ere  show n.

D lldpe = 0.718 g/cm3
D nr =  0.7 g /cm 3 
D ma = 1 .2 7 1 2  g /cm 3

D ensity  used  in calcu lation  w as m elt density  w hich  eqau led  to  bu lk  density  
m inus tw o.

D = ________ ^ ________,0๗ 90 10 3
0.718 + 0.7 + 1.2712

=  0.725 g /cm 3
C alcu lation  o f  to tal density  could ignore density  o f  D C P since D C P  w as used 
in sm all am ount for blending.
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F ille d  fa c to r  in  c h a m b e r  m ix e r  w a s  0 .8  (8 0 % ) an d  v o lu m e  o f  c h a m b e r  m ix e r
w a s  55 c m 3 so  to ta l w e ig h t in  th e  ch a m b e r, M c, w as

M c = 55x0.8x0.725
=  31.9 g

M l l d p e = 90x31.9/103
=  27.87 g

M n r = 10x31.9/103
= 3.1 g

M m a = 3x31.9/103
= 0.93 g

M dcp = 0.5x31.9/103
= 0.15 g

A bbrev ia tion  list in graphs from  B rabender m ix e r:
A  =  L oading peak 
B =  M inim um  
G =  Inflection  p o in t 
X  = M axim um  
E -  End
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Torque[Nm] Temp [*C]

F ig u r e  B1 T im e T em perature  and T orque R elationsh ip  o f  
L L D P E /N R /M A /D C P  blend  com position  90/10/3/0.

Figure B 2  T im e  T e m p e ra tu re  a n d  T o rq u e
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  9 0 /1 0 /3 /0 .5 .

R elationsh ip  o f
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TarquetNm] Temp [*C]

F ig u r e  B 3  T im e T em perature  and T orque R elationship  o f  
L L D P E /N R /M A /D C P  blend com position  90/10/3/1.0 .

TorquetNm] Temp t°C]

Figure B4 T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  9 0 /1 0 /3 /1 .5 .
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F ig u r e  B 5  T im e T em perature  and T orque R elationsh ip  o f  
L L D P E /N R /M A /D C P  blend com position  90/10/1/0.5 .

Torque[Nn] Temp [°C]

Figure B6 T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  9 0 /1 0 /5 /0 .5 .
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TorquetNn] Temp [®C]

F ig u r e  B 7  T im e T em perature  and T orque R elationship  o f  
L L D P E /N R /M A /D C P  blend  com position  90/10/7/0.5 .

Figure B8 T im e  T e m p e ra tu re  a n d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  5 0 /5 0 /7 /0 .
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Torque[Nn] Tenp [*C ]

F ig u r e  B9 T im e T em perature  and T orque R elationsh ip  o f  
L L D P E /N R /M A /D C P  b lend  com position  50/50/7/0.5 .

TorqueINn] Tenp [°C ]

Figure B IO  T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  5 0 /5 0 /7 /1 .0 .
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F ig u r e  B l l  T im e T em perature  and T orque R elationship  o f  
L L D P E /N R /M A /D C P  blend  com position  50/50/7/1.5 .

TorquelNm] Temp [°C ]

Figure B 1 2  T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  5 0 /5 0 /1 /0 .5 .
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Torque[Nm] Tenp t 'C ]

F ig u r e  B 1 3  T im e T em perature  and T orque R elationsh ip  o f  
L L D P E /N R /M A /D C P  blend com position  50/50/3/0.5 .

Torque[Nn] Tenp [°C ]

Figure B14 T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n s h ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  5 0 /5 0 /5 /0 .5 .
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F ig u r e  B 1 5  T im e T em perature  and T orque R elationship  o f  
L L D P E /N R /M A /D C P  b lend  com position  80/20/3/0.5 .

Torque[Nm] Tenp [°C ]

Figure B16 T im e  T e m p e ra tu re  an d  T o rq u e  R e la tio n sh ip  o f
L L D P E /N R /M A /D C P  b le n d  c o m p o s itio n  4 0 /6 0 /7 /1 .5 .
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