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Table Al

APPENDIX A

Mechanical properties

Effect of DCP concentration on impact and tear strength of

LLDPE/NR 90/10 and 50/50 at 3 and 7 % wtof MA.

Amount of DCP Impact strength (Jmm)  Tear strength (N/mm)

(% wt)
0
0.5

1.5

Table A2

90/10
2.18+0.07
3.61+0.16
3.72+0.23
3.9240.12

Effect of MA

50/50 90/10 50/50
3.94+0.14 91.23+3.71 30.04+2.07
3.96+0.86 55.06+0.57 26.37+1.67
4334021 27.02+41.15 27.51+0.91
3.62+0.14 19.21+3.71 29.80+2.29

concentration on impact and tear strength of

LLDPE/NR 90/10 and 50/50 at 0.5 % wt of DCP.

Amountof MA Impact strength (J/mm)  Tear strength (N/mm)

(% wt)
1

3
5
1

90/10
3.47+0.16
3.61+0.16
3.91+0.12
3.33+0.11

50/50 90/10 50/50
2.05+0.55 45.71+1.78 24.82+1.99
2.08+0.02 55.0640.57 24.75+3.36
2.67+0.08 63.2+2.94 25.01+0.52
3.96+0.86 74.71+6.73 26.37+1.67
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Table A3 Effect of NR concentration on impact and tear strength of various
compositions.

LLDPE/NR/MA/DCP Impact strength Tear strength
(% wt) (J/mm) (N/mm)
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

Table A4 Displacement from creep test.

Time Displacement of LLDPE/NR/MA/DCP (mm)
() 90/10/3/05  90/10/300 5005007115 50/50/7/0
0 0.17 0.18 0.54 21
0.017 0.19 021 0.78 3.58
0.1 0.21 0.26 1.04 728
0.2 0.21 0.3 1.12 8.39
0.5 0.21 0.3 1.12 9.74
1 027 04 112 1103
. 027 04 1.28 1257
5 031 05 1.28 14.39
20 031 0.75 1.28 20.68
50 031 0.76 1.28 24.84
100 032 0.76 1.29 25.74
200 0.32 0.76 1.29 26.06
300 0.32 0.76 181 26.06
400 0.32 0.97 246 26.06
500 032 11 267 26.95

600 0.32 11 2.84 26.95
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Table A 5 Crack length (a) and maximum stress (amex) at each 500 cycles of
90/10/3 LLDPE/NR/MA with and without DCP from fatigue test.

Cycle
500
1000
1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6473

90/10/3/0
a(mm)  Amax (MPa)

4.2 9.01
44 8.95
4.7 8.88

5 8.85
55 8.79
6.1 8.69
6.9 8.68
8.4 8.62
109 8.59
14.4 8.57
175 8.50
21.2 8.549
25

Cycle
500
1000
1500
2000
2500
3000
3500
3557

90/10/3/0.5
a(mm)  Omex (MPa)

4.6 10.53

6 9.45

78 9.07

10 8.67
125 8.35
15.6 8.10
21.2 775

25

The values of amaxcould not be observed when the samples were totally broken
(crack length = 25 mm).
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Table A6 Crack growth rate (da/dN) and range of stress intensity factor (AK)
of composition 90/10/3/0 and 90/10/3/0.5.

90/10/3/0 90/10/3/0.5
da/dN (mm/cycle) AK (MPa.m?) da/dN (mm/cycle) AK (MPa.m?®)
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 15999
0.006 1.8162
0.0066 2.0826
0.0068 22111
0.0077 2.5034

For single-edge crack specimen
K=0Qaal2 (A.])
where

(205 4 90V+
Q= 198:0.41] +1871 J38 o 80V 1 sags” .

a = stress

a = crack length

a0= original crack length
= width of specimen
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The values of da/dN were calculated from slope of graph crack length versus
number of cycle at each 500 cycles by using Sigma Plot program.
Example of calculation AK

AK —Kmax " Kmin

112
Kmin — Q O'min 3

Sine Cmin=0
Kmin = 0
So AK. —Kmex —Q Gmaxa
a0= 15 mm
=25 mm

/\ .
oo 100041 1170 923545 L5 | gygq ESI

v25y v2hy V2by V25y
= 2.0251
AK of composition 90/10/3/0 at 1000 cycles with crack length = 4.4 mm and
maximum stress = 8.95 MPa was shown,
AK = 2.0251 x 8.95 MPa x (0.0044 m)12
= 12022 MPa.m12
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Table A7 Tensile properties of various compositions before and after
weathering.

LLDPE/NR/MA/DCP Tensile strength (MPa) Elongation at break (%)

(% wt) Before After Before After

90/10/3/0 1957+1.11 1214115 1613.6+63.85 701.76+8.94
90/10/3/0.5 15.92+41.30 14.40+0.61 190.30+63.88 113.61+3.63
90/10/3/1.0 13.47+41.43 11.41+0.95 116.57+8.18 51.991+10.93
90/10/3/1.5 14474075 13.12+41.08 114.9+19.95  63.63+15.87
50/50/710 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  4.7240.37 417.03+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 15.3440.95 12.9140.26 297.58+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
90/10/710.5 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 7.714053 4974046 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  165.7445.92



Appendix B
Calculation amount of materials for blending and graphs from
Brabhender mixer

Calculation amount of materials for blending

_ Mo B.|

i - 't (B.])
Mtotai = Mx+ My+ Mzt ... (B.2)
Vil = by B+ Bt - (B.3)

where D = Density of material (g/cm3)
M = Weight of material (g)
V = Volume of material (cm3)

Example of calculation
Calculation amounts of LLDPE, NR, MA, and DCP for compaosition
90/10/3/0.5 were shown.

D dpe = 0.718 g/cm3

Dnr  =0.7 g/cm3

Dma =1.2712 g/cm3
Density used in calculation was melt density which eqauled to bulk density
minus two.

Dy = 99— 10—
0.718 + 0.7 + 1.2712
=0.725 g/cm3
Calculation of total density could ignore density of DCP since DCP was used
in small amount for blending.
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Filled factor in chamber mixer was 0.8 (80%) and volume of chamber mixer
was 55 cm3so total weight in the chamber, Mc, was
Mc  =55x0.8x0.725

=319¢
M e = 90%31.9/103
= 2187 ¢
war = 10x31.9/103
=31y
Mma = 9x31.9/103
=093 ¢
Mdep = 0.5x31.9/103
=015¢

Abbreviation list in graphs from Brabender mixer:
A = Loading peak
B = Minimum
G = Inflection point
X = Maximum
E - End
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Figure Bl Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 90/10/3/0.
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Figure B2 Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 90/10/3/0.5.
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Figure B3 Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 90/10/3/1.0.
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Figure B4 Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 90/10/3/1.5.
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Figure B5 Time Temperature —and Torque  Relationship

LLDPE/NR/MA/DCP blend composition 90/10/1/0.5.
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Figure B6 Time Temperature and Torque Relationship

LLDPE/NR/MA/DCP bhlend composition 90/10/5/0.5.
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Figure B7 Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 90/10/7/0.5.
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Figure B8 Time Temperature and Torque Relationship  of
LLDPE/NR/MA/DCP blend composition 50/50/7/0.
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Figure B9 Time Temperature and  Torque  Relationship
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Figure BIl  Time Temperature and Torque Relationship
LLDPE/NR/MA/DCP hlend composition 50/50/7/1.5.
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Figure B12 Time Temperature and Torque Relationship

LLDPE/NR/MAIDCP blend composition 50/50/1/0.5.
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Figure B13 Time Temperature —and Torque Relationship
LLDPE/NR/MA/DCP hlend composition 50/50/3/0.5.
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Figure B14 Time Temperature and Torque Relationship

LLDPE/NR/MA/DCP blend composition 50/50/5/0.5.
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Figure B15 Time Temperature and Torque Relationship
LLDPE/NR/MA/DCP hlend composition 80/20/3/0.5.
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Figure B16 Time Temperature and Torque Relationship

LLDPE/NR/MA/DCP blend composition 40/60/7/1.5.
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