Appendix A

Mechanical properties of

composites

A.1 Mechanical properties of raw lime sludge filled
HDPE composites

A.1.1 Tensile strength

Table A.1: Tensile strength results in MPa for raw lime sludge filled HDPE com-
posites

Tensile Strength

Sample Designation Test 1T Test 1T Test 11T Test IV Test V. Mean  Std. dev.

Pure HDPE 15.59  17.72 16.90 17.32 16.86  16.88 0.79
5 LS HDPE 1158  11.94 12.22 11.85 11.96 1191 0.23
10 LS HDPE 12.77  14.57 13.54 13.86 13.62  13.67 0.64
15 LS HDPE 11.08 12.84 11.96 12.18 11.74  11.96 0.64
20 LS HDPE 11.18  11.96 10.83 11.41 11.23  11.32 0.41
25 LS HDPE 10.95  10.77 12.05 11.42 11.02  11.24 0.51

30 LS HDPE 10.91 11.43 10.96 11.13 11.06  11.09 0.20
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A.1.2 Tensile modulus

Table A.2: Tensile modulus results in MPa for raw lime sludge filled HDPE com-
posites

Tensile Modulus
Test I Test I Test III  Test IV Test V. Mean  Std. dev.

Sample Designation

Pure HDPE 142.0  139.0 136.0 140.0 139.0 139.20 2.16
5 LS HDPE 140.5 134.7 135.6 143.6 147.3  140.34 5.32
10 LS HDPE 160.5 157.1 145.6 148.3 152.6  152.82 6.12
15 LS HDPE 156.3  172.1 169.2 164.8 158.6  164.20 6.73
20 LS HDPE 179.7  178.6 165.3 159.9 170.8  170.86 8.50
25 LS HDPE 1784  183.7 197.9 191.2 189.1  188.06 7.41
30 LS HDPE 202.0 2264 209.5 216.8 2214 215.22 9.65

A.1.3 Elongation at break

Table A.3: Elongation at break results in % for raw lime sludge filled HDPE com-
posites

Elongation at break
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure HDPE 717.0  773.0 801.0 906.0 834.0  806.2 70.38
5 LS HDPE 781.0  590.0 701.0 641.0 688.0  680.2 71.28
10 LS HDPE 572.0  686.0 623.0 655.0 610.0  629.2 43.50
15 LS HDPE 75.70  66.50 74.20 67.50 72.70  T71.32 4.09
20 LS HDPE 41.73  21.08 38.54 32.21 37.03  34.12 8.05
25 LS HDPE 40.80  28.15 33.28 31.45 33.67  33.47 4.64
30 LS HDPE 30.18  35.43 32.70 31.45 34.28 3281 2.11

A.1.4 Flexural strength

Table A.4: Flexural strength results in MPa for raw lime sludge filled HDPE com-
posites

Flexural Strength
Test I Test II Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure HDPE 6.37 6.54 5.51 6.51 6.23 6.23 0.42
5 LS HDPE 8.05 9.02 8.59 8.28 8.48 8.48 0.36
10 LS HDPE 9.54 8.81 8.58 8.23 9.08 8.84 0.49
15 LS HDPE 10.59 9.36 9.78 9.95 10.48  10.03 0.50
20 LS HDPE 10.96  10.15 10.33 10.7 10.53  10.53 0.31
25 LS HDPE 10.35  10.95 10.72 10.89 10.64 10.71 0.23

30 LS HDPE 13.21 11.50 11.65 12.18 12.41  12.19 0.68
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A.1.5 Flexural modulus

Table A.5: Flexural modulus results in MPa for raw lime sludge filled HDPE com-
posites

Flexural Modulus
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure HDPE 245.5  255.6 225.2 258.6 242.7 2455 13.16
5 LS HDPE 461.7 4495 451.6 454.2 458.6  455.1 5.01
10 LS HDPE 502.0  498.0 483.0 479.0 491.0  490.6 9.71
15 LS HDPE 540.0  514.0 521.0 527.0 535.0 5274 10.45
20 LS HDPE 596.0  581.0 593.0 585.0 591.0  589.2 6.09
25 LS HDPE 605.0  599.0 602.0 590.0 600.0  599.2 5.63
30 LS HDPE 633.0  621.0 647.0 639.0 635.0 635.0 9.48

A.1.6 Impact strength

Table A.6: Impact strength results in J/m for raw lime sludge filled HDPE compos-
ites

Impact Strength
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure HDPE 30.75  29.16 30.26 30.24 30.61  30.20 0.62
5 LS HDPE 9.16 8.79 8.63 9.12 8.92 8.92 0.22
10 LS HDPE 8.38 7.50 8.02 7.67 8.13 7.94 0.35
15 LS HDPE 7.88 7.70 7.75 7.83 7.80 7.79 0.07
20 LS HDPE 7.50 7.94 7.64 7.75 7.85 7.74 0.17
25 LS HDPE 7.87 7.16 7.54 7.38 7.72 7.53 0.27

30 LS HDPE 7.74 6.85 6.93 7.38 7.85 7.35 0.45
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A.2 Mechanical properties of stearic acid coated

lime sludge filled HDPE composites
A.2.1 Tensile strength

Table A.7: Tensile strength results in MPa for stearic acid coated lime sludge filled
HDPE composites

Tensile Strength
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

5 LSSC 15.24  12.28 14.76 13.95 14.64  14.18 1.15
10 LSSC 14.86  13.56 13.31 13.69 14.17  13.92 0.61
15 LSSC 13.41 14.96 13.57 13.74 13.92 13.92 0.61
20 LSSC 1590  13.76 13.41 16.66 1491 1493 1.37
25 LSSC 15.83  14.33 14.13 16.05 15.06  15.08 0.86
30 LSSC 13.66  12.51 12.90 13.46 13.14  13.13 0.45

A.2.2 Tensile modulus

Table A.8: Tensile modulus results in MPa for stearic acid coated lime sludge filled
HDPE composites

Tensile Modulus
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

5 LSSC 160 139 135 130 135 139.8 11.73
10 LSSC 145 135 139 142 144 141.0 4.06
15 LSSC 148 142 138 154 158 148.0 8.24
20 LSSC 175 160 170 160 160 165.0 7.07
25 LSSC 180 180 190 180 183 182.6 4.33
30 LSSC 180 200 200 195 194 193.8 8.19

A.2.3 Elongation at break

Table A.9: Elongation at break results in % for stearic acid coated lime sludge filled
HDPE composites

Elongation at break
Test I Test I Test III  Test IV Test V.. Mean  Std. dev.

Sample Designation

5 LSSC 680 702 710 690 695 695.4 11.43
10 LSSC 648 640 631 663.6 630 642.52 13.87
15 LSSC 298 269 288 288.7 296 287.94 11.46
20 LSSC 161.5  145.8 149.5 155 160 154.36 6.70
25 LSSC 58.6 73.2 48.9 77.5 42.9 60.22 14.98

30 LSSC 60.9 92.8 66.2 53.7 98.3 58.38 5.48
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A.2.4 Flexural strength

Table A.10: Flexural strength results in MPa for stearic acid coated lime sludge

filled HDPE composites

Flexural Strength

Sample Designation

Test I Test I Test III  Test IV Test V. Mean Std. dev.
5 LSSC 9.22 9.42 9.50 9.43 9.49 9.41 0.11
10 LSSC 10.25 9.91 11.04 9.50 10.66  10.27 0.60
15 LSSC 10.83  10.70 10.78 10.76 10.83  10.78 0.05
20 LSSC 11.11 11.44 12.31 10.07 11.75  11.34 0.83
25 LSSC 11.02 11.84 11.41 11.62 11.22 1142 0.32
30 LSSC 12.05  12.87 12.32 12.76 12.50  12.50 0.33

A.2.5 Flexural modulus

Table A.11: Flexural modulus results in MPa for stearic acid coated lime sludge

filled HDPE composites

Flexural Strength

Sample Designation

Test I  Test I  Test III  Test IV Test V. Mean Std. dev.
5 LSSC 455 403 421 432 444 431 20.18
10 LSSC 517 465 486 457 505 486 25.51
15 LSSC 519 505 509 512 515 512 5.38
20 LSSC 574 553 601 595 552 575 22.85
25 LSSC 583 559 616 601 566 585 23.75
30 LSSC 619 581 589 610 601 600 15.36

A.2.6 Impact strength

Table A.12: Impact strength results in J/m for stearic acid coated lime sludge filled

HDPE composites

Impact Strength

Sample Designation

Test I  Test II  Test III  Test IV Test V. Mean Std. dev.
5 LSSC 28.06  27.36 27.84 27.96 27.95  27.83 0.27
10 LSSC 24.44  23.56 23.76 23.99 24.25  24.00 0.35
15 LSSC 22.92  22.73 22.84 22.78 22.89  22.83 0.07
20 LSSC 22.01  21.58 21.76 21.84 21.96  21.83 0.17
25 LSSC 20.53  19.87 20.09 20.19 20.34  20.20 0.24
30 LSSC 19.22  18.13 18.74 18.94 19.14  18.83 0.43
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A.3 Mechanical prop

erties of lime sludge filled

HDPE-PP composites

A.3.1 Tensile strength

Table A.13: Tensile strength results in MPa for lime sludge filled HDPE-PP blends

Sample Designation

Tensile Strength

Test I  Test I Test III  Test IV Test V. Mean Std. dev.
Pure PP 31.11  31.34 31.72 31.54 31.62  31.47 0.24
5L -85H-10P 7.31 7.48 7.59 7.71 7.79 7.58 0.19
10L-80H-10P 9.38 9.46 9.56 9.68 9.77 9.57 0.16
15L-15H-70P 9.69 9.76 9.86 9.92 9.99 9.84 0.12
20L-10H-70P 1245  12.67 12.78 12.87 1297  12.75 0.20

A.3.2 Tensile modulus

Table A.14: Tensile modulus results in MPa for lime sludge filled HDPE-PP blends

Sample Designation

Tensile Modulus

Test I  Test I Test III  Test IV Test V. Mean Std. dev.
Pure PP 376 387 393 398 405 391.8 11.03
5L -85H-10P 149 157 163 172 178 163.8 11.56
10L-80H-10P 179 186 196 203 210 194.8 12.51
15L-15H-70P 260 269 277 281 292 275.8 12.11
20L-10H-70P 282 289 291 296 303 292.2 7.85

A.3.3 Elongation at break

Table A.15: Elongation at break resu

Its in % for lime sludge filled HDPE-PP blends

Sample Designation

Elongation at break

Test I  Test I Test III  Test IV Test V. Mean Std. dev.
Pure PP 17 16 19 23 21 19.2 2.86
5L -85H-10P 157 149 164 171 184 165 13.40
10L-80H-10P 134 142 149 156 160 148.2 10.50
15L-15H-70P 8 9 10 11 13 10.2 1.92
20L-10H-70P 7 9 11 11 12 10 2.00




A.4. Shore D hardness of lime sludge-HDPE composites 147
A.3.4 Shore D hardness
Table A.16: Shore D hardness results for lime sludge filled HDPE-PP blends
Shore D hardness
Sample Designation
Test I  Test II  Test III  Test IV Test V. Mean Std. dev.
Pure PP 68.4 68.6 70 71 72 70 0.62
5L -85H-10P 62.1 60.4 63 64.5 65 63 1.86
10L-80H-10P 63.8 64.6 65.5 66 67.6 65.5 1.45
15L-15H-70P 65.3 65.8 66 66.8 67 66.18 0.71
20L-10H-70P 70.5 71.2 71 70.5 72 71.04 0.62

A.4 Shore D hardness of raw lime sludge filled

HDPE composites

Table A.17: Shore D hardness results for raw lime sludge filled HDPE composites

Sample Designation

Shore D hardness

Test I  Test II  Test III  Test IV Test V. Mean Std. dev.
Pure HDPE 60.5 61 61.5 62 62.5 61.5 0.79
5 LS HDPE 61.5 62 62.5 61.5 62.5 62 0.50
10 LS HDPE 63 63.5 64 64.5 65 64 0.79
15 LS HDPE 66 66.5 66.5 66.5 67 66.5 0.35
20 LS HDPE 68.5 66.5 67 67.5 68 67.5 0.79
25 LS HDPE 67 67.5 68 68.5 69 68 0.79
30 LS HDPE 68 68.5 69 69.5 70 69 0.79
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A.5 Mechanical properties of lime sludge filled
HDPE-MAPE composites

A.5.1 Tensile strength

Table A.18: Tensile strength results in MPa for lime sludge filled HDPE-MAPE
composites

Tensile Strength
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/LS/MAPE 16.01 1622 1648 1640 1612 1624  0.19
(89/10/1)
HDPE/LS/MAPE 17.18 1698  16.81 1689 1712 1699  0.15
(79/20/1)
HDPE/LS/MAPE 16.78 1652 1624 1639 1681 1654  0.25
(69/30/1)
HDPE/LS/MAPE 1625 16.76 1655 1646  16.88 1658  0.25
(87/10/3)
HDPE/LS/MAPE 17.46  17.69  17.86  17.86  17.70 17.71  0.16
(77/20/3)
HDPE/LS/MAPE 16.46 17.28  16.94  16.84  17.02 1691  0.30
(67/30/3)
HDPE/LS/MAPE 17.68 17.94  18.21  17.71  18.05 17.92  0.23
(85/10/5)
HDPE/LS/MAPE 1824 1861 1878 18838 1843 1859  0.26
(75/20/5)
HDPE/LS/MAPE 18.23 18.06  17.84  17.91  18.16 18.04  0.16

(65/30/5)
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A.5.2 Tensile modulus

Table A.19: Tensile modulus results in MPa for lime sludge filled HDPE-MAPE
composites

Tensile Modulus
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/LS/MAPE 181.3  207.6  195.6  189.4 2082 1962  11.64
(89/10/1)
HDPE/LS/MAPE 203.6 2106 1984 2237 2159 2105  9.97
(79/20/1)
HDPE/LS/MAPE 229.6 2189  208.7 2264 2125 219.2  8.88
(69/30/1)
HDPE/LS/MAPE 187.8 2084 1991 2048 1923 1985 853
(87/10/3)
HDPE/LS/MAPE 211.2  221.8 2345 2146 2243 2213 9.09
(77/20/3)
HDPE/LS/MAPE 248.3  261.2 2547 2568  280.5 260.3 1221
(67/30/3)
HDPE/LS/MAPE 212.8 2264 2331 2402  248.3 2322 1355
(85/10/5)
HDPE/LS/MAPE 242.3 2504 2559  263.6  271.8 2568  11.44
(75/20/5)
HDPE/LS/MAPE 2508 2758 2865  290.7 2648 2755  13.35

(65/30/5)
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A.5.3 Elongation at break

Table A.20: Elongation at break results in % for lime sludge filled HDPE-MAPE
composites

Elongation at break
Test I Test II  Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/LS/MAPE 229 251 275 236 267 252 19.62
(89/10/1)
HDPE/LS/MAPE 27 32 39 49 53 40 11.00
(79/20/1)
HDPE/LS/MAPE 22 28 29 36 25 28 5.24
(69/30/1)
HDPE/LS/MAPE 191 221 216 208 216 210 11.80
(87/10/3)
HDPE/LS/MAPE 22 28 27 31 37 29 5.52
(77/20/3)
HDPE/LS/MAPE 24 27 35 23 26 27 4.74
(67/30/3)
HDPE/LS/MAPE 166 142 149 159 139 151 11.38
(67/30/3)
HDPE/LS/MAPE 17 19 24 28 27 23 4.85
(75/20/5)
HDPE/LS/MAPE 15 27 21 17 25 21 5.10

(65/30/5)
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A.5.4 Flexural strength

Table A.21: Flexural strength results in MPa for lime sludge filled HDPE-MAPE
composites

Flexural Strength

Sample Designation
Test I Test II  Test III  Test IV Test V. Mean Std. dev.

HDPE/LS/MAPE 13.31 1348 1363 1387 1391 1364  0.25
(89/10/1)
HDPE/LS/MAPE 14.21  14.36 1445 1464 1470 1447  0.20
(79/20/1)
HDPE/LS/MAPE 14.75  14.84  14.93 1469  14.96 14.83  0.11
(69/30/1)
HDPE/LS/MAPE 13.86  13.96  14.10 1424 1429 1409  0.18
(87/10/3)
HDPE/LS/MAPE 14.64 1506  14.84 1496 1477 1485  0.16
(77/20/3)
HDPE/LS/MAPE 15.68 1572 1590 1612  16.05 1589  0.19
(67/30/3)
HDPE/LS/MAPE 14.81  14.94 1501 1512 1517 1501  0.14
(85/10/5)
HDPE/LS/MAPE 15.01  15.09 1515 1521 1526 1514  0.09
(75/20/5)
HDPE/LS/MAPE 16.07 1614  16.25  16.32 1642 1624  0.14

(65/30/5)
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A.5.5 Flexural modulus

Table A.22: Flexural modulus results in MPa for lime sludge filled HDPE-MAPE
composites

Flexural Modulus
Test I Test II Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/LS/MAPE 524 518 514 508 499  512.6  9.58
(89/10/1)
HDPE/LS/MAPE 579 591 596 600 609 5950  11.11
(79/20/1)
HDPE/LS/MAPE 629 638 646 656 659 6456 12,5
(69/30/1)
HDPE/LS/MAPE 501 515 522 537 529 5208  13.75
(87/10/3)
HDPE/LS/MAPE 593 608 612 619 628 6120  13.06
(77/20/3)
HDPE/LS/MAPE 678 682 688 676 693 6834  7.10
(67/30/3)
HDPE/LS/MAPE 582 591 597 608 612 5980  12.30
(85/10/5)
HDPE/LS/MAPE 634 645 653 659 668  651.8  13.03
(75/20/5)
HDPE/LS/MAPE 687 692 699 689 696  692.6  4.93

(65/30/5)
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A.5.6 Impact strength

Table A.23: Impact strength results in J/m for lime sludge filled HDPE-MAPE
composites

Impact Strength
Test I Test II  Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/LS/MAPE 2032 2985  31.84  32.95 3498 31.79  2.31
(89/10/1)
HDPE/LS/MAPE 4214 4028 4078 3829  39.79  40.26 141
(79/20/1)
HDPE/LS/MAPE 40.67  41.02 4126 4149 4174  41.24 041
(69/30/1)
HDPE/LS/MAPE 38.12 3892  39.12  39.38  40.15 39.14  0.74
(87/10/3)
HDPE/LS/MAPE 4139  41.86 4216 42.94 4255 4218  0.60
(77/20/3)
HDPE/LS/MAPE 4384 44.21 4434 4451 4489 4436 0.39
(67/30/3)
HDPE/LS/MAPE 4328 4344 4376 43.92 4454 4379 0.49
(85/10/5)
HDPE/LS/MAPE 4421 4417 4436 4456 44.39 4434 0.20
(75/20/5)
HDPE/LS/MAPE 4642 4657  46.85  46.96  47.41  46.84  0.38

(65/30/5)
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A.6 Mechanical properties of lime sludge filled
coir fibre reinforced HDPE-MAPE compos-

ites
A.6.1 Tensile strength

Table A.24: Tensile strength results in MPa for lime sludge filled coir fibre reinforced
HDPE-MAPE composites

Tensile Strength
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/CF (90/10) 15.18 1619 1412 1446 1561 1511  0.84
HDPE/CF (80,/20) 1865 17.99  19.18 1953 1892 1885  0.58
HDPE/CF (70/30) 15.95 1526  16.62 1574  16.23 1596  0.51
HDPE/CF/MAPE 2273 2209 2319 2268 2265 2267  0.39
(85/10/5)

HDPE/CF/MAPE 3031 2959  20.14 2986  29.27 29.63  0.47
(75/20/5)

HDPE/CF/MAPE 2259 21.98 2294 2265 2215 2246  0.39
(65/30/5)

HDPE/LS/CF/MAPE 2419 2384 2469 2425 2382 2416  0.36
(65/10/20/5)

HDPE/LS/CF/MAPE 3452 3396  34.92 3478 3426 3449  0.39
(60/15/20/5)

HDPE/LS/CF/MAPE 2543 2513 25.97 2476  25.67 2539  0.47

(55/20,/20/5)
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A.6.2 Tensile modulus

Table A.25: Tensile modulus results in MPa for lime sludge filled coir fibre reinforced
HDPE-MAPE composites

Tensile Modulus
Test I Test I Test III  Test IV Test V.. Mean  Std. dev.

Sample Designation

HDPE/CF (90/10) 236.6 213.6  264.6  221.5 2463 23652  20.22
HDPE/CF (80/20) 259.3  269.2 2875 2421 2332 25826  21.6
HDPE/CF (70/30) 2713 2763 2832 2498 2982 275.76  17.70
HDPE/CF/MAPE 331.6 3104  300.7 2873 3260 311.20  18.15
(85/10/5)
HDPE/CF/MAPE 3379 3582  349.3 3145 3244 33686  17.79
(75/20/5)
HDPE/CF/MAPE 3658 3822 3462 3325 3942 364.18  25.28
(65/30/5)

HDPE/LS/CF/MAPE 3022 3182 3221 3212 3438 32150  14.84
(65/10/20/5)
HDPE/LS/CF/MAPE 3442 3702 3232 3368 3513 34514  17.45
(60/15/20/5)
HDPE/LS/CF/MAPE 3795 359.2  396.1 3688  389.2 37856  14.93
(55/20/20/5)

A.6.3 Elongation at break

Table A.26: Elongation at break results in % for lime sludge filled coir fibre reinforced
HDPE-MAPE composites

Elongation at break
Test I Test II Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/CF (90/10) 453 628 72.3 82.2 532  63.16  14.70
HDPE/CF (80,/20) 283 178 2254 295 153 2268  6.25
HDPE/CF (70/30) 895 1072 12.56 13.2 882 1085 201
HDPE/CF/MAPE 792 712 88.9 64.3 871 7815  10.45
(85/10/5)

HDPE/CF/MAPE 56.2 4132 47.1 54.3 449 4876  6.31
(75/20/5)

HDPE/CF/MAPE 401 342 29.3 38.2 301  34.38 478
(65/30/5)

HDPE/LS/CF/MAPE 528 438 60.7 485 564 5244  6.60
(65/10/20/5)

HDPE/LS/CF/MAPE 203 421 35.6 31.9 392 3562 521
(60/15/20/5)

HDPE/LS/CF/MAPE 207 151 8.9 11.2 186 1490  4.93

(55/20/20/5)
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A.6.4 Flexural strength

Table A.27: Flexural strength results in MPa for lime sludge filled coir fibre rein-
forced HDPE-MAPE composites

Flexural Strength
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

HDPE/CF (90/10) 1148 1198 1129  11.24 1175 1155  0.31
HDPE/CF (80/20) 12.02 1271 1219 1248 1197 1227  0.31
HDPE/CF (70/30) 1298 1331 1274 1219 1234 1271 0.46
HDPE,/CF/MAPE 1176 12.36 1216  11.98 1239 1213  0.26
(85/10/5)

HDPE/CF/MAPE 1336 12.81  12.24  12.64 1291 1279  0.41
(75/20/5)

HDPE,/CF/MAPE 15.02 1411 1451 1431 1475 1454  0.36
(65/30/5)

HDPE/LS/CF/MAPE 16.96 1759  17.96  17.41  17.86 1756  0.40
(65/10/20/5)

HDPE/LS/CF/MAPE 19.78  19.06 1943 1921  19.62 1942  0.29
(60/15/20/5)

HDPE/LS/CF/MAPE 2094 21.53 2198  21.34  21.96 2155 0.4
(55/20/20/5)

A.6.5 Flexural modulus

Table A.28: Flexural modulus results in MPa for lime sludge filled coir fibre rein-
forced HDPE-MAPE composites

Flexural Modulus
Test I Test II  Test III  Test IV Test V.. Mean  Std. dev.

Sample Designation

HDPE/CF (90/10) 296.6 3258 3121 2993 3225 31126  13.19
HDPE/CF (80/20) 365.2  374.6  389.2 3552 3923 37530  15.72
HDPE/CF (70/30) 383.2 4132 3983 3839  379.3 391.58  14.08
HDPE/CF/MAPE 2936 3248  317.1 3043 3165 311.26  12.30
(85/10/5)

HDPE/CF/MAPE 339.6  329.8 3466 3552  321.5 33854  13.33
(75/20/5)

HDPE/CF/MAPE 420.1 3925 4049 3986 4105 40532  10.66
(65/30/5)

HDPE/LS/CF/MAPE 4245 4493  436.8  446.8 4204 43736 10.73
(65/10/20/5)

HDPE/LS/CF/MAPE 454.8 4367 4762  458.2 4426 45370  15.33
(60/15/20/5)
HDPE/LS/CF/MAPE 494.3 4578 4746  469.2 4829 47576  13.80
(55/20/20/5)
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A.6.6 Impact strength

Table A.29: Impact strength results in J/m for lime sludge filled coir fibre reinforced
HDPE-MAPE composites

Sample Designation

Impact Strength

Test I Test I Test III  Test IV Test V. Mean Std. dev.

HDPE/CF (90/10) 18.54  22.32 20.55 19.24 22.18  20.57 1.70
HDPE/CF (80/20) 17.14  19.95 18.08 17.56 17.56  18.06 1.11
HDPE/CF (70/30) 17.96  17.01 17.55 17.26 17.89  17.53 0.41
HDPE/CF/MAPE 22.77  23.75 21.75 22.98 23.62  22.97 0.80
(85/10/5)

HDPE/CF/MAPE 19.93  21.69 20.95 20.59 21.75  20.98 0.77
(75/20/5)

HDPE/CF/MAPE 18.54  20.02 19.36 19.65 19.09  19.33 0.56
(65/30/5)

HDPE/LS/CF/MAPE 19.84  20.72 21.52 20.36 20.96  20.68 0.63
(65/10/20/5)

HDPE/LS/CF/MAPE 19.05  19.95 19.54 19.29 19.69  19.50 0.35
(60/15/20/5)

HDPE/LS/CF/MAPE 17.59  18.65 18.17 18.36 1791 18.14 0.41
(55/20/20/5)

A.7 Mechanical properties of lime sludge filled

epoxy composites

A.7.1 Tensile strength

Table A.30: Tensile strength results in MPa for lime sludge filled epoxy composites

Sample Designation

Tensile Strength

Test I  Test I  Test III  Test IV Test V. Mean Std. dev.
Pure Epoxy 3.46 3.64 3.72 3.84 3.92 3.72 0.18
3LS-97 Epoxy 4.49 4.74 4.86 4.96 5.11 4.83 0.23
6LS-94 Epoxy 8.24 8.38 8.44 8.54 8.65 8.45 0.16
9LS-91 Epoxy 6.24 6.29 6.36 6.43 6.53 6.37 0.11
12LS-88 Epoxy 3.49 3.59 3.67 3.78 3.86 3.68 0.15
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A.7.2 Tensile modulus

Table A.31: Tensile modulus results in MPa for lime sludge filled epoxy composites

Tensile Modulus
Test I Test II Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure Epoxy 358 365 373 384 389 373.8 12.87
3LS-97 Epoxy 388 394 399 408 411 400.0 9.57
6LS-94 Epoxy 415 418 422 440 434 425.8 10.73
9LS-91 Epoxy 441 449 455 464 470 455.8 11.56
12L.S-88 Epoxy 479 486 492 501 508 493.2 11.56

A.7.3 Elongation at break

Table A.32: Elongation at break results in % for lime sludge filled epoxy composites

Elongation at break
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

Pure Epoxy 4.83 4.92 5.03 5.14 5.19 5.02 0.15
3LS-97 Epoxy 4.59 4.72 4.82 4.92 4.96 4.80 0.15
6LS-94 Epoxy 4.42 4.56 4.63 4.68 4.79 4.62 0.14
9LS-91 Epoxy 3.01 3.15 3.21 3.28 3.36 3.20 0.13

12LS-88 Epoxy 1.91 1.98 2.07 2.14 2.21 2.06 0.12
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A.8 Mechanical properties of lime sludge filled

coir fibre reinforced epoxy composites

A.8.1 Tensile strength

Table A.33: Tensile strength results in MPa for lime sludge filled coir-epoxy com-

posites

Sample Designation

Tensile Strength

Test I  Test I Test IIT  Test IV Test V. Mean Std. dev.

30 Coir - Epoxy 16.19  16.26 16.38 16.40 16.12  16.27 0.12
3LS -30 Coir - Epoxy 12.19  12.26 12.34 12.39 12.48  12.33 0.11
6LS - 30 Coir - Epoxy 1596  16.09 16.18 16.39 16.31  16.19 0.17
9LS - 30 Coir - Epoxy 13.49 13.75 13.56 13.86 14.14 13.76 0.26
12LLS -30 Coir - Epoxy 12.81  12.72 12.92 13.02 13.08 1291 0.15
30 Coir - Epoxy (long) 27.96  28.45 28.89 29.42 29.85  28.91 0.75
3LS -30 Coir - Epoxy 20.14 19.85 20.39 20.75 20.91  20.41 0.43
(long)

6LS - 30 Coir - Epoxy 24.85 25.31 25.40 25.64 25.89  25.42 0.39
(long)

9LS - 30 Coir - Epoxy 21.98  22.45 22.92 23.53 23.86  22.95 0.77
(long)

12LS -30 Coir - Epoxy 19.41 19.59 19.74 19.89 19.97 19.72 0.23

(long)
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A.8.2 Tensile modulus

Table A.34: Tensile modulus results in MPa for lime sludge filled coir-epoxy com-
posites

Tensile Modulus

Sample Designation
Test I Test II Test III  Test IV Test V. Mean Std. dev.

30 Coir - Epoxy 421 411 431 402 392 4114 15.34
3LS -30 Coir - Epoxy 432 446 453 459 468 4516 13.61
6LS - 30 Coir - Epoxy 476 489 495 512 508 496.0  14.58
9LS - 30 Coir - Epoxy 501 518 522 531 533 521.0 1279
12LS -30 Coir - Epoxy 528 536 544 551 558 5434 11.87
30 Coir - Epoxy (long) 481 495 502 511 519  501.6  14.66
3LS -30 Coir - Epoxy 499 513 525 536 547 5240  18.84
(long)

6LS - 30 Coir - Epoxy 539 546 555 564 559  552.6  10.06
(long)

9LS - 30 Coir - Epoxy 562 579 588 596 612  587.4  18.68
(long)

12LS -30 Coir - Epoxy 598 605 614 621 628 6132  12.03
(long)

A.8.3 Elongation at break

Table A.35: Elongation at break results in % for lime sludge filled coir-epoxy com-
posites

Elongation at break
Test I Test I Test III  Test IV Test V. Mean Std. dev.

Sample Designation

30 Coir - Epoxy 9.91 10.17 10.27 10.25 10.12 10.14 0.14
3LS -30 Coir - Epoxy 8.99 9.09 9.16 9.28 9.39 9.18 0.16
6LS - 30 Coir - Epoxy 8.27 8.37 8.52 8.68 8.89 8.55 0.25
9LS - 30 Coir - Epoxy 6.44 6.64 6.76 6.87 6.97 6.74 0.21
12LS -30 Coir - Epoxy 6.03 5.98 6.16 6.27 6.43 6.17 0.18
30 Coir - Epoxy (long) 20.94 21.18 21.25 21.36 21.56 21.26 0.23
3LS -30 Coir - Epoxy 1857  18.62 18.75 18.89 18.99  18.76 0.18
(long)

6LS - 30 Coir - Epoxy 12.52 12.68 12.86 13.11 13.21 12.88 0.29
(long)

9LS - 30 Coir - Epoxy 10.01 9.94 10.09 10.18 10.31  10.11 0.15
(long)

12LS -30 Coir - Epoxy 7.05 7.35 7.54 7.85 7.99 7.56 0.38

(long)
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A.8.4 Flexural strength

Table A.36: Flexural strength results in MPa for lime sludge filled coir-epoxy com-

posites

Sample Designation

Flexural Strength

Test I Test I Test III  Test IV Test V. Mean Std. dev.

30 Coir - Epoxy 30.28  30.54 30.68 30.84 30.96  30.66 0.27
3LS -30 Coir - Epoxy 31.93  32.18 32.28 32.37 32.58  32.27 0.24
6LS - 30 Coir - Epoxy 36.01  36.16 36.27 36.38 36.59  36.28 0.22
9LS - 30 Coir - Epoxy 38.32  38.48 38.58 38.63 38.83  38.57 0.19
12LS -30 Coir - Epoxy 45.73  45.46 45.85 46.12 46.23  45.88 0.31
30 Coir - Epoxy (long) 4244  42.56 42.67 42.78 4296  42.68 0.20
3LS -30 Coir - Epoxy 44.27 44.36 44.43 44.58 44.64  44.46 0.15
(long)

6LS - 30 Coir - Epoxy 51.41  51.54 51.70 51.82 51.97  51.69 0.22
(long)

9LS - 30 Coir - Epoxy 57.29 57.43 57.55 57.66 57.78  57.54 0.19
(long)

12LS -30 Coir - Epoxy 60.12  60.34 60.43 60.52 60.68  60.42 0.21

(long)

A.8.5 Flexural modulus

Table A.37: Flexural modulus results in MPa for lime sludge filled coir-epoxy com-

posites

Sample Designation

Flexural Modulus

Test I  Test I Test III  Test IV Test V. Mean Std. dev.

30 Coir - Epoxy 295 311 315 319 321 312.2 10.35
3LS -30 Coir - Epoxy 339 347 354 359 368 353.4 11.10
6LS - 30 Coir - Epoxy 380 372 364 388 395 379.8 12.34
9LS - 30 Coir - Epoxy 423 429 435 439 445 434.2 8.56
12LS -30 Coir - Epoxy 454 460 446 469 473 460.4 10.97
30 Coir - Epoxy (long) 468 475 485 495 497 484.0 12.53
3LS -30 Coir - Epoxy 492 498 508 516 525 507.8 13.31
(long)

6LS - 30 Coir - Epoxy 520 527 513 534 548 528.4 13.46
(long)

9LS - 30 Coir - Epoxy 560 568 574 578 582 572.4 8.65
(long)

12LS -30 Coir - Epoxy 565 574 584 590 594 581.4 11.87

(long)
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