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Preparationand mechanical properties of wood-plastic composite materials of high-filled camellia oleiferashells
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Abstract : The wood-plastic composite materials of high-filled camellia oleifera shells were prepared by using camellia oleif-
era shells and different plastics, namely polypropylene, high-density polyethylene (PE-HD), low-density polyethylene and linear
low-density polyethylene as raw materials by employing the compression molding method. The mechanical properties of the
composite materials were tested using an electronic universal testing machine and a cantilever beam impact testing machine. The
influence of plastic types on the mechanical properties of the composite materials was analyzed through single-factor experiments,
and after the optimal plastic type was determined, the preparation parameters were further optimized. Using the shell powder
content, maleic anhydride grafted polyethylene (MAPE) content as compatibilizer, hot pressing temperature, and hot pressing time
as design factors, and using flexural strength, flexural modulus, tensile strength, and impact strength as optimization targets for
mechanical properties, an L,(3*) orthogonal experiment was designed to study the preparation process of wood-plastic composite
materials of high-filled camellia oleifera shells, the optimal formulation and process parameters combination were obtained through
range analysis and variance analysis. The research results show that the inclusion of PE-HD as the plastic component results in a
maximum flexural strength of 34.40 MPa and a maximum tensile strength of 18.20 MPa for the composite materials, demonstrating
its superior mechanical properties. When the shell powder content reaches 65%, the addition of 7% MAPE enhances the strength,
leading to a maximum flexural strength of 33.66 MPa. The optimized preparation parameter combination is shell powder content of
55% ,MAPE content of 5%, hot pressing temperature of 160 °C,and hot pressing time of 10 minutes.
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Tab.1 Table of factors and corresponding levels

Factor
Level -
Al% B/% C/°C D/min
1 55 3 140 10
2 60 5 150 12
3 65 7 160 14

1.4 XEHE
B 1A A SR e R4 G B R ) A A2, #
R 3 2% S 5 J5 ok B 1k 60 H ~80 H (180 ~250
- ApSmE =

Crushing camellia oleifera shells
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Fig. 1 Preparation process of wood-plastic composite materials of high-filled camellia oleifera shells
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Tab.2 Proportion of wood—plastic composite materials of high—filled camellia oleifera shells with different plastic components

Specimen code  Camellia oleifera shell powder/% PP/%  PE-HD/% PE-LD/% PE-LLD/% MAPE/% Additive/%
PP 50 44 / / / 3 3
PP/PE-LD 50 22 / 22 / 3 3
PP/PE-LLD 50 22 / / 22 3 3
PE-HD 50 / 44 / / 3 3
PE-HD/PE-LD 50 / 22 22 / 3 3
PE-HD/PE-LLD 50 / 22 / 22 3 3

Note: The additives are mixed in a mass ratio of 1.5:1:0.5, consisting of talcum powder, polyethylene wax , and antioxidant 1010.
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Fig. 2 Flexural properties of different plastic based composites
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Fig. 4 TImpact strength of different plastic based composites
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Tab.3 Results of orthogonal experiment L, (3*) on Camellia oleifera shell powder/PE-HD composite materials

. Flexural strength/MPa Flexural modulus/MPa Tensile strength/MPa  Impact strength/(kJ - m )
No Al% Bl%  C/°C  D/min
| 1 I | 1 I | 1 I | I
1 55 3 140 10 29.65 2847 30.03 1760 1721 1799 14.69 1446 1406 3.25 392 5.06
2 55 5 150 12 31.03 31 3085 1550 1722 1609 16.07 17.31 15.25 4.1 417 393
3 55 7 160 14 34.03 32.25 34 1771 1691 1595 18.05 17.58 17.51 4.27 483 455
4 60 3 150 14 274 2797 3093 1825 1742 1962 6.81 9.29 10.6 3.08 238 274
5 60 5 160 10 30.63 32,13 2694 1843 2006 1619 13.63 14.05 1398 3.53 3.64 271
6 60 7] 140 12 27.64 279 2713 1729 1943 1723 1518 1531 1192 3.02 32 2.96
7 65 3 160 12 23.8 23.07 2392 1832 1863 1871 1436 1252 1399 2.06 298 249
8 65 5 140 14 29.62 31.16 2824 2005 1813 2153 11.27 1043 124 3.18 3.08 435
9 65 7 150 10 29.27 3366 3027 1780 2107 2172 1586 15.07 12.49 2.7 2.71 3.26
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Tab.4 Analysis of range and variance of mechanical properties of camellia oleifera shell powder/PE-HD composites

Evaluation index A B C D
k, 31.257 27.249 28.871 30.117
k, 28.741 30.178 30.264 27.371
. k, 28.112 30.683 28.974 30.622
Range analysis :
R 3.144 3.434 1.393 3.251
Flexural strength
Better level A, B, C, D;,
Primary and secondary factor 3 1 4 2
. . F 11.086 13.768 2.413 12.256
Variance analysis L.
Significance it it .
k, 1690.889 1819.444 1849.556 1867.444
k, 1821.333 1813.333 1829.889 1760.222
. k, 1955.111 1834.556 1787.889 1839.667
Range analysis
R 264.222 21.222 61.667 107.222
Flexural modulus
Better level A, B, (G D,
Primary and secondary factor 1 4 3 2
. . F 9.043 0.062 0.514 1.604
Variance analysis o
Significance ool
k, 16.109 12.309 13.302 14.254
k, 12.308 13.821 13.194 14.657
. k, 13.154 15.441 15.074 12.660
Range analysis :
. R 3.801 3.132 1.880 1.997
Tensile strength
Better level A, B, C, D,
Primary and secondary factor 1 2 4 3
. . F 23.478 14.466 6.570 6.574
Variance analysis L
Slgnlﬁcance sokck skkok skokok skkok
k, 4231 3.107 3.558 3.420
k, 3.029 3.632 3.230 3.212
. k, 2.979 3.500 3.451 3.607
Range analysis
R 1.252 0.526 0.328 0.394
Impact strength
Better level 4, B, (G D,
Primary and secondary factor 1 2 4 3
. . F 19.020 2.828 1.058 1.473
Variance analysis o
Significance ool &

Notes: F,,(2,18)=2.62,F, (2,18)=3.55,F,, (2,18)=6.01; “***” shows extremely significant difference, “**” shows relatively significant differ-
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ence, “*” shows significant difference.
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