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Abstract

Experimental design is the revealing of statistical relationship between parameters of experiment and
responses, which leads to finding the optimal parameters of experiment. Box—Behnken experimental
design and response surface methodology were applied to investigate the effects of temperature, pressing time
and density on properties of rubberwood flour/high density polyethylene composites as well as to optimize
manufacturing parameters of the composites. From the experiment, it was found that temperature, pressing
time and density significantly affected modulus of rupture, modulus of elasticity, tensile strength, tensile
modulus and water absorption. With increasing the temperature, pressing time and density resulted
in increasing of flexural and tensile properties but decreasing of water absorption, whereas when the
temperature is over 195°C, modulus of rupture, tensile strength and tensile modulus slowly reduced. And, when
the pressing time is over 11 min, modulus of elasticity and tensile modulus also decreased clearly.
Furthermore, regression models fitted of the modulus of rupture, modulus of elasticity, tensile strength, tensile
modulus and water absorption were used to optimize the manufacturing parameters of the composites. The
optimal parameters found were the temperature 197°C, pressing time 13 min and density 1.0 g/cm’. Likewise,
the composites manufactured by these parameters having the different property from the model prediction is

not over 3.78%.

Keywords: Wood—Plastic Composites, Rubberwood Flour, Response Surface Methodology, Hot Compression

Please cite this article in press as: C. Homkhiew, W. Boonchouytan, S. Rawangwong, and T. Ratanawilai, “Optimal manufacturing
parameters of rubberwood flour/high density polyethylene composites using Box—Behnken design,” The Journal of KMUTNB., vol. 27,
no. 2, pp. 315-328, Apr.—Jun. 2017 (in Thai).
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Run Variable Factors Flexural Properties Tensile Properties
No. | Temperature |  Pressing Density MOR MOE (GPa) | TS (MPa) TM (MPa) WA (%)
Time (MPa)

1 190 10 0.9 29.8 1.56 17.3 148.4 1.46
2 190 5 0.8 27.4 1.40 17.5 136.5 1.56
3 200 10 1.0 31.3 1.69 18.7 150.2 1.36
4 190 10 0.9 30.0 1.61 17.3 143.7 1.48
5 200 10 0.8 28.4 1.59 16.3 139.3 1.53
6 190 15 0.8 28.3 1.48 18.7 138.5 1.49
7 190 5 1.0 30.9 1.49 18.6 141.2 1.45
8 200 15 0.9 30.3 1.54 18.1 148.9 1.44
9 180 15 0.9 26.5 1.41 15.8 133.4 1.54
10 180 5 0.9 24.7 1.35 14.4 131.6 1.62
11 200 5 0.9 27.9 1.42 17.6 137.4 1.52
12 180 10 0.8 23.1 1.49 13.8 1325 1.66
13 190 15 1.0 32.6 1.61 19.5 146.7 1.41
14 190 10 0.9 30.6 1.60 17.8 146.3 1.49
15 180 10 1.0 27.6 1.56 15.6 138.9 1.48

#u18Ag: MOR @a Modulus of Rupture (A213u93u596a) MOE #a Modulus of Elasticity (saqaan1sda) TS

fio Tensile Strength (ANWLTIUTIAI) TM @a Tensile Modulus (waqaan13ds) WA fie Water Absorption (n13gadiuiin)
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MOR MOE TS ™ WA
Source F—value | P—value | F—value | P—value | F—value | P—value | F-value | P—value | F-value | P—value
Model 4242 | 00003* | 3761 | 0.0005* | 2465 | 0.0013* | 1509 | 0.0040* | 21.62 | <0.0001*

X! 13483 | <0.0001* | 6163 | 0.0005* | 9232 | 0.0002* | 51.09 | 0.0008* | 23.17 [ 0.0005*
2 2435 | 00043* | 48.13 | 00010% | 1199 [ 0.0180* | 1424 [ 0.0130* | 834 | 0.0148*
X 121.69 | 0.0001* | 5070 | 0.0008* | 27.88 | 0.0032* | 3001 | 0.0028* | 3336 | 0.0001*
X, 038 | 05650 | 240 | 01820 | 121 | 03208 | 619 | 0.0553 - -
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X%, 0.67 | 04490 | 107 | 03490 | 013 | 07285 | 081 | 04104 - -
X2 9659 | 0.0002* | 1294 | 0.0156* | 6649 | 0.0005* | 1886 | 0.0074* - -
X 132 | 03020 | 15078 | <0.0001* | 12.17 | 0.0175* | 1482 | 0.0120* - -
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LackofFit | 1.62 | 04044 | 023 | 08725 | 267 | 02842 | 048 | 07315 | 550 | 01632
R (%) 98.71 98.54 97.80 96.45 85.50
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Model 93.43 <0.0001* 49.18 <0.0001* 39.61 <0.0001%* 14.51 0.0004* 21.62 <0.0001%*
X 133.77 | <0.0001* 54.38 <0.0001* 84.23 <0.0001* 29.60 0.0004* 23.17 0.0005*
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P - - 7.18 0.0279* - - - - - -
Lack of Fit 1.48 0.4654 0.48 0.7965 2.54 0.3119 1.23 0.5174 5.50 0.1632
R (%) 97.39 97.36 95.65 88.97 85.50
Adj—R? (%) 96.35 95.38 93.24 82.84 81.55
Pred—R? (%) 93.85 91.34 87.31 68.42 71.36
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