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Strength analysis and extrusion process optimization of wood-plastic

composite by response surface method
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Abstract: WF/HDPE composites were prepared by melt extrusion with poplar fiber (WF) as reinforcing material,
high density polyethylene (HDPE) as matrix and maleic anhydride grafted polyethylene (MAPE) as coupling agent.
The addition amount of WF, the addition amount of coupling agent and the extrusion temperature were selected as
independent variables, and the impact strength, bending strength and tensile strength of the specimen were selec-
ted as the response value. The experiment was designed by Box-Behnken Design method and the secondary math-
ematical model of mechanical strength of WE/HDPE composites was established by the response surface method to
optimize the extrusion process of the composites. The results show that the optimum levels of WF addition, MAPE
addition and extrusion temperature are 47.37wt%, 4.23wt% and 173.69°C, respectively. The corresponding
impact strength, bending strength and tensile strength of WF/HDPE composite are 4.06 kJ-m™, 43.79 MPa and
28.59 MPa. The error between the predicted value of the model and the measured value is less than 5%, which well

reflects the relationship between the mechanical properties and the factors of extrusion process of the WF/HDPE
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composites.
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Fig.2 Thermo gravimetric curves of WF/HDPE composites
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Table1 Response surface factor horizontal design

Mass fraction of ~ Temperature/ Mass fraction of

Level  \vr wto C MAPE/wt%
-1 40 165 2
0 50 172.5 4
1 60 180 6

Note: MAPE—Maleic anhydride grafted polyethylene.
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Table 2 Design and test results of each factor
Number Mass fraction Temperature/  Mass fraction Mass fraction Impact strength / Bending Tensile
of WE/wt% C of MAPE/wt%  of HDPE/wt%  (kJ-m™) strength/MPa  strength/MPa
1 50 172.5 4 46 3.95(0.20)* 44.13(0.41) 28.63(0.28)
2 50 172.5 4 46 3.64(0.34) 43.12(0.28) 28.32(0.35)
3 60 172.5 2 38 2.89(0.19) 41.26(1.07) 24.83(0.34)
4 60 180 4 36 3.11(0.16) 42.03(0.79) 25.32(0.41)
5 40 165 4 56 4.56(0.10) 38.67(1.39) 26.32(0.77)
6 50 165 2 48 3.36(0.37) 41.75(0.31) 28.13(0.49)
7 40 1725 6 54 4.33(0.14) 37.97(0.55) 26.59(0.47)
8 50 172.5 4 46 3.87(0.34) 42.98(0.58) 28.42(0.26)
9 50 180 2 48 3.12(0.17) 40.84(0.67) 27.93(0.30)
10 50 180 6 a4 3.40(0.28) 42.39(1.34) 28.21(0.32)
11 50 165 6 44 3.21(0.13) 41.77(0.31) 28.3(0.39)
12 40 1725 2 58 4.22(0.17) 37.42(1.25) 26.51(0.74)
13 60 165 4 36 3.08(0.35) 40.91(0.48) 25.36(0.73)
14 60 172.5 6 34 3.01(0.24) 41.39(0.41) 25.67(0.73)
15 50 172.5 4 46 4.03(0.14) 44.36(0.87) 29.03(0.90)
16 40 180 4 56 4.87(0.36) 38.69(1.29) 26.89(0.47)
17 50 172.5 4 46 3.72(0.24) 43.27(1.14) 28.47(0.62)
Note: *—Standard deviation.
%3 WF/HDPE £ & #Hui 2 B L3 iR
Table 3 Regression analysis results for impact strength of WF/HDPE composites
Source Sum of square Degree of freedom Mean square Fvalue Pvalue
Model 5.44 9 0.6 25.31 0.0002
A-WF 4.34 1 4.34 181.49 <0.0001
B-Temperature 0.011 1 0.011 0.44 0.5284
C-MAPE 0.016 1 0.016 0.68 0.4374
AB 0.02 1 0.02 0.82 0.3952
AC 0.000025 1 0.000025 0.00105 0.9751
BC 0.046 1 0.046 1.93 0.2069
A 0.17 1 0.17 7.15 0.0318
B 0.081 1 0.081 3.38 0.1086
c 0.78 1 0.78 32.73 0.0007
Residual 0.17 7 0.024 — —
Lack of fit 0.064 3 0.021 0.82 0.546
Pure error 0.1 4 0.026 — —
Total 5.61 16 R*=0.9702 R,4°=0.9319 R,*=0.7893

Notes: F—Variance test; P—Significance test; R*—Coefficient of determination; Rade—Adjusted determination coefficient; R

determination coefficient.
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Table 4 Regression analysis results for bending strength of WF/HDPE composites
Source Sum of square Degree of freedom Mean square Fvalue Pvalue
Model 67.45 9 7.49 22.95 0.0002
A-WF 20.61 1 20.61 63.11 <0.0001
B-Temperature 0.09 1 0.09 0.28 0.6152
C-MAPE 0.63 1 0.63 1.94 0.2065
AB 0.3 1 0.3 0.93 0.3679
AC 0.044 1 0.044 0.14 0.7241
BC 0.59 1 0.59 1.79 0.2225
A? 33.89 1 33.89 103.8 <0.0001
B 1.83 1 1.83 5.61 0.0497
c 6.32 1 6.32 19.34 0.0032
Residual 2.29 7 0.33 — —
Lack of fit 0.71 3 0.24 0.6 0.6495
Pure error 1.58 4 0.39 — —
Total 69.74 16 R*=0.9726 Raq’=0.9251 Ry,’=0.8023
&5 WF/HDPE £ M HEHIARENEMEEESTER
Table 5 Regression analysis results for tensile strength of WF/HDPE composites
Source Sum of square Degree of freedom Mean square Fvalue Pvalue
Model 29.53 9 3.28 54.38 <0.0001
A-WF 3.29 1 3.29 54.52 0.0002
B-Temperature 0.0072 1 0.0072 0.12 0.7399
C-MAPE 0.23 1 0.23 3.89 0.0893
AB 0.093 1 0.093 1.54 0.2544
AC 0.14 1 0.14 2.39 0.1658
BC 0.003025 1 0.003025 0.05 0.8292
A? 24.7 1 24.7 409.32 <0.0001
B 0.14 1 0.14 2.25 0.1774
c 0.27 1 0.27 4.43 0.0733
Residual 0.42 7 0.06 — —
Lack of fit 0.11 3 0.037 0.48 0.712
Pure error 0.31 4 0.078 — —
Total 29.96 16 R*=0.9859 R,q"=0.9678 Ry,’=0.9239
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