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Investigation of the physical and mechanical properties of Wood plastic
composites based on high density polyethylene/ polypropylene/recycled poly
(ethylene terephthalate): part I, Constrained Optimization
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Keywords Abstract

Constrained optimization The purpose of this study is determination of the optimal process parameters such as recycled PET (RP),
HDPE/rPET/wood composites compatibilizer (COM), and wood flour (W) in HDPE/rPET/wood composites to maximize specified strength (the
Response surface methodology ratio of tensile strength to density) by consideration of water absorption (WA), tensile modulus (M), and impact
Genetic algorithm energy (IE) as the constraints. In this regards, the wood composites samples were prepared with various contents of

rPET (0, 15, 25, and 35 phr), MAPE as a compatibilizer (4, 8, and 12 phr), and wood flour (30 and 40 % wt.). The
experimental tests were carried out to determine tensile strength (TS), tensile modulus, impact energy (IM), density
(p), and water absorption (WA). Response surface methodology (RSM) was used to create the mathematical models
between input parameters (RP, COM, W) and responses (TS, p, WA, M, and IE). The analysis of variance (ANOVA)
was done to determine the significance of the model and each input parameter. Genetic algorithm (GA) code was
performed to determine optimum condition. Specific strength formed the main function for GA, and water
absorption, tensile modulus, and impact energy constituted the constraints of the function.
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Table2 The composition of PP/HDPE/rPET/wood composites

W (%wt) COM (phr) RPN, s
30 4 0 1
30 4 15 2
30 4 25 3
30 4 35 4
40 4 0 5
40 4 15 6
40 4 25 7
40 4 35 8
30 8 0 9
30 8 15 10
30 8 25 11
30 8 35 12
40 8 0 13
40 8 15 14
40 8 25 15
40 8 35 16
30 12 0 17
30 12 15 18
30 12 25 19
30 12 35 20
40 12 0 21
40 12 15 22
40 12 25 23
40 12 35 24

PP/HDPE/PET aiej b Serdly wooz sbodisas 55, boygasl qli 3 Joue
Table 3 The results of experimental tests on PP/HDPE/rPET composite
samples

EQ)  MMP)  TS(MPa)  WA(%)  pkaim) |
2.43 2450 23 057 1056 1
2.3 2660 22 0.6 1093 2
221 2870 25 0.62 1121 3
2.1 3250 24 0.75 1140 4
232 2510 22 0.78 1078 5
2.19 2730 215 0.8 1102 6
2 3040 235 0.86 1135 7
18 3340 23 0.9 1158 8
2.58 2590 25 05 1067 9
2.65 2980 29 0.52 1099 10
2.49 3760 305 0.55 1138 11
2.46 3920 30 0.58 1152 12
2.46 2680 245 0.65 1097 13
2.38 3790 29 0.67 1114 14
2.3 3790 29 0.69 1146 15
219 4100 28 0.7 1167 16
2.8 2690 255 0.47 1074 17
2.9 3210 28 0.46 1108 18
25 3760 31 0.49 1149 19
21 3900 295 0.52 1165 20
27 2810 24 0.62 1110 21
2.6 3440 27 0.64 1129 22
23 3900 30 0.66 1167 23
2 4050 28 0.68 1190 24
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Table 1 The level of parameters
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! Maleic anhydride graft-polyethylene (MAPE)
2 Maleic anhydride graft- polypropylene (MAPP)
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Table 5 ANOVA for water absorption

LA P lade Folde  8le  ggomme  azn il
(%) Sluye  Olupe ol
96.66 <0.0001 107.5 0.054 0.32 6 Joe
7.78 <0.0001 52.71 0.027 0.027 1 RP
33.02 <0.0001 212.58 0.11 0.11 1 COM
51.21 <0.0001 337.66 0.17 0.17 1 W

R?=0.9743 R? adjusted=0.9653 R? predicted=0.9489

Gl o g i 1y (o2sS el (gl (ile)ls 5T @l 6 Jpor
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Table 6 ANOVA for tensile strength

J)L.ua P )LA.E.A F )LA.E.A u‘S‘L“" oo a0 r.al)b
(%) Slupe  Slue gl
90.56 <0.0001 30.74 31.89 191.36 6 Je
18.76 <0.0001 39.80 41.29 41.29 1 RP
41.99 <0.0001 86.62 89.85 89.85 1 COM
3.49 0.0079 9.04 9.38 9.38 1 W
R?=0.9156 R? adjusted=0.8858 R? predicted=0.8332
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oo » strg BB 56 073% 8 lie wops LW el asboe
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—o0ls &l s 95% Sgax wilgh o Jow aS el ol saies )L 0.9509 L
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olid ol 2,15 0.9373 L Lyl R2 adjusted | Jyise ¢, 5500 0.9139 L

WA = 0.59 + 0.0454 — 0.082B + 0.084C (3)
—0.022A4.B + 0..0224?
—0.044B2

TS =2837+1.784+ 2.38B — 0.63C + 0.79A.B (4)
— 1.134% — 2.44B?

M = 3322.72 + 591.894 + 298.38B + 60.42C (5)

+ 118.984.B — 201.87B%

IE = 245 —-0.244 + 0.16B — 0.087C — 0.071A.B (6)

— 0.144%
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RZ R? Jais 4 Jsazr bl 2 i)ls JB2 5 s JB 53l Koo
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0.9704 L 5l R? Jlaie .l o b plp RZ (6l Jlowsl oo .ol e
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Table 4 ANOVA for density

eSlee P lade PRI Eyome Az mlly
(%) Foclyys Sluye ol
96.75 <0.0001  218.65  9449.43  28348.30 5 Joe
79.78 <0.0001 541.34 23394.86 23394.86 1 RP
9.04 <0.0001 63.17 2730.06 2730.06 1 coM
7.31 <0.0001 51.45 2223.37 2223.37 1 w

R?=0.9704 R? adjusted=0.9660 R? predicted=0.9582

2o ol 1y Ol iz ol sl ills 5T @l B Jsor
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-Conl L 51.21% 5 )lie oo, LW el )l .ol oo 0.05 1 yiaS Ll
L el 33.02% oS ,lie aoye L COM pal)l 5 009 yialyls )5
2 strs B 3 7.78% =S s ao s LRP el b asbics (as
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objective: min constrained_c* = —Tf + €D
W {1 if WA(RP; COM; W) = 0.65
0if WA(RP; COM; W) < 0.65
W {1 if WA(RP; COM; W) < 3600
0if WA(RP; COM; W) = 3600
W {1 L'f WA(RP; COM; W) < 2.5
0if WA(RP; COM; W) = 2.5
GA by g3l ainge-4-3
MATLAB 38l 0 5 5 S5 05550 o5 (g b (s5lmwainge 2] 2
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Table 7 ANOVA for tensile modulus
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94.54 <0.0001 69.71 6525000 5 Joe
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Table 8 ANOVA for impact energy
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Fig. 1 The architecture of the proposed constrained GA for mechanical properties
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Table 9 Optimum parameters
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