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Optimal Composition on Surface Roughness of Wood-Plastic Composites Using

Mixture Design and Response Surface Methodology
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Abstract
Mixture design and response surface methodology (RSM) were used to design and predict the optimal formulation
of wood-plastic composites. The results show that the recycled high density polyethylene (rHDPE) and rubberwood

sawdust (RWS) significantly affected on all of the properties for composite materials. Additionally, the contour plot and
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overlay plot showed the optimal prediction of regression model for all of the responses. The optimal formulation was 55.0

wt% rHDPE, 35.0 wt% RWS, and 6.0 wt% TC, and the constant of MAPE and WAX were 3.0 wt% and 1.0 wt% with

desirability of 93.60%. To confirm the validity of the experimental and the response values, the comparison of the responses

from the prediction and the actual experiment was investigated. The experimental results were found to be in a good

agreement between the predicted and observed results from RSM within a 1.25% error with highest standard deviation of

1.24 from thickness swelling testing, respectively.

Keywords: Mixture design, Rubberwood sawdust, Talcum, Surface roughness, Water absorption
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rHDPE (X,) 45.0 <X,<55.0[5],[13]
RWS (X)) 35.0<X,<45.0[10],[14]
TC (X,) 5.0<X,<10.0[14]
MAPE (X,) 3.0 [10],[11],[20]

WAX (X,) 1.0 [10],[11],[20]
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Run Mixture Components fractions (wt%)

Before WA

After WA WA TS

X, X, X; X, X, Ra(um) Rz(um) Ra(@um) Rz (pm) (%) (%)
1 50.9 35.1 10.0 3.0 1.0 1.14 3.41 2.52 7.16 5.10 2.22
2 53.1 37.9 5.0 3.0 1.0 1.06 3.20 2.39 7.36 4.96 2.19
3 49.8 39.5 6.7 3.0 1.0 1.36 4.08 3.16 9.87 6.43 3.59
4 55.0 35.0 6.0 3.0 1.0 0.99 2.98 2.10 6.36 4.78 1.89
5* 50.9 35.1 10.0 3.0 1.0 1.10 3.29 242 7.55 5.12 2.30
6 50.3 37.9 7.8 3.0 1.0 1.11 3.35 2.49 7.78 5.34 2.37
7 45.0 45.0 6.0 3.0 1.0 1.42 4.29 3.12 11.75 8.71 5.85
8* 45.0 45.0 6.0 3.0 1.0 1.41 422 3.10 10.68 8.69 5.80
9% 55.0 35.0 6.0 3.0 1.0 0.98 2.84 2.12 5.61 4.87 2.02
10* 498 39.5 6.7 3.0 1.0 1.18 3.52 2.70 8.42 5.56 2.71
11 47.8 432 5.0 3.0 1.0 1.28 3.84 2.98 9.34 7.01 4.19
12 45.0 41.0 10.0 3.0 1.0 1.33 4.03 2.84 9.02 6.89 4.03
13* 450 41.0 10.0 3.0 1.0 1.32 4.01 3.00 9.36 6.88 4.06
14 47.6 38.4 10.0 3.0 1.0 1.27 3.85 2.79 8.52 5.33 2.40
15 52.9 35.0 8.1 3.0 1.0 1.07 3.24 2.35 7.34 495 2.06
16 50.3 40.7 5.0 3.0 1.0 1.13 3.45 2.70 8.57 6.67 3.81

HewN: * fio Lack-of-fit ¥93IN13NANDI
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2

Response Fitted model ~ Sequential  Lack-of-fit R Adj-R’ Pred-R°  C.V. (%)
P-value P-value
Ra Before WA Linear <0.0001*  0.6385 0.8778 0.8590 0.8476 4.56
Rz Before WA Linear <0.0001*  0.7763 0.8897 0.8727 0.8618 446
RaAfter WA Linear <0.0001*  0.5659 0.8305 0.8045 0.7825 5.74
Rz After WA Linear <0.0001*  0.5822 0.8694 0.8493 0.8059 3.30
WA Quadratic 0.0319* 0.2388 0.9552 0.9328 0.8987 5.54
TS Quadratic 0.0424* 0.2307 0.9526 0.9290 0.8946 3.79

WRBINA: * A1 P-value 110801 0.05 nuneds aAnuiiifodniy
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= v A U

AMIATAANTZLN TN 38 VN 4 FUNAN 2564

ihigUnuusiaesiinzay fe nuniFuduns #a
DT Ia09 2 fuﬁﬁwﬁﬂﬁﬁtyﬁ'aﬂﬂ’h 0.05 (P < 0.05)
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AUN50ANEERLARIAINFUWNYTE a1 Ra uaz
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MINFUNHUS TN UFAITUNITN (1) Lag (2):

Ra Before WA (¥) =-0.06X7+ 0.03X>+ 0.02X5 (1)
Rz Before WA (Y) =-0.12X7+ 0.11X>+4 0.08X5 (2)
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A tHDPE
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B: RWS c:TC
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(M)

Prediction

46.000 45.000 16.000
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NOYUNEEATIEIUMIHANNININS AN LAAIAIAUMTN

(3) uag (4):

Ra After WA (¥) =-0.02X; + 0.08Xz + 0.04X5 (3)
Rz After WA (¥) = -0.11.X; + 0.34X2+ 0.06Xs (4)
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y a L4 o 1
M3190 4 Msanszianuulslsiu (ANOVA) "’IJENEI]LHJ‘Uﬁnaf]ﬁlﬂil!@mZﬂ'lﬁ@]ﬂUﬁu@\i

Source P-value

Ra Before Rz Before Ra After Rz After WA TS

WA WA WA WA

Model <0.0001* <0.0001* <0.0001* <0.0001%* <0.0001* <0.0001*
Linear Mixture <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
X, X, - - - 0.0100* 0.0115%*
X, X - - - 0.6910 0.9065
X, X; - - - 0.8632 0.6870

Y

WHEIA: * A1 P-value 108N 0.05 0T ANUT

gAYy

y a L4 o 1
M3199 5 M3AATILHANU5159U (ANOVA) veamsaagduuuiiasd (Reduced Model) ¥0UAasMIndUA LD

Source P-value
Ra Before Rz Before Ra After Rz After WA TS
WA WA WA WA
Model <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
Linear Mixture <0.0001* <0.0001* <0.0001* <0.0001%* <0.0001* <0.0001*
X X - - - 0.0042* 0.0057*
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WINAIHQ: * A1 P-value 10811 0.05 HIEDI AT
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Properties Mixture components fractions (wt%) Predicted responses Desirability
X, X, X; X, X;
Ra Before WA (pum) 55.0 35.0 6.0 3.0 1.0 0.99 0.974
Rz Before WA (um) 55.0 35.0 6.0 3.0 1.0 2.96 0.920
Ra After WA (um) 54.4 35.0 6.6 3.0 1.0 2.22 0.889
Rz After WA (um) 55.0 35.6 5.4 3.0 1.0 6.41 0.871
WA (%) 55.0 36.0 5.0 3.0 1.0 4.82 0.989
TS (%) 55.0 35.0 6.0 3.0 1.0 1.97 0.979

M519N 7 Sandumauizaus wWiuveInnantia waneuaueti ldnnmshute tazminaaedas

Properties Mixture components fractions (wt%) Predicted responses Observed
X, X, X, X,
Ra Before WA (um) 0.99 1.01 (0.34)*
Rz Before WA (um) 2.96 2.94 (0.08)
Ra After WA (um) 55.0 35.0 6.0 3.0 1.0 222 2.24(0.61)
Rz After WA (um) 6.41 6.40 (0.26)
WA (%) 4.82 4.87(0.75)
TS (%) 1.97 1.95(1.24)
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