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Effect of Density and Mixing Ratio of Mandarin Peels on The Bending
Performance of Sawdust-Mandarin Peels Particleboards'
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ABSTRACT

This study was carried out to estimate the effects of density and mixing ratio of mandarin peels on the bending
performances of the sawdust-mandarin peels particle boards. The board density influenced significantly to the bending
performance of boards. Dynamic modulus of elasticity (AIMOE) and static modulus of elasticity (SMOE) and modulus
of rupture (MOR) of particle boards decreased with an increase in the mixing ratio of mandarin peels at the board den-
sities of 0.4 g/cm® and 0.5 g/cm’. High correlations were found between the dMOE and sMOE, and dMOE and MOR
of particle boards prepared. Therefore, it was concluded that the dMOE obtained by free vibration test using resonance
frequency could be used for predicting the SMOE and MOR of sawdust-mandarin peels particle boards.
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Table 1. Properties of particle boards made at different density and mixing rate of mandarin peels (f: resonant
frequency, dMOE: dynamic modulus of elasticity, SMOE: static modulus of elasticity, MOR: modulus of
rupture)

Mixing rate of Target density Average density f dMOE sMOE MOR
mandarin peels (%) (g/em’) (g/em’) (Hz) (MPa) (MPa) (Mpa)
04 0.42 240.00 443.24 208.36 297

’ (0.02) (16.30) (77.58) (38.52) (0.59)

10 05 0.49 254.00 572.20 239.57 3.65
’ (0.01) (11.31) (62.94) (26.02) (0.39)

06 0.61 325.20 1162.78 487.56 3.49

’ (0.01) (5.43) (51.68) (29.28) (0.49)

04 0.42 212.20 349.19 155.32 1.96

’ (0.01) (13.08) (47.84) (22.72) (0.36)

20 05 0.50 238.40 527.91 206.38 3.30
’ (0.01) (11.92) (65.84) (25.80) 0.47)

0.6 0.62 323.89 1164.51 446.18 6.62

’ (0.01) (11.45) (89.94) (29.26) (0.54)

04 0.43 185.20 269.85 115.25 1.56

’ (0.02) (17.31) (58.86) (25.52) (0.38)

30 05 0.49 204.00 388.94 159.07 2.42
’ (0.02) (30.17) (125.19) (68.26) (0.79)

06 0.61 345.60 1327.28 459.95 5.68

’ (0.02) (15.99) (158.03) (40.29) (0.40)

04 0.42 165.00 214.47 94.09 1.30

’ (0.01) (8.96) (24.77) (10.00) (0.15)

40 05 0.53 252.20 625.85 274.02 3.49
’ (0.01) (15.62) (81.39) (37.12) (0.64)

06 0.62 325.20 1206.33 440.15 5.38

’ (0.02) (15.75) (143.05) (44.93) (0.49)

Notes: Numbers in parenthesis are standard deviations
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%, he= AIHES F7olth ZREO] ARUEL 0.01~0.02 glem’e] AX}E U
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Table 2. Regression models density and mechanical properties of the sawdust-mandarin peels particle boards
(dMOE: dynamic modulus of elasticity, SMOE: static modulus of elasticity, MOR: modulus of rupture)

Mixing rate of Density

Properties mandarin peels (%) (/om’) Equation R?

10 0.4 y = 3858.2x - 1161.6 0.9419

0.5 y = 4112.7x — 14489 0.6848

0.6 y = 5115x - 1946.3 0.7286

20 0.4 y = 2489%x - 703.27 0.3865

0.5 y = 36542x - 1284 0.6749

JMOE 0.6 y = 5792.7x — 2414.9 0.3769
30 0.4 y = 2818.8x — 974.99 0.88

0.5 y = 4243x - 1704.9 0.3501

0.6 y = 6512.4x - 2620.1 0.8095

40 0.4 y = 1836.6x — 563.33 0.29

0.5 y = 5946.6x — 2553.4 0.5105

0.6 y = 7813.9x - 3664 0.793

10 0.4 y = 1926.2x - 592.82 0.9523

0.5 y = 1675x — 583.68 0.6645

0.6 y = 2859.3x - 12504 0.7093

20 0.4 y = 898.46x — 224.59 0.2234

0.5 y = 1441.5x - 508.57 0.684

MOE 0.6 y = 2115.3x - 860.94 0.4749
30 0.4 y = 1236.9x — 420.8 0.8681

0.5 y = 1711.6x - 685.6 0.1917

0.6 y = 1022.3x - 159.7 0.3069

40 0.4 y = 796.74x - 243.32 0.3345

0.5 y = 2589.4x - 1110.4 0.4654

0.6 y = 589.27x + 72.858 0.0457

10 0.4 y = 27.386x — 8.4219 0.8162

0.5 y = 24.234x - 8.2569 0.6111

0.6 y = 52.543x - 24.24 0.8408

20 0.4 y = 11.514x - 2.9059 0.147

0.5 y = 17.575x - 5.4176 0.3053

MOR 0.6 y = 40.808x — 18.598 0.5203
30 0.4 y = 17.763x - 6.0171 0.7974

0.5 y = 23.478x - 9.1698 0.2703

0.6 y = 7.3615x + 1.2171 0.1655

40 0.4 y = 10.261x - 3.0414 0.2343

0.5 y = 37.435x - 16.525 0.3266

0.6 y = 7.5221x + 0.6939 0.0616

Note: The model is of the form: y = ax + b.
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Fig. 1. Relation between density and mechanical properties of the sawdust and mandarin peels particle boards
(a: relation between density and dynamic modulus of elasticity (AMOE), b: relation between density and static
modulus of elasticity (SMOE), c: relation between density and modulus of rupture (MOR)).
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Fig. 2. The mechanical properties of the sawdust and mandarin peels particle boards (a: the dynamic modulus
of elasticity (IMOE), b: the static modulus of elasticity (sMOE), c: the modulus of rupture (MOR)).
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Fig. 3. Relation between dynamic modulus of elasticity (IMOE) and static modulus of elasticity (SMOE) (a)
and the relation between dynamic modulus of elasticity (dIMOE) and modulus of rupture (MOR) (b) for the

sawdust and mandarin peels particle boards.
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Table 3. Regression models between dynamic modulus of elasticity ({IMOE) and static modulus of elasticity
(sMOE) and dynamic modulus of elasticity (dIMOE) and modulus of rupture (MOR) for the sawdust and man-

darin peels particle boards

Properties ]()gf;:;t,}; m;::;:;?f 1;::3 0(12 %) Equation R?

0.4 10 y = 0.4949x - 10.98 0.9934

20 y = 0.4533x - 2.964 09112

30 y = 0.4323x - 1.3992 0.994

40 ¥ = 0.3926x + 9.8948 0.9444

0.5 10 y = 04101x + 4.913 0.9837

dMOE 20 y = 03739 + 9.0098 0.945
SNV[;)E 30 y = 0.533x - 48.253 0.9559
40 y = 0.4515x - 8.5497 0.9802

0.6 10 y = 0.5294x - 128 0.8731

20 y = 03018 + 94.76 0.8605

30 y = 0.1441x + 268.74 03193

40 y = -0.0491x + 499.44 0.0245

0.4 10 y = 0.0072x - 0.2433 0.9034

20 y = 0.0064x — 0.2883 0.7386

30 y = 0.0062x - 0.1263 0.9537

40 y = 0.0055x + 0.1198 0.789

0.5 10 y = 0.006x + 0.2009 0.9349

dMOE 20 y = 0.0044x + 0.9887 0.3746
MVSR 30 ¥ = 0.0062x — 0.0094 0.9806
40 y = 0.0074x - 1.1712 0.8953

0.6 10 y = 0.0078x - 1.3869 0.6676

20 y = 0.0043x + 1.6619 0.5039

30 y = 0.0009x + 4.4484 0.1376

40 y = -0.0006x + 6.1155 0.0309

Note: The model is of the form: y = ax + b
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