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1.1  

  

        

      

 

   

  2513 – 2520  

 132   

 

   [1]  

   

  

 (recyclable plastics) 

 (biodegradable plastics)  

    (poly(lactic acid), PLA)   

PLA 

 (renewable resource)     PLA 

  PLA 

  

  PLA  

PLA  
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 (HDPE)   EPDM  

  

 (chemical foaming agent) 

 (PLA)     (PBAT)   

  

   

    

    

 (morphology)   

 

1.2   

1.2.1 

1.2.2 



3 

1.2.3 

 

1.3   

 1.3.1   2   

 (HDPE)  EPDM    (PLA) 

   (PBAT)   200 

mesh    Vinyltriethoxysilane (VTES)  HDPE  3-

Aminopropyl triethoxysilane (APS)  PLA 

 1.3.2   Vinyltriethoxysilane (VTES) 

 (HDPE)  EPDM 

 3-Aminopropyltriethoxysilane (APS) 

(PLA)    (PBAT) 

 1.3.3  (Chemical foaming agent, CFA)   

Azodicarbonamide   0.5-2.0 phr 

 1.3.4   (HDPE)  EPDM 

 Twin-screw extruder  

 Vinyltriethoxysilane (VTES)  CFA  

Twin-screw extruder 

 

1.3.5  (PLA)     (PBAT) 

 3-Aminopropyltriethoxysilane (APS) CFA 

 Twin-screw extruder 



4 

 1.3.6   2 

 

1.4   

 1.4.1   

 1.4.2   

 1.4.3     4   

 1.4.3.1   

 1.4.3.2  

   1.4.3.2.1    200  mesh    80  

    24    

 

   1.4.3.2.2    Chemical foaming agent (azodicarbonamide) 

   Thermal gravimetric analysis (TGA)  

 

  1.4.3.2.3   Vinyltriethoxy 

silane (VTES)  2.5  3.0 wt% ( ) 

 (HDPE)  EPDM 

 Fourier Transform Infrared Spectrometer (FTIR)  

   1.4.3.2.4   HDPE  EPDM  10-40 wt%  Twin-

screw extruder   4 

  Tensile test  

ASTM D-2256  EPDM  

   1.4.3.2.5  HDPE  EPDM  (

 Tensile Test) Twin-screw extruder  80  



5 

   24   

 1 , 2  3 phr  Dicumyl Peroxide 0.5 wt% (

)  Twin-screw extruder  

 4   

    1.4.3.2.6   Universal testing 

machine (Instron 5965, Series dual column table frames)  ASTM D-2256 

  Scanning Electron Microscope (SEM)    

   ASTM D-

1622     ASTM D-570-99 

 Lab  (Color reader)

  

 24    2 wt% 

  ASTM D-2256  

Universal testing machine   

  1.4.3.3 

 

   1.4.3.3.1   200  mesh    80  

    24    

 

   1.4.3.3.2  3-Aminopropyltriethoxy 

silane (APS) 4.0  6.0 wt% ( ) 

 (PLA)    (PBAT) 

 Fourier Transform Infrared Spectrometer (FTIR)  

   1.4.3.3.3   PLA  PBAT  40  

 48    PLA  PBAT   70/30 wt% 



6 

 3 , 5  7 phr Twin-screw extruder 

  4 

    

   1.4.3.3.4   1.4.3.2.6   

 1.4.3.4  

 

  1.4.3.4.1 

 (  2)  Chemical foaming agent  0.5 , 1.0 , 

1.5  2.0  phr   Twin-screw extruder  

 4   

   1.4.3.4.2 

 (  3)  Chemical foaming agent  0.5 , 1.0 , 

1.5  2.0  phr   Twin-screw extruder  

 4   

   1.4.3.4.3  1.4.3.4.1  1.4.3.4.2   

1.4.3.2.6   

 1.4.4   

 1.4.5   

 1.4.6   

  1.4.6.1   

  1.4.6.2   

1.5   



7 

1.5.1   

 

 1.5.2   

    



8

 

 2 

  

2.1  (rattan)[2] 

 

  

    

       

  10   40  

  40      7 

– 8   20     

      

   

   200 – 

600   2,000   

 1/8   

 3 – 4    7-10  

 10-15   

 8   10 – 15   30 – 40  

  

   

  

 1 



9 

 

 1  [3] 

2.2  [1] 

 

  

  

  

 

  

 20  

 

2.3  (Composite) [4] 

 “ ”  

 

 

    

(Discontinuous phase)  

 (Continuous phase)   

  

   



10 

2.3.1   [8] 

   

    

 

 1)  

 2)  

 3)  

   

  

    

           

   

  

   

    

 

     

2.3.2    

  

   5   2 

  



11 

 

 2  a.)  

b.)  c.)    d.)    

e.)  [9] 

 1)  (Absorption and wetting) 

      

 (Physical attraction)   (wetting) 

 

    



12 

 (Absorption)  (Wetting) 

  

   

  

   (Stress)  

 2)  (Interdiffusion)  

    

 

 (Molecular entanglement) 

 

 (Interdiffusion) 

 (Plasticizers) 

  

  

 

 3)  (Electrostatic attraction)  

   

   

   

(Electrostatic attraction)    

 

 (-OH)  

 4)  (Chemical bonding) 
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 5    (Covalent bonds)  (Ionic force) 

 (Metallic bonds)  (Hydrogen bonds) 

 (Van der waal forces) 

 5)  (Mechanical attraction  mechanical interlocking) 

      

 

  

 

2.4  

 (natural fiber)   

      

(cellulose)  50-55%  (hemicelluloses)  15-25% (lignin) 

 20-30%   

  

   

   

2.4.1    

    (cotton)  (jute) 

(flax)  (ramie)  (sisal)   3  

   

    2.4.1.1  [10] 

       (repeating unit) 

 2  (D-glucopyranose units)  ß-(1,4)-glucosidic bonds 



14 

 Degree of Polymerization (DP)   10,000 

  

   65% 

 

 3  [10] 

    2.4.1.2  

     

 (heterogeneous polysaccharides) 

  (cellulose) 

  (homogeneous polysaccharides) 

 

  degree of polymerization  200  

 

     

 20-30%  

  (galactoglucomannan) 

    (arabinoglucuronoxylan) 

  (glucuronoxylan)  

  (glucomannan) 

 

 



15 

    2.4.1.3  

      

 Phenylpropane        

 (C-O-C) -  (C-C) 

   

 Coniferyl alcohol  Graiacyl lignin  Coniferyl 

 Sinapyl alcohols  Syringly-Guaiacyl lignin  2 

  4  

 

 

 4  ( ) o-coumaryl alcohol ( ) coniferyl alcohol 

 ( ) sinapyl alcohol [10] 

2.4.2    [7] 

    

      40-80  (mesh) 

 (extender)  (reinforcement)  

  (shrinkage)    (modulus)  

(strength)  

   

    180°C 



16 

  

 

2.5  (Silanes) [10] 

  (Silicon)   

  ((OR)3-Si-R’-X)  2      

(Organic substituents)    (Inorganic substituents) 

     X  (Amino)  

(Epoxy)  (Methacrylate)  (Organic materials) 

    (Alkylene linkage)  R’ 

    

 (Hydrolysable functional group)  OR   

(Methoxy)  (Ethoxy)   (Silanol group)  Si-OH  

  (Inorganic materials)  

       

   

  X    

 3  

 1) Hydrolysis :  X    -OR  

   -OR 

 (-OH)   (silanol) 

  5 



17 

 

 5  Hydrolysis [10] 

2) Condensation :    

 (condensation)   (polysilanol) 

  condensation 

 pH  hydrolysis  pH  hydrolysis 

 condensation  silanol group  

 

 6  condensation  silanol group [10] 

3) Surface modification : 

 

 

 (ether 

lingkage)  (X)  7  
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 7  Surface modification  [10] 

2.5.1  

   

 (Diffusion) 

  

  (Solubility) 

   

   

2.6  [11] 

        

 

  (Void)    (Cell) 

   Foaming agent   
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  2 

 (Open cell)  (Closed cell) 

  5   

  

 Membrane  

 Foaming agent  

  

 

 

 

 

      

                               (a)                                                                                  (b) 

 8    (a)  (b)  

2.6.1  Foaming agents [11-12]  

         Foaming agents   Foaming 

agents 

  Foaming agents 

 

  

 Foaming agents  2    Physical foaming agents    

Chemical foaming agents 

         2.6.1.1 Physical foaming agents (PFAs) 



20 

                 Physical foaming agents 

 PFAs 

  PFAs    

  PFAs 

 2  

 1   PFAs  [12]  

 Physical foaming agent  Molecular weight     Density at 25 oC     Boiling point 

                                                               (g mol-1)                    (g cm-3)                    (oC) 

Butanes                                                    58.00                        0.579                      -0.5 

Pentanes                                                   72.15                        0.613                     30-38 

Hexanes                                                    86.17                       0.658                     65-70  

Isohexanes                                                86.17                       0.655                     55-62 

Heptanes                                                 100.20                       0.680                    96-100 

Benzenes                                                  78.11                       0.874                     80-82 

Toluene                                                    92.13                       0.862                    110-112 

Methyl chloride                                       50.49                       0.952                       -23.8 

Methylene chloride                                  84.94                       1.325                        40.0 

Trichloroethylene                                   134.40                       1.466                        87.2 

Dichloroethane                                         98.97                       1.245                        83.5 

Trichlorofluoromethane                         137.38                       1.476                        23.8 

(CCl3F)-Freon 11 

Dichlorodifluoromethane                       120.93                       1.311                       -29.8 

(CCl2F2)-Freon 12 
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Trifluorochloromethane                         104.47                        0.850                       -81.4 

(CClF3)-Freon 13  

   

1)    (N2)    (CO2)  

   

 

2)   

   (  Freons  CFC) 

   PFAs   2 

2.6.2   Chemical foaming agents (CFAs) [11] 

                 

  

               

  ( )  

    

  

      

   

   

 

  

    R-N=N-R  

 

    (decomposition  temperature)   (gas yield)  
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  1    

    (STP)     2 

 2       [11]  

*  

T(oC) 

  

ml/g   STP 

TSH 

OBSH 

AZD  

TSSC 

5PT 

105-132 

149-190 

110-200-235 

193-235 

232-288 

115 

125 

220 

146 

190 

*TSH : p-toluene sulfonyl Hydrazide :    

 

*OBSH : Oxy-bis-benzene sulfonyl hydrazide  :  

      (LDPE)    (EVA)  

 (PVC)    (epoxy)    5   

*AZD : Azodicarbonamide    ABFA  (Azo-bis-formamide) 

 -   

 -   

 -   

 -    90   

*TSSC : p-toluene sulfonyl semicarbazide  [CH3C6H5SO2NHNHCONH3]  

 

*5PT : 5-phenyl tetrazole   
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    AZD 

          

   AZD 

      /     

    

AZD    (expandable vinyl fabric)  

    (low-density/open cell PVC foam)  

  (electrical wiring)    (seal and daskets)      

AZD  

 (compression set)   

2.7  [11-12]   

         3   

(Bubble formation)  

  (Bubble growth) 

   

(Bubble stabilization) 

 Crosslink  Cooling  

2.7.1    

                

 

 Self-nucleation   

(Talc)  nucleating agent 

  nucleating agent 
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  Nucleating agent   Nucleating 

agent 

 (Void)   

        2.7.2    

 

  

 

 ( P)  

  

                

 

    

  

                 

  9 (a) 

 

 

 9 (b)  

 

                 

 

 Pentagonal dodecahedron  

Polyhedral   2   

Hexagonal honeycomb  9 (c) 
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 9 (d) 

 

 

  9 (e)  

 

 

 

 

 

 

 

 

 9  [12] 

                  

  

   

 

2.7.3    

                 

 Gelation    
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    Anisothopy   

   

   

   

 

    

   

 

2.8  (Surfactant) [13] 

    2  

  

 10  

 

 10   [13] 

  

 

   4    

 1) Anionic Surfactant  
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     Alkyl sulphate , Alkane 

sulphonate , Alkyl ether sulphate  

    2) Cationic Surfactant  

        

    

   

    DyhyquatAC, Rinse 

compound   

     3) Nonionic Surfactant  

         

      emulsifier 

   

Alkylethoxylate , Fatty acids alkanolamide  

 4) Amphoteric Surfactant  

           

  

    

     Betaine , Imidazoline-derivatives 

 

 

 



28 

 2.8.1  [14] 

     2  

     

   

  2.8.1.1 [15] 

 1)  (Surfactant)  

 2   Linear Alkyl Benzene Sulfonate , Sodium Salt 

(LAS)   Sodium Lauryl Ether Sulfate (SLES) 

 (Anionic Surfactant) 

 ( )   

 Cocamidopropyl betaine  (

 ; Amphoteric Surfactant)  /   Ethoxylated Alcohol , Alkyl glucoside , Alkyl 

polyglucoside  (  ; Nonionic Surfactant) 

 2)     (Builders) , 

 (Solvent) ,  (Foamer)  

 

 10-40   0-10  

0-5  0-0.5  -  (pH)  5-

9.5 

 2.8.2  [14] 
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 2.8.2.1 [16] 

  1)  ( Anionic Surfactant ) 

  Linear Alkyl Benzene Sulfonate , Sodium Salt  30  

 2) (Builders) 

 

  Sodium tripolyphosphate ; STPP) 

 

 (P2O5)  20 

 3)  

   (Anti Re-Deposition Agent)  Sodium carboxymethylcellulose 

 0-2  

 2.8.2.2    

  1)   ,   

 -  (pH) 

  11 
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 3 [14] 

   

Linear Alkyl 

Benzene 

Sulfonate , 

Sodium Salt  

Anionic 

surfactant 

Sodium Lauryl 

Ether Sulfate  

Anionic 

surfactant 

Cocamidopropyl 

betaine  
 

Amphoteric 

surfactant 

Sodium 

tripolyphosphate 
 

Builders 

   

2.9  

 M. Arroyo  [17] 

/ EPDM  

 4 

4 / EPDM 
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  Internal mixer  190  

 50 rpm  23   compression mould 

 200     Tensile modulus, Tensile strength at 

break  Elongation at break  5 

 5  Tensile test 

 

   modulus 

EPDM   modulus  

EPDM  25%  
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25%   Tensile strength at break 

EPDM EPDM  

 Tensile strength at break   

 stiffness   Elongation at break 

EPDM    

EPDM  10 wt% 

 

 Magnus Bengtsson  [18] 

  vinyltriethoxysilane 

 dicumyl peroxide (DCP)   

vinyltriethoxysilane  dicumyl peroxide (DCP)  12/1 w/w  Twin-screw 

extruder   165-200   

100 rpm   

 -  vinyltriethoxysilane  motor load  melt pressure  extruder 

 grafted silane groups  melt viscosity 

  vinyltriethoxysilane   melt pressure  

11  extruded  vinyltriethoxysilane    2 wt% 

 extrudate   4  6 wt%  extrudate  
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 11  extrudate  vinyltriethoxysilane   

 Sonia M.B. Nachtigall  [20] 

  vinyltriethoxysilane (VTES)  MA-g-PP 

  dicumyl peroxide (DCP)   Internal mixer 

 170   50 rpm   

 - 

 

 -  vinyltriethoxysilane  2.5 wt% 

 vinyltriethoxysilane  MA-g-PP 

 12 
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 12  Tensile strength   

 - 

 

  

vinyltriethoxysilane  MA-g-PP  13 

 

 13  
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 -   

 void  fiber pullout  14 (a) 

 vinyltriethoxysilane   void 

 2-3   14 (b) 

       

(a)                                                                           (b) 

 14  SEM   

(a) , (b)  vinyltriethoxysilane 

 P. Dacko  [21] 

 PLA  PBAT 

  

 - PLA  PBAT 

PBAT elongation at break   6 

 6  PLA  PBAT 
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Composition 

(weight ratio) 

 

[Mpa] 

 

[%] 

E 

[Mpa] 

PLA 20.0 14.0 1941.0 

PBAT 30.3 1650.0 100.0 

PLA/PBAT ; 70/30 46.0 830.0 1052.0 

PLA/PBAT ; 50/50 37.0 880.5 663.0 

PLA/PBAT ; 30/70 22.0 957.0 313.0 

 Tao Yu  [22] 

  3-Aminopropyltriethoxy silane  

 6wt%  30 wt%  two roll mill  140 

  5    

 - PLA

  stiffness  

PLA

  7 

 7  PLA PLA  

Sample Tensile strength (MPa) Elongation at break (%) 

Neat PLA 45.2 ± 1.5 1.2 ± 0.2 

Untreated PLA/ramie composite 52.5 ± 0.8 3.2 ± 0.2 

PLA/ramie composite treated by 

3-Aminopropyltriethoxysilane 

59.3 ± 1.2 4.1 ± 0.2 
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 - 

PLA  

 

 -   fiber 

pullout   15 

             

                                          (a)                                                                            (b) 

 15 SEM PLA  (a)  

(b)  

 Laurent M. Matuana  [23]  

 Chemical foaming agent   

 180, 180, 170   2  

  

 -  Chemical foaming agent  0.125-0.25 %  

 Chemical foaming agent  0.5-1.0% 

 

Chemical foaming agent  1.5-2.0%  16 
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 16  40 rpm 

 Chemical foaming agent  (a) 0.125% (b) 0.25% (c) 0.5% (d) 1.0%                        

(e) 1.5% (f) 2.0% 

         R. Gosselin  [24]  Birch 

   Void fraction (%)  

Birch wood-HDPE/PP (85:15)      

 -  Birch  0  40 wt% 

 0.772 g/cm3  0.983 g/cm3  

 -  Chemical foaming agent 

(CFA)  CFA  Residue 

 Nucleating agent   CFA  
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Nucleating agent  Skin thickness 

 

 -  Birch 

 Birch  

 

 -  Birch  Void fraction (%) 

 13.6 %  5.5 %  

 - Cooling rate   polymer matrix 

    

  HDPE    PP      

  cell size   cooling rate 

 - Skin thickness  

  blowing agent 

 - WPC   MAPP    skin  thickness  

    skin  thickness  

  MAPP    polymer matrix 
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 3 

 

     

 

   (Morphology) 

  

  

 

3.1  (Materials) 

3.1.1   (High density Polyethylene) [1] 

 

  

 

 17   

   

( ) (SCG Chemical Co., Ltd,. Thailand)    EL-LeneTMH5480S 

 (Melt Flow Index)  0.8  10    2.16 

  190    ASTM D-1238 
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3.1.2   (Poly(lactic acid))[5] 

 

 

 

 18  poly(lactic acid) [5] 

   (FRESH BAG 

COMPANY LIMITED.)    IngeoTM 2002D  Nature Works®LLC 

 (Melt Flow Index)  6  10    2.16 

  190    ASTM D-1238 

3.1.3     (Ethylene-Propylene Diene Monomer; 

EPDM)[7] 

    

    

 ( ) (Innovation Holding Co., Ltd. Thailand.)  NORDELTM IP 

3720P  Dow Chemical Mooney Viscosity (ML 1+4  125 ) 

 20 MU   ASTM D-1646 / /   

69/30.5/0.5 %   

3.1.4     (poly(butylene adipate terepthalate)) ; PBAT[6] 

    

(flexibility)    
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 19  PBAT[6] 

     

(FRESH BAG COMPANY LIMITED.)    Ecoflex® F BX 7011   BASF 

Corporation  (Melt Flow Index)  4.9  10   

 2.16   190    ISO 1133 

 3.1.5   (wood flour) 

 

    200 mesh  

 Linpai Co,.  

 3.1.6   (Silanes) 

  (Coupling agent)  

  

 2   Vinyltriethoxysilane (VTES) 

(HDPE) EPDM 3-Aminopropyltriethoxy 

silane (APS) (PLA)

   (PBAT)  .  

   

 3.1.7  Dicumyl Peroxide 

 Dicumyl Peroxide  (grafting)  

  .     

3.1.8  Modified azodicarbonamide  

 Modified azodicarbonamide    chemical foaming agent (CFAs)  

  (ZnO)  Nucleating agent 
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 MDR International Co., Ltd. Thailand.  170 

 

 3.1.9   (Solvent) 

  2   (Ethanol) 

(Acetone)  2  Vinyltriethoxysilane (VTES) 3-

Aminopropyltriethoxy silane (APS)   .     

 3.1.10  (Detergent) 

  

 2   

 

 8 [14] 

   

Linear Alkyl 

Benzene 

Sulfonate , 

Sodium Salt  

Anionic 

surfactant  

Sodium 

Lauryl Ether 

Sulfate 

 

Anionic 

surfactant 

Cocamidopro

pyl betaine  
 

Amphoteric 

surfactant 
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 9 [14] 

   

Linear Alkyl 

Benzene 

Sulfonate , 

Sodium Salt  

Anionic 

surfactant  

Sodium 

tripolyphosp

hate 
 

Builders 

 

 3.1.11  

  

  

3.2  

3.2.1   (Thermal gravimetric analysis) (TGA)  

 Mettler-Toledo Ltd.  

3.2.2    (Twin screw extruder)   SHJ-25  

 

3.2.3   Universal testing machine (Instron 5965, Series 

dual column table frames)  

3.2.4    Scanning 

Electron Microscopy (SEM)    JSM 5410 LV    JEOL technics Ltd   

3.2.5  Color Reader  Konica Minolta   CR-10  

3.2.6  Fourier transform infrared (FT-IR Spectrometer)   BRUKER  VERTEX 

70 
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3.3   

        4    1 

  2  3 

 

   4 

  

 3.3.1   

 3.3.1.1  

   ASTM D-1622  3 cm 

 digital vernier caliper  

 

 

   

     D       (g/cm3) 

          M      (g) 

          V        (cm3) 

   20    

 
 3.3.1.2    

  ASTM D-570-99  5 cm  

 80   24   Desiccator  
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  24  

 

  

 

  10  

   

  3.3.1.3  Color Reader  

  Lab  20  

   

3.3.1.4  (Tensile test)  ASTM D-2256 

 Universal Testing Machine (Instron 5965, Series 

dual column table frames)  20    50     

Load cell   50    10 

  20    10  
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 20   Universal Testing Machine 

 

 3.3.1.5    (Morphology)   

 extrudate    

    Scanning  

Electron Microscope (SEM)    JEOL technics LTD  JSM 5410 LV  

 21 
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 21  Scanning Electron Microscope   JEOL technics LTD 

 3.3.2  

 

 3.3.2.1   

 3.3.2.1.1   Azodicarbonamide 

 Thermogravimetric  analyzer (TGA)   Mettler-Toledo Ltd.  22 

    

Azodicarbonamide  3-5    refractory pan    microbalance  

  50    1    

  500      5    
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 22    Thermopravimetric analyzer (TGA)    Mettler-Toledo Ltd. 

 3.3.2.2   

 3.3.2.2.1  80   24 

 3%   

   

3.3.2.2.2  HDPE  EPDM  10 

 Twin-screw extruder  23  

(circular die)  (extrudate)  extrudate 

  extrudate 

 4   

 30  150/152/154/156/158/160/160/160   

  hopper   

 10  EPDM 

 

 

 



50 

Name code HDPE 

(wt%) 

EPDM 

(wt%) 

HD100 100 - 

HD90 90 10 

HD80 80 20 

HD70 70 30 

HD60 60 40 

 
 23  (Twin screw-extruder) 

3.3.2.2.3  extrudate (Tensile 

test) ASTM D-2256  Modulus, Tensile strength  Strain at yield  (%) 

EPDM 

  3.3.1.4 
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3.3.2.2.4  Vinyltriethoxysilane (VTES) 

2.5  3.0 wt%( )[18-19] 

(HDPE) EPDM (  3.3.1.4)

 95/5 v/v   8  

 pH  3.5[10,24]  VTES 

 30   400 

  6   

 120   24   

Fourier Transform Infrared Spectrometer (FTIR)  24 

 
 24  Fourier Transform Infrared Spectrometer  ) FTIR) 

3.3.2.2.5   HDPE  EPDM  90/10 wt% 

Twin-screw extruder (  3.3.2.2.2) 

 80     24   

 Dicumyl Peroxide 0.5 wt%(

)[25]  11 Twin-screw extruder 

  

 (circular die)  extrudate  extrudate 
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 40   extrudate  4 

   30 

150/152/154/156/158/160/175/180     hopper 

 

 

 11  2 

Name code HDPE 

(wt%) 

EPDM 

(wt%) 

Untreated 

wood (phr) 

2.5 % silane 

treated wood 

(phr) 

3.0 % silane  

treated wood 

(phr) 

W1silane0 90 10 1 - - 

W2silane0 90 10 2 - - 

W3ilane0 90 10 3 - - 

W1silane2.5 90 10 - 1 - 

W2silane2.5 90 10 - 2 - 

W3silane2.5 90 10 - 3 - 

W1silane3.0 90 10 - - 1 

W2silane3.0 90 10 - - 2 

W3silane3.0 90 10 - - 3 
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 3.3.2.2.6 

   20 cm  

 80   24   

Desiccator     

   24   

 2 wt% 

  ASTM-D2256  Universal testing machine (

 3.3.1.4) 

 (Oneway ANOVA Test)    

3.3.1        

 
 25      (a)    

(b)  (c)  

 

 3.3.3  

 

 3.3.3.1   

3.3.3.1.1  80   24 

  3%   

   

 

c 

(a)

(b)

(c)
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3.3.3.1.2  3-Aminopropyltriethoxy silane 

(APS) 4.0  6.0 wt%( )[21] 

 95/5 v/v   8   APS 

 30 

  400  

 6    120   

24  Fourier Transform Infrared 

Spectrometer (FTIR)  

3.3.3.1.3   PLA  PBAT  70/30 wt% 

40    48    PLA  PBAT 

  12 Twin-screw 

extruder   

 (circular die)  (extrudate) 

 extrudate 

  extrudate  4 

    50 

140/145/150/155/160/165/170/180     hopper 

  

 12  3 

Code PLA 

(wt%) 

PBAT  

(wt%) 

Untreated 

wood (phr) 

4.0 % silane 

treated wood 

(phr) 

6.0 % silane 

treated wood 

(phr) 

PLA70 70 30 - - - 

PLA70W3 70 30 3 - - 
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PLA70W5 70 30 5 - - 

PLA70W7 70 30 7 - - 

PLA70W3_4 70 30 - 3 - 

PLA70W5_4 70 30 - 5 - 

PLA70W7_4 70 30 - 7 - 

PLA70W3_6 70 30 - - 3 

PLA70W5_6 70 30 - - 5 

PLA70W7_6 70 30 - - 7 

 

3.3.3.1.4  

   3.3.2.2.6 

3.3.4  

 

 

  3.3.2  3.3.3  

      

 3.3.2 HDPE  EPDM 90/10 

wt%   Vinyltriethoxysilane (VTES) 2.5 

wt% ( )  2 phr 

  3.3.3 
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 3-Aminopropyltriethoxysilane (APS)  6.0 wt% ( )  

 5 phr  

 3.3.4.1   

  3.3.4.1.1 

 (  2)   CFA (Azodicarbonamide) 

  0.5 , 1.0 , 1.5  2.0 phr   13   Twin-

screw extruder   2 

 

 13  (  2)  CFA   

Code HDPE 

(wt%) 

EPDM 

(wt%) 

Silane-treated 

wood (phr) 

CFA 

(phr) 

HDsilane0 90 10 - - 

HDsilane2.5 90 10 optimized 0.0 

HDsilane2.5_F0.5 90 10 optimized 0.5 

HDsilane2.5_F1.0 90 10 optimized 1.0 

HDsilane2.5_F1.5 90 10 optimized 1.5 

HDsilane2.5_F2.0 90 10 optimized 2.0 

 3.3.4.1.2  

 (  3)   CFA (Azodicarbonamide) 

  0.5 , 1.0 , 1.5  2.0 phr   14   Twin-

screw extruder   (circular die) 
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 (xtrudate)  extrudate 

  extrudate 

 4     50 

140/145/150/155/155/155/160/160     

hopper  

 

 14  (  3)  CFA   

Name code PLA 

(wt%) 

PBAT 

(wt%) 

Silane-treated wood 

(phr) 

CFA 

(phr) 

PLA70W 70 30 - - 

PLA70WO 70 30 optimized 0.0 

PLA70WO_0.5 70 30 optimized 0.5 

PLA70WO_1.0 70 30 optimized 1.0 

PLA70WO_1.5 70 30 optimized 1.5 

PLA70WO_2.0 70 30 optimized 2.0 

 

3.3.4.2   3.3.4.1.1  3.3.4.1.2  

   3.3.2.2.6 
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 4 

 

4.1 

 

        4.1.1    foaming agent 

  Chemical foaming agent 

(CFA)  Azodicarbonamide (AZD)  Thermal 

Gravimetric Analysis (TGA)  (Nitrogen)  

 50   500    5 

   15 

 15  Azodicarbonamide   TGA 

  1   2  3  4 

 (oC) 169.10 249.56 332.43 463.65 

 (%) 20.06 20.38 14.64 38.74 

 15   Azodicarbonamide  Chemical foaming agent 

  4   

 169.10     20.06   

  249.56      20.38   

  332.43      14.64   

  463.65    38.74   

 Azodicarbonamide 

  170  
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   4.1.2  

 

 

    vinyltriethoxy 

silane (VTES)  1,610 cm-1  C=C stretching  835cm-1 

 Si-O-Si stretching   (3-Aminopropyl) triethoxy 

silane (APS)  1,610 cm-1  –NH2 bending  835cm-1 

 Si-O-Si stretching [22]   26  27 

 26  FTIR  vinyltriethoxy silane 

 

 27  FTIR                                          

3-Aminopropyltriethoxy silane 

C=C stretching 

–NH2 bending 

Si-O-Si stretching 

Si-O-Si stretching 



60 

 4.1.3   Scanning electron microscope 

(SEM) 

 

 3  1 

 extrudate  EPDM   

 2 

 Vinyltriethoxy silane    3 

(Chemical 

foamimg agent)    extrudate Twin 

screw extruder   (Liquid nitrogen)   

    Scanning electron 

microscope (SEM)  Extrudate  3 

 

  4.1.3.1 Extrudate 

EPDM   

  

a b 
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  28    SEM micrographs    

HDPE pure (a) , HDPE/EPDM ; 90/10 (b) , 80/20 (c) , 70/30 (d)  60/40 (e)  

 10,000     

  SEM  EPDM  HDPE  Twin 

screw extruder   EPDM   

continuous phase  EPDM EPDM 

 EPDM  HDPE   EPDM 

 HDPE  EPDM  

HDPE  2   

  (extrudate) 

 2  EPDM   EPDM 

  

c d

e

e
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 4.1.3.2  

 Vinyltriethoxy silane 

  

  (a)                                                                       (b) 

  

  (c)                                                              (d) 
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  (e)                                                             (f) 

 29   SEM micrographs  

 Vinyltriethoxy silane  1(a,b),2 (c,d)             

3 phr (e,f)  350 ( )  1,000  ( ) 

  

  (g)                                                             (h) 
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  (i)                                                              (j) 

  

  (k)                                                             (l) 

 30   SEM micrographs  

 Vinyltriethoxy silane  2.5wt%  1(g,h),        

2 (i,j)  3 phr (k,l)  350 ( )  1,000  ( ) 
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  (m)                                                             (n) 

  

 (o)                                                              (p) 

  

  (q)                                                              (r) 
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 31   SEM micrographs  

 Vinyltriethoxy silane  3.0 wt%  1(m,n),   

2 (o,p)  3 phr (q,r)  350 ( )  1,000  ( ) 

 

 Vinyltriethoxy silane 

 Vinyltriethoxy silane 

 (f)  (l) 

  

 Vinyltriethoxy silane (  l )  HDPE 

 Vinyltriethoxy silane (  f)  (f) 

 

   

 4.1.3.3  

  

  

  (a)                                                              (b) 
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  (c)                                                              (d) 

 

(e) 

 32   SEM micrographs   (a) 

 0.5(b), 1.0 (c), 1.5 (d)   2.0 (e) phr                         

 35  

 (Azodicarbonamide)  

Azodicarbonamide   Azodicarbonamide 

(barrel)     

  Azodicarbonamide 

 

Azodicarbonamide   Azodicarbonamide 0.5-1.0 phr (  b  
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c)  Azodicarbonamide  1.0 phr  0.5 phr 

 2  

Azodicarbonamide  1.5-2.0 phr (  d  e) 

 Azodicarbonamide  

  e 

 Azodicarbona 

mide  2.0 phr   Laurent M. Matuana 

 [23]    

 (  a) 

(Xylem) 

 

 

 4.1.4  (Tensile Property) 

   

 (Tensile test)  ASTM D-2256 

  50   Load cell   50  

  10   3  

 1  extrudate EPDM   

 2  extrudate 

 Vinyltriethoxy silane    3 

 extrudate (Chemical foamimg agent) 

    

 4.1.4.1   extrudate EPDM 
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 33  Young’s modulus  EPDM   

 

 

 34  Tensile strength  EPDM  

   

  (Young’s modulus) 

  

 (yield point)      linear 

elasticity     
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  (Tensile strength)   

    

  33  34  EPDM  

Young’s modulus  Tensile strength 

   EPDM HDPE   Young’s 

modulus  Tensile strength    M. Arroyo  

[17,27]   HDPE  EPDM  

 EPDM  Young’s modulus  Tensile strength 

 EPDM [17,27]  

 
 35  Strain at yield(%)  EPDM   

 

   35  EPDM   Percentage 

strain at yield    EPDM 

   Strain at yield (%)  

 EPDM  HDPE matrix 

 matrix  EPDM  EPDM  

  EPDM 

  Strain at yield (%) [17] 

  tensile test  

EPDM  10   

 HDPE   HDPE 
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  EPDM 

  EPDM  

  

 4.1.4.2  

 Vinyltriethoxy silane     

 
 36  Young’s modulus  

 Vinyltriethoxy silane   

 
 37  Tensile strength  

 Vinyltriethoxy silane   

  36  37  Vinyltriethoxy silane 

 Young’s modulus  Tensile strength 

 Vinyltriethoxy silane 
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HDPE  EPDM  Young’s modulus  Tensile strength 

 

Vinyltriethoxy silane 

(

 SEM) 

  [18-19]  

 
 38  Strain at yield (%)  

 Vinyltriethoxy silane   

  38  Vinyltriethoxy silane 

 Strain at yield (%) 

 Vinyltriethoxy silane HDPE  EPDM 

 Strain at yield (%) 

 Vinyltriethoxy silane 

(  SEM)  

[18-20]  

 4.1.4.3   
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 39  Young’s modulus  

   

 
 40  Specific Young’s modulus  
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 41  Tensile strength 

  

 
 42  Specific tensile strength  
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 43  Strain at yield (%) 

  

 
 44  Specific strain at yield (%)  

  

  39  41  (Azodicarbona 

mide)  1.5-2.0 phr  Young’s modulus  Tensile strength 

  40  42  Specific Young’s modulus 

 Specific tensile strength  

  Specific Young’s modulus  Specific tensile 

strength   

  43  0.5-1.0 phr  

Strain at yield (%)  1.5-2.0 phr  
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Strain at yield (%)   44  Specific 

strain at yield (%)  Specific strain at 

yield (%)  

  (  SEM)  

  

 

 

 

 

 

 4.1.5  

 

  ASTM D-1622 

 2   1 

 Vinyltriethoxy silane   

 2 (Chemical 

foamimg agent)     45  46 

 4.1.5.1 

 Vinyltriethoxy silane     
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 45 

 Vinyltriethoxy silane     

  45 

 Vinyltriethoxy silane  

  

 Vinyltriethoxy silane 

   Vinyltriethoxy silane  

 

 4.1.5.2 
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0.00

0.25

0.50

0.75

1.00

Natural rattan  Optimized
composite

0.5phr  1phr 1.5phr 2phr

De
ns

ity
 (g

/cm
3 )

Content of CFA

 

 46 

  

  46  (Azodicarbonamide) 

  0.5 phr 

 

 1.0-2.0 phr 

  

 (

 SEM)  

 (D = M/V) [29] 

 

 

 

 

 16 %  

 

 ( )  

 4.1.6  
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  ASTM D 570-99   

 2   1 

  

 2 

(Chemical foamimg agent)     47 

 48 

 4.1.6.1 

 Vinyltriethoxy silane     

 

 47 

 Vinyltriethoxy silane     

  47 

 Vinyltriethoxy silane  

 Vinyltriethoxy silane 

  

 Vinyltriethoxy silane  Vinyltriethoxy silane 

  (condensation)  polysiloxane 

  

 (ether linkage)   

Vinyltriethoxy silane   
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 Vinyltriethoxy silane  

  Sonia M.B. Nachtigall [20,30]  

 4.1.6.2 

  

 

 48 

  

  48  (Azodicarbonamide) 
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 4.1.6  

 

 

(Color Reader )  Lab  ( ) 

  

 hopper 

  

 2   1 

   

2 (Chemical foamimg agent) 

    

 4.1.6.1 

 Vinyltriethoxy silane     
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 49 

 Vinyltriethoxy silane    
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   *L   *a  *b 

   *a  *b 

  

 

  

  *a 

  *a 

 

 

    *b 

  *b 

 

 

 

  

 1 phr 

 

 1 phr  

 2 phr  

 

 4.1.6.2   
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 50 
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  50 

  

 

( )  *a 

 

 *a 

  

  *b 

  *b 

 

  

 

 

 

 4.1.7  

   

  

 3   

  2 wt%   

24  ( )  80 

  24   (Oneway ANOVA 

Test)  

  

 

 

  (Oneway ANOVA Test)   SPSS 

   Probability Value  (P-Value)  

( null hypothesis ; H0)  
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 SPSS  P-Value    

 Ho :  

 

 H1 :    

   P-Value      Ho  

  ( )    P-Value 

    Ho    H1   

    = 0.05 

 P-Value  0.05   

 (  Ho)   0.05   

 (   Ho    H1)   

  

 (Tensile Property)  

   24    ASTM D-2256  

  10      SPSS   16  18 

 16   

   Young’s modulus 

 P-Value P-value <  

 0.138  

 0.966  

 0.761  

 :      

 95%    = 0.05 

     

  95%    = 0.05 

  

 Young’s modulus  95  
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 17   

   Tensile strength 

 P-Value P-value <  

 0.770  

 0.741  

 0.084  

 :      

 95%   = 0.05 

      

  95%    = 0.05 

  

 Tensile strength  95  

 18   

   Strain at yield (%) 

 P-Value P-value <  

 0.000  

 0.000  

 0.000  

 :      

 95%   = 0.05 

      

  95%    = 0.05 

  

  Strain at yield (%)  

  

 ( ) 
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    Strain at 

yield (%)   95  

4.2 

 

 4.2.1   Scanning electron microscope 

(SEM) 

 

 3  1 

 PLA  PBAT  2 

 

3-Aminopropyltriethoxy silane    3 

(Chemical foamimg agent)   

 extrudate Twin screw extruder  

 (Liquid nitrogen)   

    Scanning electron microscope (SEM)  

 extrudate  3  

  4.2.1.1  PLA  

PBAT  
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 51   SEM micrographs   PLA  

PBAT  5,000   

  51  PLA  PBAT  Twin screw 

extruder   PBAT  disperse phase 

 Twin screw extruder 

  PBAT   continuous phase [31]  

  4.2.1.2 

 3-Aminopropyltriethoxy silane 

 

  

  (a)                                                                       (b) 
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  (c)                                                              (d) 

   

 (e)                                                              (f) 

 52   SEM micrographs  

 3-Aminopropyltriethoxy silane  3(a,b), 5 (c,d) 

 7 phr (e,f)  100 ( )  2,000  ( ) 
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  (g)                                                               (h) 

  

  (i)                                                               (j) 

  

  (k)                                                             (l) 
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 53   SEM micrographs  

 3-Aminopropyltriethoxy silane  4 wt%  

3(g,h), 5 (i,j)  7 phr (k,l)  100 ( )  2,000  ( ) 

  

   (m)                                                             (n) 

  

   (o)                                                              (p) 
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  (q)                                                             (r) 

 54   SEM micrographs  

 3-Aminopropyltriethoxy silane  6 wt%  

3(m,n), 5 (o,p)  7 phr (q,r)  100 ( )  2,000  ( ) 

 

 3-Aminopropyltriethoxy silane 

 3-Aminopropyltriethoxy silane   PLA 

  

 (b)  (l) , (r) 

   3-Aminopropyl 

triethoxy silane (  l  r) PLA 

 3-Aminopropyltriethoxy silane (  b)  (b) 

 

 [30]  

 

 

  7 phr 

 

  3-Aminopropyltriethoxy silane 
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3-Aminopropyltriethoxy silane  

 PLA  

  4.2.1.3 

  

  

   (a)                                                               (b) 

       

   (c)                                                               (d)

c 

d  
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(e) 

 55   SEM micrographs   (a)  

35   0.5(b), 1.0 (c), 1.5 (d)   2.0 (e) phr                         

 20  

 (Azodicarbonamide)  

Azodicarbonamide   Azodicarbonamide 

(barrel)     

  Azodicarbonamide 

 

 

  

   

  

 

   

 Azodicarbonamide   0.5 phr 

 

 PLA  PBAT  
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  1.0 phr 

 0.5 phr  

 

Azodicarbonamide  1.5phr (  d) 

 

 1.0 phr  Azodicarbonamide  2 

phr (  e )  1.0-1.5 phr 

  2 phr 

  

 [23,32] 

 (  a) 

(Xylem) 

 

 

 4.2.2  (Tensile Property) 

   

 (Tensile test)  ASTM D-2256 

  50   Load cell   50  

  10   2  

 1  extrudate 

 3-Aminopropyltriethoxy silane    2 

 extrudate (Chemical foamimg agent) 

    

 4.2.2.1  

 3-Aminopropyltriethoxy silane     
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 56  Young’s modulus  

 3-Aminopropyltriethoxy silane   

 
 57  Ultimate tensile strength 

 3-Aminopropyltriethoxy silane   

  56  57  3-

Aminopropyltriethoxy silane  Young’s modulus  Ultimate tensile strength 

 3-Aminopropyltriethoxy silane 

PLA PBAT  Young’s modulus  Ultimate tensile strength 

 3-Aminopropyltriethoxy silane 

 3-Aminopropyltriethoxy silane  4  

Young’s modulus 
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  Tao Yu [21] 

 3-Aminopropyltriethoxy silane  6 

  Young’s modulus  Ultimate tensile 

strength   

  polysiloxane 

 

 L. Chotirat [10] 

 
 58  Strain at break(%) 

 3-Aminopropyltriethoxy silane   

  58  3-

Aminopropyltriethoxy silane  Strain at break (%) 

 PLA  PBAT   PLA , PBAT 

   

 [30]  

  3-Aminopropyltriethoxy silane 

 PLA  PBAT  Strain at break (%)  

 3-Aminopropyl 
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triethoxy silane PLA 

(  SEM)   

 4.1.4.3   

 

 
 59  Young’s modulus 

   

 
 60  Specific Young’s modulus 

   



100 

 
 61  Ultimate tensile strength 

  

 
 62  Specific ultimate tensile strength 
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 63  Strain at break(%) 

  

 
 63  Specific strain at break(%) 

  

  59  61  (Azodicarbonamide) 

 Young’s modulus  Ultimate tensile strength 

 

 

   

  Young’s modulus  

Ultimate tensile strength  1.0 phr 

 0.5 phr 
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 (  SEM) 

 

 1.5 phr 

 

 

 crack initiation  

 crack propagation   

Ultimate tensile strength   60  62  Specific 

Young’s modulus  Specific ultimate tensile strength  

 

 

  63  64 

 flexible  Strain at break (%)  Specific strain 

at break(%)   1.0 phr  Strain at break (%) 

 Specific strain at break(%)  

   1.5 phr 

 Strain at break (%)  Specific strain at break(%)  

  crack 

initiation   

 2.0 phr 

 0.5-1.5 phr 

 

   Strain at 

break (%)  Specific strain at break(%)   
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 4.2.3  

 

  ASTM D-1622 

 2   1 

 3-Aminopropyltriethoxy silane  

  2 

(Chemical foamimg agent)    65  

66 

 4.2.3.1 

 3-Aminopropyltriethoxy silane     

 

 65 

 3-Aminopropyltriethoxy silane     

  65 

 3-Aminopropyltriethoxy silane 

 3-Aminopropyltriethoxy 

silane  

 

  (D = 

M/V)  3-Aminopropyltriethoxy silane 
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   3-Aminopropyltriethoxy 

silane  

 4.1.5.2 

  

 

 66 

  

  66  (Azodicarbonamide) 

  0.5 phr 

  PLA  melt strength 

  (0.5 

phr)  (  

SEM)   

 1.0-2.0 phr 

  0.5 phr  

1.0-1.5 phr 

   

 2.0 phr 

  (

 SEM)  2.0 phr 
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 40 % 

   

 4.2.4  

 

  ASTM D 570-99   

 2   1 

  

 2 

(Chemical foamimg agent)    61 

 62 

 4.2.4.1 

 3-Aminopropyltriethoxy silane     
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 67 

 3-Aminopropyltriethoxy silane     

  67 

 3-Aminopropyltriethoxy silane 

 3-Aminopropyltriethoxy silane 

 5  7 phr 

   

3-Aminopropyltriethoxy silane  3-Aminopropyltriethoxy silane 

  (condensation)  polysiloxane 

  

 (ether linkage)   3-

Aminopropyltriethoxy silane  

  

 3-Aminopropyltriethoxy silane 

 [22]  

 4.2.4.2 
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 68 

  

  68  (Azodicarbonamide) 

 

 

 

  

 

  

  2.0 phr 

  

2.0 phr  

(  SEM)  
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 4.2.5   

 

 

(Color Reader )  Lab  (

)   

 

hopper  

  2   1 

 

  2 (Chemical foamimg 

agent)     

 4.2.5.1 

 3-Aminopropyltriethoxy silane     
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 69 

 3-Aminopropyltriethoxy silane    

   *L   *a  *b 

   *a  *b 

  

 

 

  *a 

  *a 
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   *b 

  *b 

 

 

  

 3 phr 

 

 3 phr  

 5 phr  

 

 4.2.5.2   
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 70         

   

  70 

 

( )

 0.5-1.0 phr  

 0.5 phr  

 1.5 phr 

  

  2.0 phr 

( ) 
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*a 

  *a 

  

  *b 

  *b 

 

  

 

 

 

 4.2.6  

 

  

 3   

  2 wt%   

24  ( )  80 

  24   (Oneway ANOVA 

Test)  

  

 

 

  (Oneway ANOVA Test)   SPSS 

   Probability Value  (P-Value)  

( null hypothesis ; H0)  

  

 SPSS  P-Value    

 Ho :  
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 H1 :    

   P-Value      Ho  

  ( )    P-Value 

    Ho    H1   

    = 0.05 

 P-Value  0.05   

 (  Ho)   0.05   

 (   Ho    H1)   

  

 (Tensile Property)  

   24    ASTM D-2256  

  10      SPSS   19  21 

 19   

   Young’s modulus 

 P-Value P-value <  

 0.791  

 0.493  

 1.000  

 :      

 95%    = 0.05 

     

  95%    = 0.05 

  

 Young’s modulus  95  
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 20   

   Ultimate tensile strength 

 P-Value P-value <  

 0.342  

 0.913  

 0.564  

 :      

 95%   = 0.05 

      

  95%    = 0.05 

  

 Ultimate tensile strength  95  

 21   

   Strain at break (%) 

 P-Value P-value <  

 0.947  

 0.790  

 1.000  

 :      

 95%   = 0.05 

      

  95%    = 0.05 

  

 Strain at break (%)  95  

 HDPE  EPDM 4.1.7  

PLA  PBAT  

 PLA  PBAT

 HDPE  EPDM (  PLA  PBAT  flexibility 
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 HDPE  EPDM)  PLA 

 PBAT  PLA  

  

  HDPE  EPDM  

  

  

  Strain at yield (%)  

 95  

 

 



 

 5 

 

5.1   

 5.1.1  

  1 , 2  3 phr 

  

 EPDM  HDPE 

  

 Vinyltriethoxy silane 

 HDPE  EPDM   

 Vinyltriethoxy silane  2.5 

  2 phr 

 

 (chemical foaming agent) 

  

2.0 phr  

  

 16 % 

  

 5.1.2  
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 3-Aminopropyltriethoxy silane 

 PLA  PBAT 

  

 3-Aminopropyltriethoxy silane  6

  5 phr 

 

 (chemical foaming agent) 

  

2.0 phr  

 

   

 40 % 

  

5.2   

  PLA  

PBAT  (

) 
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 22 EPDM  Young’s modulus 

 Foaming agent 

Code 
Young's modulus (MPa) 

Average SD 

HD100 641.10 31.67 

HD90 537.62 25.91 

HD80 435.58 9.03 

HD70 341.80 18.72 

HD60 232.45 5.94 

 23  EPDM  Tensile strength 

 Foaming agent 

Code 
Tensile strength (MPa) 

Average SD 

HD100 16.06 0.43 

HD90 15.05 0.68 

HD80 13.22 0.17 

HD70 10.94 0.47 

HD60 8.94 0.17 
 

 24 EPDM  Strain at yield 

 Foaming agent 
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Code 
Strain at yield (%) 

Average SD 

HD100 11.94 0.68 

HD90 15.35 0.47 

HD80 16.12 0.49 

HD70 18.39 0.40 

HD60 19.13 1.25 

 25  

Vinyltriethoxy silane   Young’s modulus  

Foaming agent 

Code 

Young's modulus (MPa) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 513.54 548.29 571.06 28.22 20.94 31.23 

Wsilane2.5 548.01 585.93 546.90 29.18 31.54 36.00 

Wsilane3.0 577.20 585.85 642.23 10.89 20.41 14.01 

 26   

Vinyltriethoxy silane   Tensile strength  

Foaming agent 

Code 

Tensile strength (MPa) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 15.20 15.31 15.69 0.22 0.36 0.12 

Wsilane2.5 16.01 16.25 16.27 0.22 0.18 0.41 

Wsilane3.0 15.90 16.04 16.62 0.23 0.23 0.20 
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 27   

Vinyltriethoxy silane   Strain at yield  Foaming 

agent 

Code 

Strain at yield (%) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 13.89 14.96 14.94 0.34 0.28 0.29 

Wsilane2.5 15.29 15.60 16.25 0.30 0.45 0.29 

Wsilane3.0 14.94 15.66 15.62 0.31 0.19 0.22 

 28  Foaming agent   Young’s modulus 

 

Code 

Young's modulus (MPa) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 547.45 501.98 463.82 460.38 14.23 17.24 12.04 19.94 

Optimized 

formula 
585.93 31.54 

Natural rattan 1858.07 59.90 

 29   Foaming agent   Tensile strength 
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Code 

Tensile strength (MPa) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 14.66 13.07 12.38 11.74 0.16 0.10 0.29 0.15 

Optimized 

formula 
16.25 0.18 

Natural rattan 57.11 1.79 

 

 30   Foaming agent   Strain at yield 

 

Code 

Strain at yield (%) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 15.72 15.69 16.26 16.04 0.26 0.19 0.15 0.27 

Optimized 

formula 
15.60 0.45 

Natural rattan 4.59 0.48 

 31   

Vinyltriethoxy silane   Foaming 

agent 
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Code 

Density (g/cm3) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 0.9166 0.9199 0.9225 0.0489 0.0222 0.0105 

Wsilane2.5 0.9208 0.9265 0.9291 0.0097 0.0178 0.0131 

Wsilane3.0 0.9231 0.9265 0.9296 0.0222 0.0229 0.0249 

90/10 0.8808 0.1311 
 

 32  Foaming agent  

 

Code 

Density (g/cm3) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 0.9086 0.7861 0.7867 0.7759 0.0281 0.0125 0.0176 0.0244

Optimized 

formula 
0.9265 0.0178 

Natural rattan 0.4720 0.0207

 33   

Vinyltriethoxy silane   

Foaming agent 

Code 

Water absorption (%) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 0.1116 0.2029 0.2286 0.0611 0.0553 0.0594 

Wsilane2.5 0.0659 0.1758 0.1960 0.0428 0.0439 0.0495 

Wsilane3.0 0.0734 0.1525 0.1942 0.0497 0.0559 0.0526 

90/10 0.0555 0.0433 
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 34  Foaming agent  

 

Code 

Water absorption (%) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 0.5424 0.7965 0.8203 0.8653 0.0824 0.0953 0.0923 0.0498 

Optimized 

formula 
0.1758 0.0439 

Natural rattan 155.5160 13.2314 

 35  

Vinyltriethoxy silane   (*L)  

Foaming agent 

Code 

Lightness (*L) 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 61.7 54.8 50.3 0.4 0.6 0.3 

Wsilane2.5 59.3 55.1 52.7 0.4 0.5 0.5 

Wsilane3.0 59.1 55.2 50.1 0.5 0.5 0.3 

Natural 

rattan 
71.5 1 

 36  

Vinyltriethoxy silane   *a  Foaming agent 
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Code 

*a 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 2.9 7.3 7.8 0.1 0.5 0.2 

Wsilane2.5 3.6 7.2 6.8 0.2 0.5 0.4 

Wsilane3.0 2.9 7.5 8.3 0.2 0.2 0.2 

Natural 

rattan 
6.0 0.5 

 37  

Vinyltriethoxy silane   *b  Foaming agent 

Code 

*b 

Average SD 

1phr 2phr 3phr 1phr 2phr 3phr 

Wsilane0 12.2 18.5 19.2 0.4 0.5 0.2 

Wsilane2.5 12.4 16.3 16.2 0.4 0.6 0.4 

Wsilane3.0 12.1 17.2 18 0.5 0.2 0.2 

Natural 

rattan 
21.9 0.9 

 

 38  Foaming agent   (*L)
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Code 

Lightness (*L) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 56.2 61.3 64.3 65.2 0.2 0.2 0.4 0.4 

Optimized 

formula 
55.1 0.5 

Natural rattan 71.5 1.0 
 

 39  Foaming agent   *a  

Code 

*a 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 6.0 6.2 6.0 5.6 0.1 0.1 0.1 0.1 

Optimized 

formula 
7.2 0.5 

Natural rattan 6.0 0.5 
 

 40  Foaming agent   *b  

Code 

*b 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

HDsilane2.5_F 18.6 20 20 19.3 0.3 0.4 0.3 0.3 

Optimized 

formula 
16.3 0.6 

Natural rattan 21.9 0.9 
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 (Oneway ANOVA Test)   SPSS 

 Young’s modulus  

Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:19:10 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Young's modulus.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 

Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.03 
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Descriptives 
 
Young's modulus  

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

     
Lower 
Bound 

Upper 
Bound   

Dry 130 545.5879 53.94814 4.73156 536.2264 554.9494 426.14 668.80 

Water 130 526.3281 80.53667 7.06353 512.3528 540.3035 352.32 746.71 

Dishwashing 130 551.6675 69.40736 6.08743 539.6234 563.7116 363.82 640.06 

Washing powder 130 535.7032 72.20872 6.33312 523.1729 548.2334 350.63 627.77 

Total 520 539.8217 70.15886 3.07667 533.7774 545.8659 350.63 746.71 

 
 
Test of Homogeneity of Variances 
 
Young's modulus  

Levene 
Statistic df1 df2 Sig. 

4.622 3 516 .003 

 
 
ANOVA 
 
Young's modulus  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 48439.372 3 16146.457 3.324 .020 

Within Groups 2506216.7
89 516 4857.009     

Total 2554656.1
62 519       

 
 
Robust Tests of Equality of Means 
 
Young's modulus  

  Statistic(a) df1 df2 Sig. 
Welch 2.982 3 283.460 .032 

Brown-Forsythe 3.324 3 482.400 .020 

a  Asymptotically F distributed. 
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Post Hoc Tests 
 

Multiple Comparisons 
 
Dependent Variable: Young's modulus  

 (I) Conditions (J) Conditions 

Mean 
Differenc

e (I-J) 
Std. 
Error Sig. 99% Confidence Interval 

      
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water 19.2598 8.64426 .117 -7.7842 46.3038
  Dishwashing -6.0796 8.64426 .896 -33.1236 20.9644 

  Washing 
powder 9.8848 8.64426 .663 -17.1592 36.9288 

 Water Dry -19.2598 8.64426 .117 -46.3038 7.7842 

  Dishwashing -25.3393 8.64426 .018 -52.3833 1.7046 

  Washing 
powder -9.3750 8.64426 .699 -36.4190 17.6690 

 Dishwashing Dry 6.0796 8.64426 .896 -20.9644 33.1236 

  Water 25.3393 8.64426 .018 -1.7046 52.3833 

  Washing 
powder 15.9643 8.64426 .253 -11.0797 43.0083 

 Washing 
powder 

Dry -9.8848 8.64426 .663 -36.9288 17.1592 

  Water 9.3750 8.64426 .699 -17.6690 36.4190
  Dishwashing -15.9643 8.64426 .253 -43.0083 11.0797 

Tamhane Dry Water 19.2598 8.50184 .138 -7.7854 46.3049 

  Dishwashing -6.0796 7.71003 .966 -30.5840 18.4249 

  Washing 
powder 9.8848 7.90545 .761 -15.2460 35.0155 

 Water Dry -19.2598 8.50184 .138 -46.3049 7.7854 
  Dishwashing -25.3393 9.32471 .041 -54.9634 4.2847 
  Washing 

powder -9.3750 9.48694 .905 -39.5112 20.7612 

 Dishwashing Dry 6.0796 7.71003 .966 -18.4249 30.5840 

  Water 25.3393 9.32471 .041 -4.2847 54.9634 

  Washing 
powder 15.9643 8.78437 .354 -11.9371 43.8657 

 Washing 
powder 

Dry -9.8848 7.90545 .761 -35.0155 15.2460 

  Water 9.3750 9.48694 .905 -20.7612 39.5112 

  Dishwashing -15.9643 8.78437 .354 -43.8657 11.9371 
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Homogeneous Subsets 
 
 Young's modulus 
 

  Conditions N 

Subset for 
alpha = 

.01 

1 
Tukey HSD(a) Water 130 526.3281 

Washing 
powder 130 535.7032 

Dry 130 545.5879 

Dishwashing 130 551.6675 

Sig.   .018 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
 

 

 (Oneway ANOVA Test)   SPSS 

 Ultimate tensile strength  

 
Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:21:20 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Strength.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 
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Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.05 

 
 
Descriptives 
 
Ultimate tensile strength  

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

          
Lower 
Bound 

Upper 
Bound     

Dry 130 15.0116 1.55765 .13661 14.7413 15.2819 11.55 16.89 

Water 130 14.6741 2.68976 .23591 14.2073 15.1408 9.63 20.70 

Dishwashing 130 15.3093 2.14430 .18807 14.9372 15.6814 10.43 21.00 

Washing powder 130 14.4512 2.07655 .18213 14.0908 14.8115 9.41 16.86 

Total 520 14.8615 2.17320 .09530 14.6743 15.0488 9.41 21.00 

 
 
Test of Homogeneity of Variances 
 
Ultimate tensile strength  

Levene 
Statistic df1 df2 Sig. 

10.267 3 516 .000 
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ANOVA 
 
Ultimate tensile strength  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 55.455 3 18.485 3.981 .008 

Within Groups 2395.683 516 4.643     

Total 2451.138 519       

 
 
Robust Tests of Equality of Means 
 
Ultimate tensile strength  

  Statistic(a) df1 df2 Sig. 
Welch 4.112 3 281.636 .007 

Brown-Forsythe 3.981 3 454.148 .008 

a  Asymptotically F distributed. 
 
 

Post Hoc Tests 
 

Multiple Comparisons 
 

Dependent Variable: Ultimate tensile strength  

 (I) Conditions (J) Conditions 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 99% Confidence Interval 

      
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water .3375 .26726 .587 -.4986 1.1737 
  Dishwashing -.2977 .26726 .681 -1.1338 .5384 

  Washing 
powder .5605 .26726 .155 -.2757 1.3966 

 Water Dry -.3375 .26726 .587 -1.1737 .4986 

  Dishwashing -.6352 .26726 .083 -1.4714 .2009 

  Washing 
powder .2229 .26726 .838 -.6132 1.0591 

 Dishwashing Dry .2977 .26726 .681 -.5384 1.1338 

  Water .6352 .26726 .083 -.2009 1.4714 

  Washing 
powder .8582(*) .26726 .008 .0220 1.6943 

 Washing Dry -.5605 .26726 .155 -1.3966 .2757 
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powder 

  Water -.2229 .26726 .838 -1.0591 .6132 
  Dishwashing -.8582(*) .26726 .008 -1.6943 -.0220 

Tamhane Dry Water .3375 .27261 .770 -.5306 1.2057 

  Dishwashing -.2977 .23245 .741 -1.0368 .4414 

  Washing 
powder .5605 .22767 .084 -.1633 1.2842 

 Water Dry -.3375 .27261 .770 -1.2057 .5306 
  Dishwashing -.6352 .30170 .199 -1.5940 .3235 
  Washing 

powder .2229 .29803 .974 -.7243 1.1702 

 Dishwashing Dry .2977 .23245 .741 -.4414 1.0368 

  Water .6352 .30170 .199 -.3235 1.5940 

  Washing 
powder .8582(*) .26180 .007 .0266 1.6897 

 Washing 
powder 

Dry -.5605 .22767 .084 -1.2842 .1633 

  Water -.2229 .29803 .974 -1.1702 .7243 

  Dishwashing -.8582(*) .26180 .007 -1.6897 -.0266 

*  The mean difference is significant at the .01 level. 
 
 

Homogeneous Subsets 
 
 Ultimate tensile strength 
 

  Conditions N 

Subset for alpha = .01 

1 2 
Tukey HSD(a) Washing 

powder 130 14.4512   

Water 130 14.6741 14.6741 

Dry 130 15.0116 15.0116 

Dishwashing 130   15.3093 

Sig.   .155 .083 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
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 (Oneway ANOVA Test)   SPSS 

 Strain at maximum stress  

 
Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:22:11 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Strain at ultimate stress.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 

Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.03 
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Descriptives 
 
Strain at ultimate stress  

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

          
Lower 
Bound 

Upper 
Bound     

Dry 130 15.4531 .68336 .05993 15.3345 15.5717 13.42 16.67 

Water 130 17.9914 1.83339 .16080 17.6732 18.3095 14.00 25.34 

Dishwashing 130 17.4219 1.04590 .09173 17.2404 17.6034 15.42 19.25 

Washing powder 130 17.3202 1.02755 .09012 17.1418 17.4985 14.92 19.42 

Total 520 17.0466 1.54905 .06793 16.9132 17.1801 13.42 25.34 

 
 
Test of Homogeneity of Variances 
 
Strain at ultimate stress  

Levene 
Statistic df1 df2 Sig. 

44.106 3 516 .000 

 
 
ANOVA 
 
Strain at ultimate stress  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 474.192 3 158.064 105.763 .000 

Within Groups 771.172 516 1.495     

Total 1245.364 519       

 
 
Robust Tests of Equality of Means 
 
Strain at ultimate stress  

  Statistic(a) df1 df2 Sig. 
Welch 190.411 3 274.881 .000 

Brown-Forsythe 105.763 3 333.389 .000 

a  Asymptotically F distributed. 
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Post Hoc Tests 
 

Multiple Comparisons 
 
Dependent Variable: Strain at ultimate stress  

  (I) Conditions (J) Conditions 

Mean 
Differenc

e (I-J) 
Std. 
Error Sig. 99% Confidence Interval 

            
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water -2.5383(*) .15163 .000 -3.0127 -2.0639 
    Dishwashing -1.9688(*) .15163 .000 -2.4432 -1.4945 

    Washing 
powder -1.8671(*) .15163 .000 -2.3415 -1.3927 

  Water Dry 2.5383(*) .15163 .000 2.0639 3.0127 

    Dishwashing .5695(*) .15163 .001 .0951 1.0439 

    Washing 
powder .6712(*) .15163 .000 .1968 1.1456 

  Dishwashing Dry 1.9688(*) .15163 .000 1.4945 2.4432 

    Water -.5695(*) .15163 .001 -1.0439 -.0951 

    Washing 
powder .1018 .15163 .908 -.3726 .5762 

  Washing 
powder 

Dry 1.8671(*) .15163 .000 1.3927 2.3415 

    Water -.6712(*) .15163 .000 -1.1456 -.1968 
    Dishwashing -.1018 .15163 .908 -.5762 .3726 

Tamhane Dry Water -2.5383(*) .17161 .000 -3.0867 -1.9899 

    Dishwashing -1.9688(*) .10958 .000 -2.3175 -1.6202 

    Washing 
powder -1.8671(*) .10823 .000 -2.2114 -1.5228 

  Water Dry 2.5383(*) .17161 .000 1.9899 3.0867 
    Dishwashing .5695 .18512 .014 -.0202 1.1591 
    Washing 

powder .6712(*) .18433 .002 .0841 1.2584 

  Dishwashing Dry 1.9688(*) .10958 .000 1.6202 2.3175 

    Water -.5695 .18512 .014 -1.1591 .0202 

    Washing 
powder .1018 .12859 .966 -.3067 .5102 

  Washing 
powder 

Dry 1.8671(*) .10823 .000 1.5228 2.2114 

    Water -.6712(*) .18433 .002 -1.2584 -.0841 

    Dishwashing -.1018 .12859 .966 -.5102 .3067 

*  The mean difference is significant at the .01 level. 
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Homogeneous Subsets 
 
 Strain at ultimate stress 
 

  Conditions N 

Subset for alpha = .01 

1 2 3 
Tukey HSD(a) Dry 130 15.4531     

Washing 
powder 130   17.3202   

Dishwashing 130   17.4219   

Water 130     17.9914 

Sig.   1.000 .908 1.000 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
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 41  3

Aminopropyltriethoxy silane   Young’s modulus 

 Foaming agent 

Code 

Young's modulus (MPa) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 1591.86 1696.59 1643.71 59.80 69.90 86.51 

Wsilane4 1666.28 1735.77 1746.83 89.17 95.99 89.81 

Wsilane6 1600.65 1731.59 1648.93 65.00 96.25 111.80 

70/30 1544.76 84.67 

 42   3

Aminopropyltriethoxy silane   Ultimate tensile strength 

 Foaming agent 

Code 

Ultimate tensile strength (MPa) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 32.21 37.49 36.25 1.17 1.58 0.38 

Wsilane4 33.94 37.37 37.26 1.55 1.16 0.69 

Wsilane6 33.49 38.65 36.78 0.60 1.30 1.08 

70/30 38.74 0.54 

 43   3

Aminopropyltriethoxy silane   Strain at break  

Foaming agent 
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Code 

Strain at break (%) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 0.23 0.52 0.30 0.23 0.52 0.30 

Wsilane4 0.56 0.63 0.31 0.56 0.63 0.31 

Wsilane6 0.61 0.80 0.82 0.61 0.80 0.82 

70/30 17.59 6.63 

 44  Foaming agent   Young’s modulus 

 

Code 

Young's modulus (MPa) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

PLAsilane6_F 1294.18 1288.06 1108.50 1206.44 97.71 90.95 95.58 46.91

Optimized 

formula 
1731.59 96.25 

Natural rattan 1858.07 59.90 

 45   Foaming agent   Ultimate tensile stress 

 

Code 

Ultimate tensile strength (MPa) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

PLAsilane6_F 25.56 21.22 21.44 19.93 0.86 0.71 0.48 0.76 

Optimized 

formula 
38.65 1.30 

Natural rattan 57.11 1.79 
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 46   Foaming agent   Strain at break 

 

Code 

Strain at break (%) 

Average SD 

0.5 phr 1 phr 1.5 phr 2 phr 0.5 phr 1 phr 1.5 phr 2 phr 

PLAsilane6_F 6.82 7.31 6.08 5.10 0.59 0.96 0.56 0.26 

Optimized 

formula 
6.45 0.80 

Natural rattan 4.59 0.48 

 47   3-

Aminopropyltriethoxy silane   

Foaming agent 

Code 

Density (g/cm3) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 1.3795 1.4374 1.5801 0.0632 0.0187 0.0157 

Wsilane4 1.4027 1.5724 1.6072 0.0516 0.0353 0.0385 

Wsilane6 1.3842 1.5613 1.5903 0.1146 0.0265 0.0112 

70/30 1.2399 0.0200 
 

 48  Foaming agent  
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Code 

Density (g/cm3) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

PLsilane6_F 1.0778 0.9695 0.9370 0.8959 0.0206 0.0165 0.0313 0.0150 

Optimized 

formula 
1.5613 0.0265 

Natural rattan 0.4720 0.0207 

 49   3-

Aminopropyltriethoxy silane  

 Foaming agent 

Code 

Water absorption (%) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 0.9016 1.1079 1.2197 0.0272 0.0388 0.0322 

Wsilane4 0.8879 1.0520 1.0625 0.0265 0.0151 0.0297 

Wsilane6 0.8328 0.9631 1.0636 0.0482 0.0295 0.0439 

70/30 0.6585 0.0210 

 50  Foaming agent  

 

Code 

Water absorption (%) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

PLsilane6_F 1.6608 1.9262 2.0328 2.4452 0.0344 0.0520 0.0554 0.0564 

Optimized 

formula 
0.9631 0.0295 

Natural rattan 155.5160 13.2314 
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 51  3-

Aminopropyltriethoxy silane   (*L)  

Foaming agent 

Code 

Lightness (*L) 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 71.3 63.7 59.5 0.3 0.5 0.4 

Wsilane4 63.9 62.6 59.4 0.7 0.3 0.3 

Wsilane6 64.2 61.7 55.6 0.7 0.7 0.8 

Natural 

rattan 
71.5 1.0 

 52  3-

Aminopropyltriethoxy silane   *a  Foaming 

agent 

Code 

*a 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 6.0 8.2 8.7 0.2 0.2 0.3 

Wsilane4 7.2 7.3 8.1 0.4 0.4 0.2 

Wsilane6 7.3 7.5 8.7 0.3 0.3 0.3 

Natural 

rattan 
6.0 0.5 

 

 



148 

 53  3-

Aminopropyltriethoxy silane   *b  Foaming 

agent 

Code 

*b 

Average SD 

3phr 5phr 7phr 3phr 5phr 7phr 

Wsilane0 13.1 16.3 16.3 0.2 0.4 0.2 

Wsilane4 15.6 17.1 17.8 0.7 0.4 0.4 

Wsilane6 16.4 18.0 18.2 0.4 0.3 0.3 

Natural 

rattan 
21.9 0.9 

 

 54  Foaming agent   (*L)

 

Code 

Lightness (*L) 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

PLsilane6_F 62.1 63.3 64.9 60.8 0.5 1.2 0.9 0.6 

Optimized 

formula 
61.7 0.7 

Natural rattan 71.5 1.0 
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 55  Foaming agent   *a  

Code 

*a 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

PLsilane6_F 7.5 7.5 7.3 7.9 0.1 0.4 0.2 0.2 

Optimized 

formula 
7.5 0.3 

Natural rattan 6.0 0.5 
 

 56  Foaming agent   *b  

Code 

*b 

Average SD 

0.5phr 1 phr 1.5 phr 2 phr 0.5phr 1 phr 1.5 phr 2 phr 

PLsilane6_F 17.2 18.7 18.5 19.3 0.3 0.5 0.3 0.2 

Optimized 

formula 
18.0 0.3 

Natural rattan 21.9 0.9 
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 (Oneway ANOVA Test)   SPSS 

 Young’s modulus  

 
Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:19:10 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Young's modulus.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 

Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.03 
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Descriptives 
 
Young's modulus  

 N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

     
Lower 
Bound 

Upper 
Bound   

Dry 130 545.5879 53.94814 4.73156 536.2264 554.9494 426.14 668.80 

Water 130 526.3281 80.53667 7.06353 512.3528 540.3035 352.32 746.71 

Dishwashing 130 551.6675 69.40736 6.08743 539.6234 563.7116 363.82 640.06 

Washing powder 130 535.7032 72.20872 6.33312 523.1729 548.2334 350.63 627.77 

Total 520 539.8217 70.15886 3.07667 533.7774 545.8659 350.63 746.71 

 
 
Test of Homogeneity of Variances 
 
Young's modulus  

Levene 
Statistic df1 df2 Sig. 

4.622 3 516 .003 

 
 
ANOVA 
 
Young's modulus  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 48439.372 3 16146.457 3.324 .020 

Within Groups 2506216.7
89 516 4857.009     

Total 2554656.1
62 519       

 
 
Robust Tests of Equality of Means 
 
Young's modulus  

  Statistic(a) df1 df2 Sig. 
Welch 2.982 3 283.460 .032 

Brown-Forsythe 3.324 3 482.400 .020 

a  Asymptotically F distributed. 
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Post Hoc Tests 
 

Multiple Comparisons 
 
Dependent Variable: Young's modulus  

 (I) Conditions (J) Conditions 

Mean 
Differenc

e (I-J) 
Std. 
Error Sig. 99% Confidence Interval 

      
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water 19.2598 8.64426 .117 -7.7842 46.3038
  Dishwashing -6.0796 8.64426 .896 -33.1236 20.9644 

  Washing 
powder 9.8848 8.64426 .663 -17.1592 36.9288 

 Water Dry -19.2598 8.64426 .117 -46.3038 7.7842 

  Dishwashing -25.3393 8.64426 .018 -52.3833 1.7046 

  Washing 
powder -9.3750 8.64426 .699 -36.4190 17.6690 

 Dishwashing Dry 6.0796 8.64426 .896 -20.9644 33.1236 

  Water 25.3393 8.64426 .018 -1.7046 52.3833 

  Washing 
powder 15.9643 8.64426 .253 -11.0797 43.0083 

 Washing 
powder 

Dry -9.8848 8.64426 .663 -36.9288 17.1592 

  Water 9.3750 8.64426 .699 -17.6690 36.4190
  Dishwashing -15.9643 8.64426 .253 -43.0083 11.0797 

Tamhane Dry Water 19.2598 8.50184 .138 -7.7854 46.3049 

  Dishwashing -6.0796 7.71003 .966 -30.5840 18.4249 

  Washing 
powder 9.8848 7.90545 .761 -15.2460 35.0155 

 Water Dry -19.2598 8.50184 .138 -46.3049 7.7854 
  Dishwashing -25.3393 9.32471 .041 -54.9634 4.2847 
  Washing 

powder -9.3750 9.48694 .905 -39.5112 20.7612 

 Dishwashing Dry 6.0796 7.71003 .966 -18.4249 30.5840 

  Water 25.3393 9.32471 .041 -4.2847 54.9634 

  Washing 
powder 15.9643 8.78437 .354 -11.9371 43.8657 

 Washing 
powder 

Dry -9.8848 7.90545 .761 -35.0155 15.2460 

  Water 9.3750 9.48694 .905 -20.7612 39.5112 

  Dishwashing -15.9643 8.78437 .354 -43.8657 11.9371 
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Homogeneous Subsets 
 
 Young's modulus 
 

  Conditions N 

Subset for 
alpha = 

.01 

1 
Tukey HSD(a) Water 130 526.3281 

Washing 
powder 130 535.7032 

Dry 130 545.5879 

Dishwashing 130 551.6675 

Sig.   .018 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
 

 (Oneway ANOVA Test)   SPSS 

 Ultimate tensile strength  

 
Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:21:20 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Strength.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 



154 

Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.05 

 
Descriptives 
 
Ultimate tensile strength  

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

          
Lower 
Bound 

Upper 
Bound     

Dry 130 15.0116 1.55765 .13661 14.7413 15.2819 11.55 16.89 

Water 130 14.6741 2.68976 .23591 14.2073 15.1408 9.63 20.70 

Dishwashing 130 15.3093 2.14430 .18807 14.9372 15.6814 10.43 21.00 

Washing powder 130 14.4512 2.07655 .18213 14.0908 14.8115 9.41 16.86 

Total 520 14.8615 2.17320 .09530 14.6743 15.0488 9.41 21.00 

 
 
Test of Homogeneity of Variances 
 
Ultimate tensile strength  

Levene 
Statistic df1 df2 Sig. 

10.267 3 516 .000 
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ANOVA 
 
Ultimate tensile strength  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 55.455 3 18.485 3.981 .008 

Within Groups 2395.683 516 4.643     

Total 2451.138 519       

 
 
Robust Tests of Equality of Means 
 
Ultimate tensile strength  

  Statistic(a) df1 df2 Sig. 
Welch 4.112 3 281.636 .007 

Brown-Forsythe 3.981 3 454.148 .008 

a  Asymptotically F distributed. 
 
 

Post Hoc Tests 
 

Multiple Comparisons 
 

Dependent Variable: Ultimate tensile strength  

 (I) Conditions (J) Conditions 

Mean 
Difference 

(I-J) 
Std. 
Error Sig. 99% Confidence Interval 

      
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water .3375 .26726 .587 -.4986 1.1737 
  Dishwashing -.2977 .26726 .681 -1.1338 .5384 

  Washing 
powder .5605 .26726 .155 -.2757 1.3966 

 Water Dry -.3375 .26726 .587 -1.1737 .4986 

  Dishwashing -.6352 .26726 .083 -1.4714 .2009 

  Washing 
powder .2229 .26726 .838 -.6132 1.0591 

 Dishwashing Dry .2977 .26726 .681 -.5384 1.1338 

  Water .6352 .26726 .083 -.2009 1.4714 

  Washing 
powder .8582(*) .26726 .008 .0220 1.6943 

 Washing Dry -.5605 .26726 .155 -1.3966 .2757 
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powder 

  Water -.2229 .26726 .838 -1.0591 .6132 
  Dishwashing -.8582(*) .26726 .008 -1.6943 -.0220 

Tamhane Dry Water .3375 .27261 .770 -.5306 1.2057 

  Dishwashing -.2977 .23245 .741 -1.0368 .4414 

  Washing 
powder .5605 .22767 .084 -.1633 1.2842 

 Water Dry -.3375 .27261 .770 -1.2057 .5306 
  Dishwashing -.6352 .30170 .199 -1.5940 .3235 
  Washing 

powder .2229 .29803 .974 -.7243 1.1702 

 Dishwashing Dry .2977 .23245 .741 -.4414 1.0368 

  Water .6352 .30170 .199 -.3235 1.5940 

  Washing 
powder .8582(*) .26180 .007 .0266 1.6897 

 Washing 
powder 

Dry -.5605 .22767 .084 -1.2842 .1633 

  Water -.2229 .29803 .974 -1.1702 .7243 

  Dishwashing -.8582(*) .26180 .007 -1.6897 -.0266 

*  The mean difference is significant at the .01 level. 

 
Homogeneous Subsets 
 
 Ultimate tensile strength 
 

  Conditions N 

Subset for alpha = .01 

1 2 
Tukey HSD(a) Washing 

powder 130 14.4512   

Water 130 14.6741 14.6741 

Dry 130 15.0116 15.0116 

Dishwashing 130   15.3093 

Sig.   .155 .083 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
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 (Oneway ANOVA Test)   SPSS 

 Strain at break  

 
Oneway 
 
 Notes 
 
Output Created 11-AUG-2011 22:22:11 

Comments   

Input Data 
C:\Users\Gundum\Desktop\SPSS 

HDPE\Strain at break.sav 

Filter <none> 

Weight <none> 

Split File <none> 

N of Rows in 
Working Data File 556 

Missing Value 
Handling 

Definition of 
Missing User-defined missing values are 

treated as missing. 

Cases Used 
Statistics for each analysis are based 
on cases with no missing data for any 

variable in the analysis. 

Syntax 

ONEWAY  tensile BY cond  
/STATISTICS DESCRIPTIVES 

HOMOGENEITY 
BROWNFORSYTHE WELCH  

/MISSING ANALYSIS  /POSTHOC = 
TUKEY T2 ALPHA(.01). 

Resources Elapsed Time 0:00:00.03 
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Descriptives 
 
Strain at break 

  N Mean 
Std. 

Deviation 
Std. 
Error 

95% Confidence Interval 
for Mean Minimum Maximum 

          
Lower 
Bound 

Upper 
Bound     

Dry 130 15.4531 .68336 .05993 15.3345 15.5717 13.42 16.67 

Water 130 17.9914 1.83339 .16080 17.6732 18.3095 14.00 25.34 

Dishwashing 130 17.4219 1.04590 .09173 17.2404 17.6034 15.42 19.25 

Washing powder 130 17.3202 1.02755 .09012 17.1418 17.4985 14.92 19.42 

Total 520 17.0466 1.54905 .06793 16.9132 17.1801 13.42 25.34 

 
 
Test of Homogeneity of Variances 
 
Strain at break 

Levene 
Statistic df1 df2 Sig. 

44.106 3 516 .000 

 
ANOVA 
 
Strain at break  

  
Sum of 

Squares df Mean Square F Sig. 
Between Groups 474.192 3 158.064 105.763 .000 

Within Groups 771.172 516 1.495     

Total 1245.364 519       

 
 
Robust Tests of Equality of Means 
 
Strain at break 

  Statistic(a) df1 df2 Sig. 
Welch 190.411 3 274.881 .000 

Brown-Forsythe 105.763 3 333.389 .000 

a  Asymptotically F distributed. 
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Post Hoc Tests 
 

Multiple Comparisons 
 
Dependent Variable: Strain at break  

  (I) Conditions (J) Conditions 

Mean 
Differenc

e (I-J) 
Std. 
Error Sig. 99% Confidence Interval 

            
Lower 
Bound 

Upper 
Bound 

Tukey HSD Dry Water -2.5383(*) .15163 .000 -3.0127 -2.0639 
    Dishwashing -1.9688(*) .15163 .000 -2.4432 -1.4945 

    Washing 
powder -1.8671(*) .15163 .000 -2.3415 -1.3927 

  Water Dry 2.5383(*) .15163 .000 2.0639 3.0127 

    Dishwashing .5695(*) .15163 .001 .0951 1.0439 

    Washing 
powder .6712(*) .15163 .000 .1968 1.1456 

  Dishwashing Dry 1.9688(*) .15163 .000 1.4945 2.4432 

    Water -.5695(*) .15163 .001 -1.0439 -.0951 

    Washing 
powder .1018 .15163 .908 -.3726 .5762 

  Washing 
powder 

Dry 1.8671(*) .15163 .000 1.3927 2.3415 

    Water -.6712(*) .15163 .000 -1.1456 -.1968 
    Dishwashing -.1018 .15163 .908 -.5762 .3726 

Tamhane Dry Water -2.5383(*) .17161 .000 -3.0867 -1.9899 

    Dishwashing -1.9688(*) .10958 .000 -2.3175 -1.6202 

    Washing 
powder -1.8671(*) .10823 .000 -2.2114 -1.5228 

  Water Dry 2.5383(*) .17161 .000 1.9899 3.0867 
    Dishwashing .5695 .18512 .014 -.0202 1.1591 
    Washing 

powder .6712(*) .18433 .002 .0841 1.2584 

  Dishwashing Dry 1.9688(*) .10958 .000 1.6202 2.3175 

    Water -.5695 .18512 .014 -1.1591 .0202 

    Washing 
powder .1018 .12859 .966 -.3067 .5102 

  Washing 
powder 

Dry 1.8671(*) .10823 .000 1.5228 2.2114 

    Water -.6712(*) .18433 .002 -1.2584 -.0841 

    Dishwashing -.1018 .12859 .966 -.5102 .3067 

*  The mean difference is significant at the .01 level. 
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Homogeneous Subsets 
 
 Strain at break 
 

  Conditions N 

Subset for alpha = .01 

1 2 3 
Tukey HSD(a) Dry 130 15.4531     

Washing 
powder 130   17.3202   

Dishwashing 130   17.4219   

Water 130     17.9914 

Sig.   1.000 .908 1.000 

Means for groups in homogeneous subsets are displayed. 
a  Uses Harmonic Mean Sample Size = 130.000. 
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