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ABSTRACT 

 

Wood flour was used as filler   in polypropylene, commodity plastics for 

making thermoplastic composite by the process of extrusion and compression molding. 

Adhesion between wood flour and polypropylene was improved by using maleic 

anhydride polypropylene compatibilizer. Optimum mechanical properties were 

achieved at 1.5 % (weight)  of  compatibilizer. Improvement in   Magnesium stearate 

when used along with maleic anhydride polypropylene result better impact strength 

and hardness in WFPP composites with decrease in tensile and flexural properties. 
 

Keywords: tensile strength, wood flour, polypropylene, Maleic anhydride 

polypropylene, magnesium stearate, WFPP. 

 

INTRODUCTION 

 

Polypropylene (PP) is a lightweight polymer and has good mechanical properties to 

meet requirement of household and industrial sectors. Decrease in the mechanical properties 

such as tensile and impact strength of PP was observed by the addition of wood flour (WF). It 

is due to the incompatible nature of wood flour and polypropylene (PP) as wood flour is 

hydrophilic and PP is hydrophobic1-2. Researchers have used various compatibilizers and 

coupling agents such as maleic anhydride polypropylene (MAPP), Epolene G-3003, silane, 
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and poly methylene poly phenyl isocyanate (PMPPIC) for improving adhesion between PP 

and wood flour3-6. 

The effect of length to diameter (L/D) ratios of fiber on the properties of wood plastic 

composites (WPC) was studied. Composites were processed on extrusion and injection 

molding and   higher modulus of elasticity (MOE) was reported by   the addition of wood 

fibers to high density polyethylene (HDPE).   Fiber L/D ratio have a positive effect on 

mechanical properties but reduce the water absorption7. Further, the effect of fiber variability, 

size, and content on mechanical and physical properties of wood plastic composites was 

studied.  Better mechanical strength and stiffness in    composites was noticed by using long 

fiber and higher fiber content, but elongation and energy required to break was lower. The 

effect of fiber size on water uptake was minimized, but increased with higher fiber content 8.  

Wood plastic composites (WPCs) were prepared by extrusion using recycled 

polypropylene (RPP) and wood flour 9. Effect of wood flour particle size, coupling agent, 

lubricant and a mass ratio of wood and RPP was   studied.  Higher tensile and flexural strength 

of the WPC was reported with the use of finer wood flour particle but   with lower water 

swelling. Use of compatibilizer (maleic anhydride polypropylene) and lubricant (zinc 

stearate), both produce  optimum results in WPCs at 3% loading. The addition of 

compatibilizer improved the mechanical properties and reduced the swelling. Excess amount 

of lubricant increased the water swelling significantly, but reduced the mechanical properties 

of WPCs. 

 

Zinc  stearate (ZnS)  was used along    with other   lubricants such as  N, N-ethylene- 

bisstearamide (EBS) wax   and polyester based  wax in  WFPP composites10. Use of  all  

lubricants  decreased  nucleation advantage of  fiber,  however reduction was more  severe  

with ZnS. Less  thermally   stable  crystal   structure was  formed  with   EBS/ZnS in the  

presence of wood  and  result thermal instabilities    which  lowered the mechanical properties 

in  composites . In another study, EBS was mixed with ZnS and non metal   stearate11.   Maleic 

anhydride    absorbs moisture   from wood and   gets converted to maleic acid.  It reacts with 

zinc stearate to form Zn ionomer.  There is also the possibility of formation of    stearic acid. 

Loss in the efficiency of MAPP was responsible for   lower mechanical properties in  

composites. Therefore,  use of ZnS has an antagonistic effect on the performance of MAPP 

when   used  in wood plastic composites.   
 

Wood  flour   due to its lower  cost,    abundant  availability is  a  useful   filler   for   

making   polypropylene  composites. Studies  were  conducted   by using  lubricants  such as  

EBS, ZnS  and polyester based   wax  with WFPP  composites and    mechanical properties 

such as  tensile  and impact    were    studied.  In the present study,   ZnS   was replaced by  

magnesium  stearate (MgS).  It was used alone   and its effect   on mechanical properties   such 

as tensile, flexural, impact and hardness was studied.    Detailed study of mechanical properties 

of WFPP composites by varying mesh size, and magnesium stearate (MgS) loading was 

performed and could be very useful in various applications in domestic, building,   automobile, 

electronic and sport fields etc.  
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EXPERIMENTAL 

 

Materials  
 

Polypropylene: It was procured from M/S Reliance industries (Grade AM 120N) and 

following properties were measured:  

 Moisture content (ASTM  D789) : 0.039 % 

 Viscosity  average molecular  weight (ASTM D 2857-95) : 26,592×10-3  kg /mole 

 Tacticity : 7.8% 

 MFI (ASTM D 1238):  19.92  ×10-5  kg /s  

 Tensile strength at yield (ASTM D 638): 29.0 ×106 kg/ms2  

 Hardness SHORE D (ASTM D 2240): 63.75 

Wood Flour: It was obtained locally and some of the measured properties are given below: 

 Bulk density (ASTM  D1895)  : 150 kg/m3 

 Ash content (ASTM  D2584)  : 9.59 % 

 Moisture content (ASTM  D789)  : 9.02 % 

MAPP: Maleic anhydride grafted polypropylene (Grade P 406) compatibilizer was supplied 

by M/S Pluss Polymers Private Limited, Gurgaon. 

MgS: It was procured from M/S Power Inorganic, Delhi. 

 

Method  
 

Wood flour was preheated in oven at 373 K to remove moisture. Polypropylene along 

with wood flour was fed in a single screw extruder and temperature setting was: 463 K, 473 

K, 483 K, and 473 K. After getting the uniformly mixed granules from the extruder, the 

granules were kept in the mold. Mold halves were kept in compression molding machine at 

following process conditions: 

Processing temperature: 473 K 

Heating time: 900 s 

Cooling time: 1200 s 

Clamping pressure:  590.5×104  kg/m2  

After proper heating and cooling of the mold, it was opened and composite sheets of 

0.155 m× 0.155 m× 0.003 m were produced. The sheet was cut to prepare samples for carrying 

out tensile, impact (ASTM D 256) and flexural (ASTM D 790) tests.  

Universal testing machine (UTM)  [Capacity: 50 ×103 kgm/s2) , supplied by M/S 

Ashian Engineers Company India, New Delhi]  was used for performing the  tensile test. 

Gauge length was fixed at 50×10-3 m and testing speed was set at 83×10-5 m/s. The sample 

size in flexural test was 0.100 m× 0.0127 m×0. 003m and a test was performed on the same 

UTM by three point loading.  The Izod impact tester used was supplied by Prolific Engineers, 

Noida, and sample size was 0.0635 m0.0127× m×0.003 m. Impact test was done by Izod 

method and sample used was unnotched. MODEX Shore D hardness tester, supplied by 
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Material Testing Instrument was used for hardness measurement and sheet of 0.155 m× 0.155 

m× 0.003 m prepared by compression molding was used. 

 

Amount of   MgS  was varied  ( 0.5, 1, 1.5 , 2 gram based on150 gm  of  composite  weight:) 

 

RESULTS AND DISCUSSION 

 

Results for mechanical properties of wood flour polypropylene composites by varying 

the % of compatibilizer are given in Table 1. By addition of  MAPP up to 1.5 % ,  better  

mechanical properties  were  noticed  in the  composites as  compared to  non  compatibilized 

WFPP composites. 

Improvement in tensile strength of WFPP composites by adding compatibilizer was 

noticed. It is due to better chemical bonding between PP and WF 12. Flexural strength also 

showed similar behavior as tensile strength. It is due to the improved adhesion between the PP   

and WF by use of  compatabilizer13. Use of MAPP improves the wetting which is evidenced 

by the almost   complete absence of holes around polymer matrix14.  Better dispersion achieved 

by use of MAPP enhanced the impact strength of WFPP composites.   Hardness was also better 

in the composites due to better crystallinity achieved in the   composites by use of MAPP. 

At higher percentage beyond 1.5%, decrease in all mechanical properties was   

noticed.  Beyond 1.5%, MAPP did not participate in interfacial adhesion between PP and WF 

as percentage of WF was kept constant15 . With a higher content of MAPP, interfacial   

adhesion between WF and PP becomes weaker 16.  Therefore, both tensile and flexural strength   

of WFPP    composites were decreased. Further, the addition of MAPP beyond 1.5% result 

brittle failure, which lowers the impact strength of composites 17.  It is due  to  strong interfacial 

bonding  which makes  debonding between  matrix  and  wood flour  difficult  resulting lower 

fracture  energy absorption. Excess use of MAPP decreases the frictional forces between filler 

and PP resulting low frictional shear responsible for lower impact strength. Decrease in 

hardness   was noticed   beyond 1.5 % MAPP in the composites. Results are justified   as it has 

a proportional relationship with tensile  strength18. 

Therefore, 1.5 % is the optimum level of MAPP for getting improvement in 

mechanical properties of WFPP composites(Table1). Therefore,   its percentage was fixed at 

1.5% in   further studies. 
 

The results of the addition of MgS on mechanical properties of WFPP composites are 

given in Table 2. Use of MgS has an antagonistic effect on the performance of MAPP, 

therefore decrease in tensile   strength of WFPP composites was   noticed as shown in        

Figure 1.  Flexure strength also shows the similar pattern is it is dependent on the tensile    force 

as   shown in Figure 2.   However impact strength was better   with MgS loading as shown in 

Figure 3. It is due to lubricating action of MgS as it enhances the mobility between polymer 

chains. Higher mobility between chains improves load absorbing capacity of composites. 

Marginal improvement in hardness of composites with higher loading of MgS    was noticed 

as shown in Figure 4, it might be due to the presence of metal component (Mg) of MgS. 
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Table 1: Effect of  Compatibilizer % on Mechanical Properties of WFPP Composites 
 

Composition in gram 

(PP/WF/MAPP) 

Tensile 

Strength (MPa) 

Flexural 

Stress (MPa) 

Impact 

Strength (J/m) 

Hardness 

105/45/0 13.88 98.49 31.66 82.16 

105/45/2.25 18.15 111.72 66.66 83.50 

105/45/4.5 18.05 100.45 53.33 83.20 

105/45/6.75 15.45 96.63 36.66 82.67 

105/45/9 15.11 91.92 33.33 82.43 

 
Table 2: Effect of Magnesium Stearate  %  on Mechanical Properties of WFPP Composites 

 

Composition in gram 

(PP/WF/MAPP/MgS) 

Tensile Strength 

(MPa) 

Flexural Stress  

(MPa) 

Impact Strength 

(J/m) 

Hardness 

 

(105/45/2.25/0.5) 19.60 127.18 48.33 81.25 

(105/45/2.25/1.0)  16.77 105.14 53.32 82.10 

(105/45/2.25/1.5)  13.45 82.46 58.66 83.12 

(105/45/2.25/2.0)  11.32 58.84 64.12 83.85 

 

 
Figure 1: Effect of MgS on Tensile strength of  WFPP Composites 

 
 

 
Figure 2: Effect of MgS on Flexural  strength of  WFPP Composites 
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Figure 3: Effect of MgS on Impact  strength of  WFPP Composites 

 

 
FIGURE 4: Effect of MgS on Hardness of  WFPP Composites 

 

CONCLUSION 

 

WF is a   potential material   for PP    for development of thermoplastic composite.  

MAPP at 1.5 (weight %)    is very effective in improving the adhesion between WF and PP.  

Use of MgS   enhances the impact strength and hardness of WFPP composites but it has 

antagonistic  effect . WFPP composites thus prepared are light in weight, economical, and 

have good mechanical strength. These mechanical properties could be utilized in domestic, 

building, automobile,  and sport industries for applications such as mats, door, slab, laminate, 

door shutter, door panel, dashboard, back rest, seat cushion, tennis racket. 
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