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Abstract. In this study, the absolutely recycled plastic wood (ARCPW) was fabricated with 

post-consumer high density polyethylene (HDPE) and wood flour from the saw mills. The alkaline, 

silane and maleic anhydride modified polypropylene (MAPP) were used as modifiers to treat wood 

fiber and improve the interfacial adhesion of ARCPW. Effects of wood fiber length, weight fraction 

and surface treatment on the mechanical properties of ARCPW were investigated. The flexural 

fracture surfaces of ARCPW were examined and the fracture mechanism of ARCPW was also 

analyzed in this paper. The results indicated that ARCPW with wood fiber simultaneously treated 

by alkaline, silane and MAPP possesses the best mechanical properties. The higher the content of 

wood fiber, the better the flexural strength of ARPCW. The interfacial adhesion of prepared 

ARCPW is ideal and a good compatibility between wood fiber and matrix was obtained. 

Introduction 

Waste plastics have been an increasing fraction of municipal solid waste (MSW) in the world. How 

to make full use of them is still a hot topic for researchers. Thermoplastic/wood composites have 

been known for many years [1~4]. Although wood fiber would decrease the cost, it was not 

intended to improve the properties of the products in any substantial way. A major issue in 

achieving true reinforcement for wood plastic composites is the inherent incompatibility between 

the hydrophilic fibers and the hydrophobic polymers, which results in poor adhesion and therefore 

in poor ability to transfer stress from the matrix to the reinforcing fiber [5,6]. A number of 

investigators have explored the ability of additives to enhance adhesion and thereby improve 

properties such as tensile and flexural strength of these composite materials [7~9]. 

In this research work, post-consumer high density polyethylene (HDPE) and waste wood flour 

was used to make composites. The aim of this research was to improve the compatibility between 

HDPE matrix and wood flour and to develop ARCPW materials for structural applications. 

Experimental  

Materials. The wood fibers were collected from the saw mills and were separated into four 

different sizes by sifting; mesh 16~30, mesh 30~50, mesh 50~100, and more than mesh 100.The 

average length of them were 75um, 225um, 450um and 900um respectively. Then they were dried 

at 105˚C in an oven for 24 hrs to reduce the moisture content to less than 3%. 

Surface treatment. Three methods were applied to treat wood fiber. One is alkaline method. Wood 

fiber was treated with a sodium hydroxide aqueous solution (2% w/v) for 1 h at 25�, then were 
washed with distilled water. Subsequently, the fibers were dried at 90� for 24 h. 
For silane method, wood fibers were immersed inside the solution which was composed of 55ml 
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AH-172 coupling agent, 110ml dicumyl peroxide, 5L methanol, 560ml distilled water and 500ml 

acetic acid for 1 hr, and then were dried at 80� for 24 h. The third method is to treat wood fiber by 
alkaline firstly then followed by silane treatment.  

Fabrication. Recycled HDPE containers from MSW were washed and dried. Then heated and 

pressed them at 180˚C to form sheets, then cooled them down and cut into strips. The strips were 

processed in COLLIN TEACH-LINE® E 20T single screw extruder, and made into recycled pellets  

Epolene G-3003 from Eastman Company, a kind of MAPP with density of 0.902 g/cm
3
 and 

melting temperature of 140D, was used as coupling agent. The above treated wood fiber, recycled 

pellets and MAPP were blended for 2 minutes in an M-10l high-intensity laboratory mixer. The 

weight fraction of wood fiber varied from 10% to50%. The weight fraction of coupling agent was 

set to be 10% of wood fiber. Thus three types of ARCPW according to its surface treatment 

methods, i.e. AM, SM and ASM, were prepared. 

The mixture was then processed with the COLLIN TEACH-LINE
®
 ZK 25T double screw 

extruder to make composite pellets. The temperatures of cylinder were set to 185,192,195,187D 

respectively and the temperature of die was 177 D. The standard specimens for flexural and impact 

properties testing, according to ASTM D790 and ASTM D256 respectively, were fabricated 

through injection molding with injection temperature of 170 ºC, injection pressure of 3MPa, and 

mold temperature of high than 85 ºC. 

Characterization. The specimens were air conditioned for at least 48hrs at 23±2D and 50±5% 

humidity to eliminate the processing residual stresses. A span of 50mm was conducted using a 

computer-controlled MTS 858 Mini Bionix System 3-point loading system. The speed of the 

crosshead was set at 1.3 mm/min. Impact testing was carried out in a Ceast Code 6545/000 

Pendulum Impact Tester. The flexural fractured surfaces of specimens were examined with 

JEOL-6300 scanning electron microscope for fracture analysis. 

Results and analysis 
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Fig.1 Relationship of wood fiber fraction and the flexural strength of ARCPW 

 

Fig.1(a) shows the relationship between the flexural strength and surface treatment methods of 

wood fiber. As can be seen, wood fiber may effectively improve the flexural strength of ARCPW 

through any of the three surface treatment methods. The ARCPW of type ASM showed the highest 

flexural strength compared with the other two kinds of composites. The possible reasons may be 

explained that general single or dualistic surface treatment process can only partially improve the 

surface characteristic of wood fiber because of its complicated microstructure [10].  

Fig.1(b) shows the relationship between the wood fiber length and the flexural strength of 

ARCPW(type ASM), where the flexural strength decreases slightly as wood fiber length increases. 

It is known that under the same composition, smaller fiber length gives larger surface area, 

providing a better wetting of wood fiber with polymer matrix. Because a more homogeneous 



  

dispersion of finer wood fibers in the matrix is provided, the interfacial interaction in wood 

fiber-polymer matrix is believed to be stronger for smaller fiber lengths than that for longer ones.  
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Fig.2 The relationship between wood fiber content and impact strength of ARCPW 

 

Fig.2 (a) shows the relationship between the impact strength and surface treatment method of 

wood fiber, which indicated that the impact strength of ARCPW decreased with the addition of 

wood fiber for any kind of surface treatment methods. This may be explained by the fact that the 

presence of wood fiber ends within the body of the ARCPW can cause crack initiation and 

subsequent failure. The ends of wood fibers act as notches and generate considerable stress 

concentrations which could initiate microcracks in the ductile matrix, i.e. HDPE. Upon loading, 

these microcracks coalesce in a fiber to form a main crack. In addition, the interaction between 

neighboring fibers appears to constrain matrix flow, resulting in embrittlement of the matrix [11]. 

These behaviors can affect the fracture mechanism and lower the impact strength of the composites. 

The reason for the higher impact strength of type ASM ARCPW than that of AM or SM is the 

same as that of flexural strength, which is the better compatibility of interface. This can also explain 

why ARCPW of the smaller wood fiber possessed higher impact strength than that of longer one 

(Fig.(b)). 

As has been discussed before, wood fibers and HDPE are two kinds of materials with different 

physical properties and microstructures. Through surface treatment of wood fiber may improve the 

interfacial bonding between these two materials to a certain degree. However, there are numerous 

small cavities on the surface of wood fibers which is the functional nature of the material, it is 

difficult for HDPE molecules to fill these cavities to form mechanical interlocks, due to their high 

viscosity and weak flow ability. Increasing the processing temperatures may theoretically improve 

the ability of HDPE molecules to flow. However, high temperatures (exceeding 200�) may lead to 
early decomposition and carbonization of wood fibers[12], lowering the mechanical properties of 

ARCPW. 

Fig.3 shows the flexural fracture surfaces of ARCPW of different surface treatment methods. A 

better interfacial combination can be formed if the wood fiber was treated by ASM rather than by 

AM or SM which can be seen respectively in Fig.3 (a) and Fig.3 (b). This conclusion can also be 

proved through the flexural strength value of ARCPW, in Fig.1 (a). That is to say, through alkaline, 

silane treatment, and incorporation of MAPP, the interfacial adhesion between wood fiber and 

HDPE matrix was availably meliorated. During flexural fracture process, a lot of matrix will be left 

on the surface of wood fiber (Fig.3(c)). Meantime, very weak interfacial combination can also be 

observed in this kind of ARCPW, in Fig.3 (d). The surface of wood fiber is quite smooth and 

glabrous, which implied there was not any interaction between wood fiber and matrix. This 

phenomenon is usually happened in ARCPW with long wood fiber. During extrusion process, long 

fiber will be scrunched into small ones, in Fig.3 (e). It is well known that the structure of wood fiber 

is very complicated, whether alkaline or silane solution does not have any effect the inside structure 



  

of wood fiber. These broken fibers show little compatibility with HDPE matrix because they are 

still hydrophilic. Only a little matrix will be left on the surface of fractured wood fiber, in Fig.3 (f). 

 

   
(a)                     (b)                      (c) 

   
(d)                     (e)                       (f) 

Fig. 3 Fracture surfaces of ARCPW 

Conclusions 

ARCPW composites were fabricated successfully by mixing recycled HDPE and post-consumed 

wood flour. Incorporation of wood fibers results in higher flexural strength and lower impact 

strength of ARCPW. With the increasing of the wood fiber length, both the flexural strength and the 

impact strength of ARCPW dropped down. ARCPW with wood fiber of treated by alkaline, silane 

and MAPP possesses the best mechanical properties. The interface of this kind of composite is ideal 

and a good compatibility between wood fiber and matrix can be obtained. 
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