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Abstract: In this study, it was evaluated some mechanical properties of polypropylene composites reinforced with resin impregnated
paper waste (MIPW) obtained from the particleboard and fiberboard factories. To meet this objective, resin impregnated paper waste and
pine wood flour were compounded with polypropylene with coupling agent (MAPP) in a twin screw co-rotating extruder and then was
manufactured by injection molding process. Injection molded composites were prepared from the wood flour, MIPW powder and
polypropylene with maleic anhydride-grafted polypropylene (MAPP) at 10, 20, 30, 40, and 50 wt % contents of the MIPW powder. The
tensile and flexural properties of wood polypropylene composites filled with resin impregnated paper waste were decreased. But still, the test
results showed that the MIPW can be efficiently used as reinforcing filler for polypropylene composite due to satisfactory mechanical

properties of the composites.
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1. Introduction

Wood plastic composites (WPCs) have attracted considerable
attention from industry in recent years. WPCs approximately have
average annual growth rate of 18% in Northern America and 14%
in Europe.’? The use of wood flour or fiber as fillers and
reinforcements in thermoplastics has been gaining acceptance in the
applications of commodity plastics in the past few years.® The
advantages of using a wood component in thermoplastic composites
are that the biobased resource is nonabrasive, low in cost, widely
available, sustainable, high filling levels possible, high specific
properties, lower density per weight of raw material, flexible, and
recyclable.* The physical form can vary from fine wood flour to
wood fibers.® The cost and performance of the final composite
products dictate the form of the wood to be used in the plastics. The
typical plastics used in this technology are various types of
polyethylene, PP, and polyvinyl chloride.

Current growth rate of the WPC market is 22% for North
America and 51% for Europe.® Decking for outdoor applications
represent the largest market for WPCs both in North America and
Europe and in both regions growth is most rapid in the decking
segment.” WPC market share in the European decking sector is
estimated to be around 6%. In Europe, total WPC production
amounts to 120 thousand tons (excluding product destined for the
auto industry). Around 68 thousand tons of this production is
currently destined for the decking sector. The positive growth in
WPC decking has led manufacturers to introduce residential
construction applications include siding, roofing, windows, door
frames, and outdoor furniture. Further expansion into the residential
construction industry and development of applications for the
furniture industry require an understanding of the fire performance
of the WPCs.

Biocomposites reinforced with wood fibers and mineral fillers
have attracted a great attention as alternative materials. Particularly,
researches with regard to WPC (wood plastic composite) materials
have been continuously increased within the last 20 years because
of the advantageous characteristics of each constituent in composite
materials.® Among the reinforcing agents, natural fibers have
significant advantages such as low cost, highly available and
renewable, with low density and high specific properties as well as
biodegradable and less abrasive to processing equipment.” Among
commodity  thermoplastics, polypropylene (PP)  possesses
outstanding properties such as low density, good flex life,
sterilizability, good surface hardness, very good abrasion resistance,
and excellent electrical properties.’® However, the main drawback
of PP is low modulus when compared with the wood. The purpose
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for the addition of cellulose-based fillers to thermoplastics is to
reduce the cost per unit volume and to improve stiffness. Enhancing
bending and tensile properties of the filled-polypropylene (PP)
composites can expand applications in buildings and structures.
There have been different attempts to improve the bending and
tensile properties of flat-pressed thermoplastic composite panels.
One option is to incorporate nanoscale reinforcing fillers such as
nanoclay and carbon nanotube into the composite panel.***2

In the recent years the use of the resin impregnated decorative
and overlay paper sheets has significantly increased in the
furniture and laminate flooring industries in European countries
and Turkey. As a result of increasing decorative and overlay
paper sheet production, the amount of the impregnated paper
waste produced by square-trimming the paper has dramatically
increased in the factories. The impregnated paper waste is a major
challenge for recycling due to the high volume needed worldwide
and its low biodegradability. The amount of this dry waste is
considerable, running up to 400 t/year in just a medium sized
paper impregnating factory.®* A better approach for this material
is through reusing or recycling in order to decrease the permanent
waste volume. Because of its good bondability, the use of
recycled alpha cellulose papers containing the melamine resin can
be an alternative way for waste minimization. In a previous study,
it was reported that impregnated decorative paper waste can be
used successfully as a binder of particleboard.™

Mechanical properties of polypropylene composites filled with
melamine impregnated paper waste (MIPW) instead of wood flour
were investigated according to ASTM standards. Injection molded
composites were prepared from the wood flour, MIPW powder and
polypropylene with maleic anhydride-grafted polypropylene
(MAPP) at 10, 20, 30, 40, and 50 wt % contents of the MIPW
powder.

2. Experimental

2.1. Materials

Pine wood (Pinus sylvestris L.) was used as lignocellulosic
filler in the thermoplastic composites. Air-dry density, modulus of
rupture (MOR), modulus of elasticity (MOE), and compression
strength of poplar wood are 0.52 g/cm?®, 98 N/mm?, 11700 N/mm?,
54 N/mm?, respectively.’® Pine wood having a moisture content of
20-30% based on the oven-dry weight of the wood was processed
by a rotary grinder and retained on a 60-mesh screen.
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The waste decorative and overlay papers were supplied from
Yildiz Entegre Company, which has melamine impregnated paper
line in Kocaeli, Turkey. They were obtained from the edge
trimming of partially cured, dried melamine papers used for low
pressure laminates from the production line. Polypropylene (PP)
(Tm = 160 °C, p = 0.9 g/cm?®, and MFI1/230 °C/2.16 kg = 6.5 g/10
min) was used as the polymeric material produced by Petkim
Petrochemical, Turkey. Maleic anhydride-grafted PP [MAPP-
OPTIM-425; reactive modifier maleic anhydride (MAH) content =
1 wt %] was obtained from Pluss Polymers, India.

2.2.Methods

2.2.1.Preparation of injection-molded PP composite
samples

The wood flour, melamine impregnated paper waste, PP matrix,
and MAPP granulates were processed in a 30-mm co-rotating twin
screw extruder with a length-to-diameter (L/D) ratio of 30:1. The
barrel temperatures of the extruder were controlled at 170 °C, 180
°C, 185 °C, and 190 °C for zones 1, 2, 3, and 4, respectively. The
temperature of the extruder die was held at 200 °C. The extruded
strand passed through a water bath and was subsequently pelletized.
The pellets were stored in a sealed container and then dried to the
moisture content of 1-2% in a laboratory oven before the injection
molding. The temperature used for injection molded samples was
180-200 °C from feed zone to die zone. The PP composite samples
were injected at injection pressure between 4 and 5MPa with
cooling time of about 20 s. Finally, the samples were conditioned at
a temperature of 23 °C and relative humidity of 50% according to
ASTM D 618 ® Air dry density values of the filled PP samples
varied from 0.99 to 1.04 g/cm3. Polypropylene, pine wood flour,
resin impregnated paper waste and the coupling agent were then
weighed according to the formulations given in Table 1.

Table 1: Comparison of the injected molded composite types.

Coupling
Composite \?IISSE Resin Poly[zrpopp)ylene (r\{jl?:;;)
type Wt%6) Impregnated (Wt%) content
Paper Waste (Wt%)
Control 50 0 50 3
A 40 10 50 3
B 30 20 50 3
c 20 30 50 3
D 10 40 50 3
E 0 50 50 3

2.2.2. Determination of Mechanical Properties

The flexural properties of the specimens with dimensions of 127
x 12.7 x 3.2 (thickness) mm?, flexural modulus and strength, were
measured in three-point bending test using a standard material
testing system (Lloyd) at a crosshead speed of 1.3 mm/min in
accordance with ASTM D 790.Y (17) Tensile strength and modulus
of the specimens [dogbone shape (Type IlI)] were tested with a
crosshead speed of 5 mm/min in accordance with ASTM D 638.1
Ten replicate specimens were tested for the tensile and flexural
properties of each composite formulation.

3. Results and discussion

3.1. Mechanical Properties

In this study, six different groups were manufactured and their
mechanical properties were determined. The flexural and tensile
values of the WPC (Control group), melamine impregnated paper
waste filled polypropylene composites are presented in Table 2. The
highest and lowest results in flexural strength of composite types
were found to the control group (compose of 50% wood flour, 50%
PP, %3 MAPP) and group B (compose of 30% wood flour, 20%

MIPW, 50% PP, %3 MAPP), respectively. The highest and lowest
results in flexural modulus of composite types were found to group
A (compose of 40% wood flour, 10% MIPW 50% PP, %3 MAPP)
and group E (compose of, 50% MIPW 50% PP, %3 MAPP),
respectively.

Table 2: The flexural and tensile values of the WPCs.

Mechanical Properties
Composite Flexural | Flexural Tensile Tensile
type Strength modulus strength modulus

(MPa) (MPa) (MPa) (MPa)

Control 54,70 3565 31,8 3842

A 49,2 4061 29,0 3467

B 34,1 3596 20,3 2963

C 39,2 3167 27,8 3043

D 41,7 3074 30,23 2881

E 42,4 2670 26,2 2619
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The results of the tensile strength test were similar to the results
of the flexural strength test. Control group (contents of 50% wood
flour, %50 PP, 3% MAPP) among composite types was given to
31.8 MPa the highest result in tensile strength but B group
(compose of 30% wood flour, 20% MIPW, 50% PP, %3 MAPP)
was given to 20.3 MPa the lowest result of that. The highest and
lowest values in tensile modulus are given to the control group
(3842 MPa) and E group (2619 MPa), respectively.

According to the result of this study, melamine impregnated
paper waste used instead of the wood flour in WPC production were
observed to reduce the flexural properties of WPC. The reduction in
the flexural strength of the samples due to MIPW content was
mainly attributed to the poor compatibility between thermoset
MIPW and polypropylene, which forms weak interfacial regions.
Poor dispersion of the fillers in the polymer matrix could be reason
for lower tensile strength for the samples with content of the MIPW.
Since there was not good bonding between the MIPW and polymer
matrix, test samples were broken at lower loads.

4. Conclusion

The results of this study showed that the MIPW was capable of
serving as new reinforcing filler in the manufacturing of
polypropylene composite materials, which reduced cost and
environmental benefits. In general, the flexural and tensile strengths
of the composites decreased with the MIPW flour content. The test
results showed that the MIPW could be efficiently used as
reinforcing filler for polypropylene composites with MAPP used for
decking products, due to satisfactory mechanical properties of the
composites.
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