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Optimal Formulation of Recycled Polypropylene/Rubberwood Flour

Composites on Mechanical and Creep Behaviors
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ABSTRACT

Wood-plastic composites (WPCs) were made from recycled
polypropylene (rPP) and rubberwood flour (RWF) as reinforcement. Post-consumer
polypropylene and rubberwood waste were used as main materials. Some
formulations of WPCs were also produced with virgin polypropylene (vPP) for
comparative studies. WPC panels were manufactured by using twin-screw extruder
based on formulations designed with mixture experiment, the components being rPP,
RWF, maleic anhydride-grafted polypropytene (MAPP), ultraviolet (UV) stabilizer, and
lubricant (Lub). Mechanical properties, morphology, durability, and dimensional
stability of WPCs were studied. These characterizations of WPCs were investigated to
optimize the mixture ratios for composites made from rPP and RWF, and to assess
effect of compositions. Likewise, to develop composites as building products creep,
lifetime prediction, and extruded density effect were also examined.

Long-term water immersion test of the PP/RWF composites over a
period of 10 weeks revealed that both water absorption (WA) and thickness swelling
(TS) increased with wood flour content. rPP gave higher WA and TS than vPP, for the
composites with 45 wt% RWF. An addition of MAPP at 3 wt% reduced WA and TS,
with no further benefit reached at 5 wt% MAPP. In contrast, addition of 1 wt% UV
stabilizer increased the WA and TS of composites. The flexural strength (MOR) and
modulus (MOE) of composites reduced significantly with moisture uptake; however,
at WA less than 3% its effects on MOR were not significant. From natural weathering
test, PP/RWF composites sharply changed lightness (L*) and discoloration, and
slightly lost in MOR and MOE after the weathering. VPP gave lower percentage
change of L* and loss percentage of hardness, MOR and MOE than rPP. Increasing
RWF content from 25 to 45 wt% in composites increased the change of L* and loss
of MOR, MOE, and maximum strain. Addition of 1 wt% UV stabilizer reduced change
of L* and loss of hardness, MOR, MOE, and maximum strain.

Creep reduced as the wood flour level increased. The neat vPP and
composites based on vPP exhibited lower creep than those based on rPP. The

additions of 5 wt% MAPP and 1 wt% UV stabilizer contents increased the creep strain



of composites. Furthermore, strengths (flexure, compression, and tension) of RWF
reinforced rPP composites could be enhanced with increasing wood flour contents
beyond 25 wt%. The modulus and hardness of composites (both virgin and recycled
plastics) increased linearly with wood flour loadings in range of 25-45 wt%. The
unfilled rPP and composites based on rPP exhibited lower mechanical properties
than those based on vPP. The addition level of 4.0 wt% MAPP in the rPP/RWF
composites is suggested for economical benefit and good mechanical properties. The
strength, modulus, and hardness of composites were reduced by an addition of 1
wt% UV stabilizer content. Besides, the optimal formulation based on the
mechanical properties found was 50.3 wt% rPP, 44.5 wt% RWF, 3.9 wt% MAPP, 0.2
wt% UV stabilizer, and 1.0 wt% lubricant. This optimal composite formulation was
used to investigate creep, lifetime prediction, extruded density effect, and cost
estimation. Creep increased with time, temperature, and stress. The Burger, Power
law, and HRZ models fit the creep profiles well in general, but at high temperature
and stress levels the Power law and HRZ models could not performed well. Time-
temperature superposition (TTS) and time-stress superposition (TSS) principles were
used to model long-term creep. The master curves from TTS and TSS principtes were
in good agreement with each other. TSS predicted that the lifetime limitation by
long-term creep exceeds 10 years for 15 MPa stress at 25 °C. In addition, properties
of hardness, flexure, tension, compression, and screw and nail withdrawal strengths
decreased with the decrease of extruded density. Estimated cost of decking product
with dimension of 25 mm x 50 mm x 1000 mm is approximately 388 baht per piece.



