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RECYCLED HIGH DENSITY POLYETHYLENE/SAWDUST/COMPOSITE/
ALUMINUM TRIHYDRATE/ZINC BORATE/ALKALI TREATMENT/MALEIC

ANHYDRIDE GRAFTED POLYETHYLENE

In this study, sawdust was used as reinforcing filler for preparing
sawdust/recycled high density polyethylene (rHDPE) composites. Sawdust was
prepared as untreated sawdust (UT) and alkali treated sawdust (AT). Sodium
hydroxide (NaOH) concentrations were 2, 5 and 10% w/v and the treatment times
were 30 and 60 min. Thermal properties, morphological properties, functional group
analysis and filler composition determination results exhibited that alkali treatment
removed hemicellulose and lignin from sawdust. SEM micrographs revealed cleaner
and rougher surface of alkali treated sawdust. The optimum alkali treatment condition
was 2% w/v NaOH for 30 min

Effects of sawdust content and alkali treatment on mechanical, flame retarding,
thermal and morphological properties of sawdust/rHDPE composites were
investigated. Sawdust contents were 30, 40 and 50 wt%. Tensile strength, elongation
at break, flexural strength, impact strength, flame retardancy and thermal stability of
the composites were decreased with increasing untreated sawdust content while tensile
modulus and flexural modulus were increased. Alkali treatment enhanced mechanical,
flame retarding and thermal properties of the composites at all sawdust contents.

rHDPE/30AT composite showed the highest mechanical properties, flame retardancy



v

and thermal stability. SEM micrographs revealed the improvement of interfacial
adhesion between sawdust and rHDPE matrix by alkali treatment.

Aluminum trihydrate (ATH) was used as a flame retardant at contents of 10,
20 and 30 phr. Flame retardancy and thermal stability of the composites were
improved with increasing ATH content while mechanical properties were not much
affected. SEM micrographs showed the poor interfacial adhesion between ATH and
rHDPE matrix. The composite containing 30ATH showed the highest flame
retardancy and thermal stability.

Zinc borate (ZB) was used in the combination with ATH. ATH/ZB ratios were
2:1, 1:1 and 1:2. The combination of ATH and ZB slightly increased mechanical
properties of rHDPE/30AT composite comparing to the composite containing ATH.
The composite containing 30ZB had the highest mechanical properties and thermal
stability but the lowest flame retardancy. The combination of ATH and ZB at
ATH:ZB ratios of 2:1 and 1:1 exhibited the synergistic effect in enhancing flame
retardancy of the composites. The composite containing ATH/10ZB at the ratio of 2:1
showed the highest flame retardancy.

In addition, maleic anhydride grafted polyethylene (MAPE) was used as a
compatibilizer and its contents were 1, 3 and 5 phr. With increasing MAPE content,
mechanical properties of the composites were significantly improved while flame
retardancy and thermal stability were slightly increased. SEM micrographs revealed
not only the enhancement of interfacial adhesion between fillers and rHDPE matrix

but also the good distribution of flame retardants and sawdust in rHDPE matrix.
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