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Introduction

Poly(hydroxybutyrate-co-valerate) (PHBV) is the ideal replacement for petroleum-based plastic, owing to its biocompatible, non-toxicity, and production naturally by bacteria.
However, PHBV has high brittleness due to high crystallinity, becoming a major challenge for PHBV commercial production and limiting its use in moulded products. To overcome
the brittleness of PHBYV, incorporating toughening agents such as natural rubber (NR) could be a good idea due to it being ductile, elastic, affordable, and abundant in Malaysia. This
motivates the development of novel and better dispersing methods for NR in the PHBV matrix. The use of Biotough HBV helps to improve product consistency and process stability
through better dispersion. In mass production, using masterbatch for more uniform dispersion can result in fewer rejected parts due to inconsistent properties that might negatively
impact product quality. Masterbatch allows for less complicated addition at the extruder. The premise underlying this strategy is to achieve well-dispersed NR, improve crystallization
temperature, and lower processing temperature while retaining the effective dispersion obtained in Biotough HBV. The renewability and biodegradability of Biotough HBV bring a
positive impact towards additive manufacturing development as it improved material properties while keeping PHBV's "green" status in order to align with the Sustainable
Development Goals 8th, 9th, 12th. and 13th,

Problem Statement
Most additive currently used to toughen additives are non-degradable, generating environmental problems. NR created an excellent opportunity to increase toughness while
minimising the effect of non-degradable materials used in PHBV. Basically, NR has a very high molecular weight that can be reduced by masticating. Lower molecular weight NR
should result in a smaller particle diameter in the blend and ultimately result in a material with improved toughness. The pre-dispersion masterbatch method was used to improve the
dispersion of the NR within the PHBV matrix, producing the new “Biotough HBV” functional masterbatch.
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