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ABSTRACT: Mechanical recycling of plastics benefits from block copolymer compatibilizers, yet a limited under-
standing of their underlying mechanisms hinders the design of optimal polymers for specific blend systems. In 
this study, we synthesize styrene/butadiene derived block copolymers, poly(styrene)-block-poly(ethylene-
ran-ethylethylene) (SX) diblock and poly(styrene)-block-poly(ethylene-ran-ethylethylene)-block-poly(styrene) 
(SXS) triblock, via sequential anionic polymerization followed by catalytic hydrogenation, and systematically 
investigate their effectiveness in compatibilizing semicrystalline isotactic polypropylene (iPP)/glassy polystyrene 
(PS) blends. By tuning the S block molecular weight (10–80 kDa) and block architecture (diblock vs. triblock), we 
probe the underlying compatibilization mechanisms. Our findings experimentally demonstrate the “threading-
the-needle” mechanism previously proposed by our group, and suggest a new mechanism for SX diblock, facili-
tating plastic deformation of the iPP matrix without stress transfer across the phase-separated interface. The 
iPP/PS blends compatibilized with 3 wt% SXS triblocks featuring S block molecular weight higher than 30 kDa 
achieve competitive ductility (strain at break, εb > 400%) by effective stress transfer from the iPP matrix to the
PS domain, while shorter S blocks (ca. 10–20 kDa) undergo chain pullout, leading to void formation followed by 
interfacial failure. Remarkably, incorporating just 0.1 wt% SX diblock also enhances ductility (εb > 400%) by
developing thinner interfacial iPP amorphous layer and suppressing void formation upon deformation. This 
study provides critical insights into designing block copolymer compatibilizers and highlights efficacy of SX and 
SXS copolymers in toughening iPP/PS blends.
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ABSTRACT: Polylactide (PLA) is a promising biodegradable polymer, but its inherent brittleness (εb < 10%) limits
its practical applications. To address this issue, two sustainable strategies were developed to enhance the 
mechanical properties of PLA. In the plasticization approach, lactide-derived ester oligomers (ALOs) having 
double green properties were synthesized via eco-friendly, solvent-free process. These oligomers were deliberately 
designed to closely mimic the ester backbone of PLA, ensuring exceptional miscibility. The incorporation of ALOs at 
10-50 phr effectively lowered the glass transition temperature (Tg), enhanced flexibility (εb = max. 658%),
induced elastomeric behavior, and accelerated degradation. In the toughening approach, semicrystalline-
glassy multiblock copolymers composed of poly(amide11) (PA11), derived from renewable castor oil, and PLA 
were synthesized via a mechanochemical process. This approach facilitated the formation of well-defined 
multiblock copolymers with controlled phase separation, leading to superior mechanical performance. The 
resulting multiblock copolymers exhibited a balanced combination of high modulus (E = 804 MPa) and yield 
stress (σy = 57 MPa) of PLA, along with remarkable strain-hardening behavior (εb = 493%, σb = 47 MPa, γ = 171
MJ m-3) of PA11, effectively overcoming the brittleness of PLA. These two strategies highlight the potential of 
sustainable modifications for improving mechanical properties of PLA, paving the way for its broader application 
in environmentally friendly materials.
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