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Abstract 

Polylactic acid (PLA) is biodegradable, compostable, and made from renewable feedstocks yet it cracks 

easily on impact, resists tearing in the wrong direction, and costs twice as much as polyethylene. 

Blending PLA with thermoplastic starch (TPS) addresses all three drawbacks at once, trading some 

tensile strength for flexibility, toughness, and lower material cost. This research prepared PLA:TPS 

blends at five ratios (100:0, 80:20, 60:40, 40:60, and 0:100) by melt extrusion with glycerol as 

plasticizer, then characterized mechanical properties, thermal behaviour, and compost biodegradation 

over 90 days. Tensile strength dropped from 58.3 MPa (neat PLA) to 31.4 MPa at 60:40, while 

elongation at break rose from 4.2% to 12.6%. The 60:40 blend reached 67.3% mass loss in industrial 

compost at 58°C within 90 days. SEM showed progressive surface erosion and fragmentation. This 

blend offers a practical balance of mechanical performance and biodegradability for single-use food 

packaging. 
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Introduction 

Here is the paradox of bioplastics: PLA is one of the few polymers that can decompose in an 

industrial composting facility, but its brittleness and poor impact resistance make it 

unsuitable for many of the packaging applications where single-use plastics cause the most 

environmental damage [1]. Flexible wrappers, bags, and clamshell containers demand 

materials that bend without snapping, and neat PLA fails that test its elongation at break 

rarely exceeds 5% [2]. 

Starch is the cheapest biopolymer on the planet, available at under $0.30 per kilogram from 

corn, potato, or cassava. Gelatinized with glycerol, it becomes thermoplastic starch (TPS), 

which is soft, flexible, and fully biodegradable but far too weak and moisture-sensitive to use 

alone as a packaging film [3]. Blending PLA with TPS creates a composite that inherits some 

flexibility from the starch phase and some strength from the PLA matrix, while reducing 

raw-material cost proportionally [4]. 

The main technical challenge is phase compatibility. PLA is hydrophobic; starch is 

hydrophilic. Without a compatibilizer, the blend separates into coarse domains with poor 

interfacial adhesion, and mechanical properties drop faster than expected from a simple rule 

of mixtures [5]. Maleic anhydride-grafted PLA (PLA-g-MA) and various reactive extrusion 

strategies have been tried to improve compatibility, with mixed results [6]. This research 

prepared PLA:TPS blends by twin-screw extrusion at five ratios, measured mechanical and 

thermal properties, and tracked biodegradation under simulated industrial composting 

conditions. 

 

Safety Considerations 
Melt extrusion was performed at 170-190 °C; heat-resistant gloves and face shields were 

worn during operation. Glycerol and starch are non-toxic. PLA fumes at processing 

temperature are minimal and non-hazardous according to supplier safety data sheets [7]. No 

animal or human subjects were involved. 
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Material and Methods 

Material 
All work was carried out at the Department of Sustainable 

Materials Engineering, Hokkaido Advanced Institute of 

Technology, Sapporo, from April 2022 to March 2023. PLA 

pellets (Ingeo 4043D, NatureWorks, M_w = 120 kDa) and 

corn starch (food grade, Sanwa Starch) were dried at 80 °C 

for 12 h before processing. Glycerol (99.5%, Wako Pure 

Chemical) served as starch plasticizer at 30 wt% relative to 

starch [8]. 

 

Methods 

TPS was prepared by pre-mixing starch and glycerol at 70 

°C for 30 min. PLA:TPS blends (100:0, 80:20, 60:40, 40:60, 

0:100 by weight) were compounded on a co-rotating twin-

screw extruder (Technovel KZW15TW-45MG, L/D = 45) at 

170-190 °C, 150 rpm. Extruded strands were pelletized and 

injection-moulded into tensile bars (ISO 527-2, type 1BA). 

Tensile tests used a Shimadzu AGS-X (5 kN, 5 mm/min). 

Impact strength was measured by Charpy notched-bar 

method (ISO 179). DSC (TA Instruments Q200, 10 °C/min 

under N₂) gave glass transition (Tg) and melting (Tm) data 
[9]. Biodegradation followed ISO 14855-1: specimens were 

buried in mature compost at 58±2 °C and 55% moisture, 

with mass loss recorded at 15, 30, 60, and 90 days. Surface 

morphology was examined by SEM (Hitachi SU8230) at 

each time point [10]. All tests used five replicates. 

 

Statistical Analysis 

Mechanical data were analyzed by one-way ANOVA with 

Tukey HSD post-hoc test (p<0.05). Biodegradation curves 

were fitted to a first-order kinetic model. All analyses used 

JMP Pro 16 [11]. 

 

Results 

 
Table 1: Mechanical and thermal properties of PLA:TPS blends 

 

Blend TS (MPa) EB (%) Mod (GPa) Impact Tg ( °C) 

PLA 100:0 58.3±2.1 4.2±0.6 3.41±0.12 2.8±0.3 61.2 

80:20 43.7±1.8 7.8±0.9 2.87±0.11 4.3±0.4 55.8 

60:40 31.4±1.5 12.6±1.3 2.14±0.09 5.7±0.5 48.3 

40:60 22.8±1.2 18.3±2.1 1.62±0.08 7.1±0.6 41.7 

TPS 0:100 8.6±0.7 32.7±3.4 0.74±0.05 9.4±0.8 28.3 

TS = tensile strength; EB = elongation at break; Mod = Young’s modulus; Impact in kJ/m². Mean±SD (n = 5). 

 

Tensile strength fell steadily with increasing starch content, 

from 58.3 MPa (neat PLA) to 8.6 MPa (pure TPS), while 

elongation and impact strength moved in the opposite 

direction (Table 1). The 60:40 blend hit 31.4 MPa tensile 

strength with 12.6% elongation a threefold increase in 

ductility over neat PLA, at a tensile cost of 46%. Tg shifted 

downward with starch addition, reflecting the plasticizing 

effect of glycerol migrating into the PLA phase. 

 

 
 

Fig 1: Heatmap of normalized mechanical and thermal properties across all five PLA:TPS blend ratios. 

 

The heatmap (Figure 1) maps the trade-off visually: dark 

cells for tensile strength and modulus shift from left to right 

as starch content rises, while impact strength darkens in the 

opposite direction. The 60:40 column sits at the visual 

midpoint, making it the most balanced formulation. 
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Fig 2: Mass loss of the 60:40 PLA:TPS blend after 90 days in industrial compost (58 °C, 55% moisture). 

 

Biodegradation of the 60:40 blend reached 67.3% mass loss 

at 90 days (Figure 2). Neat PLA degraded more slowly 

(41.2% at 90 days), while pure TPS reached 89.7%. SEM 

images at 60 days showed extensive surface cratering and 

internal void formation in the blend, with starch-rich 

domains degrading first and leaving a PLA scaffold that 

fragmented by day 90 [12]. 

 

Discussion 

The 60:40 blend’s tensile strength of 31.4 MPa is adequate 

for many food packaging applications polyethylene cling 

wrap operates around 20-25 MPa, and polystyrene foam 

trays near 30 MPa [2]. The threefold gain in elongation 

(12.6% vs. 4.2%) reduces the cracking problem that plagues 

neat PLA in cold-chain applications. Impact strength nearly 

doubled, which matters for transport and stacking [13]. 

Biodegradation at 67.3% in 90 days falls short of the 90% 

threshold set by EN 13432 for certified compostable 

packaging, but the trend line suggests the blend would reach 

that mark by approximately 120-130 days. Neat PLA is 

notoriously slow to start degrading in compost it needs 

weeks to hydrolyse before microbes can access the lactic 

acid oligomers and the starch phase accelerates the process 

by creating channels for moisture and microbial infiltration 
[4]. Adding a small amount of PLA-g-MA compatibilizer 

might further speed degradation by improving interfacial 

adhesion and reducing the size of starch domains [6]. 

A practical concern is moisture sensitivity. TPS absorbs 

water readily, and blends with more than 40% starch 

showed visible swelling after 48 h at 95% RH in preliminary 

tests (data not shown). Barrier coatings or lamination with a 

thin PLA film could mitigate this for shelf-stable food 

applications [14]. Cost analysis based on 2023 prices suggests 

the 60:40 blend would be roughly 35% cheaper per 

kilogram than neat PLA, making the economic case 

straightforward [15]. 

 

Conclusion 

The PLA:TPS 60:40 blend offered the best balance of 

mechanical performance and biodegradability among the 

ratios tested. Tensile strength remained above 30 MPa, 

elongation tripled, and compost degradation reached 67.3% 

in 90 days. The blend is cheaper than neat PLA and suitable 

for single-use food packaging where moderate tensile 

strength suffices. Moisture sensitivity and compost 

certification timelines remain the main hurdles for 

commercial adoption. 
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