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Simulation-Based Scale-Up Optimization and Pilot Validation of
Biodegradable Composite Twin-Screw Extrusion Process

Guk-Hwan Shin*, Jun-Ho Kim**, Myung-Joo Lee***, Jun-Hee Song*"

ABSTRACT: This study investigates property variations of biodegradable composite materials (PLA/PHA/PBAT)
during the scale-up of the twin-screw extrusion process and proposes optimized processing strategies. Using Ludovic®
simulations for screw diameters of 32, 48, 58, and 75 mm, key process parameters—including shear rate, specific
mechanical energy (SME), residence time, and fill ratio—were derived and compared with pilot-scale experimental
data. The results indicated that as screw diameter increased, heat transfer efficiency decreased, mixing performance
deteriorated, and pressure and temperature distributions became non-uniform, all of which contributed to property
degradation. The proposed optimized process conditions effectively addressed these issues and improved property
uniformity across scales, providing valuable guidance for designing robust scale-up strategies for biodegradable
composite extrusion.
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Fig. 1. Coordinate system and conceptual simulation model of
the TSE process
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Table 1. Operating and Simulation Conditions for 32 mm Screw
Configuration

Category Condition
RPM 200-400
Throughput(kg/h) 20-40
Available Products PLA 70% + PHA/PBAT 30% + a

x= T T —— T —

T

Compounding Material : PLA. PHA.PBAT
Compounding  Weight: 40 kgh

Direction of Progress

Fig. 2. Schematic of 32 mm Screw Profile Design

Table 2. Operating and Simulation Conditions for 48 mm Screw
Configuration

Category Condition
RPM 200-400
Throughput(kg/h) 60-120
Available Products PLA 70% + PHA/PBAT 30% + a

e eRBEEE ® REAEEEE ® BE B E B E 2 B E F E B

Compounding Matenal : PLA PHA PBAT
Compounding  Weight: 120 ke'h

Direction of Progress

Fig. 3. Schematic of 48 mm Screw Profile Design

Table 3. Operating and Simulation Conditions for 58 mm Screw
Configuration

Category Condition
RPM 200-400
Throughput(kg/h) 220-400
Available Products PLA 70% + PHA/PBAT 30% + a

_ NAUAMA Sy JASMAM 3

EEE B
. i S L A S
Compounding Material : PLA.PHA.PBAT

Compounding  Weight: 400 kg

Direction of Progress

Fig. 4. Schematic of 58 mm Screw Profile Design

Table 4. Operating and Simulation Conditions for 75 mm Screw
Configuration

Category Condition
RPM 200-400
Throughput(kg/h) 300-600
Available Products PLA 70% + PHA/PBAT 30% +a

I ——— ——

EREE

Compounding Material : PLAPHA PEAT
Compounding  Weight: 400 kg

Direction of Progress

Fig. 5. Schematic of 75 mm Screw Profile Design
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Fig. 6. Scale-up Process and Equipment Transition from 32 mm
(L) to 48 mm(R) Twin-Screw Extruder
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Fig. 7. Comparison of Temperature Profiles between 32 mm(Top)
and 48 mm(Bottom) Screws
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Table 5. Comparison of Key Process Parameters by Screw Diameter Based on Simulation

AJ8t2 =70l 48 mm HjH] Yokt updsl AAd 3 b

Screw Diameter Mean RTD SME Max Pressure Max Temp Max Shear Rate Filling Ratio
(mm) (s) (kWh/kg) (bar) (°C) (sh) (%)
TSE 32mm 110.0 0.22 135.0 245.0 450.0 88.0
TSE 48mm 60.0 0.19 115.0 240.0 300.0 89.0
TSE 58mm 45.0 0.16 100.0 238.0 220.0 90.0
TSE 75mm 40.0 0.14 95.0 236.0 180.0 91.0
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Table 6. Comparison of Process Data and Mechanical Properties by Screw Diameter in Pilot Scale

Screw Diameter | Measured SME | Measured Max Measured Max | Tensile Strength [ElongationatBreak| Crystallinity
(mm) (kWh/kg) Pressure (bar) Temp (°C) (MPa) (%) (%)
TSE 32mm 0.21 132.0 243.0 47.0 345.0 36.0
TSE 48mm 0.18 118.0 242.0 48.0 350.0 38.0
TSE 58mm 0.15 104.0 238.0 46.0 330.0 37.0
TSE 75mm 0.13 98.0 236.0 45.0 320.0 36.0
100 o M54 BTE FEA 02 Bolekdth £ AR
ohg3t 2},
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Fig. 8. Comparison of Dispersive and Distributive Mixing Effi-
ciency for Various Screw Diameters
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