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Chemical Recycling of PMMA: Technologies
and Strategies for a Sustainable Future

This study provides an overview of chemical recycling technology for acrylic resin (polymethyl
methacrylate, PMMA) and recent efforts toward its societal implementation as a solution to plastic waste.
Based on the unique characteristics and market trends of PMMA, the study highlights the efficiency and
environmental benefits of a continuous depolymerization process jointly developed by Sumitomo Chemical
and JSW, using a twin-screw extruder. Furthermore, it presents specific examples, including regional
resource circulation projects and plans for global expansion to establish business models that support the

transition to a sustainable society.
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.m Polymer decomposition mechanisms: a) Zipper-like mechanism, b) Back-biting mechanism
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Mechanism of thermal degradation in PMMA
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LN Comparison of chemical recycling technologies for PMMA

Technology Features Advantages Challenges

Pyrolysis PMMA is placed in a - Simple process design - Uneven temperature distribution affects
Distillation distillation flask and heated - Enables monomer recovery decomposition efficiency

Method directly until decomposition - Residue accumulation reduces efficiency

temperature is reached.

- Lower monomer yield compared to

modern technologies

Molten Metal
(Salt) Method

Uses molten metals such - High heat transfer efficiency enables - Impurities from molten metals may
as lead or tin as a heating rapid decomposition contaminate the product
medium to efficiently - Uniform temperature distribution - Environmental impact due to handling
decompose PMMA. enhances efficiency molten metals
- High operational costs for metal reuse
and disposal

Fluidized Bed Utilizes a fluidized particle - High monomer yield
Method bed to uniformly heat and - Suppresses by-products through
decompose PMMA. uniform thermal decomposition - Complex management of particle size
- Suitable for large-scale recycling and density
processes - High initial equipment investment

- Requires high temperatures , leading to
high energy consumption

Conical Spouted Employs a conical reactor - Allows decomposition at relatively - Requires optimization of reactor design
Bed Reactor design for efficient particle low temperatures (400-550 °C) and operating conditions, increasing
(CSBR) circulation and low- - Efficient particle circulation optimizes operational costs

temperature decomposition. heat and material transfer
- Suppresses by-product generation

- Difficult to scale up for large-scale
processing

Microwave Uses microwaves to directly - Enables rapid heating, reducing
Heating Method heat PMMA for efficient process time
decomposition. - High energy efficiency
- Uniform heating suppresses by-
product formation

- Limited implementation in large-scale
operations

- Challenges in microwave equipment
design and operational costs

Twin-Screw Continuously decomposes - Enables stable continuous operation - High initial equipment cost
Extruder Method PMMA using a twin-screw  with high productivity - Reducing unreacted residue
extruder to recover high- - Self-cleaning function prevents
purity monomers. residue buildup
- Uniform heating prevents
overheating, ensuring high-purity
MONomer recovery
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Sumitomo Chemical PMMA chemical
recycling demonstration facility
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Sumitomo Chemical PMMA chemical recycling demonstration facility (conceptual image)
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PMMA sheet used MMA
derived from fossil resources

PMMA sheet used CR-MMA
derived from PMMA scraps

gAY Images of recycled cast sheet and fossil-
derived cast sheet

1WA Performance comparison between CR-PMMA and Conventional PMMA

Item Test Method Unit Conventional PMMA CR-PMMA
Melt Flow Rate (MFR) ISO 1133 g/10min 21 22
Vicat softening temperature (VST) ISO 306 °C 109 109
Deflection Temperature Under Load ISO 75-2 °C 100 100
Tensile Strength at break MPa 79 79

B ; 1SO 527-2
Tensile Strain at break % 5 5
Flexural Modulus MPa 3,300 3,300

1SO 178

Flexural Strength MPa 136 132
Charpy Impact Strength(notched) ISO 179-1 kJ/m’ 14 1.3
Total light transmission ISO 13468-1 % 924 925
Haze 1SO 14782 % 05 05
YI 1SO 17223 04 04
Density Water displacement g/cm’ 119 1.19
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