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Fraunhofer Institute for Chemical Technology (ICT)

Research For A Better Tomorrow

Chemical
Processes

Non-Fossil Chemistry
Electrochemistry

Chemistry with Hazard Potential
Continuous and Micro-Process
Engineering

On-Line Process Analytics
Process and Operational Safety
of Chemical Plants
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Polymer
Engineering

Polymer Synthesis
Material and Formulation

Development

Processing Technologies
Component Development and
Service Life Analyses
Lightweight Construction and
Composites

Recycling and Sustainability

Explosives Technology, My
Safety and Security

Development of Propellants and
Explosives

Synthesis, Processing and
Manufacturing Methods
Performance Measurement and
Characterization

Modeling and Simulation
Stability and Aging Behavior
Detection of Explosives
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Chemical Recycling at Fraunhofer ICT
Strategy for Sustainable Process Development
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Poly-Ethylene Terephthalate (PET)

Why Recycle PET?
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Market Forecast for
PET Depolymerization (kT)
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Market for Chemical
- Depolymerization of PET is

expected to grow at a
i CAGR of ca. 35%

- [Market Report, IDTechX Research]
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Chemical Recycling of PET

Fraunhofer Cluster for Excellence Circular Plastics Economy (CCPE)

Msoent:Mper = 10
Meg:Mper = 2
M+gp:Mpet = 0.05
T=130°C

BHET

Post-Consumer
PET Flakes

Msovent:Mper = 10
Meg:Mper = 4
Mtgp-MpeT = 0.025
T=150°C

BHET
Yield = 82.85%
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Chemical Recycling of PET

Fraunhofer Cluster for Excellence Circular Plastics Economy (CCPE)

| . —_
Msovent-Mpet = 10

Mg Mpet = 2
M+gp:Mper = 0.05
T=130°C

BHET

Post-Consumer
PET Flakes

Msopvent:Mper = 10

Meg:Mper = 4 BHET
M1gp:Mpet = 0.025

P 2 150°C Yield = 82.85%

Solvent
Ethylene Glycol
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Chemical Recycling of Poly-Ethylene Terephthalate (PET)
Expertise in Catalyst Design and Synthesis

|
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Chemical Recycling of Polycarbonate
Recycling Packaging Waste by Selective Solvolysis (reSOLve)

mMethyIAcetate:mPC =7
Muethanol:-Mpc = 1
M1ep-Mpc = 0.011

PC Makrolon® 2858
M,, = 45.25 kDa

PC used in Motor Headlights
M, = 41.59 kDa

PC used in Laboratory Goggles
M, = 45.96 kDa
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Bisphenol-A
Yield = 98.2%

Bisphenol-A
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Yield = 87.30%
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Chonbuk University, Korea
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Cascade Process for Chemical Recycling by Selective Solvolysis

Chemical Recycling of PC

Composition
of Food-Plates
used in
Aircrafts

[ Poly(Bisphenol-A) Carbonate
[ Polyurethane and Adhesives
[ Polyamide and Stainless Steel
I Polyvinyl Chloride

MethylAcetate-Mwaste = 6.992
Mpethanol:Mwaste = 0.942
Mrgp:Mwaste = 0.022
T=50°C
t =3 hours

Case B
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Chemical Recycling of PLA

Fraunhofer Cluster for Excellence Circular Plastics Economy (CCPE)

mAcetone:mPLA = 5

Methano Mpra = 2

Mygp:Mpa = 0.02
T=50°C

N

Post-Consumer
Yoghurt Containers

Post-Consumer PLA
Cups obtained from
DAS FEST, Karlsruhe

PLA Sandwich Panel

Filaments for 3-D
Printing for Light-Weight

Construction
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Ethyl Lactate
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Process Modelling and Simulation

Downstreaming of Methyl/Ethyl Lactate obtained from Alcoholysis of PLA Waste

i ; DIS1 (13.24 kg h™") g é DIS2 (4.815 kg h™")
—_—
Condenser Duty Condenser Duty
3.3kwW 1.03 kW

Ethanol (5.73 kg h™")

Column 1
Column 2

— -
PLA (2.812kg h™) 21.733 kg h”'
—

—_—
Acetone (14.04 kg h™")

RES1 (8.493kg h™")

RES2 (3.677 kg h™")
Reboiler Duty Reboiler Duty

3.8 kW 1.19 kW

Reactor Heat Duty
0.57 MJ

[P. Majgaonkar et al., in Chem. Engg. Journal 2021, 423, 129952]

Theoritical Simulated Energy Experimental

Energy Demand
[MJ kgpLa] [MJ kgpLa™] [MJ kgpLa™]

4.87 5.55 35.013

Energy Demand Demand

[V. Aryan, P. Majgaonkar et al, in Res. Cons. and Recycling 2021, 172, 105670]
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Methanal (0.4755 kg h™")
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%
_
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5 £
8 3
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B e
7
¥ ¥
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0.18 kW
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Theoritical Energy 5 =
4.560 3
Demand Rest | T
- (1.375kgh™")| €
[MJ kgpLa™] 5 ,
8 ~—RES3 (0.20 kg h'')
H —_—
Simulated Energy %Y Reboiler Duty
o 0.19 kW
Demand 8.523
[MJ kgpLa™]
DIS2E

[Anneaux, B., Campanelli, J., Foley, E., at ANTEC 2018. Or lando May 7-10, 2018]
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