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Motivation - why look into WEEE plastic waste streams?

_ Waste generation from Electric- and Elecironic Equipment (WEEE) is growing quickly, producing increasing amounts of E-waste

_ The way in which we produce, consume, and

dispose of e-waste is unsustainable

_ A considerable portion of E-waste is plastic,
which cannot be recycled due to the presence of
legacy additives, e. g. certain bromine flame

retardants

_ These plastic waste streams with legacy additives
need to be separated and processed to remove

legacy additives

»Mount Recyclemore*”, Cornwall, England
https://www.bbc.com/news/uk-england-cornwall-57406136
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Motivation - why look into WEEE plastic waste streams?

Waste generation from Electric- and Electronic Equipment (WEEE) is growing quickly, producing increasing amounts of E-waste

Global E-waste Generated by year
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[1] Forti V., Baldé C.P., Kuehr R., Bel G. The Global E-waste Monitor 2020: Quantities, flows and the circular economy potential. United Nations
University (UNU)/United Nations Institute for Training and Research (UNITAR) - co-hosted SCYCLE Programme, International Telecommunication Union
(ITU) & International Solid Waste Association (ISWA), Bonn/Geneva/Rotterdam.

The way in which we produce, consume, and

dispose of e-waste is unsustainable

A considerable portion of E-waste is plastic,
which cannot be recycled due to the presence of
legacy additives, e. g. certain bromine flame

retardants

These plastic waste streams with legacy additives
need to be separated and processed to remove

legacy additives
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About the project

The overall aim of PLAST2bCLEANED is to
develop a human and environmentally safe
recycling process for Waste Electrical and
Electronic Equipment (WEEE) plastics in a
technically feasible and economically viable

manner.

Key technologies developed within the project are:

. Improved sorting of HIPS and ABS;

° Dissolution of Waste Electrical and Electronic
Equipment (WEEE) plastics in hot organic solvents;

. Separation of additives to concentrate BFR and ATO
fractions for recycling;

. Energy efficient recovery of solvent and of polymer.

This Project has recieved funding from the European Union’s
Horizon 2020 Research and Innovation Programme under
Grant Agreement N. 821087
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The process steps

Additives are homogeneously distributed and embedded in the polymer

Dissolution of the polymer makes the additives accessible

Several separation steps added to retrieve fractions
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Dissolution of polymers

Polymer type share in WEEE samplel?

Moebius 0.1 dissolution test stand. Courtesy of TNO, group
»Sustainable process & energy systems* in Delft, Netherlands.

[2] Erik Stenvall: Electronic Waste Plastics Characterisation and Recycling by Melt-processing,
Chalmers University of Technology Thesis for the degree of licentiate of engineering. Gethenburg 2013

The solubilities of 2 ABS types, 1 HiPS type
and 10 representative bromine flame
retardants were screened by TNO with

around 30 solvents

A shortlist of suitable solvents was
determined depending on solubility

behavior and (eco-)toxicity

The polymer does not break down due to

dissolution, it simply dissolves

The polymer chain length is not affected by

the dissolution process
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SEC of ABS before and after dissolution

innovation This Project has recieved funding from the European Union’s
for life - Horizon 2020 Research and Innovation Programme under

Grant Agreement N. 821087




° "
Antimony Recovery <
‘ o = l b _ Antimony trioxide will not dissolve = particles suspended
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Antimony Recovery

Turbidity of supernatant samples

20g of recovered antimony fracton

First samples recovered show >90% antimony trioxide,

less than 0.1% Bromine

Due to small particle size, density separation reaches a limit
Increasing g-forces via centrifugation brings up to >99% antimony into sediment
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Hot cross-flow filtration q mg
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_ The difference in size suggests membrane filiration is a viable option for separation: TBBPA Mw = 544 g/mol TTBP-TAZ Mw = 1067 g/mol

polymer retained, flame retardants permeating

_  However, filtration is often hindered by the sticky and viscous character of the B'/Y\O D/Y\“'

dissolved polymer leading to: TBBPA-DBPE Mw = 944 g/mol
_ Membrane fouling, slow permeate fluxes

Blockage

Performing the filtration at higher temperatures counteracts this by:

- Decreasing viscosity

Minimizing polymer deposition

ABS = ~200,000 -300,000 g/mol
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Hot cross-flow filtration q sﬂ}

Cross-flow filtration was established at elevated temperatures

Starting solution of polymer & BFR Permeates

Stable filtration without blocking of membranes
_ Membranes tested:
15kDa, 50kDa, 150kDa, 300kDa, 0,45um, 0,8um, 1,2um

Permeate flux up to ~56 L/m?*h

1. Collection tank 4. Membrane : sar e . . .
2 N2-Inlet 5. Pressure gauge - No noficeable slow down of flux within 4h filtration time

3. Pump 6. Pressure regulator
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Hot cross-flow filtration ﬂmf‘
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Polymer recovery

Common polymer drying methods are e. g. exirusion

In comparison to other dissolution processes, the P2BC process strives to avoid precipitation

After additives are removed, separation between polymer and solvent is necessary to enable reuse of cleaned polymer

Since polymer/solvent mix is already hot in process and solvent has low boiling point, spray drying was tested

This Project has recieved funding from the European Union’s
Horizon 2020 Research and Innovation Programme under
Grant Agreement N. 821087
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il
Polymer recovery U B

_ Dry, free flowing polymer recovered

Solvent residue determined by TGA ~1.19% solvent residue (11,900 ppm)
goal is to reach <1,000 ppm

Residual bromine and antimony concentration not yet known
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Average solvent [%]
ABS before dissolution 0.49

ABS after spray drying 1.19%

40

v 3 TWRR TS

100 260 00 400 €00 500 700
- Temparatar 1'C

Feamun A TERR T

100 200 00 400 500 600 700 800 900
el ORI ot Tamperatur 'C

ABS before dissolution ABS recovered cyclone

%‘ FraunhOfer - This Project has recieved funding from the European Union’s

Horizon 2020 Research and Innovation Programme under
IcT Grant Agreement N. 821087




Summary

The novelty of the P2BC process is using a low boiling point, single solvent system and add suitable separation

steps for recovery of the additives, which are accessible through dissolution of the polymer.
Antimony trioxide was recovered in high yields (>99%) and adequate purity (>90% ATO, <0.1% Bromine).

A hot filiration was established with acceptable permeate flux (56 L/m**h) and no blockage occurring, which is

otherwise common in the processing of dissolved polymers.

First filtration tests show removal of 80 - 91% bromine from the polymer by permeating through the membrane,

with potential for improvement.

The recovery of polymer provides a dry, “fluffy” polymer fraction with about 1.2% solvent residue.
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Challenges and Outlook

Real WEEE plastic samples are more challenging due to various impurities
-> Dissolution does work, though intensification of dissolution parameters and additional coarse filtration is necessary

— Effect of impurities on each recovered fraction needs fo be investigated
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Challenges and Outlook

DBDPE
Real WEEE plastic samples are more challenging due to various impurities
— Dissolution does work, though intensification of dissolution parameters and additional coarse filtration is necessary
— Effect of impurities on each recovered fraction needs fo be investigated
Br Br
Br- Br
Antimony and bromine recovery rates need to be demonsirated on real recycling samples
-> At least two bromine flame retardants are known to not dissolve in chosen solvents B L Brer by B
> This renders an additional separation between insoluble BFR and antimony irioxide necessary Deca-BDE

— More additives such as fitanium oxide and calcium oxide will complicate the process further

Recovered

polymer

4. Spray Drying

2. Density 3. Hot
i filtration
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Challenges and Outlook

Real WEEE plastic samples are more challenging due to various impurities
— Dissolution does work, though intensification of dissolution parameters and additional coarse filtration is necessary

— Effect of impurities on each recovered fraction needs fo be investigated

Antimony and bromine recovery rates need to be demonsirated on real recycling samples
-> At least two bromine flame retardants are known to not dissolve in chosen solvents
> This renders an additional separation between insoluble BFR and antimony trioxide necessary

— More additives such as fitanium oxide and calcium oxide will complicate the process further

Scale-Up needs to prove feasible regarding economy and safety
— Currently, a TRL 5 scale-up is in planning

— Dueto the low boiling point, safety of the plant, especially concerning ATEX compliance, is vital
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Thank you for your attention!
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