FACT SHEET

Recycling and Recovery of
Polyurethanes

LIST OF FACT SHEET REFERENCES WITH SUGGESTED READING MATERIAL

Note:

The development of plastics recovery & recycling technology started in the 1990’s due to legislation dealing
with end-of-life plastics waste in major market sectors such as packaging, automotive and electrical &

electronics.

Prior to this, the technology to process plastic waste did not exist as most of the material ended up in landfill
sites. As long as cheap landfill sites are available, options such as Feedstock Recycling, which is more complex
and costly options than Energy Recovery, will not be chosen. If the waste stream has to be recycled due to legal
reasons such as minimum quota for recycling and reuse, energy recovery options are discriminated against and

cannot be practiced to the extent they otherwise might be.

The lack of treatment technologies and the non-applicability of processing technologies from other traditional

materials such as glass, metal and paper resulted in large process developments at all stages.

Many inventions on plastics handling and conversion processes were made during this time. Many of these
technologies for reuse and material recycling are in existence and practiced by medium and smaller size
companies. However, the incredible speed of development and the lack of understanding by many market
entrepreneurs resulted in some failures during scale-up and large-scale operation, mostly due to insufficient
economics. The fact that few operating examples for feedstock recycling plants exist nowadays is due to a lack

cost effective logistic chain and sufficient volume.

However, the fact that even very large scale recycling operations, such as gasification of mixed plastics at
Schwarze Pumpe (SVZ), Germany, did finally end up in bankruptcy is not a sign that this technology for plastics
recovery was technically not successful. On the contrary, many techniques for mixed plastics recovery
originating from coal e.g. hydrogenation or conventional oil based hydrocarbon processing such as pyrolysis
technology from the BP consortium, UK, have shown at sufficiently large scale, that it is technically possible to

conduct mixed plastics operations for many years.

The development of energy recovery technology for general plastics and mixed waste plastics started at the
same time in the 1990’s. Three different routes: mono combustion, co-combustion with fossil fuels and waste
incineration are available and have been researched through companies and associations interested in plastic-as-
-fuel. The main reason for the spurt in technology development was the proven successful large scale results,
that waste plastics can substitute solid and liquid fossil fuels efficiently and without negative impacts on

equipment and the environment.
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Recycling and Recovery of Polyurethanes

The following 2012 updated reference list has been established based on earlier published ISOPA fact sheet
literature. Older and not publicly available literature as well as outdated company literature has been

eliminated.

Structure of List of Reference:

e Official nomenclature-based: Reuse, Material Recycling, Feedstock Recycling and Energy Recovery
* Technical documentation, suggested reading

« Reference Plant: operators, equipment manufacturers, with website information
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Reuse:

Oil binder

Mobius (Oil spill), www.mobiustechnologies.com

Insulating mortar

Thermogran® FLOOR , www.isola.be

Material Recycling:

Densification: (Baling, Briquetting ), Grinding, Milling
Equipment manufactures: Pallmann, Kahl, Tecaro, Herbold, Alpine, Berstorff, Silverson, Hennecke

Sorting, Shredding, Washing, Drying

Frank E. Mark, DOW Europe, Axel E. Kamprath Recticel, SAE 2004 End-of-life Vehicles Recovery and Recycling

Polyurethane Seat Cushion Recycling Options Analysis

F. Mark and A Kamprath, SAE Paper: 18/2/2000,Recycling & Recovery Options for PU Seating Material - A joint
Study of ISOPA/ EuroMoulders,

Knibb Gormezano & Partners, Recycling Infrastructure & Post Shredder Technologies, Final report, prepared for
ACEA, June 2002

D.Goldmann, Automotive Recycling in the context of legal, technical and sustainable development,

International Automobile Recycling Congress, Geneva 13.-15.03. 2002

Frank E. Mark Dow Europe SA Pierre Picot IXAS Conseil Shredder Residue Treatment and Use Today and in the
Future, EU-Thematic Network: Plastics in ELV Group: Shredder Residue Treatment and Use, SAE 2000

Frank E. Mark, PU Recovery fit for End of Life Waste Regulations in the European Union? A market, cost and
technology overview, APl 2007, USA

Frank E. Mark , Polyurethane Energy Recovery and Feedstock Recycling Technology, A Summary Overview of
Latest European Technologies, API 2005 USA, DOW Europe , Bachtobelstreet 3-4 CH-8810 Horgen , Switzerland

Compression Moulding

H. Brickner, U. Frank, H. Fransen, W. RaBhofer, H. Schaper and H-U. Schmidt, Kunststoffe 81, 751 (1991)

R. Taylor, R. Eiben, W. RaBhofer and U. Liman, SAE Conference, Detroit 1991
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,Druck von oben”; Bild der Wissenschaft, 1991, Heft Nr. 6, S. 116-117
W. RaBhofer, U. Liman, and J. Wagner, Proceedings of the Polyurethanes World Congress; 1991, Nice, p.636,

LE. Poston. “Automotive Bodywork: The Challenge of Competing Materials”; Utech ‘90, Conference Papers,
p.94

R.E. Morgan and J.D. Weaver, “Recycling of RIM Thermoset Polymers”; SAE Conference, Detroit 1991

R.E. Morgan, G.H. Dean, R.l. Tabor and M. Zawisza, Proceedings of the Polyurethanes World Congress; 1991,
Nice, p.653

W. RaBhofer, H-A Freitag, |. Klier. U. Liman, H. Minzmay and J. Wagner, Utech ‘92, Conference Papers; p.229

Adhesive Pressing and Particle Bonding

W. RaBhofer (ed.) ,Recycling von PolyurethanKunststoffen”, Hithig Verlag Heidelberg 1994, ISBN 3-929471-08-
6

Oertel (ed.), Polyurethane Handbook, Hanser Publishers, Munich, Vienna, New York 1993, Pages 615-627, ISBN
1-56990-157-0

Das PLATEC-Konzept zur industriellen Aufbereitung und Wiederverwertung von Produktions- Reststoffen
Brochure by PLATEC Plattenwerk GmbH, D-04910 Elsterwerda;Tel.: +49-3533-700-0; Fax: +49-3533-700-200
Operating Companies (many more to add, see options in practice brochure):

e Agglorex BVBA www.agglorex.com

e  ORSA SRLwww.univa.va.it
e BACHL, spol. Sr. O www.bachl.cz

e BSW GmbH Berleburger Schaumstoffwerk www.berleburger.de
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Feedstock Recycling

Chemolysis: Hydrolysis, Aminolysis & Glycolysis

W.J. Farissey, Final report to PURRC, Flexible post-consumer task force, March 23,1992

E. Grigat: Hydrolyse von Kunstoffabfaellen, Kunststoffe 68 (1978) 5, p. 281-284

G. Bauer: FAT - Schriftenreihe Nr 86 (Forschungsvereinigung Automobiltechnik e.V), Frankfurt 1990

A. Petrone et al : Progress in the Technologies for Recycling PU Scraps. UTECH 92, The Hague 1992 Conference
papers p. 247-251

M. Modesti, F. Simioni, S.A. Rienzi : Recycling of Microcellular Polyurethane Elastomer Waste, Polyurethanes
World Congress, Nice, 1991. Proceedings of the SPI/ISOPA World Congress, p. 370-376

G. Bauer, D. Auchter : Chemical Recycling of PU-Polyols from PU-RRIM and PU-Elastomers in the Pilot Plant
Scale. Davos Recycle '93, p.14/1

D. Hicks, C.B. Hemel, A.C. Kirk, RJ. Stapleton, and A.R Thompson : Recycling and recycled content for PU Foam,
Proceedings of the 1995 SPI/PU Conference, Chicago, September 1995, page 279

C.B. Hemel, “Split-Phase Glycolysis of Polyurethanes Proceedings of the 1996 ARC Conference in Chicago on the
7th and 8th November 1996

J. Kerscher, H. Schwager, W. Rallhofer a.R Pfefferkoon “Chemical Recycling of an All-Polyurethane Instrument

Panel- Industrial Realisation”, UTECH’96, Den Haag, The Netherlands, Paper 22

B. Naber, V. NeiB, M. Gassan “New Polyols Made by Glycolysis from PUR and PIR Rigid Foam Scrap and Their
Applications”.Proc. PUR Conf. 1995, SPI Polyurethane Div., Sept,26-29,1995,Chicago,5.287-290

B. Naber ,,Grundlagen der Glykolyse von PUR“ Vortrag, Seminar, Polyurethan in der Fahrzeugtechnik,
Suddeutsches Kunststoffzentrum Wurzburg, 21.09.94

B. Naber ,Wiederverwendung von Abfallen der PUR-Schuhsohlenproduktion”
Plaste und Kautschuk 31 (1984) 7, S. 273-275

J. Kerscher, H. Schwager, W. RalRhofer a. R. Pfefferkoon: ,Chemical Recycling of an All-Polyuretane Instrument

Panel- Industrial Realisation”, UTECH’96, Den Haag, The Netherlands, Paper 22

S. Held et al. : “Chemical Recycling Pilot Plant for Flexible Polyurethanes”, Huntsman Polyurethanes, PU 516-SE,
Nov. 2000
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Thermal Processes: Gasification, Pyrolysis, Hydrogenation

Thomas Buergl See Reference BLAST FURNACE OPERATIONS IdentiPlast 2009 Conference,April 20 -21 in

Brussels by.www.voestalpine.com

Impact of Rigid Polyurethane Post Consumer Waste on the Texaco Gasification Process”; Hicks et al: Utech 96.
Die Wiederverwertung von Kunststoffen”; J. Brandrup (Publ.): Hanser. Munchen. Wien. 1995.
Verfahren zur Erzeugung von Metall aus Metallerzen”; Patent Bremer Stahlwerke: Patent No. EP 0 622 465 Al.

Production of Iron with Plastic Waste, Duales System Deutschland GmbH - Der Griine Punkt - Facts and Figures.
Koéln. May 1995.

Recycling of Polymeric Waste by Pyrolysis”; W. Kaminsky: Makromol. Chem. Makromol. Symp. 48/49. 1991. pp.
381-393.

Recycling von Polyurethan — Kunststoffen®; W. RaBhofer. Heidelberg. Hithig. 1994.

Kunststoff -~ Kann man wieder verwerten: rohstofflich, werkstofflich, energetisch; Verband
Kunststofferzeugende Industrie e.V., Frankfurt.

BP: Project Polsco, Polymer Cracking in Scotland”; Pre-Feasibility Study by BP, VALPAK and Shanks with
ENTRUST UK Landfill Tax Credit Scheme under SCORE Environment at Grangemouth, Scotland, 1998-2000.

Festbettdruckvergasung gekoppelt mit Flugstromvergasung in der Sekundarrohstoff Verwertungszentrum
Schwarze Pumpe GmbH (SVZ)“; Dr B. Buttker und D.-I. W. Rabe, VIK Berichte Nr. 208, Okt.1996.

Reference Plants

(1) Contherm Process by RWE, Hamm, Germany
(2) MSW Pyrolysis , Burgau ,Germany
(3) Thermoselect Process for MSW and different types of industrial/commercial waste, Japan

(4) CONRAD Process, ACC Consortium in USA
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Energy Recovery: PU Mono and Co_combustion

“PDF as a source of energy”; M. Frankenhauser, Neste OY, Finland, 1992 (available from APME, Avenue E van

Nieuwenhuyse 4, Box 5,1160 - Brussels, Belgium)

“Schwel-Brenn-Verfahren zur thermischen Behandlung der Shredderleichtfraktion”; Bayer-Vortrag im Rahmen

der VWI - VW-Gemeinschaftstagung; Wolfsburg; 26-28 November 1991, Germany.

“Large scale energy recovery trials on polyurethane, PET, acrylic and nylon”; Dr. DJ Soderberg, RA Lenton, AR
Boylett and DA Hicks, “Recycle ‘93” Davos, March 1993, Switzerland.

“Energy recovery in industrial boilers -~ a new approach for post consumer polyurethane foam from car seats”;
E. Weigand, J. Wagner and G. Waltenberger, Bayer Leverkusen, UTECH, March 1996, The Netherlands.

“Fluidised Bed Incineration of Automobile Shredder Residue”; R.S. Taberny, K. Dangtran, National Meeting of

the Institute of Scrap Recycling Industries, New Orleans, 9-14 March 1990, U.S.A..

“Developing a Viable Polyurethane Waste Management Plan; a PURRC Update”; G.. Wasilczyk and T.J.

Cerabona; SPI Polyurethanes Congress, Vancouver, 1993, Canada.

“Mono-combustion of mixed plastics”; R. Martin, C. Barro, A. Beekwilder, M. Frankenhauser, “Recycle ‘94”:
Davos, March 1994, Switzerland.

“Fuel substitution for cement kilns through source separated plastics packaging waste”; Frank Mark, A. Caluori,
APME, Brussels 1998

“Energy recovery in industrial boilers - a new approach for post consumer polyurethane foam from car seats”;
E. Weigand, J. Wagner and G. Waltenberger, Bayer Leverkusen, UTECH, March 1996, The Netherlands.

“Verbrennen von Polyurethanen®; KW. Kroesen in Recycling von Polyurethanen; W. Rasshofer ISBN 3-929471-
08-6.

,Large scale energy recovery trials on polyurethane, PET, acrylic and nylon”; Dr. DJ Soderberg, RA Lenton, AR
Boylett and DA Hicks.

“Energy recovery in industrial boilers -a new approach for post consumer polyurethane foam from car seats”;

E. Weigand, J. Wagner and G. Waltenberger, Bayer Leverkusen.
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Energy Recovery with MSW and PU

“The influence of plastics on the combustion of municipal solid waste”; TNO Institute of Environmental and

Energy Technology, 7300 AH Apeldoorn, The Netherlands.

“Waste to energy”, brochure, PWMI European Centre for Plastics in the Environment, Avenue E van
Nieuwenhuyse 4, Box 5, 1160 - Brussels, Belgium. “PDF as a source of energy”; M. Frankenhauser, Neste OY,
Finland, 1992

“Fluidised Bed Incineration of Automobile Shredder Residue”; R.S. Tabemy, K Dangtran, ‘National Meeting of

the Institute of Scrap Recycling Industries’, New Orleans, 9-14 March 1990.

“Mechanical separation of mixed plastics from household waste and energy recovery in a pulverised coal-fired

power station”; L.A.A. Schéen, M.L. Beekes, J. van Tubergen, C. H. Korevaar, APME, Brussels 2000

For further eco-efficiency and energy recovery literature

APME Eco-efficiency Study on WEEE, contracted to TNO, Holland
APME Eco efficiency Study on automotive Plastics, contracted to Oeko Institute , Germany

See www.plasticseurope.org

ISOPA - European Diisocyanate and Polyol Producers Association
Avenue E. van Nieuwenhuyse Laan 4,

1160 Brussels

Belgium Tel: +32 2

676 7475

Fax: +322 676 7479

Email: main@isopa.org

ISOPA is an International Non-Profit Organisation under Belgian law (AISBL).

The information contained in this publication is, to the best of our knowledge, true and accurate, but any recommendation or suggestions
which may be made are without guarantee, since the conditions of use and the composition of source materials are beyond our control.
Furthermore, nothing contained herein shall be construed as a recommendation to use any product in conflict with existing patents
covering any material or its use.
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