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Phospha-Circularity vs Rings 



• Expanding the Synthetic  
Toolbox for Sustainable  
Chemistry 

G. Bertrand, Science 2007, 316, 439  

• Reduce 

• Recycle 

• Replace   

Sustainable Phosphorus 



Sustainable Phosphorus 

• EU - Marie Curie Actions (FP7) 

• 12 PhDs, 2 PDs & 1 Project Manager 
www.susphos.eu 



Sustainable Phosphorus Chemistry  



Reduce waste: P4-activation 

Angew.Chem.Int.Ed. 2014, 53, 12836; 2016, 55, 613; 2016, accepted 
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• Production of Vitamin A 

• P-containing side product 

• ~ 2.000.000 kg wasted annually 

 

 

Reduce waste: P-recycling 

Cl2 (g) 

Salt / HCl 

 

elimination  

reactions 

TPPO 

• Production of Vitamin A 



Phosphinates 



Safer chemicals: Primary Phosphines 

pyrophoric, 

hazardous 

“this product 

decomposes 

upon attempted 

isolation” 

R. B. King, Inorg. Chem. 1985, 24, 3136 “Rhodia constructed a dedicated lab with 

restricted access for production at kilo scale” 

> 95%, m.p. 50 °C 
> 95%, m.p. -15 °C 

m.p. 82 °C 



O. Gantner, W. Schipper, J.J. Weigand, Sustainable Phosphorus Management 2014, 237 
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• Daniel Steppich (RecoPhos, SGL) 
• Willem Schipper (WS Consulting) 
• Manfred Scheer (Uni Regensburg) 
• Jose Goicoechea (Uni Oxford) 

 
• Laurent Lefort (DSM) 
• Piet van Leeuwen (INSA Toulouse) 
• Sergei Levchik (ICL-IP) 
• Martin Sicken (Clariant) 
• Douglas Stephan (Uni Toronto) 
• Hansjörg Grützmacher (ETH Zürich) 
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Sustainable Phosphorus? 



Phosphate Rock 

Phosphate rock is listed as a critical raw material by the EU 

Morocco WS 

75% 

Northern Africa 10% 

Other Africa 10% 

China 6% 

Russia 2% 

US 2% 



Eutrophication 

Marine algae, Coccolithophoridae 

Potomac River 
cyanobacteria 

Caspian Sea Lake Dian, Yunnan Province 

Lake Erie 
North America 



Reduce the N-P problem! 

W. Steffen et al., Science 2015, 347, 736 





Circular Chemistry! 
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