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Phospha-Circularity vs Rings




Sustainable Phosphorus

* Expanding the Synthetic
Toolbox for Sustainable
Chemistry

* Reduce
* Recycle
* Replace




Sustainable Phosphorus

 EU - Marie Curie Actions (FP7)
e 12 PhDs, 2PDs & 1 Project Manager
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Sustainable Phosphorus Chemistry

I 2. Minimize potential

) I. Prevent waste
for accidents

2. Maximize atom

I I. Analyze in real time economy
to prevent pollution /
\ 3. Less hazardous

chemical syntheses

10. Design
chemicals and GREEN
products to CHEMISTRY » 4. Safer chemicals

degrade after use and products

9. Use catalysts 5. Safer solvents and
reaction conditions

6. Increase energy

8. Avoid chemical
efficiency

derivatives 7. Use renewable
(protecting groups) feedstocks

Anastas and Warner (1998)



Reduce waste: P,-activation

Cl, (9)
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Angew.Chem.Int.Ed. 2014, 53, 12836; 2016, 55, 613; 2016, accepted



Reduce waste: P-recycling

Cl, (9)

P
Cl we b
> Cr Cl

Salt / HCI
 Production of Vitamin A

elimination
reactions
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Safer chemicals: Primary Phosphines

< “this product
PH; _ N-PH decomposes
pyrophoric, 2 upon attempted
PH, hazardous < isolation”

“Rhodia constructed a dedicated lab with R. B. King, Inorg. Chem. 1985, 24, 3136
restricted access for production at kilo scale”

BH3 G BH3
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> 95%, m.p. 50 °C PH,
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H3B m.p. 82 °C



| |
phosphate I > wet J
rock H3PO, | purified
thermal
H3;PO,
I
P
4 P4010
l
red P polyphosphates/ [
(phosphides) phosphate esters [
—
P4S; PCly
{matches) | |_
|
P5Ss PSCls| | POCl5 | | PCls| | H3PO3 PH;

O. Gantner, W. Schipper, J.J. Weigand, Sustainable Phosphorus Management 2014, 237



sec. phosphates PO413- ,
(e.g. waste water treat ; > [ Id] \_ animal feed, supplement
ment, manure} -salts
| | fertilizer for agriculture
phosphate | > wet
rock H3POy4 | purified technical & food phosphates:
detergents, flame suppres-
sion, metal treatment, food
thermal . .
processing, electronics,
H3PO4 :
I ceramics
Ps P4O10 organic chemistry (dehydration)
| —
red P polyphosphates / surfactants, additives
(phosphides) hosphate esters
PRosp |— flame retardants
— | |
P453 “ PCls insecticides, pesticides
{matches) :
| | '
| I ferro-phosphorus
P255 PSC|3 POC|3 PC|5 H3PD3 | PH3 I NaH2P02 (steal)
examples for P-based application originating
from P4
flame chlori-| |battery herbi-, catalyst| [Vitamin Al [fumi- | |extracting| |plastic
retardant| |nation| [electrolyte| |pesticides| |ligands | |synthesis || [gation| |agents additives
reducing | [anti- ro- . , i -
g . by . bleaching| [lubricant F‘”T"? on | water d? matches
agents oxidants| [technics inhibitors| |treatment| |ping

O. Gantner, W. Schipper, J.J. Weigand, Sustainable Phosphorus Management 2014, 237




15t International Conference on
Sustainable Phosphorus Chemistry

www.susphos.eu




2"d International Conference on
Sustainable Phosphorus Chemistry

March 9-10, 2016 Berlin, Germany www.susphos.eu

Speakers

* Daniel Steppich (RecoPhos, SGL)
* Willem Schipper (WS Consulting) -
 Manfred Scheer (Uni Regensburg) - | I

» Jose Goicoechea (Uni Oxford)

e Laurent Lefort (DSM) ,
* Piet van Leeuwen (INSA Toulouse)

» Sergei Levchik (ICL-IP)

e Martin Sicken (Clariant)

* Douglas Stephan (Uni Toronto)
* Hansjorg Griitzmacher (ETH Ziirich) 2




2"d International Conference on
Sustainable Phosphorus Chemistry

Participate
@ Collaborate
Innovate
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Phosphate Rock

Russia 2%

US 2% China 6%
Northern Africa 10%

Morocco WS
75%

Other Africa 10%

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



Eutrophication
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Marine algae, Coccolithophoridae

I

Lake Dian, Yunnan Province

Potomac River 3 P
cyanobacteria



Reduce the N-P problem!

Climate change

Genetic
diversity . —

Biosphere integrity

Functional/ﬁ
diversity/

Land-system | |
change [

~ /
. e pos
~ -

Phosphorus e
Nitrogen Ocean acidification

Biochemical flows

W. Steffen et al., Science 2015, 347, 736
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Circular Chemistry!

LINEAR MY ECONOMY

TECHNICAL
NUTRIENTS

TAKE > MAKE > DUMP

PIOI0I010 101010 L

& BIOLOGICAL
NUTRIENTS MIXED UP

LIVING SYSTEMS

ENERGY FROM RENEWABLE SOURCES

AFTER W McDONOQUGH AND M BRAUNGART



Circular Chemistry!

1. Collect and
12. Unify industry and | ca waste 2. Maximize atom

provide coherent circulation

policy framework 3. Optimize resource

/ J efficiency

11. Reject lock-in
10. Sell service, ) Circu |ar 4. Strive for energy

persistence

not product :
Chemistry (/ 5. Enhance process

9. Assess

sustainability C ) efficiency
8. Apply ladder 6. No out-of-plant
of circularity toxicity

7. Target optimal
design



Mmeral
waste
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Recycling

Industnal
waste

Waste
water

Household
waste

Ammal
waste

Recycling
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