« green chemistry »
Principes et contradictions

Gargese 2009

Aurécle-Philipe-Théophraste Bombast
de Hohenheim, dit Paracesle

Paracesle




Peur de la chimie ??7?

Thalidomide (Contergan 1956)
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Peur de la chimie ??77?

Accident de Bhopal :
meéthyl isocyanate

In the early morning hours of December 3, 1984, a holding tank with 43 tonnes of
stored MIC overheated and released toxic heavier-than-air MIC gas mixture,
which rolled along the ground through the surrounding streets. The transportation
system in the city collapsed and many people were trampled trying to escape.
According to the Bhopal Medical Appeal, around 500,000 people were exposed to
the leaking chemicals. Approximately 20,000, to this date, are believed to have
died as a result; on average, roughly one person dies every day from the effects.
Over 120,000 continue to suffer from the effects of the disaster, such as breathing
difficulties, cancer, serious birth-defects, blindness, gynaecological complications
and other related problems. According to the report "The Bhopal Medical Appeal -
What Happened in Bhopal?", It is believed that 50,000 people are unable to work
because of their debilitating ailments



http://en.wikipedia.org/wiki/December_3
http://en.wikipedia.org/wiki/1984
http://en.wikipedia.org/wiki/Methyl_isocyanate

Peur de la chimie ??7?

Explosion de 'usine AZF a Toulouse

21/09/01explosion de 40 a 80 tonnes de nitrate d’ammonium ( NH,)NO,
faisant 30 tués dont 22 dans l'usine , 2500 blesseés



Le 20° siecle a été profondéement marqué par le développement de la chimie.

Sante : antibiotiques , anticanceéreux , antidouleur, contraceptifs , viagra....
Sang artificiel , matériaux pour prothese....

Transport : diminution des rejets soufrés ou azotés , piles a combustible....
Habillement : colorants et textiles synthétiques .....

Art et culture : papier , encres , peintures .....

Electronique : circuits imprimés , cristaux liquides ....

Logement : nouveaux matériaux de construction , isolant , polymere ....

Alimentation: engrais , pesticides .....

Mais I'image de la chimie est devenue globalement négative pour une
grande partie de la population : accidents et pollutions dégradations
des conditions de vie associées (atord !!!) ala chimie.




Le 20° siecle a été profondéement marqué par le développement de la chimie.

Sante : antibiotiques , anticanceéreux , antidouleur, contraceptifs , viagra....
Sang artificiel , matériaux pour prothese....

Transport : diminution des rejets soufrés ou azotés , piles a combustible....
Habillement : colorants et textiles synthétiques .....

Art et culture : papier , encres , peintures .....

Electronique : circuits imprimés , cristaux liquides ....

Logement : nouveaux matériaux de construction , isolant , polymere ....

Alimentation: engrais , pesticides .....

Mais les IUT et les écoles d’ingénieurs sont pleines et augmentent
leurs effectifs plus vite que la baisse des effectifs des universités




Industrie et « green chemistry »

Fabrication industrielle
du carbonate de soude
(Na,CO,)

Gaz toxique et corrosif

Nicolas

Leblanc
1742-1806 /

2NaCl + H,SO, » 2HCI + Na,SO,

Na,SO, + 4C + CaCO; —» Na,CO; + CaS +4 CO

//

SAVON , VERRE , TEXTILE Précipité toxique et malodorant
Gaz tres toxique



Industrie et « green chemistry »

Procédé Solvay ( 1863)

NaCl + C02 + NH3+H20 N&HCOg +NH4C|

2 NaHCOg3 » Na,CO; +H,O + CO,

2 NH,Cl + CaO

aC|2 + 20 + NH3

E. Solvay 1838-1922

recyclage
déchet
Sous produit non toxique


http://upload.wikimedia.org/wikipedia/commons/8/81/Ernest_Solvay.jpg

« Green chemistry » une préoccupation industrielle
ancienne ; un concept académique récent

1°Economie d’atome : facteur « E »
B. TROST : SCIENCES 254, 1471 (1991)
R. SHELDON Chemistry and Industry 903 ( 1991)

2°Les Douze Principes de la « green chemistry »
Green Chemistry ; P.T. Anastas & T.C. Williamson
Oxford University Press (1998)

3°Les Douze Principes du « green chemical
engineering »

Advancing Sustainibility Through Green Chemistry
and Engineering R.L. Lankey & P.T. Anastas / ACS
Symposium Series 823 (2002)



Les 12 principes de la chimie verte « green chemistry »

1° Prevention

2°Atom economy

3°Less Hazardous chemical synthesis
4°Designing Safer chemicals

HeSafer solvents and auxiliaries

6°Design energy efficiency

7°Use of renewable feedstocks

8°Reduce derivatives

9°Catalysis

10°Design for degradation

11°Real time analysis for pollution prevention
12° Inherent Safer Chemistry for accident

reventl O n Advancing Sustainility through Green ; R.L. Lankey & P.T. Anastas /
p Chemistry and Engineering ACS Symposium Series 823 2002

Green Chemistry ; P.T. Anastas & T.C. Williamson Oxford University Press 1998



Les 12 principes de la chimie verte « green chemistry »

5 Principes de « sureté »

1° Prevention

2°Atom economy

3°Less Hazardous chemical synthesis
4°Designing Safer chemicals

5°Safer solvents and auxiliaries

6°Design energy efficiency

7°Use of renewable feedstocks

8°Reduce derivatives

9°Catalysis

10°Design for degradation

11°Real time analysis for pollution prevention
12° Inherent Safer Chemistry for accident prevention



Les 12 principes de la chimie verte « green chemistry »

6 principes pour réduire:
la consommation de matieres premieres
la formation de déchets

1° Prevention

2°Atom economy

3°Less Hazardous chemical synthesis
4°Designing Safer chemicals

5°Safer solvents and auxiliaries

6°Design energy efficiency

7°Use of renewable feedstocks

8°Reduce derivatives

9°Catalysis

10°Design for degradation

11°Real time analysis for pollution prevention
12° Inherent Safer Chemistry for accident prevention



«les 12 principes » du «green chemical engineering »

1° Designer need too strive to ensure that all material and energy which
are input or output are inherently nonhazardous as possible

2° It is better to prevent wast that to treat and cleanup waste
3°Separation and purification operation should be design to minimize
energy consumption and material use

4°Product process and system should be design to mass, energy , space
and Time

5° Products and processes should be output pulled rather input pushed
6° Enbedded entropie and complexity should be viewed as an investment
7°Targeted durability, not immortality should be a design goal

8°Design unnecessary capacity should be considered a design flaw

9° Material diversity in multicomponents products should be minimized to
promote disassembly and value retention

10°Design of products processes and systems must include integration
and interconnectivity with existing materials and energy flows.
11°Products, and processes and system should be designed for
Performance in a commercial « afterlife ».

12°Material and energy should be renewable rather than depleting

P. T. Anastas & J.B. Zimmerman environemental science & technology 95 (2003)



«les 12 principes » du «green chemical engineering »

1 Principe de « sureté »

1° Designer need too strive to ensure that all material and energy which
are input or output are inherently nonhazardous as possible

2° It is better to prevent wast that to treat and cleanup waste
3°Separation and purification operation should be design to minimize
energy consumption and material use

4°Product process and system should be design to mass, energy , space
and Time

5° Products and processes should be output pulled rather input pushed
6° Enbedded entropie and complexity should be viewed as an investment
7°Targeted durability, not immortality should be a design goal

8°Design unecessary capacity should be considered a design flaw

9° Material diversity in multicomponents products should be minimize to
promote disassembly and value retention

10°Design of products processes and systems must include integration
and interconnectivity with existing materials and energy flows.
11°Products, and processes and system should be designed for
Performance in a commercial « afterlife ».

12°Material and energy should be renewable rather than depleting



«les 12 principes » du «green chemical engineering »

3 Principes de « recyclage »

1° Designer need too strive to ensure that all material and energy which
are input or output are inhérently nonhazardous as possible

2° It is better to prevent wast that to treat and cleanup waste
3°Separation and purification operation should be design to minimize
energy consumption and material use

4°Product process and system should be design to mass, energy , space
and Time

5° Products and processes should be output pulled rather input pushed
6° Enbedded entropie and complexity should be viewed as an investment
7°Targeted durability, not immortality should be a design goal

8°Design unecessary capacity should be considered a design flaw

9° Material diversity in multicomponents products should be minimize to
promote disassembly and value retention

10°Design of products processes and systems must include integration
And interconnectivity with existing materials and energy flows.
11°Products, and processes and system should be designed for
Performance in a commercial « afterlife ».

12°Material and energy should be renewable rather than depleting



«les 12 principes » du «green chemical engineering »

6 principes pour réduire:

la consommation de matieres premieres et d’énergie
la formation de déchets

La taille des installations

1° Designer need too strive to ensure that all material and energy which
are input or output are inherently nonhazardous as possible

2° It is better to prevent waste that to treat and cleanup waste
3°Separation and purification operation should be design to minimize
energy consumption and material use

4°Product process and system should be design to mass, energy , space
and Time

5° Products and processes should be output pulled rather input pushed
6° Enbedded entropie and complexity should be viewed as an investment
7°Targeted durability, not immortality should be a design goal

8°Design unecessary capacity should be considered a design flaw

9° Material diversity in multicomponents products should be minimize to
promote disassembly and value retention

10°Design of products processes and systems must include integration
and interconnectivity with existing materials and energy flows.
11°Products, and processes and system should be designed for
Performance in a commercial « afterlife ».

12°Material and energy should be renewable rather than depleting



Les outils pour la chimie durable (sustainable chemistry)
ou chimie verte (green chemistry) ou chimie écologique ou...

Développement de I'industrie chimique et para chimique ‘

Nouvelles contraintes de production
Réglementations REACH ...

\

Augmentation des codts

Gestion des déchets
Production et recyclage

Matiéres premiéres et énergie | — >

Nouveaux concepts
Economie d’atome
Les douze principes de la chimie verte
Les douze principes du
« green chemical ingeneering »
Intensification des procedés

1

Nouvelles technologies
Catalyses
Nouvelles méthodes d’activation
Nouveaux solvants
Nouveaux réactifs
Nouvelles matiéres premieres
Nouveaux réacteurs




Un succes economique et écologique de la catalyse hétérogene
Elimination du SO, des atmospheres des villes

9°Catalysis
4°Designing Safer chemicals

@@

avant 1996
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1996 OO
1996 n\ / s
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2000 Gazoil strarght run
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2008 - 2010
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Breysse, Michele; Djega-Mariadassou, Gerald; Pessayre, Stephanie; Geantet, Christophe;

Vrinat, Michel; Perot, Guy; Lemaire, Marc. Deep desulfurization: reactions, catalysts Gazoil désu |fu risé

and technological challenges. Catalysis Today (2003), 84(3-4), 129-138.



2°Atom economy
Traitement des déchets : valorisation

Production du phénol via la sulfonation du benzene (jusqu’en 1950)

SO;H
H,SO,

Na2C03

\

ONa SO;Na
2NaOH
-«

W\ : .
Na,SO, = OH
—




5 5° Products and processes should be
2°Atom economy output pulled rather input pushed

8°Design unecessary capacity should
be considered a design flaw

Synthese industrielle du phénol le procede HOCK

H3C CHs

> 1° Designer need too strive to

ensure that all material and

5106 t/an ©02/Na;COs/H,0 l energy which

y areinput or output are
CI) inherently nonhazardous as
o~ possible

OH Coproduit H3C CHs
0
)I\ H @ \
H3C CHs —

Potentiellement explosif

Economie d’atome théorique 100% ( si I’acétone est commercialisée)



Economie d’atome et réactifs dangereux

La préparation du caprolactame ( nylon 6)

O + 0.5 (NH30H)»,SO4 O
+ 1.5 HySO4 + 4 NH3
N + 2(NH,4)»SOy4
> +1H>0

Economie d’atome 29%
E factor 0.29



2°Atom economy

ECOnomie d’'atome 3°Less Hazardous chemical synthesis
4°Designing Safer chemicals

La préeparation du caprolactame ( nylon 6)

i CN
Du Pont A+ 2HON BB, oS
Rhodia catal PN
AlO
NC NH: + H,0 IE—:!- O=D + NH3
J00°C MK
caprolactam
overall/ 2~~~ + 2HCN + H.O + H, > 99% conv.
>995% sel.
— caprolactam + NH; oy

Hautemen\/xique et dangereux !!!

Economie d’atome = 100%
recyclable



Ozonolyze de I'acide oleique

12°Material and energy should be renewable  3°Less Hazardous chemical synthesis

rather than depleting 4°Designing Safer chemicals

cosmeétique Polyméres

Acide pelargonic  Acide azélaique

03
A= A"Fcoon - AFcoon + Hooct Frcoon

Procédé industriel: COGNIS

Utilisation d’ozone
dangereux et toxique

C.G. Goebel et al, to Emery Industrie, US Pat, 11-12-1957, US2813113



Contradiction 1

Chimie plus sare Chimie plus propre
Utilisation de réactifs <:> Pas de déchets

doux et efficaces mais mais manipulation de
complexes et avec composeés extrémement

sous produits réactifs ( dangereux)

Ecologues ?
Economistes ?
Politiques ?....



Espérance de vie santé et pharmacie

Augmentatio
du niveau de
de la produc
de I'hygiéne
développem
de la médeci
et de la phar

Evolution de I'espérance de vie a la naissance
en France de 1740 a 2005
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Espérance de vie santé et pharmacie

R & D Pharmacie

Durcissements des conditions de mise sur le marché
Augmentation de la complexité des molécules actives

g

Diminution rapide du nombre de nouvelles molécules commercialisées

@2 &

Nouvelles approches :
Synthéses et tests a hauts débits
Chimie combinatoire
Automatisation

Externalisation

Protéomique..

Modélisation Criblage virtuel.....

Restructurations

Séparation des industries chimiques

et pharmaceutiques

Séparation des industrie agrochimiques

et pharmaceutiques

Fusions

Rationalisation; spécialisation

Abandon des domaines les moins « rentables »

Augmentation rapide des déepenses de R&D dans I'industrie pharmaceutique



Commercialisation de nouveaux médicaments
1997-2007

Nouvelle baisse de la « productivité » en recherche pharmaceutique

Malgré une augmentation des dépenses de santé importante
Malgré I'augmentation des coopeérations université-industrie et des « aides » de I'état
Malgré la concentration des efforts sur les maladies « rentables » ( maladies orphelines)



Contradictions 2

Meéfiance de la population ( occidentale!)
Recherche d’un nouveau développement « durable »

Augmentation des contraintes réglementaires (y compris pour I’expérimentation !)

Augmentation des colts des matieres premieres et de I’énergie

Contraintes économiques plus importantes ( exigence de rentabilité plus élevée)

~

Nouvelles opportunités pour les
chimistes

Nouveaux concepts et nouvelles
méthodes

.

Exigence d’amélioration du niveau de vie de la population dans les pays émergents

Ralentissement de I'innovation
Risque d’avoir moins de ruptures
technologiques dans les secteurs

chimiques, para chimiques
et pharmaceutiques

Augmentation globale de la faim dans le monde
Résurgence de maladies anciennes
Nouvelles pandémies
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