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INTRODUCTION

Epoxides : history and properties
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Epoxides : history and properties
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« Is commonly called epoxy a @Eﬁo |(>E§O |§;[§0
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Epoxides : history and properties

« Is commonly called epoxy a
compound that contains one or
several oxirane moieties»
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Various hardeners
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Epoxides : history and properties
PHENOLIC COMPOUNDS

« Is commonly called epoxy a

compound that contains one or
several oxirane moieties» ROCH, K} CH,OR

CH,0OR
“6 Phenol Novolac resin Phenol-formaldehyde resin
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HO OH
Bisphenol A

Ring strain \

114 kJ/mol3
High reactivity

Various hardeners
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INTRODUCTION

Epoxides : history and properties

APPLICATIVE FIELDS

AERONAUTIC
« Is commonly called epoxy a
compound that contains one or AUTOMOTIVE vomrey
several oxirane moieties»
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Wide range of propertles BUILDING o
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13?~P‘ performances
© - Chemical resistance
- Electrical insulating COATINGS )%
properties
\ A ELECTRONICS
Ring strain
114 kJ/mol3
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INTRODUCTION Most used epoxy compound

Today’s challenges

0) 0]
% 0 O\/A
APPLICATIVE FIELDS k ‘ O

@ Diglycidylether of bisphenol A
(DGEBA)

T
©

N

AERONAUTIC

AUTOMOTIVE

BUILDING

COATINGS

ELECTRONICS

ENERGY

HYDROGEN TRANSPORT

=
@ clin ‘ EPOXY Sia HUNTSMAN

@
T Circular
e F HORION & Q Bio-based
SPECIFIC 2020, Eyrope
_ POLYMERS N Joint Undertaking

* o Kk




INTRODUCTION

Epoxy synthesis

- 1. Direct pathway
- using epichlorohydrin A—H
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INTRODUCTION

Today’s challenges

DGEBA precursor Cl
V Most used epoxy compound

HO OH 0 ‘
O O Epichlorohydrin &/O O\/&

Bisphenol A k

- Diglycidylether of bisphenol A
(DGEBA)

)
Precursor in 85 % of the world production of epoxy resins? =
Adverse effects on human health and environment
(activation of estrogen receptor) ——> Harmful + Petro-based compounds

Highly regulated on food contact material and banned in nurse
bottles since 2011
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Overview
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Epoxy material DGEBA
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Alternatives in biobased epoxy resins

() Researches in finding safe & biobased alternatives to BPA

Literature

review — Researches in finding biobased alternatives to

Researches in finding biobased
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Today’s challenges

DGEBA precursor

HO I I OH

Bisphenol A

SPE

Precursor in 85 % of the world production of epoxy resins?
Adverse effects on human health and environment
(activation of estrogen receptor)

Highly regulated on food contact material and banned in nurse
bottles since 2011
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activate estrogen receptor
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STAKES & STRATEGY

By-passing bisphenol-A : toward safer epoxy resins

~O

Involve mono-aryl phenols

OH

[ Structural part ]

HO I I OH
725\ .
Target DGEBA main performances Rx

Epoxy reactive
diluents

: OH, or H or another functional group

Involve polyphenols

- 2 phenols moieties

@ Fine tuning of properties
- 2 aryl groups R.: H, OH or another functional group (methoxy, aldehyde..)

- 1 carbon spacer
\\O Involve monophenol, aliphatic diols
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Alternatives in biobased epoxy resins

C) Sugar derivatives

C) Natural phenols & polyphenols

() Natural resins

O Lignin & derivatives

SPECIFIC
POLYMERS

* .
L Circular
‘ N Bio-based
Europe
Joint Undertaking




STAKES & STRATEGY

Alternatives in biobased epoxy resins

\/\/\W/\=/\/\/\/\[(°J\ Vernonia oil
O Nontoxic ° © 0y
O Sugar derivatives © Low cost W
O  Widely available M
0
(O Natural phenols & polyphenols Castor oil Woﬁ
<> Natural resins \/\/\/\/&\/\/\/\j\o ©  Long aliphatic chain
V\/W\N\/\.fﬁ Soybean oil — = low performances

O Lignin & derivatives W O Material T, & epoxy index

Circular

N Bio-based
Europe
Joint Undertaking

“SPECIFIC N
 MJPOLYMERS

Baroncini, E. A, Kumar Yadav, S., Palmese, G. R. & Stanzione, J. F. Recent advances in bio-based epoxy
resins and bio-based epoxy curing agents. J. Appl. Polym. Sci. 133, 1-19 (2016)




STAKES & STRATEGY

Alternatives in biobased epoxy resins

Precursors platform from Glucose

Isosorbide

O Nontoxic HO
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Alternatives in biobased epoxy resins

Epoxy platform from Glucose

0 ©  Cycloaliphatic molecules
7Y — = low-average
performances
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(O Natural resins o Small aliphatic molecules .{

— = low performances

O Lignin & derivatives W/\J\)Lﬂ,{/gw% ?/\%\/A
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Alternatives in biobased epoxy resins

Catechin
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Alternatives in biobased epoxy resins

() Sugar derivatives

C) Natural phenols & polyphenols oH o o
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(O Natural resins HO HO
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Alternatives in biobased epoxy resins

Researches in finding biobased alternatives to
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Literature
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STAKES & STRATEGY

Alternatives in biobased epoxy resins

Researches in finding biobased alternatives to Epichlorohydrin (ECH)

Possible synthesis from Glycerol (GTE process)
Commercial solution : Epicerol® Technology

Cost very close to petrobased ECH : 25/kg

Propyléne @ cl OH @ OH
@ N 20 /\/CI HO\)\/ a CI\)\/CI HO\)\/ OH

Fossil resources Chlorure d'allyle Dichloropropanols Glycérol Renewable
ressources
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STAKES & STRATEGY

Alternatives in biobased epoxy resins

Researches in finding biobased alternatives to

Literature

review — Researches in finding biobased alternatives to

O Researches in finding biobased hardeners
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Alternatives in biobased epoxy resins

—
;_; Researches in finding biobased hardeners
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(l) Amines

() Amino acids o R O

C) Acids

C) Anhydrides

O Phenols ‘HI\/\F nFurfural
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BIOBASED & BPA FREE RESINS

Epoxy building-blocks : SP’s strategy AIA kgs

() Crystalline white solid

(O Structural epoxy resin

——(O  Low viscosity - 500 mPa.s

Available in 3 BBCs @ O % I] @ ;o %H @ 100%

O  Low performances

Thermal cure

Cycloaliphatic amine hardener. T, = 95 °C
Aromatic amine hardener. T, = 110 °C
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BIOBASED & BPA FREE RESINS

Epoxy building-blocks : SP’s strategy AIA kgs

- PHTE | sP-95-5-003 Orange viscous liquid
—

v% Structural epoxy resin
0
Mere~ a.h/g,f, \g

Phloroglucinol triglycidylether

Available in 2 BBCs @ 0 % || @ 60 %

O

(O High performances

Thermal cure

Cycloaliphatic amine hardener, T9 = 250 °C (DMA)
Aromatic amine hardener. T9 = 225 °C (DMA)
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Epoxy building-blocks : SP’s strategy

%gtolkg

Brown viscous liquid

(O Structural epoxy resin

O High performances m

pvailable in 2 B8Cs @ 0% | @@ 60% | i@ 100 %

Approximating PHTE <
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BIOBASED & BPA FREE RESINS

Epoxy building-blocks : SP’s strategy

—
Sl SP-95-5-004-B5 Liquid SP-95-5-008 | MGEV X >
Powder O,

0 X
-~ O
ng/ \/Q Epoxy reactive diluent O :@/
>0 (|)>/\o

Very low viscosity O

Diglycidylether of isosorbide \/ery oW performanc:es Vanillin monoglycidylether

O Bifunctional bicyclic epoxy © Monofunctional aryl epoxy
© Low molecular weight © Low molecular weight
O Viscosity at 25 °C = 250 mPas © Powder at 25 °C,
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BIOBASED & BPA FREE RESINS

Epoxy formulations : SP achievement

SP BPA-free epoxy

ﬁ formulation
ylooc

Heat Flow @ (mW) @

J Tg = 120°C
DGEBA
D G E B A 2 50 7‘5 100 1‘25 150 175 200
) 101
Formulation
S’l:;]/ClFIC
POLYMERS 'g
= o
\ SP BPA-free
] epoxy
formulation
10
102 T T T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100

Temperature T (°C)
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