
SP
SPECIFIC POLYMERS EPOXY RESINS

F r o m  t o d a y ’s  c h a l l e n g e s  t o  s a f e  
&  s u s t a i n a b l e  a l t e r n a t i v e s



1

2

3

INTRODUCTION

STAKES & STRATEGY

BIOBASED & BPA FREE RESINS 



1 INTRODUCTION



INTRODUCTION
Epoxides : history and properties

4

Discovery

Dr. Pierre CASTAN Dr. Sylvan GREENLEENikolai Prilezhaev

Early 1890s 1934 1940

Paul Schlack

First patent

Simultaneous 
discovery

Devoe & ReynoldsCiba SA

BASF Performance 
products

First industrial 
application

1946

Schlack, P. & Germany, B.-T. United States Patent 
Office Manufacture of Amines of High Molecular 
Weight, Wich Are Rich on Nitrogen. (1938)
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« Is commonly called epoxy a 
compound that contains one or 

several oxirane moieties»

O

Ring strain
114 kJ/mol3

High reactivity Various hardeners
- Amines
- Anhydrides
- Thiols
- Phenols

Various hardeners
- Amines
- Anhydrides
- Thiols
- Phenols
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3 2 3

Poly(glycol amine)
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Phthalic anhydride 
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O
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Tetrahydrophthalic anhydride 
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O

O

O

Methyltetrahydrophthalic anhydride
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Methyl hexahydrophthalic anhydride 
(MHHPA)
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PHENOLIC COMPOUNDS 

OH

CH2 CH2

n

OH OH

CH2

CH2OR

CH2

n

OH

CH2ORROCH2

Phenol Novolac resin Phenol-formaldehyde resin

HO OH

Bisphenol A
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Wide range of properties
- Thermomechanical 

performances 
- Chemical resistance
- Electrical insulating 

properties

« Is commonly called epoxy a 
compound that contains one or 

several oxirane moieties»

Jin, F. L., Li, X. & Park, S. J. Synthesis and application of epoxy resins: A review. J. Ind. Eng. Chem. 29, 1–11 (2015).
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O

O

O

O

Most used epoxy compound

Diglycidylether of bisphenol A 
(DGEBA)
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A
O

A Cl
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BaseQX

- HX
A    H A    Q + Cl

O

NS2
Q Cl    +

Nsi
Ring 

opening

2

1

Chlorhydrin

Base [Oxydant]

AA    HA    H X+

Halogenating agent

A

OH

X

A
O

Base

2

1

1. Direct pathway 
using epichlorohydrin

2. Indirect pathway 
– allylation / 
epoxydation

Base

epichlorohydrin
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O

O

O

O

Most used epoxy compound

Diglycidylether of bisphenol A 
(DGEBA)

Bisphenol A

HO OH

Precursor in 85 % of the world production of epoxy resins1

Adverse effects on human health and environment
(activation of estrogen receptor)

Highly regulated on food contact material and banned in nurse 
bottles since 2011

DGEBA precursor

O

Cl

Epichlorohydrin

Harmful + Petro-based compounds

1Baroncini, 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).
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Epoxy material

O

O

O

O

DGEBA

HARDENER

Finding safe    

& sustainable        epoxy 

materials alternatives means

1

1.1 1.2

2

Bisphenol A

HO OH

O

Cl

Epichlorohydrin
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FormulaLiterature 
review

Researches in finding safe & biobased alternatives to BPA

Researches in finding biobased alternatives to epichlorohydrin

Researches in finding biobased hardeners
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Bisphenol A

HO OH

Precursor in 85 % of the world production of epoxy resins1

Adverse effects on human health and environment
(activation of estrogen receptor)

Highly regulated on food contact material and banned in nurse 
bottles since 2011

DGEBA precursor

1Baroncini, 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).

Finding relevant alternatives to BPA means… 
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Precursor in 85 % of the world production of epoxy resins1

Adverse effects on human health and environment
(activation of estrogen receptor)

Highly regulated on food contact material and banned in nurse 
bottles since 2011

DGEBA precursor
Finding relevant alternatives to BPA means… 

1. Design a structure which not able to 
activate estrogen receptor 
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Bisphenol A

HO OH

Precursor in 85 % of the world production of epoxy resins1

Adverse effects on human health and environment
(activation of estrogen receptor)

Highly regulated on food contact material and banned in nurse 
bottles since 2011

DGEBA precursor
Finding relevant alternatives to BPA means… 

1. Design a structure which not able to 
activate estrogen receptor 

2. Use sustainable resources

3. Target similar performances

1Baroncini, 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).
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HO OH

Involve mono-aryl phenols 

Involve polyphenols
HO OH

R R

- 2 phenols moieties

Structural part

Epoxy reactive 
diluents

Target DGEBA main performances

Fine tuning of properties

Involve monophenol, aliphatic diols
- 1 carbon spacer

- 2 aryl groups

C ≥ 2

Rx

Rx

Rx

Rx

RxRx

Rx

Rx

Rx

Rx

Rx : H, OH or another functional group (methoxy, aldehyde..)

OH ≥ 3

OH

OH

Rx

Rx  : OH, or H or another functional group

OH

OH

Rx

OH
OHHO

n
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Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivatives

From

Nontoxic 

Low cost

Widely available

Vernonia oil

Soybean oil

Castor oil

Long aliphatic chain

≈ low performances

Material Tg ∝ epoxy index
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Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivatives

From

Nontoxic 

Low cost

Widely available

O

O

O

O

O

OO

O

O

Vernonia oil

O

O

O

O

O

O

O

O O

O O O

Soybean oil

O

O

O

O

O

O

O

O

O

O

O

O

Castor oil

Long aliphatic chain

≈ low performances

Material Tg ∝ epoxy index

1Baroncini, 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).
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Alternatives in biobased epoxy resins

Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivatives

From

Precursors platform from Glucose

Nontoxic 

Low cost

Widely available

1Baroncini, 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).
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Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivatives

From

Epoxy platform from Glucose

Small aliphatic molecules

≈ low performances

Cycloaliphatic molecules

≈ low-average 
performances

1Baroncini, 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).
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Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivatives

From

OHO

OH

OHOH

OHO

OH

OH

OH

OH

OH

Cardanol

Catechin

Gallic acid

OH

OHHO

OO

HO

HO
O

O

O

O

O

O O

HO
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O

O

OH

OH

OH

O

HO

OH

O

O

OH

OH

OH

O

OH

OH

O

O

OH

HO

HO

O

O

OH

OH

O

OH

OH

OH
O

Tannic acid

1Baroncini, 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).
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Researches in finding biobased alternatives to BPA

Plant oil

Sugar derivatives 

Natural phenols & polyphenols

Natural resins

Lignin & derivativesFrom

OH

O

OH

O

Dihydroxy eugenol

Cinnamic acid

OH

O

HO

O

Ferulic acid

O

HO

H

O

Vanillin

1Baroncini, 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).

26



STAKES & STRATEGY
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FormulaLiterature 
review

Researches in finding biobased alternatives to BPA

Research in finding biobased alternatives to epichlorohydrin

Research in finding biobased hardeners
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Researches in finding biobased alternatives to Epichlorohydrin (ECH)

Commercial solution : Epicerol® Technology

Cost very close to petrobased ECH : 2$/kg 

Possible synthesis from Glycerol (GTE process)

Cl
ClHO

Cl

ClCl

OH

Epichlorhydrine (ECH)

DichloropropanolsChlorure d’allyle

Cl
O

Propylène

OHHO

OH

GlycérolFossil resources Renewable 
ressources
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Researches in finding biobased hardeners

Amines

Amino acids

Acids

Anhydrides

Phenols

O
H2N NH2

OH

OH

NH
H2N n

Phenalkamines

Cardanol

FurfuralHMF

OH

OHHO

OO

HO

HO
O

O

O

O

O

O O

HO

OH

O

O

OH

OH

OH

O

HO

OH

O

O

OH

OH

OH

O

OH

OH

O

O

OH

HO

HO

O

O

OH

OH

O

OH

OH

OH
O

Tannic acid

SHIBATA, M. & NAKAI, K. Preparation and Properties of Biocomposites 
Composed of Bio-Based Epoxy Resin, Tannic Acid, and Microfibrillated 
Cellulose. 48, 425–433 (2010).

Phenalkamine Curing Agents, Cardolite Corporation: 
https://www.cardolite.com/phenalkamine, February 1 2016

O
O

O
HO O

O R O
NH2H2N
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BIOBASED 
& 

BPA-FREE RESINS Structural epoxy resin

Low viscosity

Low performances

Crystalline white solid
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O

O

O

O

O

Diglycidylether of vanillyl alcohol

DGEVA

Structural epoxy resin

Low viscosity –

Low performances

SP-9S-5-005

Cycloaliphatic amine hardener. Tg ≈ 95 °C
Aromatic amine hardener. Tg ≈ 110 °C

Crystalline white solid

50 °C 70 mPa.s25 °C 500 mPa.s

Mono-aryl 
structure

Available in 3 BBCs 0 % 40 % 100 %

Thermal cure

kgs
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Phloroglucinol triglycidylether

PHTE

Structural epoxy resin

High viscosity –

High performances

SP-9S-5-003

O O

O

O

O

OH

O

O

O
O

O

n

Orange viscous liquid

Mono-aryl 
structure

50 °C 600 – 700 mPa.s30 °C 7000 - 9000 mPa.s

Cycloaliphatic amine hardener. Tg ≈ 250 °C (DMA)
Aromatic amine hardener. Tg ≈ 225 °C (DMA)

Thermal cure

Available in 2 BBCs 0 % 60 %

kgs
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Resveratrol triglycidylether

RTGE

Structural epoxy resin

Very high viscosity –

High performances

SP-9S-5-009 Brown viscous liquid

O

O

O

O

O

O

Bis-aryl 
structure

C = 2

80 °C 500 – 700 mPa.s30 °C 200 k – 450 k mPa.s

Approximating PHTE

Available in 2 BBCs 0 % 60 %

g to 1 kg

100 %

kgs
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Diglycidylether of isosorbide

DGEI

Epoxy reactive diluent

Very low viscosity

Very low performances

SP-9S-5-004-B5 Liquid

O

O

O

O

O

O

MGEVSP-9S-5-008

Powder

O
O

O
O

Vanillin monoglycidylether

Bifunctional bicyclic epoxy
Low molecular weight
Viscosity at 25 °C = 250 mPa.s

Monofunctional aryl epoxy
Low molecular weight
Powder at 25 °C, 
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Formula
Formulation

GREENPOXY 28_VISCOSITY TEMPERATURE RAMP

DGEBA

SP BPA-free 
epoxy 

formulation

Overlay

Exo Up

Tg = 110°C

Tg = 120°C

SP BPA-free epoxy 
formulation

DGEBA



THANK YOU FOR YOUR 
ATTENTION

Fiona Magliozzi
fiona.magliozzi@specificpolymers.fr
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