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o A greener future for polymeric materials
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Bio-based raw materials
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WEE’&}//,, Bifunctional building blocks for polyurethanes
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Transesterification and / or
Amidation
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EP patent 11306491 (2011), H. Cramail, L. Maisonneuve, T. Lebarbé, B. Gadenne, C. Alfos, E. Cloutet.
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7 — Structure of bio-based diols

Bio-based
well-defined difunctional
building-blocks

Bio-based
Thermoplastic
polyurethanes &
polyesters
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ﬂﬁﬁ/ Bifunctional building blocks for polyurethanes
HO -@ - @
X = -0- or -NH-
o=c=N—jjjj}N=c=o0
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X =-0O- or -NH- MDI
Poly(ester urethane)s M, = 30 000 g.mol*!
Poly(amide urethane)s ey M,, = 50 000 g.mol*

Poly(ester amide urethane)s D=1.6
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17800 Synthetic route to the poly(amide urethane)
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Amorphous polyurethanes
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o — Semi-crystalline polyurethanes
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S — Semi-crystalline polyurethanes
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Polyurethanes

Young's modulus

Mechanical properties via tensile experiments

Ultimate strength Maximum strain

Samples (MPa)
PU-dE-2 287 + 35
PU-EA-2 314 + 33
PU-dA-1 770 + 68
PU-dA-2 75 = 5l
60
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Strain (%)

A

Tensile experiments : Tensile stress versus strain curves

(MPa) (%)
174+ 2.4 266 + 24
23.2+1.4 269 + 26

58.1+3 41 + 2
48.3+ 3 44 + 13
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1756 2. Poly (ester/amide urethane)s
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TGA thermograms — N,, 10°C.min‘!

» Typical multiple step degradations behavior
» Urethane functions, thiocarbon chains, ester and amide linkages
» Mostly T, >280°C
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2 Polyesters : Our strategy to more robust
AT fatty-acid based materials

Polyesters ester-amide)s

-biodegradable -biodegradable
-Poor thermomechanical -Good thermomechanical
properties properties
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Tﬁ///— Our strategy to more robust fatty-acid based materials
Fats & Oils expertise / \
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ITER®
T Polyesters using diol precursors

Fats & Oils expertise
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e — Our strategy to more robust fatty-acid based
Faté& Oils expertise materials
o o
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7 % Poly(ester-amide)s :
Fats/& Oils expertise promising bio-based materials

o [0}
UndPdE-diol /\/\/\/\/\)J\ W
UndPEA-diol Ho\/\s/\/\/\/\/\)J\N/\/\O)k/W\/\/\S/\/OH
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H
UndBdA-diol HO/\/S\/\/\/\/WN\/V\HJ‘\/W\/\AS/\/OH

[o]
04-
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Entry Monomer ek a.ml £ " o Mw/Mn PE1
ratio (g/mol) (g/mol) 02; J\L
00
PE1 UndPdE 1:0 18 400 35 000 1:9 8 PEA1
E 0.2+
PEA1l UndPEA 3:1 17 500 33100 1:9 2
S 041
2" PEA2
PEA2  UndPmA 2:1 10 902 19 500 1.8 < | J\}L M
PEA3 UndBdA 2 LN 19 300 29 000 1.5 081 N-H stretching Amide stretching—> /Amide deformation
=0 ester —>,
SEC in THF, PS calibration - For PEA3, trifluoroacetic anhydride was used to dissolve e
the polymer using standard method 5]
3000 2500 2000 1500 1000
Wave number (cm?)
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17 % Poly(ester-amide)s :
“ prommng bio-based materials

Fats & Oils expertise
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7 E%, Poly(ester-amide)s :
Fats/& Oils expertise promlsmg bio-based materials
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7 E%, Poly(ester-amide)s :
Fats/& Oils expertise promising bio-based materials

Lamella Amorphous region H o o
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7 % Poly(ester-amide)s :
Fats/& Oils expertise prommng bio-based materials

UndRdt-siol ‘/\ /\/\/\/\/\)J\ J\/\/\/\/\/\s

o o
UndPEA-diol HOL, o /\/\/\/\/\)l\u/\/\o)l\/\/\/\/\/\s/\/m
o
UndPmA-diol HO\/\S/\/\/\/\/\/lkH/\/\OH
o
UndBdA-diol NSWHWHMW\SNOH
o

Tensile tests

1.4x107
1.2x107 |-
1x107 |- PEAZ3
l 8x10" |- 4
I
E 6x10" |- PEA1
ax10” |-
PEA2
2x10° |-
0.0 ! 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
strain [%]
Entry Young's Modulus (MPa) Ultimate Strength (MPa) Strain at break (%)
PE1 93.0+10.4 29+0.8 41+13
PEA1 82.7+15.2 54+1.2 11.1+24
PEA2 131.5+17.5 3.5+0.3 3.4+0.7
PEA3 363.0+89.1 h 10.0+3.5 3.3+0.7
SEFL — June 2012 - C. Alfos (ITERG) e 23



o Conclusion s —
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HO—*—J\ o POLYESTERS
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AB TYPE
HO -J\ CONDENSATION

N

HYDROXYESTERS

POLY(ESTER-AMIDE)S WITH
IMPROVED THERMO-
MECHANICAL PROPERTIES

i i i 0
c c c c
<—Q/ XX N0 \07L
ESTER AND/OR X = -0- or -NH-
AMIDE DIOL < PoLY(ESTER-AMIDE)S
PRECURSORS DioL + DIESTER URETHANES WITH IMPROVED
CONDENSATION 0 ? THERMO-MECHANICAL
7 (o] (o] ~__C c._-
” ” O — o PROPERTIES
C. C
HO-<_»~ X—<»X < OH o o o o
X = -0- or -NH- g y; (ll' g
= o a0 IRy o)
X = -0- or -NH-
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