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Quantitative extraction of PLA Quantitative extraction of PLA oligomersoligomers

CH2Cl2 
extraction

PLA/Poly(MMA-co-
MAA) or PLA/PMAA

semi-IPN

Residual porous
methacrylic

network

40 °C, 24 h

Extractable content ≥ PLA composition

ApproachApproach to to FunctionalFunctional PorousPorous MaterialsMaterials fromfrom SemiSemi--IPNsIPNs

« methacrylic » semi-IPNs Extractable
content
(wt %)

PLA/Poly(MMA-co-MAA) 25/75 1% mol DUDMA
MMA/MAA : 50/50 % mol

27

PLA/Poly(MMA-co-MAA) 50/50 1% mol DUDMA
MMA/MAA : 50/50 % mol

57

PLA/Poly(MMA-co-MAA) 50/50 10 %mol DUDMA
MMA/MAA : 50/50 % mol

62

PLA/PMAA 50/50
1 % mol DUDMA

56

« methacrylic » semi-IPNs Pore diameter
(nm)

PLA/Poly(MMA-co-MAA) 25/75
1 % mol DUDMA
MMA/MAA : 50/50 % mol

50 - 450

PLA/Poly(MMA-co-MAA) 50/50
1 % mol DUDMA
MMA/MAA : 50/50 % mol

70 - 475

PLA/Poly(MMA-co-MAA) 50/50
10 % mol DUDMA
MMA/MAA : 50/50 % mol

150 - 600

PLA/ PMAA 50/50 
1 % mol DUDMA

50 - 400

MorphologicalMorphological AnalysisAnalysis by SEMby SEM

PLA/PMAA 50/50 1 % mol DUDMA semi-IPN 
after extraction

high Tg polymer
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Our Approach Towards Our Approach Towards NanoporousNanoporous Supported CatalystsSupported Catalysts
from Functional from Functional IPNsIPNs

ApproachApproach to to FunctionalFunctional NanoporousNanoporous MaterialsMaterials fromfrom IPNsIPNs

« methacrylic » IPNs ∆m 
(wt %)

PLA/Poly(MMA-co-MAA) 25/75 
1 % mol DUDMA
MMA/MAA: 50/50 % mol

29

PLA/Poly(MMA-co-MAA) 50/50 
1% mol DUDMA
MMA/MAA: 50/50 % mol

51

PLA/Poly(MMA-co-MAA) 50/50 
10 % mol DUDMA
MMA/MAA: 50/50 % mol

52

PLA/PMAA 50/50 
1 % mol DUDMA

54

mixture methylamine
(pH = 13.6)/ethanol
50/50 vol.

Hydrolysis

60 oC, 24 h

PLA/Poly(MMA-co-
MAA) or 

PLA/PMAA

IPN

Residual porous
methacrylic

network

Mass loss ≥ PLA composition

Quantitative Quantitative hydrolysishydrolysis of PLA subof PLA sub--networknetwork MorphologicalMorphological AnalysisAnalysis by SEMby SEM

PLA/PMAA 50/50
1 % mol DUDMA IPN after hydrolysis

PLA/Poly(MMA-co-MAA) 50/50
10 % mol DUDMA IPN after hydrolysis

1)1) Synthesis of Synthesis of nanostructurednanostructured precursorsprecursors

2) Alignment of nanodomains in precursors

3) Preparation of the functionalized porous matrix by hydrolysis of the polyester domains 

4) Physico-chemical characterization of the porous membranes

5) Catalytic experiments
catalytic sites: acidic (COOH, SO3H) or basic (NH2, Py) groups
model reactions: (trans) esterification, hydrolysis, isomerization, ...

• spectroscopy (solid state NMR ,…)
• microscopy (SEM, TEM, AFM)
• X-ray scattering
• calorimetric techniques (DSC,…)
• pycnometry
• adsorption and desorption of gas (BET, BJH)

MethodologyMethodology

G - functional groupGG
diblock copolymer ((PSPS--GG--PLA)PLA) Interpenetrating Polymer Networks 

(semi-IPNs and IPNs)
(PMMA or PS/PLA)

ObjectivesObjectives
Simultaneous control over the porosityporosity and the functionality functionality of polymeric  membranes,of polymeric  membranes,

maintaining good mechanical propertiesgood mechanical properties and a high chemical stabilityhigh chemical stability

StructureStructure
(surface 

chemistry)

MorphologyMorphology
(porosity,
solid-state 

organization)

SynthesisSynthesis
(simple and reproducible)

Catalytic propertiesCatalytic properties
(Confinement effect ?)(Confinement effect ?)

ApplicationsApplications
Fine chemistry

(pharmacy, perfume industry…)
Separation techniques

(molecular recognition, …)
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α,ω-diOH PLA

Triisocyanate Dimethacrylate
MMA  and/or MAA

R. T., 20 h
DBTDL

EndEnd--linkinglinking

PLA/Poly(MMA-co-MAA)
or PLA/PMAA IPN 

1. 65 °C, 2 h
2. 110 °C, 2 h

AIBN

FreeFree--radicalradical

copolymerizationcopolymerization

IPNs by in situ secuential method (Widmaier, 1988)

CH2Cl2 Extraction 

Extracted IPN 40 °C, 24 h
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Synthesis of PolystyreneSynthesis of Polystyrene--bb--Poly(Poly(D,LD,L--lactidelactide) with Different Functions at the Junction Between both Blocks) with Different Functions at the Junction Between both Blocks
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Copolymer a Mn[kg/mol] b Mw/Mn
b

44.6 1.1

1.1

1.1

PS-NH-PLA 13 49.5 0.26

48.2

f(PLA) c

PS-NH-PLA 12 0.18

PS-NH-PLA 15 0.24

a  PS macroinitiator: Mn = 36.6 kg/mol, Mw/Mn = 1.1

b copolymer data obtained from SEC using polystyrene standards

c PLA molar fraction: f(PLA) = NPLA/(NPLA + NPS) as determined by H1 NMR
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NN22 AdsorptionAdsorption--DesorptionDesorption

T = 77 K

PLA/PMAA 50/50 1 % mol DUDMA semi-IPN 
after extraction

Sp = 41.5 m2.g-1

« methacrylic » IPNs Pore diameter
(nm)

PLA/Poly(MMA-co-MAA) 25/75
1 % mol DUDMA
MMA/MAA : 50/50 % mol

10 - 200

PLA/Poly(MMA-co-MAA) 50/50
1 % mol DUDMA
MMA/MAA : 50/50 % mol

20 - 150

PLA/Poly(MMA-co-MAA) 50/50
10 % mol DUDMA
MMA/MAA : 50/50 % mol

10 - 200

PLA/PMAA 50/50 
1 % mol DUDMA

20 - 200

PorosityPorosity AnalysisAnalysis by by thermoporometrythermoporometry (DSC)(DSC)

200 nm
200 nm


