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Preparation of porous starch materials
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Results

o Lightweight and porous materials are essential for progress in different fields. Starch-based porous materials have great potential
for various biomedical applications, from scaffolds to drug carriers.1

o Each application requires specific structural and physico-chemical properties. It is thus important to understand e.g. morphology
development during processing and to correlate it with final material properties.

o We investigated the influence of preparation conditions on the properties of porous starch materials.

MINES Paris, PSL University, Center for Materials Forming (CEMEF), UMR CNRS 7635, CS 10207, 06904 Sophia Antipolis, France

Hiba Bouras, Fangxin Zou, Yannick Tillier, Sytze Buwalda, Tatiana Budtova

Retrogradation time (days)

S
p

ec
if

ic
 s

u
rf

a
ce

 a
re

a
 (

m
2
/g

)

Specific surface area:
(Aerogel = Xerogel) > Cryogel

Retrogradation time : 
Specific surface area for
Aerogel & Xerogel

Non-solvent: ethanol results 
in a higher specific surface 
area for Aerogel & Xerogel

Density:
(Aerogel = Xerogel) > Cryogel

Starch concentration : 
Density 

Retrogradation time :
• Density for Aerogel &

Xerogel
• No influence for Cryogel

hydrogel

organogel

aerogel

xerogel

cryogel

retrogradation

starch 

solution

2 µm

1 µm

1 µm

The starch molecules 

reorder to form a 

hydrogel

Remove water in the hydrogel via 

freezing, followed by sublimation of ice

Dissolution 

in H2O

Replace water inside the hydrogel 

with a starch non-solvent (ethanol or 

acetone) which is miscible with 

supercritical carbon dioxide (sc CO2)

Replace the non-solvent by 

air using sc CO2 drying

Xerogel

Cryogel

Aerogel

Cryogel

Evaporation of the 

non-solvent inside 

the organogel

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

3 4 5 6 7 8 9 10 11

1 Day

10 Days

1 Day

10 Days

D
en

si
ty

 (
g

/c
m

3
)

Concentration (wt%)

Aerogel

1 day and  10 days: The retrogradation time

0

20

40

60

80

100

120

140

0 1 2 3 4 5 6 7 8 9 10 11

Non solvent: ethanol

Non solvent: acetone

Xerogel

Context

CARINGS

Theophylline release:2

Aerogel = Xerogel
Starch concentration : 
Release rate 

Porous starch materials have:

 Density: from 0.05 g/cm3 for Cryogels to 0.4 g/cm3 for Aerogels and Xerogels

 Specific surface area: from 20 m2/g for Cryogels to 120 m2/g for Aerogels and  
Xerogels

 Young’s modulus: up to 20 MPa

 Mesopores and macropores

Aerogels and Xerogels have:

o Higher density and specific surface area than Cryogels

o Similar properties → Vacuum drying (Xerogels) is a cost-effective alternative to 
the expensive sc CO2 drying method (Aerogels)

Conclusions
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