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Why green polymers?

e Renewable
« CO, neutral

 Biodegradable?
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Biodegradable: ecology

o Solvelitter
« E.g. Goa(India)

e E.g.oceans:
o death of 100.000 mammels'y
 and 1.000.000 seabirdsly
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Biodegradable: economics!!

e e.g. Mulch films
cleaning =>
35 hr/hectare ($%$)

(Proterra)

Star ch-clay nanocomposites April 26, 2002 6




Starch

* Advantages:
Renewabl e polymer
Biodegradable
Available

Cheap (0.5 Euro/kg versus 1Euro/kg for PE/PP)

Disadvantages:

Processability
Poor mechanical properties
Water-stability
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Starch: Properties of blends

Permeance M echanical properties

H.O O Elongation Tenslle strenghth
i ‘ % MPa

2000 18 (100

TPS/PCL 80/20 1300 25 103

TPS/PCL 50/50 200 350 600
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NO: planomer sO technology
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Hybrid organic-inorganic materials

Ceramics
Inorganic:
har dness,
scratch- and

Hybrid Composites abrasion resistance

Property Space
Polymers
processability,

flexibility,
Impact resistance
Toughness
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Polymer/clay nanocomposite

10 % clay content:

Intercalated

ord. composites

—

/
strain

Star ch-clay nanocomposites

Example PA 6 - nanocomposites.

modul us: 1.1=>2.1GPa

strength: 69 => 107 MPa
HDT: 65 => 152 °C
water absorption: 0.9 => 0.5 % per day

I njection molding is possible

Useful for high temperature
applications
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Polymer/Clay nano-composites

clay layers + block copolymer

——Sy

clay compatible blocks

-—

exfoliated clay layersin starch matrix




Bionanopack” FAIR CT98- 4416

European FAIR
Project

Start:
January 1999

Duration:
42 months

Partners:
eight from
four countries
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Bionanopack” FAIR CT98- 4416

General Objective

- biodegradable food packaging material with
a low permeability for oxygen, carbondioxide,
nitrogen and water vapour .

Method
- homogeneoudly dispersing of clay in
starch via polymer melt processing techniques.
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Processing
Native starch granules ~—

Star ch-clay nanocomposites

eaddition of plasticisers
(water, glycerol, urea...)

e use of thermal (heat) and
mechanical (screws) energy

'

edestructurisation of starch

crystals  amorphous
emixing with modified clay

v

Thermoplastic starch
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Results

o Gelatinisation => ther moplastic starch
M icroscopy:
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Results
. Separation via ion exchange:

Chitosan

. Separation via swelling:

Star ch-clay nanocomposites April 26, 2002 17




Results

o Exfoliated clay!
Modifier (e.g. cationic starch)

|nterlayer distance:
1.21nm =>2.4 nm

Star ch-clay nanocomposites

Modifier (water)

=>24-3.7nm
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Results:

Disadvantages:

Processability
Poor mechanical properties

Water-stability
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Results: processability

o Effect clay: lessevaporation

2
1,9

1,8

~ 17
S 1.6
S 15
14
1,3

1,2
11

1.

starch 2
X starch clay 2

800

Star ch-clay nanocomposites April 26, 2002 20




Film blowing of the nano-composite

- one step film blowing (lab scale)
- homogeneous film <100 m

- & the inside still sticky

Star ch-clay nanocomposites

Starch/clay nano-composite bag
filled with water after 1 week

Starch/clay nanocomposite bag
filled with water after 1 week
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Results: properties

* Properties TPS TPS +clay

(RH=50%; T=23C) (+25% glycerol) (+25% glycerol+2-5% clay)

E modulus (vpa) 150 600
Strength (Mpa) 6 15
Elongation (%) 52 20**
Permeability

Water 3500
Oxygen
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Results: properties

o Effect plasticiser (RH=50%; T=23°C; 1 week conditioning)

Brittle

\ %glycerol

B % sorbitol

No clay

20 30 40
pph plasticiser
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Results: properties

o Softening temperature

1,E+07

+ No clay
Clay
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Results: water stability

A. Noretrogradation B. Retrogradation
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Conclusion: planomer sO technology

Starch versus Starch/clay- composite

Inhomogeneous
uncontrolled water release
poor mechanical properties
no water stability

Star ch-clay nanocomposites

Homogenous, good to handle
mor e controlled water release
Improved mechanical properties
water stability

April 26, 2002 26




27

Starch with
high plasticiser
content

Strain
April 26, 2002

Bags
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Present resear ch

Film extrusion
Thermoforming
| njection moulding

Foams

Star ch-clay nanocomposites
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Present resear ch

Film extrusion
Thermoforming
| njection moulding

Foams
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