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Part 1:

Challenges in an Injection Process of 
Microcellular Natural Fiber-Reinforced 
Polypropylene Composites
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Problems in the foam process of natural fiber-reinforced 
polypropylene-microfoams

- The process temperature must be under the damage 

temperature of about 220°C for the natural fiber.

- If you use a chemical blowing agent and a

thermoplastic resin in a foam process by using injection

molding, for a full dissolution of the chemical blowing

agent and a lower viscosity and higher flow ability of

the resin needs a higher process temperature.
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PP-Types Density
g/cm³

Melting Index 
(230°C;  2,16N), g/10 min

Izod Impact Strength
kJ/m²

16M10 0,905 5,7 2,7

112MN40 0,905 47 2,0

213MNK40 0,905 90 2,5

Used Materials
Polypropylene (DSM Performance Polymers):

Chemical foaming agents (Lehman&Voss&Co.):

25155EndothermicLUVOPOR ETMF 20/G-PET4

110140Ex0-/EndothermicLUVOPOR 9341T3

140200ExothermicLUVOPOR 9241T2

80165ExothermicLUVOPORAZ/40 G-UTT1

Gas Yield
Ml/g

Decomposition
Temp. [°C]

Reaction TypeCommercial NameUsed Name

Natural fiber: short green flax fiber, fiber long: 15 – 25 mm (Mühlmeier GmbH ) 
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Process B

Process C

Chemical foaming agent LUVOPOR 9241:
Process A: heat rate 10 °C/min from 25 to 230°C; cooling

Process B: heat rate 10 °C/min from 25 to 197°C; Kept the temperature at 197°C in 30 min; cooling

Process C: heat rate 10 °C/min from 25 to 190°C; Kept the temperature at 190°C in 30 min; cooling

DSC Analysis of Foaming Process Condition 
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PP

Process flow diagram:

fiber

-Agglomeration of  PP with short flax fiber (30 wt.%) at 100 °C by mixer

-Homogenisation of agglomerated granules with chemical foaming agents

-Foaming and preparation of specimen in an injection molding process (size: 200 × 90 × 4(2) mm )

agglomerator

Mixer

chemical foaming agents

injection molding
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Specimens were molded at a temperature of about 
190°C, because the following important points must 
be simultaneously observed in the foaming process: 

- The melt temperature of the PP used is ca. 164-
168°C.

- The damage temperature of the flax fiber begins 
from 200°C.

- The highest chemical foaming agent LUVOPOR 
9241(T2) will be completely dissolved at 190°C 
within ca. 16 min.
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Comparing melt index with pure PP 112 resin and agglomerated 
granules (flax fiber + PP 112)  
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Rheological properties of agglomerated granules (PP + flax 
fiber)

The shear viscosity was reduced by increasing shear speed. This viscosity reduction 
causes a dilution of the melted agglomerated granules and lets the melt easy to foam. 
This is the shear dilute foaming theory. 
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Each shear viscosity (here it means the front flow speed) can be connected a foam 
grade. With increasing the injection speed from ca. 200 mm/s to 980 mm/s, the 
microvoid content was increased from 7 vol.% to 25 vol.%. 
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Effect of front flow speed on density and microvoid content 
of flax-PP microfoamed composites
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Effect of molding temperature on density and microvoid content 
of flax fiber – PP microfoamed composites

An increase of the molding temperature from 80 to 120°C caused a decrease of the 
density around 11% and an increase of the microvoid content around 172% (2 mm). 
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Other important parameters for the injection process:
- Injection speed 
- Tool temperature
- Fill quantity
- Injection pressure
- Inner pressure of the tool
- Damming pressure 
- Cool time
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Typical microfoamed structure of flax-PP composites

unfoamed skin foamed core 

Foamed structure in near the feeding point, light 
microgragh, magnification 12.5 : 1 OH13



Typical microfoamed structure of flax-PP composites

The cell size range of the foamed specimens was from 2 µm to 80 µm with an average cell size 
about 50 µm. SEM micrograph 
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Cooling effect of 
the tool-wall on the 
injected agglome-
rated granules 
along the flow 
way. 

Orientation of fiber 
and microcells along 
the flow way. 
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Influence of chemical foaming agent on density and microvoid 
content of flax-PP microfoamed composites

Comparing their densities and the microvoid contents, the foam ability of the 
used chemical foaming agents is not significantly 
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Flexural properties of flax-PP microfoamed composites dependence on the 
density and microvoid content.
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Influences of microvoid content on “force-deflection” 

The effect of increasing microvoid content on the impact properties is not significant . By increasing 
the microvoid content from 0.3 to 20 vol.%, the initial damage and maximal force were reduced by 
about 16% and 12%; similarly, the deflection of maximal deflection was increased by 12%, 
respectively.  
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Water absorption and swelling of flax-PP micrfoamed and non-
foamed composites
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SEM Microgragh of Fiber and Microvoid Distribution in 
the Matrix

Flax fiber reinforced microfoamed polyurethane composites (non-woven)
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The optical microscope investigations indicate that the fiber of 
non-woven fabric or fiber yarns of the woven with the warp and 
weft direction are evenly distributed in the matrix of the 
polyurethane resin. These results can be attributed to the textile 
form of the fabric, with which the polyurethane resin can be 
goodly permeated among the fiber or fiber yarns. The microvoids
with different contents of the foamed composites are shown as an
evenly distribute in the interphase of the plies and resin-rich 
zones between the fiber and fiber yarn.

OH28



Flexural Strength versus Microvoid Content of Natural Fiber 
Reinforced Microfoamed PUR-Composites
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