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Manufacturing process Dico
Long Fiber reinforced Thermoplastics (LFT) 

25 vol%
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for further investigations

Further stiffening only 
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orientation of the Co-
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Under tensile load
Dynamic mechanical analysis 

PA6

Significant drop in 
stiffness in the area 
around Tg
Tg =  peak of phase lag 𝛿
Drop of over 80%

F F
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reduction of temperature
sensitivity

Over 50% in comparison
to PA6
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Influence on mechanical properties
Parameter humidity in PA6
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Influence of water on the mech. properties of PA6
Dynamic mechanical analysis

Results
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α softening
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Bigger distance in main chain

β stiffening
solidification at low 
temperatures

Water limits movement of the 
side groups
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Influence of water on the mech. properties Dico and CoDico
Dynamic mechanical analysis
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Influence of water on the mech. properties Dico and CoDico
Dynamic mechanical analysis

-70 30

F F
0°



ICCM 23:     Benedikt Scheuring – Effect of hybridization of CoDiCo-LFT16

Centerline

Co

Dico

Co

Dico CoDico

M M

Stress curve tensile test

Influence of water on the mech. properties Dico and CoDico
Dynamic mechanical analysis

Centerline

CoDicoDico

F

Co

Dico

Co

F

Stress curve bending test



ICCM 23:     Benedikt Scheuring – Effect of hybridization of CoDiCo-LFT17

0 50 100 150
0

10

20

30

Temperature in °C

St
or

ag
e 

M
od

ul
us

 E
´ i

n 
G

Pa

 0,1 Hz
 0,178 Hz
 0,316 Hz
 0,5626 Hz
 1 Hz
 1,778 Hz
 3,162 Hz
 5,623 Hz
 10 Hz

DiCo

dry

CoDiCo

PA6

-28,4%

-40,4%

-82,4%

50,2 °C 66,5 °C

62,4 °C 68,8 °C

69,8 °C 71,6 °C

+576,6%

+45,2%

0,6 GPa

3,4 GPa

13,7 GPa

23,0 GPa

33,4 GPa

23,9 GPa

+982%

F F0°

0 50 100 150
0

10

20

30

40

50

Temperature in °C
St

or
ag

e 
M

od
ul

us
 E

´ i
n 

G
Pa

 0,1     Hz
 0,178 Hz
 0,316 Hz
 0,562 Hz
 1        Hz
 1,778 Hz
 3,162 Hz
 5,623 Hz

DiCo

dry

PA6

-40,3%

-80,5%

72.6 °C 78.9 °C

60,8 °C 70,1 °C

+588,9%

0,7GPa

3,6GPa

14,8GPa

24,8GPa

0 50 100 150
0

10

20

30

40

50

Temperature in °C
St

or
ag

e 
M

od
ul

us
 E

´ i
n 

G
Pa

 0,1     Hz
 0,178 Hz
 0,316 Hz
 0,562 Hz
 1        Hz
 1,778 Hz
 3,162 Hz
 5,623 Hz

DiCo

dryCoDiCo

PA6

-40,3%

-80,5%

72.6 °C 78.9 °C

60,8 °C 70,1 °C

+588,9%

+83,9%

0,7GPa

3,6GPa

14,8GPa

24,8GPa

45,6GPa

0 50 100 150
0

10

20

30

40

50

Temperature in °C
St

or
ag

e 
M

od
ul

us
 E

´ i
n 

G
Pa

 0,1     Hz
 0,178 Hz
 0,316 Hz
 0,562 Hz
 1        Hz
 1,778 Hz
 3,162 Hz
 5,623 Hz

DiCo

dryCoDiCo

PA6

-40,3%

-80,5%

72.6 °C 78.9 °C

60,8 °C 70,1 °C

63,9 °C 64,7 °C

+588,9%

+83,9%

0,7GPa

3,6GPa

14,8GPa

24,8GPa

45,6GPa

Dynamisch mechanical analysis
Tensile vs. three point bending
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Summary:
Dico fibre reinforcement leads to:

Significant reduction in sensitivity to temperature
But shows sensitivity to absorbed water

Damage to interface fibre matrix
CoDico fibre reinforcement leads to:

Further reduction of sensitivity to temperature
Low sensitivity to absorbed water
Even more pronounced hybridisation effect under bending load

Outlook:
Is damage to the interface reversible?
What is the sensitivity to absorbed water under bending load?
How is the Temperature-Time-Superposition applicable

18

Summary and Outlook
Effect of hybridization in CoDico-LFT
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