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PPTA ; poly(p-phenylene terephthalamide)

Rigid macromolecules from liquid crystalline (lyotropic) solutions
above a critical concentration

NEL
Orientation k \l\l-‘:'%l

NS \\,n{\\mu l

——— Spinneret

o] e 1 O O
e 1 [ [ @
Partial deorientation —[—C C_N N_]_
| | n
Air gap H H
Reorientation :
| TSR
S — — o i, u e —
T Quench -
— e e = =) ) e water
= Aot o3 2 s path —_—
Tradenames : Kevlar (Dupont) Young’'s modulus : ~ 90 GPa
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Kwolek S.L. et al, Macromolecules, 10, 1390, (1977)
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The drawing behaviour of semi-crystalline polymers is related to the
deformation of a semi-crystalline network with entanglements
acting as physical crosslinks
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Figure 11-6. Schematic representation of the gel-spinning process (Lemstra et al., 1987 a).

Smith and Lemstra, J. Polym. Sci., Phys. Ed., 877, 19, 1981
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In theology (Judges 5:5)
On the time scale of God the mountains flow

In rheoloqy
De = time scale of flow / time of observation
De - (tf) / 1:obs

At t,,s = 100 years

Deborah number

water ~1012
polymers ~1072
chain-extended polymers ~103
glass (SiO,) ~101
steel ~100
diamond ~102

The question is not whether it will flow
The question is when it will flow
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Hydrogen

The (theoretical) stiffness matrix

799 328 113 0 0 O
328 992 214 0 0 O
Cyyq=1113 214 316 0 0 O GPa
0 O 0 319 0 O
0 O 0 0 1620
0 O 0 0 0 362

1-dimensional high modulus (& strength)
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Surface scattering, fibrillar surface structure
(coating, adhesive)
Light scattering in drawn HDPE:
Bulk scattering in tapes, films
(additives)
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Interference holography (recording)
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In plane, quasi-isotropic mechanical and optical properties
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Absorbed Energy (J/mm)
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Transport
Automotive, trains, planes

Life Protection
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Soft vs Hard Robotics

Light responsive Azo compounds lllumination with LEDs
with aliphatic tails and/or BZT

o
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Mechanism : Properties
- High thermal conductivity - High actuation stress (>200 x muscle)
- Large and negative thermal expansion coefficient - Very low strain (< 1 %)

- High Young’s modulus - Moderate work
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Thermal Conductivity (W/m K)
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Build Environment
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