


Casing pipe
. e External protection
DH pipes St'r< e
* Good insulating performance
« Withstand mechanical loads

» Long-term properties Polyurethane foam

Thermal insulation




DH pipes issues

Service life (30 years?)

Decrease in insulating performance
Decrease in mechanical performance
Structural failure

Failures in bending, T-coupling

Degradation

Contact surface
Adhesion strength




Topics

« Degradation of P,

 Accelerated ageir
 Accelerated agel
* Natural vs. acceleratedia
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Ageing of PUR




Thermal ageing
150 °C in nitrogen and air
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Mechanical properties
Cohesion strength

Absorbance

Chemical structure
FTIR
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Discoloration

150 °Cin air 150 °C in nitrogen
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Cohesion vs. adhesion strength

Relative force at break [%]

Cohesion strength Cohesionvs. adhesion strength
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FTIR — Attenuated total reflection mode
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Absorbance
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Index of absorbance

FTIR — Attenuated total reflection mode

Index of absorbance
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Ageing of PUR in DH pipes




Ageing of DH pipes at elevated temperatures
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Ageing of DH pipes — Adhesion strength
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Ageing of DH pipes — Adhesion strength
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Ageing of DH pipes — Adhesion strength
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Ageing of DH pipes — Thermal conductivity

Sensor at 5 mm from steel pipe
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Thermal conductivity [%]

Sensor at 30 mm from steel pipe
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Index of absorbance
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Ageing of DH pipes — FTIR
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Thermal and mechanical loads




Combination of thermal and mechanical loads

Al plates PE collar
Cu bars \ Heat power
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« Temp.: 130 & 140 C

*  Cyclicload: 20 kN, 28 min ON and 28 min
OFF

* Adhesion strength

*  Chemical structure
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Adhesion strength [%]

Combination of thermal and mechanical loads

Adhesion strength
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Index of absorbance

Combination of thermal and mechanical loads
FTIR-P130 & P130Load
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Index of absorbance
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Combination of thermal and mechanical loads
FTIR - P140 & P140Load
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Natural vs. Accelerated ageing




Natural vs. accelerated ageing
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Service temperature (°C)

Natural vs. accelerated ageing

Temperature log Temperature intervals
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Natural vs. accelerated ageing

Arrhenius relationship Recalculation
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Natural vs. accelerated ageing

A=2.0 => E,=78 kJ/mol (90-100 °C) A=2.5 => E,=103 kJ/mol (90-100 °C)
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Index of absorbance

Natural vs. accelerated ageing
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Conclusions &
Future work




Conclusions

* Choose temperature for ageing
carefully

« T>150 °C seem to alter degradation
process

« Thermal and mechanical loads
* FTIR analysis

« Lifetime longer than expected
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Future challenges

« Rate of oxygen diffusion

* Cell morphology — X-ray
tomography (Synchrotone)

« Parameters for combination of
thermal and mechanical loads

« Tools to predict failuresin DH
(Machine learning)
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