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Project Summary

Moisture ingress is a critical reliability concern in hydrogen infrared nozzle
receivers, leading to corrosion, electrical failure, and reduced service life.
Current encapsulation systems are vulnerable due to material permeability,
microstructural defects, and thermal cycling stresses.

This study evaluated the moisture resistance and failure mechanisms of
existing and candidate material systems using Moisture Absorption Testing,
Scanning Electron Microscopy, and Thermal Cycling Testing modelled after
the hundreds of thermal cycles (-40°C to ambient temperature) that the
hydrogen refueling nozzle tip experiences each day.

Results show that EP691F exhibits significantly improved performance, with

approximately 80% lower moisture absorption than EP1218 material, indicating
superior resistance to moisture ingress and improved long-term reliability.
Brittle fracture and delamination were observed in the existing failed material
systems with SEM. These observations highlight the importance of choosing
materials with glass tfransition temperatures outside of the operating
condifions to minimize the difference in the coefficient of thermal expansion.

Technical Review/Design Options

* The selected materials improve moisture resistance by reducing water
adsorption and limiting pathways for ingress

« Improved CTE compatibility minimizes interfacial stresses during thermal
cycling, reducing the risk of cracking and delamination

« Higher dielectric strength enhances electrical reliability under humid
conditions
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Moisture Absorption Testing

Goal:

Quantify and compare the bulk moisture absorption of EP1218 and EP691F
potting compounds to evaluate their relative moisture permeability, following
the ASTM D570 methodology.

Procedure:

1. Mix each potting compound at the specified Part A:B rafio and cast into
disc molds, 3 samples each.

2. Degas under vacuum pressure, then cure at room temperature for 48
hours.

3. Condition samples in an oven at 50°C for 24 hours, then cool in a
desiccator and record inifial dry mass.

4. Fully immerse specimens in DI water at 23 + 2°C for 24 hours.
Remove, wipe dry, and record final mass.
6. Calculate percent moisture absorpftion:

on

Final Mass — Initial Mass

Moi A on % = X1
oisture Absorption % T itial Mass 00

Existing Potting Compound - EP1218 Results

Sample . 3 Average
'""i?;’;"ass 25.895 25.837 25.943 25.892
Fiﬁgfx;’:("g) 25.975 25.921 26.032 25.976
Ab"s";i;;’;f‘ o | 0.3089 0.325 0.343 0.324

New Potting Compound - EP4691F Results

Sample 1 2 3 Average

Initial Mass (g) | 25.891 06.225 26.061 26.059
After Oven Final | .. 50e | 54040 26079 | 26.076
Mass (9)
Moisture
Absorofion s | 00656 | 00572 00691 | 0.044

EP691F —EP1218 0.324 — 0.064
EP1218 B 0.324

= 80% less moisture absorption

Candidate EP69 1F exhibits
~5x lower moisture uptake
than EP1218.

Assembly

Goal:

Assemble 10 Nozzle Receivers using candidate material combinations to
undergo subsequent thermal cycling testing at IRDI.

o 6 units: EP691F & TechSpray Fine-L-Kote
o 2 units: EP691F & Dowsil 1-2577
« 2units: EP1218 & TechSpray Fine-L-Kote

Procedure:
1. Dip-coat PCBs with conformal coating. Cure 24 hr. at room temperature.

2. Place coated PCBs into enclosures, snaking the cable through the wire
hole.

3. Prime IR lens with polyolefin primer. Apply cyanoacrylate and press-fit lens
flush against enclosure. Cure 24 hr,

4. Mix potfting compounds at correct ratios. Degas at -30 Hg for 10 minutes.

5. Flip enclosures and inject potting compound through the cable hole.
Cure 48 hr. at room temperature.

Conformal Coating PCBs Gluing on IR lens

\/

Inject from cable hole

Challenges and Limitations

Failed Potiting from Top

Potting from the top
caused incomplete |
fills, rendering 3 units
non-conforming.

—

IR Lens Fitment l

Tight tolerances
required scraping
cured compound,
causing 1 cracked
lens and bulging
induced leakage on
I 2 units.

Scanning Eleciron Microscopy
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Goal:

Use the Large Field Detector to confirm the presence of cracking and
characterize failure modes.

Results:

Per our hypothesis, 2 main failure modes were confirmed by our SEM
investigation: Brittle Fracture & Delamination.

Internal stress is primarily generated by the mismatch in the Coefficient of
Thermal Expansion (CTE) among the various components of the assembly.
During temperature fluctuations, the bonded components all expand and
contfract at different rates. This creates massive tensile and shear forces.

With SEM, we observed the epoxy pulling away from the walls of the housing
to relieve the buildup of tensile stress.

When the bond between the potting compound and housing remains intact,
the stress is forced inward. The presence of radial cracks and localized
shattering suggests that the epoxy reached its ultimate tensile strength at an
inclusion, while in a brittle state.

The Tg of the potting compound and adhesive, being included in the
temperature cycling range amplifies the CTE mismatch leading to structural
instability and cracking.

Once a microcrack or delamination occurs, moisture will be able to
penetrate through the protection mechanisms and damage the PCB.

Brittle Fracture
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Robot Arm Thermal Cycling

IRDI is currently conducting thermal cycling testing on the assembled Nozzle
Receiver units. A custom fest jig was designed to allow a robot arm to cycle
10 enclosures simultaneously between a freezer (-30°C) and a humidity
chamber (25°C, ~60% RH), over a baseline of 12,500 cycles equivalent to
approximately one year of use. Current consumption is monitored under
constant voltage to detect electrical degradation.

Placing Units in Freezer

Test Jig Arm Attachment
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