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- Introduction 
- Hydrogen leak
- Detection methods
- Aviation legislation and recommendations
- Importance of visual inspection on aircraft
- Hydrogen detection tape is a solution  
- Case study



Protium Technologies has been appointed as a distributor for Nitto’s Hydrogen and Ammonia 
detection tapes for the UK and the Middle East region, bringing NASA’s developed technology 
to the world.
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13,500 NITTO PRODUCTS 

70+ INDUSTRIES



➢ Hydrogen has the lowest volumetric energy density: Compressed to high pressure (350/700 BAR) or 
Liquified (-253 C).

➢ Leaks are Hard to Detect: Hydrogen is odourless, colourless and tasteless!

➢ Highly flammable range: Ignition can occur at a volumetric ratio of hydrogen to air between 4%-75%

➢ Low ignition energy: Hydrogen-air mixtures can ignite with 1/10 the effort of igniting gasoline-air 
mixtures.

➢ First element of the periodic table:  Extremely light and very buoyant 
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Hydrogen Leak – Safety Concerns



… adequate ventilation and leak detection are 
important elements in the design of safe 
hydrogen systems.

Safe Use of Hydrogen | Department of Energy
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https://www.energy.gov/eere/fuelcells/safe-use-hydrogen


➢ Revenue losses
➢ Shutdown losses
➢ Incidents damage losses 
➢ Performance losses
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Hydrogen Leak – Financial and Operational losses



1 kg of leaked hydrogen has an greenhouse gas effect equivalent to 
15 – 37 kg of CO2

CO2

15-37 kg

H2

1 kg

Hydrogen Leak - Environmental Damage 
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Hydrogen is a potent indirect greenhouse gas, its leakages could undermine 

the climate benefits of decarbonisation efforts. 



Unloading Area

Gas Manifold

Where is the Problem?

Dryer
Cooler

Bulk Storage

Generator Belly

Many potential leak points → Hard to find the exact location of the leak

Spool 8



Robust sensors for hydrogen leak 
detection is very important
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Key challenges associated with hydrogen sensors are:

-Response time                         - Durability 

-Sensitivity                                 - Accuracy

-Localization                              - Cost

-Functionality  



Portable Sensors – “Sniffers”

Thermal / Infrared Cameras

Soapy Water Test – “Snoop”

Common Hydrogen Leak Detection Methods

Listening for high-pressure gas leaking
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Fixed Area Sensors

Ultrasonic leak Imaging



Leak Detection Sensor for Fuel Cell Vehicles
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The most important components in a hydrogen aircraft are:
A LH2 fuel system for the distribution, vaporization, and 
feeding of LH2 to the fuel cells or turbines: LH2 requires 
cryogenic cooling down to 20 degrees Kelvin. These 
temperatures must be handled by pipes, valves, and 
compressors; boil-off needs to be kept low; and leakage and 
embrittlement of material avoided.

Component engineering: Safe and reliable LH2 storage, 
distribution, and propulsion
Reliable and optimized LH2 system layout with redundancy, 
highly durable components, leakage and venting management,
and optimized point of vaporization – including certification 
procedures adapted to LH2 equipment standards.
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The hydrogen flame is invisible, and the gas is odorless making it difficult to detect leaks 
or to fight a hydrogen fire if it that cannot be seen. Since H2 is such a small molecule, 
leaking through cracks or pores is a possibility if the tank is not properly insulated, and 
this is associated to a higher risk due to the reasons outlined before, demonstrating 
that proper insulation is fundamental.

IATA Fact Sheet 2019

https://www.iata.org/contentassets/d13875e9ed784f75bac90f000760e998/fact_sheet7-hydrogen-fact-sheet_072020.pdf


a

14

Mathias Andriamisaina, head of 

the zero emission demonstrator 

programme at Airbus:

“The first big challenge, will be 

storing the hydrogen inside the 

aircraft. “We need to 

demonstrate it is possible to 

safely transport hydrogen on an 

aeroplane. We need to be able 

to manage things like leaks or a 

fire.”
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Quantifying the Hazard

16

Leak: Refers to a leak in the hydrogen system. The consequences of a high pressure leak are more 
hazardous than a low pressure leak. 

Low Leakage (0 to 25% LFL): (1% volumetric H2 concentration
Medium Leakage (25 to 50% LFL): (1 to 2% volumetric H2 concentration).  
High Leakage (>50% LFL): (>2%) volumetric H2 concentration). 
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Mitigating the Leak Hazard

Maintenance procedures should also be developed according to §§ 25.1529 
and 25.1729 to ensure proper maintenance for safe continued operation of the 
FCS. 

For instance, in these maintenance procedures could be included

- Periodically check all connections in the hydrogen fuel system for leaks.

- Leak checks should also be conducted after repair or replacement of any 
fuel system lines or valves.
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Hazardous Area: Defined as an area or space in which a hazardous condition, such as an explosive gas 
atmosphere, may be present in such quantities as to require precautions for the construction, installation and 
use of apparatus, in order to comply with the intended applications for civil aircraft. Refer to IEC 60079 
Standards family. 

Mitigating the Leak Hazard

As a good practice, the high-pressure line should be minimized. The 
release duration, due to the time required to detect the leak and 
operate the valve should be reduced as much as possible. The leak 
detection time and time of shutting down hydrogen supply line is 
therefore a critical parameter for safety.



Safety – Hydrogen Leak Check
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- Periodically check all connections in the hydrogen fuel system for leaks.

- Leak checks to be conducted after repair or replacement of any fuel 
system lines or valves.

- Leak identification after positive gas leakage warning

This increases the operator’s exposure to gas hazardous area!

System must be active and hydrogen is flowing



Advancing Safety with Color-Change Hydrogen Detection Tape

Launch of NASA’s Hydrogen Detection Tape

Space Shuttle Endeavor arrives at launch

pad 39A on August 9, 2007 in preparation 

for mission STS-118. A leak developed in

the Orbiter Midbody Umbilical Unit, or 

OMBUU ( inset ), which loads liquid

hydrogen and liquid oxygen into the

spacecraft’s fuel cells.

A color-changing hydrogen-detection

tape, seen in beige, which was developed

by Kennedy Space Center and the University

of Central Florida in the mid-2000s, was 

applied to the OMBUU and helped to detect

the leak’s source. The technology went on to

be used for every subsequent Shuttle launch

up until STS-134, the program’s
penultimate mission.

https://spinoff.nasa.gov/Spinoff2016/ps_5.html
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2022: NASA’s ARTEMIS Hydrogen Leak
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Nitto DX-2106H Hydrogen Detection Tape
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Innovative Hydrogen Leak Location Detector
✓Identifies the leak’s location with a visible and permanent color change.

✓Proactively detects hydrogen leaks

✓Easy to check vertical and bottom faces

✓Safer to detect leak

Before  After
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Silicone adhesive layer with H2

detection pigment

1mil Polyimide backing



Nitto Hydrogen Detection Tape

Product: DX-2106H

Color-Changing Adhesive Tape

– Can detect as little as 1% H2  ( 99% Air or N2 )

– Wide operating temperature range ( - 70°C to 100°C )
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60min



Recommended Usage
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AEP Power Station Field Trial Results

PSO Tulsa Power Station

Objective: Deploy and observe Nitto DX-2106H Hydrogen

Leak Detection Tape at critical and potential leak locations

for preventative maintenance and continuous monitoring

Test Period: 90 Days – Active Engagement and Auditing

Initial Tape Installation Date: 04/18/2019

PSO Riverside • Number of Applied Locations: 22

• Number of Applied Tape Areas: 44

• Time to Install: 120 minutes
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AEP Field Trial Application Locations

• H2 Bulk Storage Area

• Pressure / Purity Monitoring Cabinets

• Inside Distribution and Critical Piping

• H2 Flow Meters

• Generator Belly

• H2 Coolers & Dryers

• Various Flange Connections / Valves / Fittings / Etc.

Bulk Storage

Inside Distribution

Generator Belly

Power Facility Application Areas & Examples:
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AEP - Location # 2 Hydrogen Purity ( Unit 4 )

•Location: UPPER Flange

•Leak Indicated ( 04/19 )

Flange tightened and tape

reapplied

• Location: LOWER Flange

• Leak Indicated ( 04/19 )

Flange tightened and tape

reapplied. >> Leak 

indicated at audit ( 04/22 )
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AEP - Location # 3 Hydrogen Distribution Piping ( Unit 4 )

• Location: Indoor

• Leak Indicated ( 06/14 )
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AEP - Location # 9 Unit 1 Hydrogen Cooler

•Location: Indoor

•Leak Indicated ( 06/13 )

• Hand held sensors used to verify 

hydrogen leak
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AEP - Location # 16 Flange to Underground Piping

• Leak indicated on 05/24
• Flange addressed and tape reapplied
• Leak source mitigated during 06/14 audit
• Pipe Temp: 77.2 Deg. F
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AEP - Location # 16 Flange to Underground Piping

• Date: 05/03

• Moisture bubbles observed

following recent heavy rain

storms

• Leak Indicated ( 05/24 )

• Moisture bubbles noticed following recent 

heavy rain storms ( 05/03 )

• Standing water inside flange ( enclosed by

tape ) – Still effective for H2 detection
32



AEP - Location # 18 Flange from Underground to Feed Generator

• Leak Indicated ( 05/31 )

Action:

• Hand held monitor from distance ( 12” ) – No indication

• Made hole in tape and monitored again – Leak Indicated

Operator Feedback ( P. Mendoza – Riverside )

Tape had changed color again. I went around the tape with two different

gas detectors and didn’t get any alarms. I poked a hole in the tape and

checked with both monitors. The yellow monitor is what the operators usually

use to look for hydrogen leaks. The monitor didn’t alarm when it was a foot

or so away from the flange. When I placed the monitor next to the hole I 

made, it alarmed. When it was away from the flange, there were no alarms.

Placed next to the hole I made, it alarmed. The tape was then removed,

and I tried to find a leak with snoop. No bubbles. Once the testing was

completed, new tape was installed.
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AEP Field Trial Summary

Initial ( 90 Day ) Results: ( 44 ) Locations Applied – ( 9 ) with positive Hydrogen leak indication
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• 20.45% Positive Hydrogen leak indication



• Location Details: Hydrogen Facility Vent System – The purge connection on vent line. DX-2106H 

applied directly where no possible leak would occur adjacent to connection. Trailer pressurized

to 20 PSIG and vented through line.

Time: 0 min. / 82 Deg. F (28 °C) Time: 2 min. / 20 Deg. F (-7 °C) 

DX Tape – Low Temp. Exposure Test
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Temp: - 22 Deg. F (-30°C) Temp: - 40 Deg. F (-40°C)

DX Tape – Low Temp. Exposure Test
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Temp: - 108 Deg. F (-77.77°C)

DX Tape – Low Temp. Exposure Test
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Product: DX-2106H-P

New Method: Color-Changing Adhesive Patch

21㎜

10㎜

1
0
㎜

2
1
㎜

– Wide operating temperature range ( - 70°C to 100°C )

– Easy to cover and monitor multiple leak ports

– Can deploy in minutes for entire unit

• Structure

Polyimide base film Silicone adhesive layer with

H2 detection pigment

Release Liner

Spacer / PTFE porous 

membrane
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– Wide operating temperature range

– Easy to cover and monitor multiple leak ports

– Can deploy in minutes for entire unit

Without spacer

• Initial State

With spacer

H2 Gas

• After H2 leakage!!

Product: DX-2106H-P

New Method: Color-Changing Adhesive Patch
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Your Benefits of Using Nitto Hydrogen Detection Tape

Innovative & Award-Winning Technology

• Advancing Safety Procedures

• Risk Mitigation & Critical Asset Protection

• Substantial Costs Benefits & Enhanced Labor Efficiencies

• Quickly Get Plant Back to Generating Power & Revenue

• Award Winning & Proven Technology

2016 Commercial Invention of the Year

2017 National Florida Lab Consortium

Technology Transfer of the Year Award

SEE THE LEAK
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(1004) Nitto Hydrogen Detection Tape - YouTube

https://www.youtube.com/watch?v=Nwdytb0EhQ0
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Visit us 
Stand 
# 6

Thank you!

Any Questions ?
The appointed distributor 
in the UK and the Middle East


