ISO 16111:2018

Transportable Gas Storage Devices

Hydrogen Absorbed in Reversible Metal Hydride
Key Points Summary

1. Scope

This standard sets out requirements for the material, design, construction, and testing of
transportable hydrogen gas storage systems known as Metal Hydride assemblies (MH
assemblies). Key scope parameters:

Max Internal 150 litres (shell internal volume)
Volume

Max Developed 25 MPa (MDP)

Pressure

Application Refillable storage MH assemblies where hydrogen is the only transferred
medium

Exclusion Fixed fuel-storage onboard hydrogen-fuelled vehicles are NOT covered

2. Key Terms & Definitions

Essential terminology used throughout the standard:

+ MH Assembly (Metal Hydride Assembly) — A single complete hydrogen storage
system including shell, metal hydride, pressure relief device (PRD), shut-off valve,
appurtenances, and internal components.

+  MDP (Maximum Developed Pressure) — The highest gas gauge pressure developed
internally at rated capacity and equilibrium under normal service or operating
conditions (not to exceed 25 MPa).

*+ RCP (Rated Charging Pressure) — Maximum pressure to be applied to the MH
assembly for refilling.

» Rated Capacity — Maximum quantity of hydrogen deliverable under specified
conditions.



* PRD (Pressure Relief Device) — Device to prevent rupture of the MH assembly in
the event of overpressure or fire exposure.

* PRV (Pressure Relief Valve) — A resealable PRD.

» Shell — An enclosure of any shape (cylindrical, prismatic, cubic, etc.) designed to
contain hydrogen gas, metal hydride, and internal components.

» Hydrogen Absorbing Alloy — Material capable of reacting with hydrogen gas to form
a reversible metal hydride.

* Reversible Metal Hydride — A metal hydride where an equilibrium condition exists
allowing the alloy, hydrogen gas, and metal hydride to co-exist.

» Fuel Cell Cartridge — An MH assembly storing hydrogen for use as fuel in a fuel cell.

» Burst Pressure — The highest pressure reached in an MH assembly during a burst
test.

» Design Stress Limit — Total stress loading allowed on the shell wall.

3. Service Conditions

3.1 Pressure Requirements

MDP determination: Manufacturer determines from metal hydride temperature-pressure
characteristics; shall not exceed 0.8 x test pressure of shell, and shall not exceed 25 MPa
RCP: Specified by manufacturer to prevent shell wall stress exceeding design stress limit

Stress level at MDP: Determined from alloy packing/expansion properties, the MDP, and
other mechanical loadings

3.2 Temperature Ranges

Operating temperature range: Specified by the manufacturer for normal operating
conditions

Service temperature range: Minimum -40 °C to maximum +65 °C (default); deviations must
be identified by manufacturer

3.3 Rated Capacity

The manufacturer shall state the rated capacity of the MH assembly in units of mass of
hydrogen.

3.4 Environmental Conditions

MH assemblies must withstand vibration and shock, varying humidity, and corrosive
environments over their service life. Manufacturer shall specify the design environmental
conditions.

3.5 Service Life & Hydrogen Quality



Service life: Specified by manufacturer; shall not exceed that prescribed by the shell design
standard

Hydrogen quality: Minimum quality specified by manufacturer per ISO 14687 (all parts)

4. Design Considerations

4.1 General Design Principle

The MH assembly shall be designed and constructed to prevent leakage of free hydrogen
gas or metal hydride particles under normal service and operating conditions.

4.2 Material Selection

Key material requirements:

» All components shall withstand expected conditions over the MH assembly's service
life

» Components in contact with gaseous hydrogen and/or metal hydride shall resist their
chemical and physical action

* Type | explosive materials (per UN Recommendations on Transport of Dangerous
Goods) shall NOT be used

* Materials must resist hydrogen embrittlement, hydrogen attack, and reactivity with
contained materials

» External surfaces must resist the environmental conditions per section 4.4 (vibration,
humidity, corrosion)

* PTFE and PCTFE are generally suitable for gaseous hydrogen service

4.3 Shell Design

Shells > 120 ml internal volume

Shell must be designed and tested per one of: ISO 7866, ISO 9809-1, ISO 9809-3, ISO
11119-1, 1ISO 11119-2, ISO 11119-3, or ISO 16528-1. Maximum internal volume = 150 litres;
MDP shall not exceed 25 MPa.

Shells £ 120 ml internal volume

Deemed appropriate if: pressure at 55 °C < 5 MPa at rated capacity, AND the assembly
withstands minimum shell burst pressure of 2x the pressure at 55 °C, or 1.6x pressure at
max service temperature, or MDP + 200 kPa at 55 °C (whichever is greater).

4.4 Design Strength

Shell design shall account for stress level at 1.25 x MDP, including:
» Thermal stress (dissimilar thermal expansion/contraction rates)
» Weight of internals in any orientation



» Shock and vibration loading
* Maximum stress due to hydrogen absorbing alloy expansion
» Other mechanical loadings

4.5 Overpressure & Fire Protection (PRD)
The MH assembly shall be protected with one or more PRDs (non-reclosing type such as
thermally activated PRD, rupture disks, or re-sealable spring-loaded PRVSs).

PRD activation pressure: Greater than MDP but less than 1.25 x MDP; shall not exceed
test pressure of shell

PRD activation temperature: Shall correspond to equilibrium pressure < 1.25 x MDP; shall
not be below max service/operating temperature

Note: Re-sealable PRV is NOT recommended for composite or aluminium shells.

4.6 Shut-off Valves

All MH assemblies must incorporate a shut-off valve capable of closure when disconnected
from refill or gas-consuming equipment. The valve may be manually or automatically
actuated.

For MH assemblies > 120 ml: shut-off valves shall comply with ISO 10297 (resistance
pressure = 3x MDP; valve test pressure = 1.5x MDP; endurance test pressure = 0.5x MDP).

For MH assemblies < 120 ml: similar requirements apply with endurance test using minimum
100 cycles; leakage < 3 standard cm?/h.

5. Inspection & Testing

5.1 Type / Qualification Tests
5.1.1 Fire Test

Performed on all new MH assembly designs to verify the fire protection system will prevent
rupture. Conducted on at least 3 assemblies per orientation. Acceptance criteria: no
projectiles generated AND either PRD vents assembly to zero gauge pressure without
rupture, or assembly withstands fire = 20 min without rupture.

5.1.2 Drop / Impact Test

For MH assemblies < 25 kg: Drop test from 1.8 m height onto smooth, horizontal, concrete
or steel surface in multiple orientations (vertical valve end down, opposite end down, 45°
angle, and horizontal onto steel apex). After drop testing, assemblies are leak-tested and
burst-tested.

For MH assemblies > 25 kg: Blunt impact test using a steel impactor (diameter 70-80 mm)
striking the tube at 1,200 joules.

5.1.3 Leak Test



MH assembly charged with hydrogen, helium, or a blend, and monitored at conditions
defined in Table 1:

*  Minimum service temperature at RCP
* Room temperature (~20 °C) at RCP
* Highest temperature (max service or operating) at MDP

Acceptance: total hydrogen leak rate < K cm?h for assemblies > 120 ml (K = greater of 6 or
0.1 x internal volume/150); or < 3 cm3/h for assemblies < 120 ml.

5.1.4 Hydrogen Cycling & Strain Measurement Test

Performed on all new MH assembly designs to demonstrate design stress limits of the shell
are not exceeded during use. At minimum 106 cycles of hydrogen charge/discharge with
vibration sequences. Strain gauges monitor the shell throughout. Acceptance: measured
strain shall not exceed 50% of strain at design stress limit over any 50 consecutive cycles,
with no increasing trend.

5.1.5 Shut-off Valve Impact Test

For MH assemblies with removable valve protection: 3 assemblies subjected to hardened
steel ball impacts at -40 °C. Impact energy requirements range from 1.02 J (V< 0.35L) to
162.70 J (V > 100 L). After impacts: visually inspect and perform leak test.

5.1.6 Thermal Cycling Test

Applicable to MH assemblies < 120 ml only. Assemblies are thermally cycled 50 times from
minimum to maximum service temperature over a 2-hour period. After cycling: leak test
followed by burst test.

5.2 Batch Tests

Shell-batch burst test: At least one shell per batch pressurized to destruction

Hydride-batch MDP test: At least one MH assembly per hydride-batch tested to verify
MDP; shall not exceed 0.8 x test pressure or 25 MPa

5.3 Routine Tests

Each completed MH assembly subjected to leak test at room temperature and RCP.
Manufacturer must maintain records for the greater of 20 years or 1.5 x service life.

6. Marking, Labelling & Documentation

6.1 Mandatory Markings

The MH assembly shall be permanently marked with:
» Reference to ISO 16111



Rated Charging Pressure (RCP) in bar

Manufacturer's identification

Date of manufacture (month and year)

Manufacturer's serial or unique identification number

Date of expiry based on maximum service life (month and year)

6.2 Required Labels

Contents are flammable (mandatory on product label at all times)
Hazards associated with solid materials (reactivity with air, water, other fluids)

Temperature warning: 'DO NOT EXPOSE TO TEMPERATURES ABOVE xx °C,
OPEN FLAMES OR IGNITION SOURCES'

Where removable valve protection is used: 'WARNING: Valve may be damaged if
subjected to impact. KEEP VALVE PROTECTION IN PLACE WHEN NOT
CONNECTED FOR USE'

6.3 Required Documentation

Safety Data Sheets (SDS) for hydrogen gas and the hydrogen absorbing alloy

User's or Operating Manual (includes service conditions, hydrogen quality, fill/refill
procedures, disposal/recycling information, ventilation requirements, inspection
procedures)

Initial fill and refill procedures (charging specifications, equipment requirements, post-
fill inspection)

Periodic inspection: maximum 5-year intervals per applicable ISO standard (ISO
6406, ISO 10461, or ISO 11623)

7. Key Changes from 1st Edition (ISO 16111:2008)

Service temperature conditions described in further detail (section 4.3.2)

Shell design extended to include ISO 11119-3 standard reference (section 5.3)
Drop test conditions modified (section 6.2.4)

Acceptance criteria modified for leak testing (section 6.2.5)

Hydrogen cycling conditions modified (section 6.2.6)

New warning labelling proposed (section 7.2)

Information in safety data sheets updated (section 8.1)



