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For some time, hydrogen (H,) has been widely advocated as
the future optimal alternative fuel. If H, were to substitute
methane even partially in this sector, H,-running systems will
become commonplace and their leak-proof certification a
must. Therefore, DONIT engineers undertook the creation of a
reliable and practical database purpose-made for the H, barrier/
permeability property of the company materials’ portfolio,
namely the TESNIT® brand. This would result from actual real
corresponding leakage performance measurements using H,
as the test medium, which would then correlate with the ones
obtained with the helium (He) conventional test medium.

In the sealing sector, gasket materials should be, by definition,
compatible with the transiting or contained fluid and should
withstand the operating conditions. These requirements cannot
be overstated in the case of corrosive, hazardous, or flammable
fluids. In fact, H, is one of the most difficult gases to contain
and prevent from leaking. Besides, knowing that the explosive
limit of H, gas is approximately ca. 20% lower than that of
methane and combined with a lower ignition temperature
(Table 1), this translates into a significantly higher explosion
risk for the former and a greater hazard for the installation and
operating site. And naturally, one cannot tolerate a greater
gasket leak of H, than of methane. Therefore, it is crucial to
determine the actual gasket material sealability for H, itself.

Table 1. Explosion limits and ignition temperatures of some

Gas Lower Higher Ignition
Explosive Explosive Temperature
Limit Limit (°C)
(vol.%/Air) (vol.%/Air)

Hydrogen (H,) 4.0 75.6 560

Methane (CH,) 5.0 15.0 595

Ethanol (C,H.OH) (35 15.0 425

gases.
To the best of our knowledge, not many practical studies have
been conducted to date, and we were interested in obtaining
such data for our TESNIT® gasket materials.

Conventional Standards for Gasket Leakage Measurements

Considering gasket functionality in applications, conventional
fluid leakage tests are conducted according to established
standards typified by the following ones:

— Acc. to DIN 3535-6, the specific leak rates are tested using
nitrogen (N,), the leaked gas volume is measured at room
temperature (23°C), 32 MPa gasket surface load under 40 bar
internal pressure, e.g. with a gas burette, mass flow detector or
differential pressure method. The "DVGW criterion” applies here
to a leakage of <0.1 mg/(s*) for 2 mm thick gasket materials.

—In DIN EN 13555, the leak of He gas (as the test medium) is
measured at room temperature (RT). Accordingly, the obtained
Q,,;, values represent the surface loads required for the gasket
installation, whereas the Q_ = simulate the leakage in-service
conditions. As this technique has recourse to a sensitive mass
spectrometer as the detector, very low leaks can be detected.
Gasket data according to DIN EN 13555 are the bases for the
flange-calculation acc. to EN 1591-1, and allow the validation of
flanged connections for TA-Luft.

—In TA-Luft and VDI 2440-VDI 2200 (VDI 2440/2200) and
following a defined heat treatment cycle applied to the gasket,
the He gas (as the test medium) leak is measured at RT under 1
bar (internal pressure) and 30 MPa of gasket surface load. Here
also this technique employs a mass spectrometer for the fine
leakages with a sensitivity equivalent to the latter test.

Note that all the aforementioned standard test methods

call upon either N, or He gas as the test medium (non-H,
environments). In general, it is commonly accepted that if the
sealability threshold is determined for He or N, this would

be valid as well for methane; in practice, it is admitted that a
gasket material with an L, tightness class for He could serve to
tightly seal other gases too.

But does that also apply to hydrogen?
New Test System for Determining H, Leakage

From DONIT R&D Application Engineering labs, a gasket
testing setup for H, permeability emerged in 2021 (Fig. 1). Its
design is based on a further improvement of the VDI2440/2200
standard. This latter well-established standard can now be
extended to the testing of sealing materials for their H,
permeability and resistance.
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Fig. 1: test system for determining H, leakage
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H, Testing Setup Technical
Characteristics

H, Testing Setup Special
Features & Advantages

» Gasket Dimensions/ » Direct data acquisition for
Format: accommodates He or H, leak per gasket
DN40/PN40 obviating the need for

+ H,Gas Medium
Composition: up to 100%
(i.e. pure H)

« Testing Temperature: .
room temperature

* Internal Pressure (of the
fluid medium): up to 140
bar

« Gasket Surface Stress: can
be optionally varied.

« Leak Detection: by mass
spectrometry

gasket exchange and
excluding comparison
errors

Comparable simulation
to actual in-field service
parameters for flanged
installations

Gasket Materials for He & H, Gases

Gasket permeability to He or H, was performed on
representative soft gasket materials: TESNIT® BA-U (FA-
Standard) and TESNIT® BA-SOFT (FA-New Generation). These
materials are based on aramid fiber with NBR.

FA-STANDARD stands as a representative gasket material
with low compressibility of ~ 6-9% , well-suited for gas

(air, methane, propane, butane) installations, while FA-

NEW GENERATION, stands as a representative material with
compressibility of ~25%, high adaptability and sealability with
very good thermomechanical properties.

Mass and volume leakages of FA-STANDARD and FA-NEW
GENERATION were determined under 30 MPa of surface stress
and 5-40 bar internal pressure. Figure 2 shows the comparison
between leakage values of He and H, as mass and volume
leakage of FA-NEW GENERATION. The gasket was installed
with 30 MPa surface pressure. The leakage was measured at
different internal pressures ranging from 5 to 40 bar. In both
diagrams, the H, leakage at 40 bar internal pressure is slightly
but not significantly higher than the He-leakage.
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Having an isolated view on the larger kinetec diameter of H,
compared to He, one would expect a lower leakage of H,,
while with an isolated view on the higher effusion rate of H,
compared to He, leakage of H, would be higher. Our results
show that the effusion rate is the governing factor.

Table 2: Data of some fluids

Kinetic Relative Relative
Gas Mole.cular diameter kinetic rates of
Name Formula LT (picometer) | diameter effusion
Hydrogen H. 2 289 1.1 1.4
Helium He 4 260 1
Nitrogen M 28 364 1.4 0.37

Fig. 2. He (dashed line) and H, (full line) leakage curves for FA-
NEW GENERATION (red) and FA-STANDARD (blue) at 30 MPa
installation surface stress.
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Interestingly, under 30 MPa of surface stress, FA-NEW
GENERATION displayed a 1000-times superior sealing
performance to FA-STANDARD with mass leakages of ca. 10°
and 102 mg/(s*m), respectively.

In a trial simulating a sub-optimal installation of FA-NEW
GENERATION (i.e. under 15 MPa of surface stress), a significant
increase in the leakage was observed (Fig. 3). However, this
leakage still remained within the same level as that of FA-
STANDARD which was installed under the optimal conditions
(i.e. 30 MPa); this demonstrates the practical functionality and
advantages of FA-NEW GENERATION.



Fig. 3. He (dashed line) and H, (full line) leakage curves for FA-
NEW GENERATION at different installation surface stresses
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Prospects:

DONIT is committed to providing reliable and practical
performance data concerning its gasket materials, especially for
the ones which were purpose-built for high-risk applications.
For the sake of increased safety, reducing the H, emissions in
an installation using it is a top priority due to the hazardous
nature of this fluid.

Aa safe and valuable H, leakage testing method was
developped and applied to FA-STANDARD and FA-NEW
GENERATION gasket materials as examples. This method,
which is based on a further improvement of the VDI2440/2200
standard, offers concrete and reliable data for the evaluation
of gasket materials destined for sealing H,. This work
demonstrates that the determination of mass or volume
leakage according to EN 1591-1 standard with He as the test
medium, is valid as well for H, medium.

FA-NEW GENERATION gasket material proved its superior
sealing performance as it exhibited a 1000-fold lower mass
leakage vs FA-STANDARD - the latter exemplifies a common
material within its category of applications. In addition, in a
trial simulation, the former displayed higher tolerance to poor
installation conditions. Therefore, we recommend the use of
FA-NEW GENERATION in H, sealing applications.

Women of the GFA: Meetmg Recap

By Amanda Barnes, Texcel

Well, that's a wrap! The Women of the GFA Fall Meeting in New
Orleans was fantastic. | am so impressed with the witty, funny,
intelligent, and powerful women who are part of this group. If
you were unable to attend, you definitely missed out, but not
to worry—the Spring Meeting will be just as awesome!

These meetings are such a great way for all of us to come
together and celebrate the unique challenges and strengths
women bring to the industry. We get to share some laughs
(okay, a lot of laughs), and genuinely connect. While | find the
content beneficial, the opportunity to bond with such amazing
women at different stages of life and various career levels is not
only inspiring but invaluable.

Personally, | feel the openness with which we share our
opinions, thoughts, tips and tricks of the trade is what makes
these meetings so wonderful. Not everyone is an extrovert,
and it's not always easy to open up in front of a group, but
somehow it gets better every time—and | love it!

That being said, if any of you have ideas you'd like to share for
the next meeting, please don't hesitate to reach out. Our goal
is to foster discussions that promote networking, professional
growth, and personal development. Also, don't forget to make
use of our LinkedIn site—it's a great way to stay connected and
continue sharing with the group until we meet again.

JOIN THE WOMEN OF
THE GFA LINKEDIN GROUP

Scan the QR code to join the
Women of the GFA LinkedIn
Group.

The Women of the GFA
(W-GFA) is a thriving
community of women united
in a commitment to positivity,
support, and education.
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