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x ATEX/IECEx for Ex-zones 0, 1 and 2

w EC79 certified for hydrogen-powered vehicles

sApproved for marine applications

The illustration shows the key features of the Trafag pressure trans-
mitter that make it suitable for mobile and stationary hydrogen 
applications such as fuel cells, electrolyzers, compressors and sto-
rage tanks. Beside these product features, also certain certifications 
are required for the use in critical applications. All Trafag hydrogen 
pressure transmitters are EC79 certified and for certain models, also 
ATEX/IECEx and marine approvals are available.

Customized process 
connections available

Electronics with proprietary microchip, 
proven in use in harshest environments

All standard industrial 
output signal available

Wide range of electrical connections from 
cost-effective to high-performance

Fully welded stainless 
steel housing

High purity thin film 
on steel sputtering

Sensor with hydrogen  
compatible special steel alloy

w

w

The key component of Trafag’s pressure transmitters are pressure 
sensors based on thin-film-on-steel technology (fully welded 
design without O-ring). The sensor technology comes from Trafag’s 
own production and was developed inhouse together with the tailo-
red ASIC (application-specific microchip) for the sensor signal 
processing. As a result, pressure sensor and electronics work in per-
fect partnership and achieve a unique level of long-term stability 
and reliability, even under the most adverse environmental conditions.

To comply with the hydrogen specific requirements for pressure 
measurement, such as embrittlement and permeation, Trafag qua-
lified a special steel alloy for pressure sensors in contact with hydro-
gen. This specific steel alloy, a nitrogen-strenghened austenitic 
steel, is both hydrogen-compatible and features also all the mate-
rial properties which are necessary to build robust, accurate and 
long-term stable pressure sensors.

Sensor technology
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Which pressure sensor is suitable for hydrogen?
With the increasing popularity of hydrogen as an energy carrier, the need for suitable pressure sensors is 
also increasing. While hydrogen has been used at low pressure in the chemical and process industries for 
years, new challenges arise in applications in H2 mobility: measuring ranges of more than 1,000 bar, 
limited space, and increased pressure for reduced costs for large series, all require new, innovative sensor 
concepts.

The hydrogen molecule - as the smallest molecule of all - can pene-
trate the structure of many commercially available steels, and 
other materials, by diffusion. It can either be stored permanently in 
the structure, it can penetrate the structure (permeation) or there is 
a combination of the two effects. Hydrogen embrittlement is well 
known and is caused by the fact that hydrogen which has penetra-
ted changes the structure of the steel. Permeation, i.e. the process 
of sorption (absorption) of hydrogen on the membrane surface, 
diffusion through the membrane material and desorption on the 
back, is not a problem in most applications, such as pressure tanks, 
due to the sufficiently large wall thicknesses. However, in the case 
of pressure sensors with the inherently thin wall thickness of the 
sensors, the permeation of hydrogen through the measuring mem-
brane can lead to a reaction with elements of the sensor.
Depending on the structure and physical operating principle of the 
sensor, different effects can come into play. In the following secti-
ons, the most important effects are explained for those sensors 
regularly employed when hydrogen is used as an energy carrier. It 
is also shown which technical solutions are used to counteract (the 
harmful effects of) hydrogen permeation and what advantages and 
disadvantages arise from this. Finally, the most important selection 
criteria for a suitable pressure sensor are shown, as well as what to 
look out for during evaluation and qualification.
In industrial hydrogen applications, either piezoresistive sensors or 
thin-film-on-steel sensors (see box with the operating principles) 
are used almost exclusively. Other sensor principles are either tech-

nically unsuitable (e.g. ceramic sensors due to the high porosity of 
the sintered material), too expensive or purely niche products.

Piezoresistive sensors
With piezoresistive sensors, the extraordinarily small wall thickness 
of the separating membrane of only approx. 70 micrometres is a 
major challenge. The separating membrane itself is made of the 
hydrogen-compatible AISI316L as standard and therefore risk of 
embrittlement is minimal. However, at higher pressures, hydrogen 
can diffuse through the thin separating membrane into the oil fil-
ling. Hydrogen dissolved in the oil can form bubbles resulting in a 
sudden and strong signal offset, which can disappear again sponta-
neously depending on the pressure curve as soon as the bubble 
dissolves again. As a countermeasure, the separating membrane is 
provided with a gold coating on the hydrogen side, which acts as a 
sorption barrier. Tests by Trafag show that this gold layer must have 
a certain minimum thickness in order to be able to act as a protec-
tion. The protective effect is reduced if it is too thin, if it is damaged 
by micro-scratches, or if the gold layer has insufficient adhesion 
causing the formation of small bubbles due to impurities in the 
plating process. 

Thin-film-on-steel sensors
Thin-film-on-steel sensors, on the other hand, have a significantly 
thicker membrane. However, it is usually made of a material unsui-
table for hydrogen (17-4PH or 1.4542), i.e. a martensitic high-per-
formance steel with a rather low nickel content. Austenitic steels 
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with a nickel content of more than approx. 13 percent are conside-
red hydrogen-compatible. Therefore, alternative steel alloys must 
be used. Due to the principle, a high yield point is required so that 
the membrane and thus the sputtered resistance bridges can 
stretch so much that a usable signal is generated. Unfortunately, 
many H2-compatible steels such as AISI316L do not meet this requi-
rement. If steel sensors with AISI316L membranes are used, they 
are usually not equipped with the long-term stable sputtered resis-
tance bridge, but have a coating that shows a greater change in re-
sistance with the same strain that is often more susceptible to signal 
drift. 
A major challenge is to find suitable steel alloys that are H2-compa-
tible and at the same time suitable for the construction of thin-film 
sensors. For thin-film-on-steel cells with sputtered resistors, there 
are some austenitic steel alloys with a high nickel content that also 
have a sufficient yield point and are therefore fundamentally suita-
ble. But for the sensor manufacturer, the difficulty with these steels 
is to get them from a manufacturer with the material quality that 
allows long-term stable, low-drift sensors to be made from it. Criti-
cal parameters are usually the homogeneity of structure, alloy and 
thermal treatment. Tests by Trafag with its own sensors made of va-
rious alloys and sensors from competitors have shown that many of 
the solutions offered today have significantly more long-term drift 
than conventional sensors for air or oil. Thanks to extensive expe-
rience, many years of intensive research and countless tests, Trafag 
has succeeded in developing a thin-film-on-steel sensor made of 
hydrogen-compatible steel, the long-term stability of which is signi-
ficantly better than that of most of its competitors.

Long-term stability performance criterion
The long-term stability of hydrogen pressure sensors is now the 
main criterion when evaluating pressure transmitters. Because the 
design and size, electronics and mechanical structure are mostly 
taken from proven industrial pressure sensors, they almost always 
meet the requirements of hydrogen applications. The long-term 
stability of the sensor, i.e. that the measurement accuracy does not 
change, or changes only slightly over the period of use, is critical in 
hydrogen applications in particular. Poor long-term stability is pri-
marily reflected in the zero point drift, which means that the signal 

no longer shows zero when there is no pressure. 
During testing, the embrittlement, which is very often mentioned in 
the literature as the biggest problem, did not occur with Trafag sen-
sors. The bursting tests of the standard sensors, i.e. made of non-hy-
drogen-compatible material, did not show any measurable reduc-
tion in the burst pressure, even after prolonged use in a hydrogen 
environment, but the signals did show massive drift. In the applica-
tion, three parameters in particular have a major influence on the 
long-term stability of hydrogen pressure sensors:

•	 Pressure: The higher the pressure, the stronger and faster the 
diffusion effects. Alternating load cycles can also accelerate the 
effect because the movement of the structure facilitates the mo-
bility of the hydrogen that has penetrated.

•	 Temperature: The higher the temperature, the faster the harmful 
effect of hydrogen manifests itself. The embrittlement decreases 
again from about 60°C, but the diffusion continues to increase.

•	 Time: The duration of exposure to hydrogen is critical. The signal 
deviations only become apparent after a certain time and are not 
linear.

While the effects of pressure and temperature are obvious and are 
taken into account in the evaluation in the test criteria, the exposure 
duration is often not taken into account enough. Trafag tests have 
shown that sensors made of unsuitable standard membrane steel 
sometimes only show the characteristic zero-point drift effects after 
10,000 hours of hydrogen exposure and that there is a large scatter 
as to when the zero-point drift actually begins.

Many of these drift effects are reversible with steel sensors: When 
the sensor is no longer exposed to hydrogen, the hydrogen concen-
tration slowly decreases, even relatively quickly at higher tempera-
tures above roughly 80°C.

Time [h] Time [h]

Zero drift of standard thin-film sensors at 100 bar hydrogen Zero drift of thin-film sensors made of H2-compatible steel  
at 100 bar hydrogen
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Consequences for the evaluation of hydrogen  
pressure sensors

The qualification of suitable devices is a major challenge for the 
user of hydrogen pressure sensors. In addition, an incorrect pres-
sure measurement can lead to serious consequences - including 
endangering human life. Meaningful tests must therefore be 
carried out over several thousand hours, ideally in an applicati-
on-oriented test setup. Application-oriented means that above all 

the level of pressure, the pressure cycles and the temperature 
conditions best represent the worst-case conditions in the target 
application. In order to keep the variety of devices that have to be 
tested in such a complex way small, it is worthwhile to only consider 
suppliers with a lot of experience and know-how, who also carry out 
intensive internal qualification tests, right from the pre-selection 
stage.

Functional principle of various 
pressure sensors

Piezoresistive sensor
The pressure of the medium acts on the 
separating diaphragm, which transfers the 
pressure to the oil filling. The active layer of 
the semiconductor element in the oil is de-
formed due to the pressure. Due to the 

change in shape, the resistance that is measured changes. The 
separating membrane must be very thin so that it can transfer the 
pressure to the oil without distortion.

Thin-film-on-steel sensor
The pressure of the medium acts on the steel 
membrane. This has a precisely defined rigi-
dity and only deforms very locally due to its 
special shape. Resistors are applied to the 

side facing away from the medium at the points with maximum de-
formation. Depending on the position, the resistances are compres-
sed or stretched, which leads to an increase or decrease in resistan-
ce. The sum of the absolute changes in resistance is measured 
using a Wheatstone bridge.

The illustration shows a piezoresistive pressure sensor 
with separating diaphragm, oil filling and active layer.

Illustration of a steel sensor as a finite element model: 
above in the depressurized state and below with maximum 
pressure is shown.
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NHT 8250

Technical Data

Measuring principle Thin-film-on-steel
Measuring range 0 ... 1 to 0 ... 1000 bar 

0 ... 15 to 0 ... 15000 psi
Output signal 4 ... 20 mA, 0.5 ... 4.5 VDC,  

0 ... 5 VDC, 1 ... 5 VDC,  
1 ... 6 VDC, 0 ... 10 VDC, 
0.1 ... 10.1 VDC, 0.5 ... 4.5 VDC  
ratiometric

Accuracy @ 25°C typ. ± 0.5 % FS typ. 
± 0.3 % FS typ.

Media temperature –40°C ... +85°C
Ambient temperature –40°C ... +85°C

Data sheet www.trafag.com/H72338

•	 EC79/2009 certified by the KBA Kraftfahrt-Bundesamt 
•	 Wetted materials made of hydrogen-compatible steel 
•	 Completely welded sensor system  

without additional seals 

Hydrogen Pressure Transmitter
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EXNT 8292

x s

Technical Data

Measuring principle Thin-film-on-steel
Measuring range 0 ... 1 to 0 ... 1000 bar

0 ... 15 to 0 ... 15000 psi
Output signal 4 ... 20 mA
Accuracy @ 25°C typ. ± 0.5 % FS typ. 

± 0.3 % FS typ.
Media temperature Max. –40°C ... +85°C
Ambient temperature Max. –40°C ... +85°C

Data sheet www.trafag.com/H72329

•	 Pressure ranges from 1 to 1000 bar 
•	 ATEX and IECEx 
•	 EC79/2009 certified by the KBA Kraftfahrt-Bundesamt 

Ex Pressure Transmitter
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Worldwide represented, globally trusted, Swiss based
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The coordinates to the representatives can be found at www.trafag.com/trafag-worldwide


