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RAPID, SENSITIVE HYDROGEN DETECTOR
WITH ACTIVE HYDROGEN-DERIVED
WATER VAPOR SIGNAL MODULATION

RELATED APPLICATIONS

[0001] The present application is a divisional of U.S.
patent application Ser. No. 17/178,696, filed on Feb. 18,
2021, by David D. Nelson, Jr. et al for a “Rapid, Sensitive
Hydrogen Detector”, the contents of which are incorporated
by reference herein in their entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates generally to gas
detection, and more particularly to rapid, sensitive detection
of molecular hydrogen.

Background Information

[0003] There is a growing need for rapid, sensitive detec-
tion of molecular hydrogen. As the world transitions away
from fossil fuels as our primary energy source, it is likely
that a hydrogen-based energy infrastructure will emerge.
Both for economic and safety reasons it will be essential to
have effective ways of measuring hydrogen concentration.
For example, to detect hydrogen gas leaks it will be essential
to have effective ways of measuring hydrogen concentration
in sample gas (e.g., atmospheric air). Just as methane
detectors play an important role in our existing natural
gas-based energy infrastructure, hydrogen detectors will
likely play an important role in hydrogen-based energy
infrastructure.

[0004] Many currently deployed methane detectors utilize
optical detection to measure methane concentration and
detect methane gas leaks. Optical detection can be fast,
sensitive, portable, and specific, and it would seemingly be
an appealing option for use in detecting hydrogen. However,
unlike methane, hydrogen has no strong absorption features
in the near ultraviolet (UV), visible, infrared (IR) or micro-
wave regions of the electromagnetic spectrum. Accordingly,
it is very difficult to optically detect hydrogen molecules
with conventional techniques and direct optical detectors for
hydrogen have not proved viable.

[0005] Accordingly, there is a need for improved tech-
niques for detecting molecular hydrogen that may enable
rapid, sensitive hydrogen detection.

SUMMARY

[0006] In various embodiments, rapid, sensitive detection
of molecular hydrogen is achieved by chemically converting
hydrogen to water vapor (i.e., oxidizing the hydrogen) and
then optically detecting the water vapor (e.g., using an
optical detection technique such as laser spectroscopy, non-
dispersive infrared (NDIR) absorption spectroscopy, etc.).
The water vapor serves as a surrogate for hydrogen, such
that hydrogen is indirectly detected. Indirect detection
avoids the difficulties of optically detecting hydrogen mol-
ecules themselves and may provide other advantages. How-
ever, indirect detection may also introduce other challenges.
In various embodiments described herein, these other chal-
lenges may be addressed.
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[0007] One challenge is that the sample gas (e.g., atmo-
spheric air) often includes significant ambient water vapor
(e.g., 1% to 4%). The additional water vapor produced by
chemically converting hydrogen will typically be very small
compared to the ambient water vapor. Even when detecting
nearby a hydrogen leak it may be hundreds of times smaller,
and if remote from a hydrogen leak it may be tens of
thousands of times smaller. In addition, the amount of
ambient water vapor may change with time, and be corre-
lated with air movements, causing further problems in
specific detection.

[0008] In various embodiments described herein, this
challenge may be addressed by separating a water vapor
signal describing detected water vapor concentration into
two components in the time domain, referred to as the
“ambient water vapor signal” and the “hydrogen-derived
water vapor signal.” Separation may be facilitated by damp-
ening variation in the ambient water vapor signal to differ-
entiate it from the more rapidly varying hydrogen-derived
water vapor signal. Dampening may be achieved in various
manners. In one embodiment, a gas dryer (e.g., a Nafion®
sulfonated tetrafluoroethylene based fluoropolymer-copoly-
mer membrane gas dryer) may be employed. Various addi-
tional techniques may be employed to enhance such embodi-
ments. For example, the hydrogen-derived water vapor
signal may be rapidly modulated to further facilitate sepa-
ration from the ambient water vapor signal. Likewise, the
sample gas may be pre-humidified to a predetermined level
to erase any memory of actual ambient water vapor and
ensure a constant, stable ambient water vapor signal that can
be readily separated out.

[0009] Another challenge is that the sample gas (e.g.,
atmospheric air) often includes hydrocarbon and other
hydrogen bearing molecules that may convert to water vapor
in the chemical conversion. This alternative source of water
vapor may create an interfering signal. Such interfering
signal may be significant in high sensitivity applications
(e.g., for concentrations of hydrogen below 1 part per
million (ppm)) or in environments with unusually large
concentrations of hydrogen bearing molecules.

[0010] In various embodiments described herein, this
challenge may be addressed by suppressing hydrogen bear-
ing molecules in the sample gas by trapping (e.g., using a
filter material, membrane, molecular sieve, cryogenic trap
and/or other techniques) or tuning the chemical conversion
to selectively oxidize hydrogen while avoiding conversion
ot hydrogen bearing molecules to water vapor. Alternatively,
this challenge may be addressed by measuring hydrogen
bearing molecule concentrations, calculating an amount of
hydrogen bearing molecule-derived water vapor, and sub-
tracting out the hydrogen bearing molecule-derived water
vapor.

[0011] It should be understood that a variety of additional
features and embodiments may be implemented other than
those discussed in this Summary. This Summary is intended
simply as a brief introduction to the reader for the further
description that follows, and does not indicate or imply that
the features and embodiments mentioned herein cover all
aspects of the disclosure, or are necessary or essential parts
of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The description refers to the accompanying draw-
ings of example embodiments, of which:

[0013] FIG. 1A is a flow diagram of an example sequence
of'steps for detecting molecular hydrogen according to a first
embodiment;

[0014] FIG. 1B is a block diagram of an example hydro-
gen detector with components that may implement the
sequence of steps in FIG. 1A;

[0015] FIG. 1C is a set of graphs 154-158 illustrating an
example water vapor signal, ambient water vapor signal and
hydrogen-derived water vapor signal as a function of time;
[0016] FIG. 2A is a flow diagram of an example sequence
of steps for detecting molecular hydrogen according to a
second embodiment;

[0017] FIG. 2B is a block diagram of an example hydro-
gen detector with components that may implement the
sequence of steps in FIG. 2A; and

[0018] FIG. 2C is a graph illustrating an example water
vapor signal having a hydrogen-derived water vapor com-
ponent that has been rapidly modulated.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0019] FIG. 1A is a flow diagram of an example sequence
of steps 100 for detecting molecular hydrogen according to
a first embodiment. FIG. 1B is a block diagram of an
example hydrogen detector 102 with components that may
implement the sequence of steps 100 in FIG. 1A. At step
110, an inlet 112 of the hydrogen detector 102 receives
sample gas (e.g., atmospheric air) that includes ambient
water vapor, molecular hydrogen and potentially hydrogen
bearing molecules (including methane and non-methane
hydrocarbons (NMHCs)). Ambient water vapor in the
sample gas may vary, typically falling between 10,000 and
20,000 ppm for atmospheric air. Hydrogen bearing mol-
ecules in the sample gas are typically present in far smaller
quantities, typically being about 3 ppm for atmospheric air
(methane usually accounting for about 2 ppm and NMHCs
accounting for the remaining 1 ppm). Absent a hydrogen
source (e.g., a hydrogen leak), hydrogen typically is found
at about 0.5 ppm in atmospheric air. A simple implementa-
tion of the hydrogen detector 102 may be suited for detecting
hydrogen concentrations of about 1 ppm to about 40,000
ppm (i.e., the lower explosive limit of hydrogen). More
complicated implementations of the hydrogen detector (e.g.,
that account for the potential presence of hydrogen bearing
molecules in the sample gas) may be capable of specifically
detecting sub-1 ppm concentrations.

[0020] At step 120, the sample gas from the inlet 112 is
passed through a gas dryer 122, or more specifically a
high-pressure segment thereof. In one implementation the
gas dryer 122 is a Nafion® sulfonated tetrafluoroethylene
based fluoropolymer-copolymer membrane gas dryer. Alter-
natively, a variety of different types of gas dryer may be
employed. The gas dryer 122 may remove some ambient
water vapor from the sample gas. However, the primary
purpose of the gas dryer 122 is not to remove ambient water
vapor, but to instead dampen time response in ambient water
vapor, while having little effect on hydrogen. As explained
further below, the gas dryer 122 serves a role similar to a low
pass filter in the field of electronics.
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[0021] At step 130, sample gas from the gas dryer 122 (or
more specifically the high-pressure segment thereof) is
received at a catalytic oven 132, which chemically converts
hydrogen in the sample gas to water vapor (i.e., oxidizes the
hydrogen). The catalytic oven 132 may include a hot (e.g.,
100 to 200° Celsius (C)) catalytic surface (e.g., a platinum
(Pt) surface) that rapidly and quantitatively converts hydro-
gen to water vapor.

[0022] The gas dryer 122 and catalytic oven 132 may
operate near atmospheric pressure. At step 140, the con-
verted sample gas from the catalytic oven 132 is passed
through a flow controller 142 that reduces pressure. The flow
controller 142 may cause a pressure drop by limiting flow in
various manners. In one implementation, the flow controller
is a critical orifice that limits flow. In some cases (e.g., cases
with 40,000 ppm or greater water vapor concentrations)
condensation may be prone to occur between the catalytic
oven 132 and the flow controller 142. To avoid condensa-
tion, this region may be maintained at an elevated tempera-
ture (e.g., 30° C. or greater). In one implementation, this
elevated temperature may be achieved by placing the flow
controller 142 very close to the catalytic oven 132 so that
byproduct heat from the catalytic oven 132 maintains the
elevated temperature.

[0023] At step 150, the converted sample gas from the
flow controller 142 is received by a water vapor monitoring
cell 152, which measures water vapor therein to produce a
water vapor signal. The water vapor monitoring cell 152
may employ optical detection, for example, laser spectros-
copy or non-dispersive infrared (NDIR) absorption spec-
troscopy. It should be understood, however, that other types
of detection, including other types of optical detection, may
be employed, and the water vapor monitoring cell 152 may
include various types of devices, including other types of
spectrometers.

[0024] The water vapor signal produced by the water
vapor monitoring cell 152 includes two components in the
time domain: a component derived from ambient water
vapor referred to herein as the “ambient water vapor signal”
and a component derived from converted hydrogen referred
to herein as the “hydrogen-derived water vapor signal.” FI1G.
1C is a set of graphs 154-158 illustrating an example water
vapor signal, ambient water vapor signal and hydrogen-
derived water vapor signal as a function of time. The
ambient water vapor signal often has a significant offset
(e.g., 100 to 1000 pm) even after reduction by the gas dryer
122 due to the typically large (e.g., 10,000, 20,000 ppm, etc.)
concentrations of ambient water vapor in atmospheric air,
and typically only varies over long time periods (e.g., time
periods greater than a minute). The ambient water vapor
signal typically is relatively constant over short time periods
(e.g., time periods of less than 1 second (s)) due to the
dampening effects of the gas dryer 122. The hydrogen-
derived water vapor signal typically has no significant offset
due to the typically tiny (e.g., 0.5 ppm) concentrations of
hydrogen in atmospheric air (absent a hydrogen source, such
as a hydrogen leak). The hydrogen-derived water vapor
signal may vary over short time periods (e.g., time periods
of less than 1 s) since it is unaffected by the gas dryer 122.
[0025] It may be noted that any leaks in the system
between the gas dryer 122 (or more specifically the high-
pressure segment thereof) and the water vapor monitoring
cell 152 may introduce water vapor changes that would not
be dampened. Accordingly, special measures may be taken
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to minimize and/or eliminate potential leaks in this region
(e.g., using high quality vacuum plumbing components in
this region).

[0026] At step 160, the converted sample gas leaves the
water vapor monitoring cell 152 and passes again through
the gas dryer 122, or more specifically the low-pressure
segment thereof. An optional bypass path 162 may also be
provided to avoid the low-pressure segment.

[0027] At step 170, the converted sample gas passes
through a vacuum pump 172 that pulls the sample gas
through the hydrogen detector 102 and out an outlet 174.
[0028] In parallel, at step 180, the water vapor signal from
the water vapor monitoring cell 152 is received by a pro-
cessor 182 that separates the water vapor signal in the time
domain into the ambient water vapor signal and the hydro-
gen-derived water vapor signal, for example, using digital
signal processing (DSP) techniques. The processor 182
determines a hydrogen signal that describes molecular
hydrogen in the sample gas based on the hydrogen-derived
water vapor signal. In some implementations, the hydrogen-
derived water vapor signal may be simply used as the
hydrogen signal. In more complicated implementations, a
conversion process may be employed to account for sources
or errors or other factors.

[0029] Finally, at step 190, the processor 182, outputs the
hydrogen signal, for example, storing it in a memory,
passing it to another instrument, using it to generate a
display in a user-interface of the hydrogen detector 102
itself, etc.

[0030] Performance of the example hydrogen detector 102
discussed in relation to FIGS. 1A-1B may be improved by
actively modulating the hydrogen-derived water vapor sig-
nal. FIG. 2A is a flow diagram of an example sequence of
steps 200 for detecting molecular hydrogen according to a
second embodiment. FIG. 2B is a block diagram of an
example hydrogen detector 202 with components that may
implement the sequence of steps 200 in FIG. 2A. Where the
steps and components of FIGS. 2A-2B are similar to those
of FIGS. 1A-1B they will be discussed again only briefly,
and the reader is referred to the above discussion for more
detail.

[0031] At step 210, an inlet 212 of the hydrogen detector
202 receives sample gas (e.g., atmospheric air) that includes
ambient water vapor, molecular hydrogen and potentially
hydrogen bearing molecules (including methane and
NMHCs).

[0032] At step 220, the sample gas from the inlet 212 is
passed through a gas dryer 222, or more specifically a
high-pressure segment thereof. Again, the gas dryer 222 may
be a Nafion® sulfonated tetrafluoroethylene based fluoropo-
lymer-copolymer membrane gas dryer or another type of
dryer, and its primary purpose may be to dampen time
response of ambient water vapor, while having little effect
on hydrogen.

[0033] At step 230, sample gas from the gas dryer 222 (or
more specifically the high pressure segment thereof) is
passed to a flow divider 224 that divides the sample gas in
half| creating a first flow that is passed to the catalytic oven
232 and that is referred to herein as the “chemical conver-
sion flow,” and a second flow that bypasses the catalytic
oven 232 and that is referred to herein as the “bypass flow.”
[0034] At step 240, the catalytic oven 232 chemically
converts hydrogen in the chemical conversion flow to water
vapor. Again, the catalytic oven 232 may include a hot (e.g.,
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200° C.) catalytic surface (e.g., a Pt surface) that rapidly and
quantitatively converts hydrogen to water vapor. The gas
dryer 222 and catalytic oven 232 may operate near atmo-
spheric pressure.

[0035] At step 250, the chemical conversion flow from the
catalytic oven 232 is passed through a first flow controller
242 that reduces its pressure, and the bypass flow is passed
through a second flow controller 244 that reduces its pres-
sure. Again, to avoid water condensation these regions may
be maintained at an elevated temperature (e.g., 30° C. or
greater).

[0036] At step 260, the water vapor monitoring cell 252
alternates between measuring water vapor in just the chemi-
cal conversion flow and in just the bypass flow to produce
the water vapor signal. Again, the water vapor monitoring
cell 252 may employ optical detection, for example, laser
spectroscopy or NDIR absorption spectroscopy. To alternate
measurement, first and second valves (e.g., electronically-
controlled three-way valves) 254, 256 may be employed. In
one implementation, the first valve 254 receives the chemi-
cal conversion flow from the first flow controller 242 and
directs it either to the water vapor monitoring cell 252 (in its
resting state) or to a bypass 258 around the water vapor
monitoring cell 252 (in its activated state). The second valve
256 receives the bypass flow from the second flow controller
244 and directs it either around the water vapor monitoring
cell 252 (in its resting state) or to the water vapor monitoring
cell 252 (in its activated state).

[0037] In parallel steps, at step 290, a processor 282 is
configured to issue a switching signal (e.g., a square wave)
to the first and second valves 254, 256 to activate and
deactivate them. The arrangement may maintain flow
through the water vapor monitoring cell 252 and the bypass
258 around the water vapor monitoring cell 252 at all times,
while alternating between the vapor monitoring cell 252
measuring water vapor in the chemical conversion flow or in
the bypass flow. Provided the first and second valves 254,
256 are switched simultaneously, pressure in the vapor
monitoring cell 252 will not significantly change, avoiding
transient signals from the switching process itself. Further,
flow rates through the water vapor monitoring cell 252 and
the bypass 258 around the water vapor monitoring cell 252
need not be perfectly matched since their sum is constant
and that will guarantee a nearly constant pressure in the
water vapor monitoring cell 252.

[0038] Again, the water vapor signal produced by the
water vapor monitoring cell 252 includes two components in
the time domain: an ambient water vapor signal and a
hydrogen-derived water vapor signal. However, the above
discussed flow switching will modulate the hydrogen-de-
rived water vapor signal making it easier to separate. The
more rapid the switching signal to the valves 254, 256, the
more rapid the modulation and the easier the separation
(provided the switching signal is still less (e.g., 10x less)
than a measurement rate of the water vapor monitoring cell
252 to ensure resolution). In one embodiment, the switching
signal is greater than 1 Hertz (Hz) (e.g., a 2 Hz square wave).
[0039] FIG. 2C is a graph 258 illustrating an example
water vapor signal having a hydrogen-derived water vapor
component that has been rapidly modulated. In this example,
the rapidly modulated hydrogen-derived water vapor com-
ponent corresponds to about 50 ppm of hydrogen and rides
upon an ambient water vapor component that begins around
500 ppm and slowly decreases to about 400 ppm. The
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hydrogen-derived water vapor signal component is well
separated in the time domain from the ambient water vapor
component. In an idealized system, one would expect a 50
ppm square wave riding upon the ambient water vapor
component. However, due to mixing and surface effects in
real-world implementations, a damped square wave is more
typical.

[0040] At step 270, the flows are reunited and both again
pass through the gas dryer 222 (or more specifically the
low-pressure segment thereof). An optional bypass path 262
may also be provided to avoid the low-pressure segment.
[0041] At step 280, the reunited flows pass through a
vacuum pump 272 that pulls everything through the hydro-
gen detector 202 and out an outlet 274.

[0042] In parallel, at step 295, the water vapor signal from
the water vapor monitoring cell 252 is received by the
processor 282, which separates the water vapor signal in the
time domain into the ambient water vapor signal and the
modulated hydrogen-derived water vapor signal. The pro-
cessor 282 determines a hydrogen signal that describes
molecular hydrogen in the sample gas based on the modu-
lated hydrogen-derived water vapor signal. In a simple
implementation, while ignoring dampening of the modula-
tion, the hydrogen signal can be determined as:

[H2]=[H20]~[H20],,

where [H20],... is water vapor concentration measured when
monitoring the chemical conversion flow and [H20],, is
water vapor concentration measured when monitoring the
bypass flow. In more complicated implementations, DSP
techniques may be used. For example, the processor 282
may implement a digital lock-in amplifier to account for
distortion caused by dampening effects. Any ambient water
vapor fluctuations that are not completely suppressed by the
gas dryer 222 will not be phase coherent with the modulation
frequency and thereby can readily be suppressed.

[0043] Finally, at step 297, the processor 282 outputs the
hydrogen signal, for example, storing it in a memory,
passing it to another instrument, using it to generate a
display in a user-interface of the hydrogen detector 202
itself, etc.

[0044] Operation of the various embodiments may be
improved with various enhancements. In some enhanced
embodiments, ambient water vapor fluctuations may be
further suppressed by humidifying the sample gas to a
predetermined relative humidity (e.g., 99%) using a humidi-
fier (not shown in FIGS. 1B or 2B) prior to passing the
sample gas through the gas dryer 122, 222. Humidifying the
sample gas to a predetermined relative humidity will erase
memory of the actual ambient water vapor concentration.
The gas dryer 122, 222 will reduce water vapor to a constant,
stable level such that the ambient water vapor signal will not
significantly vary even if actual ambient water vapor varies.
[0045] In further enhanced embodiments, hydrogen bear-
ing molecules (including methane and NMHCs) in the
sample gas that could be converted to water vapor and
thereby produce an interfering signal are addressed. In some
enhanced embodiments, hydrogen bearing molecules are
suppressed by trapping using filter materials, membranes,
molecular sieves, cryogenic traps and/or other trapping
components. The trapping components may include pre-
filters that reduce water vapor and carbon dioxide concen-
trations (e.g., to <1 ppm) to avoid saturation of the compo-
nents intended to capture hydrogen bearing molecules. In
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some implementations, trapping components may be dis-
posed between the gas dryer 122, 222 and the water vapor
monitoring cell 152, 252. While trapping may be used with
methane, trapping may be particularly well suited for sup-
pressing hydrogen NMHC:s since they are much stickier than
hydrogen and are usually present in low concentrations.
[0046] In further enhanced embodiments, the catalytic
oven 132, 232 may be tuned to selectively oxidize hydrogen
while avoiding conversion of hydrogen bearing molecules to
water vapor. Selective oxidation may be particularly well
suited for suppressing methane since methane is relatively
more difficult to oxidize than hydrogen, and thereby param-
eters may be selected for the catalytic oven 132, 232 that
substantially oxidize one but not the other.

[0047] In still further enhanced embodiments, hydrogen
bearing molecules in the sample gas may be compensated
for by measuring hydrogen bearing molecule concentrations
in the sample gas, calculating an amount of hydrogen
bearing molecule-derived water vapor based on the mea-
sured hydrogen bearing molecule concentrations, and sub-
tracting out hydrogen bearing molecule-derived water vapor
from the water vapor signal. Compensation-based tech-
niques may be particularly well suited for addressing meth-
ane.

[0048] Such measurements used in compensation-based
techniques may be collected, for example, by adapting the
techniques of FIGS. 2A-2B. Total methane concentration
may be measured in the bypass flow (e.g., using a methane
gas detector (not shown in FIG. 2B)). In the chemical
conversion flow, methane concentration that survives pas-
sage through the catalytic oven 232 is also measured (e.g.,
again using a methane gas detector (not shown in FIG. 2B)).
The difference between the total methane concentration and
the surviving methane concentration indicates the quantity
of methane oxidized in the catalytic oven 232. The processor
282 may determine a hydrogen signal that describes molecu-
lar hydrogen in the sample gas by subtracting out water
vapor derived from methane oxidization. FEach oxidized
methane molecule will produce two water molecules,
whereas oxidized hydrogen molecules will produce one
water molecule. Accordingly, in a simple implementation,
the hydrogen signal can be determined as:

[H2]=([H20],.~[H20],,)-2*([CH4],,~[CHA4],..)

where [H20],... is water vapor concentration measured when
monitoring the chemical conversion flow, [H20],, is water
vapor concentration measured when monitoring the bypass
flow, [CH4]_. is methane concentration in the chemical
conversion flow, and [CH4],,, is methane concentration in
the bypass flow. In more complicated implementations, the
hydrogen signal can be determined using DSP techniques
(e.g., a digital lock-in amplifier) to account for distortion
caused by dampening effects.

[0049] In summary, the above description provide
example techniques for rapid, sensitive detection of molecu-
lar hydrogen. It should be understood that various adapta-
tions, modifications, and extensions may be made to suit
various design requirements and parameters. For example,
the techniques may be extended to determine hydrogen eddy
covariance flux. An anemometer may be added to the
hydrogen detector 102, 202 to measure air movement. The
processor 182, 282 may be adapted to determine hydrogen
eddy covariance flux based on correlation between the
measurement of air movement and the water vapor signal.
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[0050] Above all it should be understood that the above
descriptions are meant to be taken only by way of example
and the invention is not limited to the specific details of the
example embodiments disclosed. What is claimed is:

1. A method for detecting molecular hydrogen, compris-
ing:

receiving sample gas that includes ambient water vapor

and hydrogen;

drying the sample gas to dampen variation in the ambient

water vapor in the sample gas;

dividing the sample gas into a chemical conversion flow

and a bypass flow;

chemically converting hydrogen in the chemical conver-

sion flow to water vapor;

alternating between measuring water vapor in the con-

verted chemical conversion flow or the bypass flow to
produce a water vapor signal;

separating the water vapor signal in the time domain to

extract a hydrogen-derived water vapor signal from;
and

outputting a hydrogen signal that describes molecular

hydrogen in the sample gas based on the hydrogen-
derived water vapor signal.

2. The method of claim 1, wherein the measuring water
vapor is performed in a water vapor monitoring cell, and the
alternating maintains constant flow through the water vapor
monitoring cell.

The method of claim 2, wherein the constant flow through

the water vapor monitoring cell has a constant pressure.

4. The method of claim 1, wherein the measuring is
performed at a measurement rate and the alternating is
performed at a switching rate that is at least 10 times less
than the measurement rate.

5. The method of claim 1, wherein the drying is performed
by a sulfonated tetrafluoroethylene based fluoropolymer-
copolymer membrane gas dryer and the chemically convert-
ing is performed by heating the sample gas in a catalytic
oven.

6. The method of claim 1, wherein the measuring water
vapor is performed by optically detecting water vapor using
laser spectroscopy or non-dispersive infrared (NDIR)
absorption spectroscopy.

7. The method of claim 1, further comprising:

humidifying the sample gas to a predetermined relative

humidity prior to passing the sample gas through the
gas dryer.

8. The method of claim 1, further comprising:

suppressing hydrogen bearing molecules in the sample

gas by trapping the hydrogen bearing molecules using
at least one of a filter material, membrane, molecular
sieve, or cryogenic trap.

9. The method of claim 1, further comprising:

suppressing hydrogen bearing molecules in the sample

gas by tuning the chemical conversion to selectively
oxidize hydrogen while avoiding conversion of hydro-
gen bearing molecules to water vapor.

10. The method of claim 1, further comprising:

compensating for hydrogen bearing molecules in the

sample gas by measuring hydrogen bearing molecule
concentrations in the sample gas, calculating an amount
of hydrogen bearing molecule-derived water vapor
based on the measured hydrogen bearing molecule
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concentrations, and subtracting out hydrogen bearing
molecule-derived water vapor from the water vapor
signal.

11. A molecular hydrogen detector, comprising:

an inlet configured to receive sample gas that includes
ambient water vapor and hydrogen;

a gas dyer having a segment configured to receive sample
gas from the inlet and to dampen variation in the
ambient water vapor in the sample gas;

a flow divider configured to divide the sample gas into a
chemical conversion flow and a bypass flow;

a catalytic oven configured to chemically convert hydro-
gen in the chemical conversion flow to water vapor;

one or more valves configured to alternately pass the
converted chemical conversion flow or the bypass flow;

a water vapor monitoring cell configured to alternately
measure water vapor in the converted chemical con-
version flow or the bypass flow to produce a water
vapor signal; and

a processor configured to separate the water vapor signal
in the time domain into an ambient water vapor signal
and a hydrogen-derived water vapor signal, and to
output a hydrogen signal based on the hydrogen-de-
rived water vapor signal to describe molecular hydro-
gen in the sample gas.

12. The molecular hydrogen detector of claims 11,
wherein the one or more valves comprise:

a first valve configured to selectively direct the chemical
conversion flow to either the water vapor monitoring
cell or to bypass the water vapor monitoring cell; and

a second flow valve configured to selectively direct the
bypass flow to either the water vapor monitoring cell or
to bypass the water vapor monitoring cell,

wherein the processor is configured to activate and deac-
tivate the first valve and the second valve to cause the
water vapor monitoring cell to alternately measure
water vapor in the converted chemical conversion flow
or the bypass flow.

13. The molecular hydrogen detector of claims 11,
wherein the one or more valves are configured to maintain
constant flow through the water vapor monitoring cell.

14. The molecular hydrogen detector of claims 11,
wherein the water vapor monitoring cell is configured to
measure water vapor in the converted chemical conversion
flow or the bypass flow at a measurement rate and the one
or more valves are configured to alternately pass the con-
verted chemical conversion flow or the bypass flow at a
switching rate that is at least 10 times less than the mea-
surement rate.

15. The molecular hydrogen detector of claim 11, wherein
the gas dryer comprises a sulfonated tetrafluoroethylene
based fluoropolymer-copolymer membrane gas dryer and
the water vapor monitoring cell comprises a laser spectrom-
eter or a non-dispersive infrared (NDIR) absorption spec-
trometer.

16. The molecular hydrogen detector of claim 11, further
comprising:
a humidifier disposed between the inlet and the gas dryer

and configured to bring the sample gas to a predeter-
mined relative humidity.
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17. The molecular hydrogen detector of claim 11, further

comprising:

a filter material, membrane, molecular sieve, or cryogenic
trap configured to suppress hydrogen bearing mol-
ecules in the sample gas.

18. The molecular hydrogen detector of claim 11, further

comprising:

a monitor configured to measure hydrogen bearing mol-
ecule concentrations in the sample gas,

wherein the processor is configured to compensate for
hydrogen bearing molecules in the sample gas by
calculating an amount of hydrogen bearing molecule-
derived water vapor based on the measured hydrogen
bearing molecule concentrations and subtracting out
hydrogen bearing molecule-derived water vapor from
the water vapor signal.

19. A molecular hydrogen detector, comprising:

means for receiving sample gas that includes ambient
water vapor and hydrogen;
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means for drying the sample gas to dampen variation in
the ambient water vapor;
means for dividing the sample gas into a chemical con-
version flow and a bypass flow;
means for chemically converting hydrogen in the chemi-
cal conversion flow to water vapor;
means for alternating between measuring water vapor in
the converted chemical conversion flow or the bypass
flow to produce a water vapor signal; and
means for separating the water vapor signal in the time
domain to extract a hydrogen-derived water vapor
signal, and for outputting a hydrogen signal based on
the hydrogen-derived water vapor signal to describe
molecular hydrogen in the sample gas.
20. The molecular hydrogen detector of claim 19, wherein
the means for dividing is configured to maintain constant
flow through the water vapor monitoring cell.
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