D2.4

HyCoRA - Grant
agreement no: 621223

=HyCoRA

HyCoRA — Hydrogen Contaminant
Risk Assessment
Grant agreement no: 621223

D2.4 Final report on the
performance of existing and new

nydrogen purity analysis
methods

Authors: Thor Anders Aarhaug, Ole Kjos, Heiko Gaertner (SINTEF)
Matti Reinikainen, Niko Heikkinen (VTT)

Confidentiality: Public
Submission date: 20.7.2017
Revision:



HyCoRA - Grant agreement no: 621223

QFCH). D2.4
q‘/‘c’”’mnnuuewN“‘\\\\Q3 1 (21)
Report’s title
D2.4 Final report on the performance of existing and new hydrogen purity analysis methods
Customer, contact person, address Order reference
Alberto Garcia, FCH JU Grant agreement no:
621223
Project name Project number/Short name
Hydrogen Contaminant Risk Assessment HyCoRA
Author(s) Pages
21

VTT: Matti Reinikainen, Niko Heikkinen
SINTEF: Thor Anders Aarhaug, Ole Kjos, Heiko Gaertner

Summary

Due to the stringent requirements for hydrogen fuel purity, the minimum number of analytical
techniques required is currently more than five. One of the main limitations for methods is
analytical sensitivity. Pre-concentration of samples is one way to reduce the number of
analytical techniques required. In HyCoRA, palladium membrane hydrogen separation has
been tested. The results indicate that hot palladium surfaces catalyse reactions between
impurities in hydrogen. An alternative approach to pre-concentration is cryofocusing. In this
deliverable, the efforts by VTT and SINTEF is reported. VTT has looked into pre-concentration
of formaldehyde and subsequent analysis with GC-FID. SINTEF has incorporated cryofocusing
into a GC/MS setup. They have analysed samples collected from HyCoRA WP3 and the results
indicate good sensitivity, especially with respect to hydrocarbons.

This deliverable also aggregates all known analytical methods applicable to hydrogen fuel
quality control.
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1. Analytical challenges with respect to hydrogen fuel quality control

1.1. Introduction

Due to the stringent requirements for hydrogen fuel purity, the minimum number of analytical
techniques required is currently more than five. One of the main limitations for methods is
analytical sensitivity.

As seen in Figure 1, the more versatile techniques are GC-TCD, FTIR, GC-MS and GC-
PDHID. FTIR has generally very good sensitivity except for H.S, as the sensitivity can be
tuned by means of the optical path length. As homonuclear species has no signature in the IR
range, FTIR have no application in the analysis of N2, O», Ar and He.

Another versatile technique is GC-MS. Limiting its versatility is sensitivity, as indicated in
Figure 1.

In HYCoRA, Protea LTD has designed an analytical instrument for the analysis of hydrogen
fuel quality. Their approach has been to combine FTIR with MS. The description of their
instrument in D2.1% is coherent with the conclusions by NPL in their report AS 642. With a pre-
concentration strategy, their instrument would definitively be applicable to a wider range of
hydrogen fuel impurities.

1 D2.1 New analytical methods and gaseous reference materials for key trace-level impurities in
hydrogen.

2 Andrew S. Brown et al.,, NPL Report AS 64, Methods for the analysis of trace-level impurities in
hydrogen for fuel cell applications, August 2011.
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Figure 1. List of ISO 14687-2 analytical methods and their application to the impurities to be
tested for. Taken from NPL AS 64°,

1.2. Pre-concentration strategies

Ideally, there should exist a non-specific pre-concentration strategy that could be applied to
hydrogen samples that would cover all impurities and that could be applied with high accuracy
and precision. Such a method does not exist.

In HYyCoRA, SINTEF has collaborated with Argonne National Laboratory on a concept where
palladium membrane’s hydrogen permeation was applied to pre-concentrate impurities in
hydrogen*. Due to the temperature requirement for generating a hydrogen flux through the
membrane, it was found that the impurities in the sample did react on the hot membrane
surface acting as a catalyst. Reactions like coking and methanation was observed.

3 Andrew S. Brown et al., NPL Report AS 64, Methods for the analysis of trace-level impurities in
hydrogen for fuel cell applications, August 2011.
4 D2.3 Intermediate report on the performance of existing and new hydrogen purity analysis methods.
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A well-established technique in analytical chemistry is cryofocusing. Although this approach
requires too low temperatures in order to cover all impurities, liquid nitrogen cooling of samples
potentially pre-concentrates all the critical impurities in hydrogen fuel.

2. Pre-concentration equipment for the analysis of HCHO (VTT)

2.1. Analyte pre-concentration with cryofocusing equipment

Regarding the analysis of hydrogen fuel cell impurities, especially the analysis of
formaldehyde with traditional FID and TCD has been relative difficult, because of the lack of
detector sensitivity®. For this reason, a HP 5890 Series || GC was fitted with methanator and
Tekmar-3000 cryofocusing module in order to gain sensitivity towards formaldehyde as well
as enhance the chromatographic resolution for detection of small concentrations (< 1 ppm).

In addition, the purpose of the cryofocusing device was to provide means of separation
between impurities and other matrix constituents. The cryofocusing or cold trapping was
implemented with Tekmar-3000 cryofocusing module, which enabled the sample cold trapping
and analysis of methanated components with Flame lonization Detector (FID).

The Tekmar-3000 cryofocusing module was installed on top of the GC sample inlet septum,
Figure 2. For sampling, the sample inlet flow was led through a fused silica transfer column.
This transfer column went through a metal casing that was surrounded with the cryofocusing

module condenser casing and heating resistor.
Thermocouple -
/ used to monitor
/ temperature

Temperature
Gradient

\J

Colder

s i
Power in

T ToGC
column

Figure 2. GC with Tekmar-3000 cryofocusing module and a cutaway view of the cryofocus
trap.

Sample pre-concentration was performed by cooling the transfer column to between -80°C —
-180°C + 5°C with pulses of liquid nitrogen (LN>) vapor. During the pre-concentration phase,
sample components are condensed and refocused as carrier gas passes through the cooled
area. The components form into a narrow band on the first section of the trap column, while
the carrier gas continues to flow through the GC system.

When the cryofocus module operation is turned from cooling to heating, the transfer/trap
column is rapidly heated under a stream of carrier gas. This rapid heating causes the trapped
analyte components to be injected to an analytical column. An example of CO- pre-

5 J.G. Dojahn, W.E.Wentworth, S.D. Stearns, Characterization of Formaldehyde By Gas
Chromatography Using Multiple Pulsed-Discharge Photoionization Detectors and a Flame lonization
Detector, J. Chromatogr. Sci., 39(2001), 54-58.
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concentration can be seen from the Figure 3, where CO (boiling point (Ty) -191.5°C) passes
through the transfer column and CO; (T, -78.5°C) is trapped and refocused until released
forward to analysis.

=817

Concentrated CO2 peak

T " " " " \ " " " " T
2 3 4

Figure 3. A chromatogram from cryofocusing of a sample (10 ppm CO + 10 ppm CO; in He)
with 3 cycles of 15 second injection and 5 second wait time.

After this pre-concentration step, the sample is released in to the analytical column (Capillary
WCOT CP Sil 5 CB, 50 m x 0.32 mm x 5 um) with an oven temperature of 35 °C. After
separation, the sample was carried to a methaniser (15% Ni), which catalytically reduces
carbon monoxide (CO), carbon dioxide (CO-) and formaldehyde (HCHO) to methane under
excess hydrogen.

2.1.1. Cryofocusing module performance
The preliminary tests of cryofocusing module was conducted with two gas mixtures (Table 1).

With these gas mixtures, the cryofocusing module performance was evaluated against the
measurements performed without cold trapping.

D2.4 Final report on the performance of existing and new hydrogen purity analysis methods 6
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Table 1. Gas mixture compositions.

CO2 gas mixture Test Gas 1 mixture
Component Concentration Boiling point Component Concentration Boiling point
(ppm) (Celsius) (ppm) (Celsius)
Carbon 10 -191.5 Methane 200 -161.5
monoxide Ethylene 200 -103.7
Carbon 10 -78.5 Ethane 200 -88.5
dioxide Propylene 200 -47.6
Helium BAL Propane 200 -42
1-Butane 200 -1
1-Pentene 200 29.9
Nitrogen BAL
(N2 was used for diluting the gas to lower | (N2 was used for diluting the gas to lower
concentrations) concentrations)

In order to begin the cold trapping measurements, it was necessary to study the temperature
behaviour of each gas component. As can be seen from the Figure 4, the trapping temperature
is a critical parameter when planning analysis with cold trapping equipment. With the correct
cold trapping temperature, it is possible to gain selectivity for a specific gas component. With
the gas components used in this experiment, the cold trapping temperature correlates strongly
with the component boiling point. However, interesting behaviour can be seen with several
components of Test Gas 1 mixture, where most efficient cold trapping is achieved with -150°C
and further cold treatment decreases the trapped amount of a gas component.

Component Bomng- point
(celcius)

1915

Carbon dioxide -78.5
 Helium ______| &
——
Component Bo:lmgvpomt -
(celcius) -
[Wetnane ——— [MRETIED
[Ethyiene  [RRTCH 2
[Emane  [ERL
Propylene -47.6 S
2
4 _
209

Figure 4. Cryofocusing module trapping efficiency. 20 ppm CO; and 200 ppm Propylene,
Propane, 1-Butane and 1-Pentene.

After the cold trapping profile was established for each gas component, the effect of sample
pre-concentration was tested with both test gas mixtures. Figure 5 summarizes the results of
three different measurement procedures. The first measurement procedure is a reference
measurement, where cold trapping was disabled (marker dots with black outline and white fill).
In the second measurement procedure (grey marker dots), three cycle pre-concentration steps
were used to concentrate analyte component into the cold trap before releasing it to the
analytical column and detector. The last procedure (black marker dots) used six pre-
concentration steps for increased sensitivity in low concentration levels.
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Figure 5. Linearity of concentration and measurement sensitivity.

As can be seen from the Figure 5, the pre-concentration procedures were capable of trapping
analytes with high linearity through the tested concentration range. In addition, the sensitivity
is increased significantly with the use of cryofocusing module. With the analyte pre-
concentration, the limit of detection was lowered from 250 ppb to 50 ppb (CO. and 1-Butene).

The result deviation from the linear response (lowest R? = 0.9895) was mainly due to manually
operated concentration cycles. This deviation would be diminished by automated pre-
concentration cycle operation.

After the system was tested as described above, the formaldehyde standards were measured
with the cryofocusing unit. Figure 6 illustrates the effect of cryofocusing cycles to 10 ppm
formaldehyde samples.

Figure 6. Cryofocusing results for formaldehyde standard gas cylinder NG656. Blue
chromatogram corresponds to 3 loading cycles and red 6 cycles.
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2.2. Conclusions

Although measurement sensitivity was increased significantly with the pre-concentration
system by cryofocusing, some consideration were pointed out. In trapping efficiency
measurements (Figure 4), it was found out that for hydrocarbon constituents, 100% retention
to cold trap was not achieved. Similar behaviour was found with CO., as the temperature was
decreased to lowest set point of the system, the CO; retention to cold trap was not at 100%.
It was thought that this behaviour is related to the capillary column material and its behaviour
in low temperatures (< -150 °C).

An explanation could also be related to the surface area of cold trapping column. Especially if
a gas matrix contains many components that are trapped due to low temperatures, the
trapping column’s surface capacity might not be sufficient to trap completely all of the
components. As a result, if full trapping is not achieved, the measurement uncertainty
increases significantly as it is difficult to estimate partially trapped component concentrations.
The trap column used in this project had an inner diameter of 0.53 mm and 8 cm of the trap
column exposed to cooling.

In addition to considerations about column dimensions, it was noted that fused silica might not
be the best possible material for cold trap column. Although having a relatively small diameter,
the fused silica might have acted as an insulator that limited the systems lowest cold trapping
temperature as well as resisted the rapid analyte discharge when pre-concentrated sample
was released to the analytical system. Therefore, when designing a cryofocusing device,
finding a cold trapping column with suitable heat transfer properties and inertness towards
used gas constituents is one of the key issues to be tackled.

3. Cryofocusing applied to analysis of HRS samples (SINTEF)

3.1. Equipment setup and strategy

GC/MS is a powerful analytical instrument for identifying numerous components in a gas
mixture. In addition to the separation of the GC, the MS detector gives information of the
molecular weights of the components, or fragments of these, which can allow for identification
of components without a calibration standard in many cases.

Due to the fact that the MS detector have to scan through all different masses of interest, and
can only record one mass at the time, too sharp peaks can give challenges if the consist of
too few peaks to get a proper integral of the peak area. Another drawback is that it has to
operate under vacuum. The vacuum gives a slightly elevated background for molecular
masses present in air, as there will always be tiny leaks of surrounding air into the detector.

In HYyCoRA D2.38, the performance of a GC/MS with a sample loop for injecting a gas sample
of 50 pL was evaluated. Sensitivity down to low ppm level was reported.

In order to increase the sensitivity of the GC/MS, a cryofocusing trap was utilized. The
cryofocusing trap allows for cooling of a section of the GC column, and hence trap certain
components of the sample gas by condensation or increased absorption of the surface of the
GC column at low temperature. In this way, all impurities from a sample injection of 500 pL
will be trapped. Rapid heating of the trap will then release the trapped components into the
GC column in a very short time, hence achieving sharp and well-defined peaks off all the
impurities in the sample volume.

6D2.3 Intermediate report on the performance of existing and new hydrogen purity analysis methods
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The GC/MS was also modified to use H; as a carrier gas instead of He. The main benefit of
the rebuild was that hydrogen from the samples would not affect the detector signal, so all
changes in the detector response can be attributed to actual impurities in the Ha.

3.2. Experimental setup
The GC/MS used was an Agilent Technologies Inc. GC type 6890A with an Agilent 5975 inert

mass selective detector. The GC was operated with a GS-GASPRO 60 m, 0.32 mm column
using a constant pressure of 6 psi H. carrier gas. The oven had a fixed temperature of 30 °C.

Figure 7. GC/MS setup with cryo-trap as used in SINTEF’s measurements. 1 Is the mass
spectrometer, 2 is the GC, 3 is the control box of the cryo-trap, the actual trap is mounted
inside the GC oven. 4 is the multivalve used to inject samples at a controlled volume

For the calibrations, an Environics Series 4000 gas mixing system with the ability to dilute up
to 1:1000 was utilized to dilute the calibration gas mixture. The samples and diluted calibration
were introduced by a controlled volume of 500 uL silonite coated sample loop onto the GC
column.

The first 10 cm of the GC column was inserted through the cold-trap (Cryo-Focus 4 Version
2.0.0, ATAS GL International BV), and the cold trap was cooled to -150 °C while collecting the
samples.

3.3. Calibration

In order to establish sensitivity, and get an experience with the cryo-trap system, a calibration
curve was created using the gas mixing system and a 1 ppm CO2, 1 ppm CsHs calibration
standard in Ha.

D2.4 Final report on the performance of existing and new hydrogen purity analysis methods 10
HyCoRA, 7FP FCH JU project no. 621223



The calibration gas was diluted to concentrations between 10 ppb and 500 ppb using H» 6.0
as diluting gas.

CsHs was identified by a peak at 374 seconds, and levels as low as 50 pbb was possible to
observe, while 10 ppb did not give any measurable response.

In Figure 8, it can be seen an average of three or more scans at each concentration level
using only m/z 43 single ion signal. The peak at 50 ppb is clearly visible, while 10 ppb is clearly
bellow detection limit for that configuration.

10 ppb | |
50 ppb

100 ppb
500 ppb

2400 - n
200 ppb

2600

2200

2000 -

Signal
»
o
o
T

1600

1400 -

1200 -

1000

360 370 380 390 400 410 420 430
Time [s]

Figure 8. Average of three scans for each concentration level at m/z 43 (Propane).

Figure 9 shows four plots of individual GC runs at different concentration levels, and a
calibration curve created using linear regression. There are some spread when evaluating the
different scans, but a clear response to concentration can be seen. The variations within one
level could be reduced by removing some typical outliers. It is assumed that some of this
variation originates from the operation of the gas mixer: to save gas, the flow was stopped
between each injection, but it was later discovered that the gas mixer used long time to achieve
stabilized flows.

D2.4 Final report on the performance of existing and new hydrogen purity analysis methods 11
HyCoRA, 7FP FCH JU project no. 621223



200 ppb

4000 | 4000 |

3000 r 3000 r

Signal
Signal

2000 r 2000 r

1000

1000 i

600 [
= 4000 |
Z
5
= 4007 _ 3000}
£ g
g >
o (7p]
& 200 | 2000
O
2
L_(g 1000 7‘7‘;(«.M"W<vﬁ9;gw}'wa.;xywM,O.M;ﬁbwwﬁ"'/‘vxtt\"('f' w&)}ww-‘-w‘»-M\,r,...f.{m;-,k‘;a

0 2 1 1 1 1 ) 1 1 1 L 1

0 1 2 3 4 5 340 360 380 400 420
Response «10% Time [s]

Figure 9. Calibration curve of m/z 43 around 374 s retention time (CsHs), along with scans for
500, 200 and 50 ppb.

3.3.1. Calibration of CO»

In Figure 10, there is shown a comparison of the response on m/z 44 (CO,) for undiluted
calibration gas containing 1000 ppb CO; and pure H; 6.0 guaranteed to contain less than 100
ppb of CO.. The two curves for 1000 ppb CO; show a well-defined and easy detectable peak,
but so does the analysis of pure H, 6.0. The difference between H, 6.0 and 1 ppm calibration
standard is only about a factor of around 2. CO, concentrations below 500 ppb did not give
any measureable response that could be separated from the background peaks present when
analysing pure carrier gas.

One possible explanation for the high background is that the small amounts of CO, present in
the H» 6.0 carrier gas is retained during the cool down time of the trap when carrier gas passes
through. The cool down time needed to cool the trap to the target set point of -150 °C can
vary significantly depending on initial pressure and temperature of the supply system for the
cryogenic liquid. Usually this time is around 5 minutes for the first run of the day, and then
reduces to about 2 minutes.

Hence, depending on cool down time, a significant amount of CO, from the carrier gas can be
retained and concentrated in the trap before any gas sample is injected.

Since the trap’s cooling time depends on several factors, such as the temperature of the liquid
N2 supply line, this will give a non-reproducible contribution to the CO; signal. This was not a
challenge when not using a cryo-trap, where LOQ for CO» were established to be around 400

ppb.
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Figure 10. CO calibration curves using m/z 44 of 1000 ppb CO; and pure H, 6.0

3.4. Multiple injections on the trap

As the trap, in theory, will retain the analyte compounds while cooled, it should be possible to
further increase sensitivity by passing more gas through the trap before it is heated, and its
content is released to the GC. Two different experiments were designed to evaluate this, firstly
creating three virtual calibration levels with one to three injections of the same concentration,
and secondly investigating low-level detection with multiple injections.

3.4.1. Simulating three different levels

As the trap in, theory will, retain the analyte compounds while cooled, it should be possible to
further increase sensitivity by passing more gas through the trap before it was heated, and its
content is released to the GC. In order to explore the effect of repeated injections of gas
samples 1, 2 and 3 injections of calibration gas diluted to 50 ppb were injected and the results
are shown in Figure 11. The response and a calibration curve are plotted using the assumption
that 3 injections of 50 ppb would be equivalent to 150 ppb.

The difference between 1 and 2 injections is clearly visible, at 3 injections there is a further
increase in response area, but the spread of the points increases. When looking closer at the
individual scans, there seems to be two outliers, the blue line when using 1 injection, and the
yellow line using 3 injections. These scans have a higher baseline, but more or less the same
peak height. Since the methodology applied here integrates from baseline then these two
runs will explain the two points deviating to the low response area in the calibration curve.
Removing these two points created the curve shown in Figure 12.
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3.4.2. Same level equivalents

We assume that five injections of 20 ppb should also produce the same response as ten
injections of 10 ppb. In Figure 13, the response for such a combination can be seen. Table 2
shows the integrated area under the 363 s peak (CsHg). The integrated response for the
average values are in good agreement. However, as expected, there are larger variations,
especially for the analysis consisting of 10 injections. Sensitivity can be improved by
increasing the number of injections, but this is coupled with increased variations.

For further applications, however, this is of importance as the repetitive injections gives us the
ability to detect C3Hs at a level of 10 ppb, which was not possible when using a single injection
(see Figure 8). In later designs, a sample loop of 2-5 mL could be used to increase the
sensitivity without multiple injections.

10 injections 10ppb 5 injections 20ppb

2600 r v ! PP 2600 r ! PP

2400 2400

2200 N 2200
T 2000 S 2000 |
2 2
9 1800 | 9 1800 | ]

p
1600 f Vf 1600 | / \
N
1400 f 1400 f ! A
360 370 380 360 370 380
Time [s] Time [s]
Averages
2600
2400 - Average 10x10ppb

Average 5x20ppb

2200
T 2000
=2
9 1800

1600

1400 |-

| | | I NN A
355 360 365 370 375 380 385

Time [s]

Figure 13. MZ 43 (propane) showing multiple injections that should give the same response.
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Table 2. Area response vs. sampling strategy.

Sample description Arearesponse
10x10ppb 1 3125.00
10x10ppb 2 5903.00
10x10ppb 3 8247.00
5x20ppb 1 5280.00
5x20ppb 2 5952.00
5x20ppb 3 6123.00
average 10x10 ppb 5733.00
average 5x20 ppb 5616.00

3.5. Evaluation of collected gas samples

Although this setup was part of the method development trial and evaluation, it was interesting
to look at how it performed on some of the samples collected in sampling campaign (SC3).
Three samples from SC3, Porsgrunn, Arhus and Sandviken, were selected and transferred to
small 500 mL gas cylinders for transport to Trondheim. The transfer procedure and transport
bottles were identical to the one used for the samples shipped to Smart Chemistry.

Table 3. Extraction of relevant components from the Smart Chemistry analytical data on the
three samples analysed by cryo focusing.

3.5.1. Porsgrunn

City Porsgrunn Arhus Sandviken
H,O 1.3
THC (C1) 47 1.2 0.72
THC (C1 - CH4) 30 0.98 0.53
Methane 17 0.22 0.2
Ethane 5.6 0.87
EtOH 0.011
Isopropyl Alcohol 0.011
Propane 8.7 0.028 0.025
Toluene 0.012
Isobutane 1.1 0.012 0.03
N-Butane 15 0.021 0.013
Isobutene 0.018

From the official analysis from Smart Chemistry’ we expected this sample to contain several
detectable impurities.

7 D3.3 Results from the 2nd measurement campaign.
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Figure 14. Extractions of time segments from GC/MS run of Porsgrunn sample where
interesting features were observed. Upper left: CH4 can be seen separated from O, upper
right: probably C;Hs, lower left: CsHs, lower right: probably iso-butane and n-butane based on
which components we expect to find.

The hydrocarbon with the shortest expected retention time is CH4 with a typical retention time
around 103 s. The main m/z values for CH4 is 15 and 16, here interference from O, can be
expected, but O, will also have a stronger response at m/z 32. The retention time for CH, was
determined by finding peaks on the m/z 16 ion chromatogram that were not present on the
m/z 32 ion chromatogram. This can be seen in Figure 14, in the upper left plot.

In the upper right plot of Figure 14, at a retention time of 149 s another significant peak in the
chromatogram were found. This peak is probably ethane (C:Hs), since it has a very high
response at m/z 27 as well as a smaller response on m/z 15 combined with a retention time
being between CHs and CsHs. This alone makes ethane a strong candidate; in addition,
ethane is also one of the organic components that Smart Chemistry identified at high
concentrations (see results reported in D 3.3).

In the Porsgrunn sample at 374 s, we could identify CsHg positively from our calibrations. The
peak is significantly higher than what we observed in our calibration run between 50 and 500
ppb. From the calibration curve in Figure 9, we estimated the four GC runs of the Porsgrunn
sample to give a response corresponding to a concentration between 1187 ppb and 1337 ppb
with an average of 1251 ppb. This is however, an extrapolation to more than the double of the
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highest point on our calibration curve, so some uncertainty should be expected in those
numbers.

Two more peaks were observed at longer retention times, both visible at m/z 43. The first one
was a weak peak around 1240 s, while at 1550 s there is a much stronger peak with an
additional response at m/z 27. Based on the data from Smart chemistry's analysis, we expect
this peaks to be iso-butane (reported to be present at 1.1 ppm), and n-butane (reported to be
present at 15 ppm).

3.5.2. Sandviken and Arhus

H, samples from Sandviken and Arhus were analysed in addition to the samples from
Porsgrunn. Only trace amounts of detectable impurities were identified. CH4 seems to be
present at a small, but detectable, amount in both samples, with a visible peak around 103 s.
The short retention time on the column makes the peaks very sharp (less than 1 s), and that
makes averaging them difficult. Larger injected sample volume, or a higher scan-rate of the
MS detector, would probably have increased the peak quality at this short retention time.
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Figure 15. Three scans m/z 16 at retention time 103 for each of the Arhus and Sandviken
sample.

3.5.3. Formaldehyde

Attempts were made to detect formaldehyde, but detection, even of 10 ppm, proved to be
difficult. Figure 16 shows m/z 30, which probably is the best to follow for formaldehyde
detection. m/z 29 has a higher intensity, but due to the use of H; as a carrier gas there is a
protonation reaction ongoing in the MS giving a high 29 background due to protonation of N..
There are no traces of any signal except for the peak at retention time 94 s. This peak is the
nitrogen peak, and the signal is approximately 1/100 of the signal at m/z 29 and m/z 28. The
small signal on m/z 30 from N. can originate from, N, containing N°isotopes. N*® have an
abundance around 0.37% which will lead to 0.74% of all N> containing one N*®° isotope.
Formaldehyde was therefore probably lost in transfer lines to the equipment, these lines was
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not selected with focus on formaldehyde as the formaldehyde attempts was a last-minute trial,
and not a part of the original plan.
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Figure 16. Injection of 10 ppm formaldehyde and monitoring m/z 30.
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3.6. Conclusions

The GC/MS setup with a cryofocusing trap performed well, with a single injection using the
500 pL sample loop sensitivity down to 50 ppb of propane were demonstrated with a linear
calibration response.

Using multiple injections sensitivity below 10 ppb was possible to achieve. GC/MS setup with
a cryo trap demonstrated should be able to meet most requirements for hydrocarbon
detection.

Analysis of samples sent to Smart Chemistry showed good agreement on identification of
components.

Formaldehyde was not possible to observe on the current setup, a reconsideration of column,
linings and temperature profiles could possibly improve this.

4. Complied list of analytical methods

The establishment of 1ISO 21087 Hydrogen fuel — analytical methods — PEM fuel cell
applications, aims to include a list of analytical methods suitable for quality control of hydrogen
fuel in accordance with ISO 14687.

ISO 21087 TC 158 WG 7 is expected to submit a committee draft for ballot by the end of July
2017.

Table 4 is an excerpt from the first draft made by WG 7.
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Table 4. Analytical methods listed in ISO 21987.

ISO
14687- Analytical
Impurity 2 limit technique Considerations Reference
(umol
mol™?)
Chh'"ed mirror A Murugan and Brown (2014)
ygrometer
anrtz crystal A Murugan and Brown (2014)
microbalance
CRDS A NPL Report AS 64
Water 5 Continuous wave
CRDS A ASTM D7941-14
GC-MS NPL Report AS 64
GC-MS with jet pulse ASTM D7649-10
injection
FTIR A ASTM D7653-10
GC-FID D ASTM D7675-11
Methaniser-GC-FID NPL Report AS 64
Total .
hydrocarbon | 0.1 Ggo'\rﬁ'csef]"tvr'gt‘ o[:)r e- AB ASTM WK34574
content (THC)
FTIR A ASTM D7653-10
Electrochemical ASTM D7607-11
sensor
GC-MS with jet pulse ASTM D7649-10
injection
Oxygen 5 GC-TCD NPL Report AS 64
GC-PDHID NPL Report AS 64
Continuous wave
CRDS A ASTM D7941-14
Helium 300 GC-TCD NPL Report AS 64
GC-TCD NPL Report AS 64
Nitrogen 100 GC-PDHID NPL Report AS 64
GC-MS with jet pulse ASTM D7649-10
injection
GC-TCD NPL Report AS 64
Argon 100 GC-PDHID NPL Report AS 64
GC-MS with jet pulse ASTM D7649-10
injection
Methaniser-GC-FID NPL Report AS 64
GC-PDHID NPL Report AS 64
Carbon , | GEMS with jet pulse ASTM D7649-10
dioxide |njeCt|0n
FTIR A ASTM D7653-10
Continuous wave
CRDS A ASTM D7941-14
0.2 GC-PDHID NPL Report AS 64
D2.4 Final report on the performance of existing and new hydrogen purity analysis methods 20

HyCoRA, 7FP FCH JU project no. 621223




Methaniser-GC-FID NPL Report AS 64
Carbon FTIR A ASTM D7653-10
monoxide Continuous wave
CRDS A ASTM D7941-14
GC-SCD (with pre- AB ASTM D7652-11
Total sulphur concentrator)
compounds 0.004 GC-SCD (without
D Murugan and Brown (2014)
pre-concentrator)
GC-MS (with pre- AB ASTM D7892-15
concentrator)
GC-MS (without pre- NPL Report AS 64
Formaldehyde | 0.01 concentrator)
Continuous wave
CRDS ASTM D7941-14
FTIR A ASTM D7653-10
Formic acid 0.2 FTIR A ASTM D7653-10
GC-MS NPL Report AS 64
FTIR A ASTM D7653-10
Ammonia 0.1 IC AB ASTM D7550-09
Continuous wave
CRDS A ASTM D7941-14
Total GC-ECD F.G ASTM WK23815
halogenated 0.05 GC-MS (with pre-
compounds concentrator) AB,G ASTM D7892-15
Considerations:

A: Analysis may require a large volume of gas

B: Analytes may be lost during enrichment or bubbling step

C: Stabilisation time (to reach steady state) may be high

D: A non-retaining column must be used

E: Helium carrier gas cannot be used

F: Only organic compounds are detected

G: Provided limit of detection is for each compound and not total halogenated compounds

The aim of WG 7 has been to keep the list of analytical methods as relevant as possible.
Whereas a list of fully-validated methods would be too short, there is a group consensus to
avoid the inclusion generalized methods. There is currently a discussion with Japanese
delegates on the inclusion of Japanese methods into 21087. Some of the methods are not
translated into English and evaluation of the methods by WG 7 is therefore difficult.

Some of the methods currently being evaluated are:

e JIS K 0512:1995. Hydrogen. General Product Information

e JIS KO0225 -TESTING METHODS FOR DETERMINATION OF TRACE
COMPONENTS IN DILUENT GAS AND ZERO GAS

e JISK 0114 GENERAL RULES FOR GAS CHROMATOGRAPHY

e JIS K 0123 GENERAL RULES FOR GAS CHROMATOGRAPHY/MASS
SPECTROMETRY

e JISK 0127 GENERAL RULES FOR ION CHROMATOGRAPHY
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