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Report of EUROMET Project 867 - Analysis of the impurities in pure and balance gases used to prepare primary standard gas mixtures by gravimetric method 

Field

Amount of substance

Background

In the field of gas metrology, many national metrology institutes have developed and maintained primary standard gas mixtures (PSM) which are obtained by using gravimetry as preparation technique.

The principle of this technique is described in International Standard ISO 6142 “Gas analysis-Preparation of calibration gas mixtures-Gravimetric method” (April 2001) and is the following: the gas mixture are prepared by transferring parent gases (pure gases or gravimetrically prepared mixtures of know composition) quantitatively from supply cylinders to the cylinder in which the calibration gas mixture will be contained. The amount of gaseous component added from the parent gas is determined by weighing after each successive addition.

The mass fraction of each component in the final gas mixture is then given by the quotient of the mass of that component to the total mass of components present in the gas mixture. Gas composition is preferentially expressed as a mole fraction (mol/mol).

The accuracy of the composition of the final gas mixture depends significantly on the purity of the pure and balance gases used in the gravimetric method.

This determination of the purity can be obtained by the identification and then the quantification of the impurities in the balance and pure gases.

Consequently, the uncertainty contributions of the balance and pure gases depend on the amount of impurities present in these gases and upon the accuracy with which these impurities have been measured.

This study was organised to evaluate the comparability of purity analysis capabilities in participating laboratories.

Subject

The following components carbon monoxide (CO), carbon dioxide (CO2), methane (CH4) and oxygen (O2) can be considered as impurities of pure nitrogen (N2).

The objective of this comparison is to determine very small amount fractions (few nmol/mol) of these components in pure nitrogen (N2).

This comparison is a good way to determine the efficiency of the different facilities used to analyse very small concentrations of CO, CO2, CH4 and O2 in the different laboratories.

Conduct of the comparison

LNE (Laboratoire National de métrologie et d'Essais – France) acted as pilot laboratory for this EUROMET Project.

A set of 4 commercial gas mixtures of CO, CO2, CH4 and O2 in nitrogen was purchased from 
Air Liquide - France. The ranges of the amount fractions for the different components in pure nitrogen will lie within the following ranges:


Carbon monoxide

200 – 600 nmol/mol


Carbon dioxide

200 – 600 nmol/mol


Methane


200 – 600 nmol/mol


Oxygen


200 – 600 nmol/mol

Three of them were used to validate LNE's analytical method and the last one was distributed to the participating laboratories as following: first to NPL, and then to NMi-VSL.

LNE measured the different amount fractions using LNE's primary facilities before dispatching the cylinder to participating laboratories.

The participants (first  NPL, and then NMi-VSL) measured the amount fractions of CO, CO2, CH4 and O2 in the cylinder received with respect to their own primary standards. The methods reported are described below.

After the completion of the comparison, NMi-VSL returned the cylinder to LNE where it was reanalysed by comparison with LNE's primary facilities. These measurements showed no significant changes in the CO, CO2, CH4 and O2 amount fractions within the estimated uncertainties of the analytical values and proved the stability of the gas mixture.

Analysis methods used by participating laboratories

The participating laboratories stated the reference standards used (cf. Table 1).

	Participating laboratory
	Reference standards used

	LNE
	Primary reference gas mixture (PRGM) of CO, CO2, CH4 and O2 in N2 at about 500 nmol/mol

	NPL
	Primary reference gas mixture (PRGM) of CO (370 nmol/mol), CO2 (370 nmol/mol) and CH4 (371 nmol/mol)
Primary reference gas mixture (PRGM) of O2 (400 nmol/mol)

	NMi-VSL
	0.1 and 10 µmol/mol CO in N2 calibration standards (in house PSM’s) 
0.1 and 10 µmol/mol CO2 in N2 calibration standards (in house PSM’s)

0.1 and 10 µmol/mol CH4 in N2 calibration standards (in house PSM’s)

NMi-VSL PSM containing 2.7 µmol/mol O2 in N2 and NMi-VSL PSM containing 0.5 µmol/mol O2, Ar and N2 in Helium


Table 1: Reference standards used by the participating laboratories

The methods used by the three laboratories to analyse the gas mixture are listed in Table 2.

	
	LNE
	NPL
	NMi-VSL

	CO
	FTIR + cell of 96 m + MCT detector
	Ametek gas chromatograph + RGD
	GC-FID-methaniser (Agilent 6890)

	CO2
	
	Ametek gas chromatograph + methaniser + FID
	

	CH4
	
	Ametek gas chromatograph + FID
	

	O2
	Delta–F
	Delta-F Nanotrace II
	GC-PDHID (Agilent, VICI detector)


Table 2: Analytical methods used by the participating laboratories

The participating laboratories made at least three measurements of the amount fraction of the different components in the cylinder. The results of these measurements were combined to provide the final result.

The expanded uncertainties reported for the analysis by each participant include the uncertainty calculated for the comparison process together with a contribution from the uncertainty of the reference standards used for the comparison.
First set of results

The results submitted by the participating laboratories for each component are shown in Table 3. All of the uncertainties represent 95% confidence intervals (expanded using a coverage factor k of 2).

	
	
	CO 
	CO2
	CH4
	O2

	Laboratory
	Cylinder number
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)

	LNE (Beginning)
	7840
	384
	13
	406.8
	9.9
	397
	13
	643
	24

	NPL
	7840
	403
	12
	393
	12
	383
	12
	598
	24

	NMi-VSL
	7840
	390
	54
	483
	58
	403
	10
	750
	60

	LNE (Return)
	7840
	386
	11
	391.6
	6.3
	403
	11
	586
	74


Table 3: First set of results of EUROMET Project 867

In the following figures 1 to 4 the results are plotted in terms of the amount fractions submitted by the participating laboratories for each component for the first set of results.
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Figures 1 and 2: Representation of the amount fractions for CO and CO2 (first set of results)
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Figures 3 and 4: Representation of the amount fractions for CH4 and O2 (first set of results)

Concerning the results obtained for O2, LNE’s results show a higher expanded uncertainty for the final analysis compared to the first analysis. Before dispatching the cylinder, LNE made 3 measurements on the gas mixture. The repeatability of the three measurements was acceptable and the expanded uncertainty (k=2) was equal to 24 nmol/mol for an amount fraction of 643 nmol/mol.
After the completion of the comparison, the gas mixture was reanalysed by LNE and three measurements were made again. The repeatability of the three measurements was higher than before the comparison: this can be due to the low pressure in the cylinder, to the change of the pressure reducer, to the analyser (Delta-F)… Because of this higher repeatability, the expanded uncertainty (k=2) was higher than for the first analysis (74 nmol/mol).

On the other hand, the LNE's amount fraction measured for O2 after the comparison (586 nmol/mol) was lower than the amount fraction measured before it (643 nmol/mol). But, they are not significantly different because of the expanded uncertainties.

For CO, CO2, CH4 and O2, NPL reports results that don't deviate from the reference value more than the expanded uncertainty.

For CO and CH4, the NMi-VSL's results are not significantly different from the LNE's results  when the expanded uncertainties are taken into account.

On the other hand, for CO2 and O2, there are significant deviations between LNE's results and NMi-VSL's results.

Concerning the O2 results, NPL and LNE used the same analytical method which is an electrochemistry method. But NMi-VSL used a method based on gas chromatography with a PDHID detector. Consequently, the deviation between LNE's and NMi-VSL's results could come from the different methods used for measuring the O2 amount fractions.

As the results of LNE and NPL were in agreement, it was decided to make a new comparison  but only between LNE and NMi-VSL with a new gas mixture from Air Liquide-France.

For O2, LNE had proposed to make its measurements with the Delta-F analyser and with a gas chromatograph equipped with a PDHID detector to compare the results obtained with the two facilities.
Second set of results

The results submitted by the participants are shown in Table 4. All of the uncertainties represent 95% confidence intervals (expanded using a coverage factor k of 2).

	
	
	CO 
	CO2
	CH4
	O2

	Laboratory
	Cylinder number
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)
	Result submitted 
(nmol/mol)
	Expanded uncertainty
(k=2)
(nmol/mol)

	LNE
	7861
	398
	17
	407
	16
	435
	23
	302 (*)

285 (**)
	23

19

	NMi-VSL
	7861
	420
	50
	407
	50
	443
	10
	406
	60


Table 4: Second set of results of EUROMET Project 867

(*) Analytical result obtained by using the electrochemical analyser

(**) Analytical result obtained by using the PDHID gas chromatograph

In the following figures 5 to 8 the results are plotted in terms of the amount fractions submitted by the participating laboratories for each component for the second set of results.
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Figures 5 and 6: Representation of the amount fractions for CO and CO2 (second set of results)
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Figures 7 and 8 : Representation of the amount fractions for CH4 and O2 (second set of results)

For CO, CO2 and CH4, NMi-VSL and LNE report comparable figures.

For O2, there are significant deviations between LNE's results and NMi-VSL's result.

For measuring the O2 amount fractions, LNE used two different analytical methods: electrochemistry and PDHID gas chromatography. The results show that the amount fractions obtained by these methods are in accordance compared with the expanded uncertainties.

The NMi-VSL's result is significantly different to these two LNE's results.

Consequently, for O2, the deviations between LNE's and NMi-VSL's results don’t come from the different methods used for analysing the gas mixture.

Discussion of results

The method that was used by NMi-VSL for the analysis of CO2 was identical for both cylinders. Nevertheless, the results for the second cylinder are much more in line with the results of LNE. Reviewing the data retrospectively NMi-VSL concluded that in the first analysis a leak must have been introduced in the sampling line from the high pressure cylinder to the GC for the comparison cylinder. As the cylinder was a French type cylinder, the side-connector was not widely available and only connected to a standard reducer. During the second analysis this side connector was disconnected from the standard reducer and a high definition reducer was connected.

For O2 the deviation between NMi-VSL and LNE remained the same for both analyses. After discussion between LNE and NMi-VSL and after comparison of the GC data it was concluded that separation between Ar and O2 was not sufficiently for the NMi-VSL analysis. The O2 peak was still on a tail of the Ar peak and therefore the height of the O2 peak was too high for the comparison cylinders. The NMi-VSL reference mixtures did not contain as much Ar as in the comparison cylinder and were not influenced by the Ar peak.

Conclusions

The agreement of the results in this EUROMET Project is very good for CO, CO2 and CH4 amount fractions at about 400 nmol/mol between, LNE, NPL and NMi-VSL.

For O2, the NPL's result agrees with the LNE's comparison reference value.

In the case of NMi-VSL, there are significant deviations between the NMi-VSL's result and the comparison reference values which don't depend on the analytical method used for measuring the O2 amount fractions.

During the two parts of the comparison, there was an absolute deviation of 100 nmol/mol between the NMi-VSL's results and the LNE's comparison reference value. It seems as if there is a constant deviation of 100 nmol/mol between LNE's and NMi-VSL's results for O2 amount fractions in a measurement range between 300 and 700 nmol/mol. Poor separation between O2 and Ar, that was also available in the cylinder at a much higher mole fraction than the O2, was most likely the problem.




















































