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Introduction

This bilateral supplementary preparative comparison involves standard gas mixtures of automotive gas. The type of automotive gas samples in the comparison is the same as in the comparison EURAMET.QM-S4 which was organized in 2009/2010 by VSL. SMU participated in EURAMET.QM-S4 comparison with good results for all analysed components. In actual comparison SMU is the coordinating laboratory, responsible for collecting and reporting measurement results. Mixture prepared gravimetrically by participant is sent to SMU for the analysis and the analysed value of the amount–of–substance fraction in coordinating laboratory is adopted as reference value for this comparison.


Participants

This comparison has two participants SMU and MKEH which are listed in Table 1.
Table 1
	Acronym
	Country
	Institute

	SMU
	SK
	Slovak Institute of Metrology, Bratislava, Slovak Republic

	MKEH
	HU
	Hungarian Trade Licensing Office, Budapest, Hungary 




Measurement standards

Participants were requested to prepare an automotive mixture with the following nominal composition:

Carbon monoxide			0.02   mol/mol
Carbon dioxide			0.12   mol/mol
Propane				0.001 mol/mol
Nitrogen			           	balance

The calculation of the gas composition and associated uncertainty evaluation should be done in accordance with ISO 6142 [1].
The pressure in the cylinders was approximately 100 bars; SMU used the cylinder of 5 dm3 nominal and MKEH used the cylinder of 4.67 dm3 nominal. Impurities of parent gases used for preparation were described in the participant measurement reports (see Annex 1 and Annex 2).

MKEH mixture was prepared in the three steps:
1. premixture: 0.005 mol/mol propane/N2, 
2. premixture: 0.1 mol/mol CO/N2, 
3. 1. premixture, 2. premixture, pure CO2.

SMU mixture was prepared in the two steps:
1. premixture: 0.025 mol/mol propane/N2,
2. 1. premixture, pure CO, pure CO2.
Schedule

Measurements on gas standard received by the SMU were carried out at April 2014.


Measurement protocol

The submitted reference gas mixtures were measured three times on three different days against SMU 5 PSM´s (primary standard gas mixtures): 0726E_4, 0053F_3, 0088F_3, 0015F_10 and 0059F_4_ in accordance to ISO 6143[2] requirements.
All calculations of reference values were performed with B_LEAST, a computer programme which implements the methodology of ISO 6143:2001, and takes into consideration uncertainties in both axes for regression analysis.

Measurement system Varian 3600 GC used for this comparison was used also in previous comparison EURAMET.QM-S4 for validation SMU PSM´s. Measurement system was well characterized and validated in previous use.

The Varian 3600 GC is equipped with FID and TCD detectors and two sample loops (L1 and L2). As a carrier gas is used He. Settings of the measurements regarding temperature program and flows of the carrier gas (front carrier gas, middle carrier gas and auxiliary carrier gas) are listed in Table 2. Measured chromatograms are showed on Figure 1 and Figure 2.

Table 2 Settings of Varian 3600 GC

	GC
	L1; cm3
	L2; cm3
	Oven temperature; °C
	Total time; min
	F_EFC
	M_EFC
	Flow ACG; cm3/min

	
	
	
	
	
	Pressure of FCG; kPa
	Total flow; ml/min
	Pressure of MCG; kPa
	Total flow; ml/min
	

	Varian GC 3800
	0.25
	0.25
	95
	9.00
	172.4
	200
	479.2
	100
	30



All measurements were done in automatic way using selector gas valve. Before entering sample loops all gas mixtures went through a mass flow controller and pressure controller for regulation. Measurement method with 6 automated runs was used. All runs in first, third, fifth measurement sequence had rising molar fraction, second, fourth, sixth processed in reverse order. From each run was made one calibration curve with sample signals. Data were subjected to the b_least program (weighted least square regression). As a result from measurement sequence the average value of amount–of–substance fractions was taken. From repetitions of the signal measurements yi, the standard uncertainties u(yi) were calculated.



Figure 1 Chromatogram TCD
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Figure 2 Chromatogram FID
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Measurement equation

The results from the gas chromatographic measurements measured by the pilot laboratory were taken as a reference values for this comparison x0 [3].

For quadratic type of the function is:


							               (1)

Where:

a0, a1, a2	are the regression coefficients
y 		is GC response, the area of the peak
x		amount–of–substance fraction.

At convergence:


											(2)

The uncertainty associated with x0 is computed from [6]:


				(3)

Where


									(4)

Va denotes the covariance matrix associated with the parameter vector a. For a quadratic polynomial, m = 2.


Supported CMC claims

Components and ranges supported by this supplementary comparison are presented in Table 3.

Table 3

	Component
	Supported amount-of-substance fraction range
Δx (mmol/mol)

	Carbon monoxide
	5 – 35

	Carbon dioxide
	60 – 140

	Propane
	0.1 – 2




[bookmark: _Toc133630574]
Degrees of equivalence

The analysis function and recorded analyser responses and uncertainties were used to 
determine amount–of–substance fractions (x0) and uncertainties u(x0). A degree of equivalence (d) is defined as the difference of a measurement result of the pilot laboratory and NMIs assigned values amount–of–substance fractions (xi) from gravimetric preparation.


										(5)
where is :

d	degree of equivalence
x0	pilot laboratory measurement value
xi	value reported by participant from gravimetric preparation

and its associated uncertainty is defined as


									(6)

where is:

u(d)			standard uncertainty of the degree of equivalence
u(x0)			standard uncertainty of the pilot laboratory measurement result
u(xi)			standard uncertainty participant´s reported value

Then expanded uncertainty (k=2) is


										(7)

In previous preparative comparisons the KCRV was calculated from the consensus straight line obtained from calibrating the gas chromatograph with the submitted mixtures. This approach is in this comparison not possible, because it is bilateral comparison of the very limited data. As an alternative approach the gas chromatograph is calibrated with the PSMs (Primary Standard gas Mixtures) from the coordinating laboratory. In this case the analysed value of the amount–of–substance fraction is adopted as the reference value for each component in each mixture [3].


Results

Results for Carbon monoxide

The gravimetric data of SMU PSMs used for calibrating the GC Varian for Carbon monoxide and measured signals with associated standard uncertainties are shown in Table 4. These data are fitted with a quadratic polynomial.





Table 4 Calibration mixtures for Carbon monoxide

	Mixture
	x (mol/mol)
	ux (mol/mol)
	y (count)
	uy (count)

	0726E_4
	0.0050938
	0.0000017
	1505
	0.9

	0053F_3
	0.0081706
	0.0000035
	2454
	1.58

	0088F_3
	0.0100499
	0.0000051
	3049
	2.51

	0015F_10
	0.0183856
	0.0000038
	5640
	5.31

	0059F_4
	0.035085
	0.000010
	10912
	6.62



Table 5 Regression coefficients for Carbon monoxide

	Coefficient
	Value
	u

	a0(count)
	-69.4
	7.95

	a1(count)
	3.08x106
	1.371x103

	a2(count)
	1.30 x106
	3.96x105




Using the calibration curve, the reference values have been obtained by analysing the mixtures.

The results are given in Table 6.

Table 6 Reference values for Carbon monoxide

	Mixture
	y
count
	uy
count
	xi
mmol/mol
	x0
mmol/mol
	u(x0)
mmol/mol
	u(x0)/x0
% rel.
	∆x
mmol/mol
	∆x/x0
% rel.

	OMH230
	6113
	3.17
	19.974
	19.991
	0.023
	0.11
	0.017
	0.09

	SMU0035F2
	6328
	4.54
	20.528
	20.539
	0.025
	0.12
	0.011
	0.05




The degrees–of–equivalence have been computed as described in equation 5 and are given in Table 7. The degrees–of–equivalence are shown in figure 3. All laboratories have satisfactory results for Carbon monoxide.


Table 7 Degrees–of–equivalence for Carbon monoxide (mmol/mol)

	Mixture
	x0
	u(x0)
	xi
	u(xi)
	d
	U(d)

	OMH230
	19.991
	0.023
	19.974
	0.050
	0.017
	0.110

	SMU0035F2
	20.539
	0.025
	20.528
	0.025
	0.011
	0.071



Figure 3 Degrees –of-equivalence for Carbon monoxide






Results for Carbon dioxide

The gravimetric data of SMU PSMs used for calibrating the GC Varian for Carbon dioxide and measured signals with associated standard uncertainties are shown in Table 8. These data are fitted with a quadratic polynomial.

Table 8 Calibration mixtures for Carbon dioxide

	Mixture
	x (mol/mol)
	ux (mol/mol)
	y(count)
	uy(count)

	0726E_4
	0.060612
	0.000016
	24744
	88.37

	0053F_3
	0.08023
	0.000025
	33025
	34.24

	0088F_3
	0.100364
	0.000016
	41321
	23.06

	0015F_10
	0.111667
	0.000021
	46084
	23.35

	0059F_4
	0.14132
	0.000012
	58442
	40.3





Table 9 Regression coefficients for Carbon dioxide

	Coefficient
	Value
	u

	a0(count)
	-4.12E+02
	4.48E+02

	a1(count)
	4.16E+05
	8.85E+03

	a2(count)
	3.75E+03
	4.25E+04



Using the calibration curve, the reference values have been obtained by analysing the mixtures.

The results are given in Table 10.

Table 10 Reference values for Carbon dioxide

	Mixture
	y
count
	uy
count
	xi
mmol/mol
	x0
mmol/mol
	u(x0)
mmol/mol
	u(x0)/x0
% rel.
	∆x
mmol/mol
	∆x/x0
% rel.

	OMH230
	49567
	32.00
	120.08
	120.005
	0.113
	0.09
	-0.075
	-0.062

	SMU0035F2
	49479
	34.99
	119.93
	119.840
	0.118
	0.10
	-0.090
	-0.075



The degrees–of–equivalence have been computed as described in equation 5 and are given in Table 11. The degrees–of–equivalence are shown in figure 4. All laboratories have satisfactory results for Carbon dioxide.

Table 11 Degrees–of–equivalence for Carbon dioxide (mmol/mol)

	Mixture
	x0
	u(x0)
	xi
	u(xi)
	d
	U(d)

	OMH230
	120.005
	0.113
	120.08
	0.35
	-0.075
	0.74

	SMU0035F2
	119.840
	0.118
	119.93
	0.12
	-0.090
	0.34



Figure 4 Degrees –of-equivalence for Carbon dioxide



Results for Propane

The gravimetric data of SMU PSMs used for calibrating the GC Varian for Propane and measured signals with associated standard uncertainties are shown in Table 12. These data are fitted with a quadratic polynomial.

Table 12 Calibration mixtures for Propane

	Mixture
	x (mol/mol)
	ux (mol/mol)
	y(count)
	uy(count)

	0726E_4
	0.00020027
	0.000000098
	54381
	53.65

	0053F_3
	0.00041345
	0.00000021
	114360
	127.76

	0088F_3
	0.00060535
	0.00000025
	169500
	148.55

	0015F_10
	0.00095572
	0.00000050
	269780
	144.39

	0059F_4
	0.0020377
	0.00000069
	591370
	833.7




Table 13 Regression coefficients for Propane

	Coefficient
	Value
	u

	a0(count)
	-1.587E+03
	2.95E+02

	a1(count)
	2.79E+08
	1.18E+06

	a2(count)
	5.97E+09
	7.03E+08



Using the calibration curve, the reference values have been obtained by analysing the mixtures.

The results are given in Table 14
.
Table 14 Reference values for Propane

	Mixture
	y
count
	uy
count
	xi
mmol/mol
	x0
mmol/mol
	u(x0)
mmol/mol
	u(x0)/x0
% rel.
	∆x
mmol/mol
	∆x/x0
% rel.

	OMH230
	283950
	303.5
	0.9992
	1.0032
	0.0018
	0.18
	0.0041
	0.40

	SMU0035F2
	290450
	348.23
	1.0253
	1.0267
	0.0021
	0.20
	0.0014
	0.14




The degrees–of–equivalence have been computed as described in equation 5 and are given in Table 15. The degrees–of–equivalence are shown in figure 5. All laboratories have satisfactory results for Propane.




Table 15 Degrees–of–equivalence for Propane (mmol/mol)

	Mixture
	x0
	u(x0)
	xi
	u(xi)
	d
	U(d)

	OMH230
	1.0032
	0.0018
	0.9992
	0.0042
	0.0041
	0.0091

	SMU0035F2
	1.0267
	0.0021
	1.0253
	0.0017
	0.0014
	0.0054




Figure 5 Degrees –of-equivalence for Propane





Conclusions
The reported results for Carbon monoxide (Figure 3) agree with the reference value within 0.10 % relative. For Carbon dioxide (Figure 4) results agree with the reference value within 0.10 % relative and for Propane (Figure 5) results agree with the reference value within 0.40 % relative.
The agreement of the results in this supplementary comparison is good. All the results with their reported uncertainties are in agreement with the reference values for the participants. SMU participated in the previous preparative comparison organised within EURAMET in this field. Both laboratories have established facilities for automotive emission gas analysis, and have existing claims for their Calibration and Measurement Capabilities (CMCs) for automotive gas mixtures [5].
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Annex 1
EURAMET 1274 _: Comparison on automotive emission gases

1. LABORATORY:  MKEH   HUNGARIAN TRADE LICENSING OFFICE
Metrology Authority
Division of Radiation Physics and Chemistry
2. CYLINDER DETAILS:
	Date of mixture preparation
	16-01-2014

	Volume (L)
	4.67

	Total Pressure (bar)
	100

	Connection type (e.g. DIN1, BS14 etc.)
	DIN10



3. SOURCE OF CO, CO2, PROPANE, NITROGEN:
	CO 4.7 from Messer Hungary

	CO2 4.8 from SIAD Italy

	Propane 3.5 from Messer Germany

	N2 5.0 from Messer Hungary



4. PURITY TABLE  OF PURE CO: (MP1292)
	Component
	Method
	Mole fraction
(mol/mol)
	Uncertainty
(mol/mol)

	CO
	specifications
	0.9999895
	0.0000061

	O2
	specifications
	0.0000015
	0.0000009

	N2
	specifications
	0.0000025
	0.0000015

	H2O
	specifications
	0.0000015
	0.0000009

	H2
	specifications
	0.0000005
	0.0000003

	CnHm
	specifications
	0.0000010
	0.0000006

	Ar
	specifications
	0.0000035
	0.0000020



5. PURITY TABLE  OF PURE CO2: (38458)
	Component
	Method
	Mole fraction
(mol/mol)
	Uncertainty
(mol/mol)

	CO2
	specifications
	0.9999879
	0.0000070

	O2
	specifications
	0.0000015
	0.0000009

	N2
	specifications
	0.0000050
	0.0000029

	H2O
	specifications
	0.0000025
	0.0000015

	H2
	specifications
	0.00000005
	0.00000003

	CnHm
	specifications
	0.0000030
	0.0000018

	CO
	specifications
	0.00000005
	0.00000003



6. PURITY TABLE  OF PURE PROPANE: (2476B)

	Component
	Method
	Mole fraction
(mol/mol)
	Uncertainty
(mol/mol)

	propane
	specifications
	0.9997675
	0.0001343

	O2
	specifications
	0.0000050
	0.0000029

	N2
	specifications
	0.0000200
	0.0000116

	H2O
	specifications
	0.0000025
	0.0000015

	CnHm
	specifications
	0.0002000
	0.0001155

	CO2
	specifications
	0.0000050
	0.0000029



7. PURITY TABLE  OF PURE NITROGEN:
	Component
	Method
	Mole fraction
(mol/mol)
	Uncertainty
(mol/mol)

	N2
	specifications
	0.9999975
	0.0000015

	O2
	specifications
	0.0000010
	0.0000006

	H2O
	specifications
	0.0000015
	0.0000009

	CnHm
	specifications
	0.00000005
	0.00000003


8. PREPARATION OF FINAL MIXTURE:
	Parent gases
	x(grav+pur)
(mol/mol)
	u(x)
(mol/mol)

	(Propane) OMH222
	0.0058594
	0.0000017

	(CO) OMH274
	0.099988
	0.00045

	(CO2)
	0.9999879
	0.0000140

	(N2)
	0.9999975
	0.0000029



9. PURITY TABLE  OF FINAL MIXTURE: (OMH230)
	Component
	x(grav+pur)
(mol/mol)
	u(x)
(mol/mol)

	Ar
	0.00000007
	0.00000004

	CO
	0.01997360
	0.00000012

	CO2
	0.12008155
	0.00000084

	C3H8
	0.00099915
	0.00000013

	CnHm
	0.00000062
	0.00000025

	H2
	0.00000002
	0.00000001

	H2O
	0.00000160
	0.00000079

	N2
	0.85894234
	0.00000134

	O2
	0.00000107
	0.00000053



10. RESULTS FOR CO, CO2, PROPANE (INCLUDING GRAVIMETRY AND VERIFICATION):

	Component
	xprep
	uprep
	uver
	ust
	ucert
	xi
	U(k=2)

	CO
	0.0199736
	0.0000020
	0.000050
	-
	0.000050
	0.019974
	0.00010

	CO2
	0.1200816
	0.0000080
	0.00035
	-
	0.00035
	0.12008
	0.00070

	propane
	0.00099915
	0.00000034
	0.0000042
	-
	0.0000042
	0.0009992
	0.0000084





Annex 2
EURAMET 1274 _: Comparison on automotive emission gases
PARTICIPATING INSTITUTE:
	Institute
	Slovak Institute of Metrology

	Address
	Karloveska 63
SK-842 55 Bratislava 
Slovak Republic

	Contact Person
	Ing. M. Valkova, PhD., RNDr. Z. Durisova

	Telephone
	+421 2 60294 211

	Fax
	+421 2 60294 561

	email
	valkova@smu.gov.sk, durisova@smu.gov.sk 



1. CYLINDER DETAILS
	Date of mixture preparation
	2.10.2013

	Volume (L)
	5

	Total Pressure (bar)
	60

	Connection type (e.g. DIN1, BS14 etc.)
	DIN1



2. SOURCE OF CO
	The source of nominally pure CO gas was CO 4.7 Messer. 



3. PURITY TABLE FOR NOMINALLY PURE CO 
Complete for all components considered:
	Component
	Method
	Mole Fraction 
(mol/mol)
	uncertainty
(mol/mol)

	CO
	rest
	0.99994402
	0.0000132

	Ar
	specifications
	0.0000035
	0.0000020

	CO2
	FTIR
	0.00000052
	0.00000015

	H2
	specifications
	0.00000050
	0.00000029

	O2
	specifications
	0.0000025
	0.0000014

	N2
	GC-TCD
	0.000045
	0.000013

	H2O
	Dew-point meter
	0.00000387
	0.00000045

	CH4
	FTIR-DL
	0.00000010
	0.00000006



4. PURITY TABLE FOR NOMINALLY PURE N2
Complete for all components considered: 
N2 BIP 6.0 (AIR Products)
	Component
	Method
	Mole Fraction
(mol/mol)
	uncertainty
(mol/mol)

	N2
	rest
	0.999998613
	0.000000129

	CO
	GC-FID (methaniser)
	0.0000000333
	0.0000000032

	CO2
	GC-FID (methaniser DL)
	0.000000012
	0.000000007

	H2
	specifications
	0.000000025
	0.000000014

	O2
	specifications
	0.000000005
	0.000000003

	H2O
	Dew-point meter
	0.000000969
	0.000000012

	CH4
	GC-FID (methaniser DL)
	0.000000023
	0.000000013

	C3H8
	GC-FID (methaniser DL)
	0.000000020
	0.000000012



5. SOURCE OF CO2
	The source of nominally pure CO2 gas was CO2 5.5 Messer.



6. PURITY TABLE FOR NOMINALLY PURE CO2
Complete for all components considered:
	Component
	Method
	Mole Fraction 
(mol/mol)
	Uncertainty
(mol/mol)

	CO2
	rest
	0.99999380
	0.00000046

	CO
	GC-FID (methaniser)
	0.00000025
	0.00000014

	O2
	specifications
	0.00000025
	0.00000014

	N2
	GC-TCD
	0.0000035
	0.0000003

	H2O
	Dew-point meter
	0.00000204
	0.00000012

	CH4
	GC-FID (methaniser)
	0.00000016
	0.00000003



7. SOURCE OF PROPANE
	The source of nominally pure propane gas was Propane 3.5 Linde.



8. PURITY TABLE FOR NOMINALLY PURE PROPANE
Complete for all components considered:
	Component
	Method
	Mole Fraction 
(mol/mol)
	uncertainty
(mol/mol)

	propane
	rest
	0.99977259
	0.00001268

	CO2
	GC-FID (methaniser) 
	0.0000025
	0.0000007

	O2
	specifications
	0.000005
	0.0000014

	N2
	GC-TCD
	0.000204
	0.000012

	H2O
	specifications
	0.0000050
	0.0000014

	CH4
	GC-FID (methaniser) 
	0.0000055
	0.0000005

	C2H6
	GC-FID 
	0.000002678
	0.000000007

	propene
	GC-FID
	0.0000021
	0.0000002

	Hydrocarbons
	GC-FID (as C6+)
	0.000000632
	0.00000002



9. PREPARATION OF FINAL MIXTURE
	Parent gases
	x(grav+pur)
(mol/mol)
	u(x)
(mol/mol)

	0103F_2 (Propane premixture)
	0.0268246
	0.0000093

	CO 4.7
	0.9999440
	0.000013

	CO2 5.5
	0.99999380
	0.00000046

	N2 BIP
	0.99999861
	0.00000013




10. PURITY TABLE FOR FINAL 0035F_2 MIXTURE
Complete for all components considered:
	Component
	x(grav+pur)
 (mol/mol)
	u(x)
 (mol/mol)

	Ar
	0.000000072
	0.000000041

	CO
	0.0205275
	0.0000147

	CO2
	0.1199261
	0.0000174

	H2
	0.000000032
	0.000000013

	O2
	0.000000181
	0.000000075

	N2
	0.858519
	0.000021

	H2O
	0.000001223
	0.000000106

	CH4
	0.000000077
	0.000000004

	C2H6
	0.00000000275
	0.000000000007

	C3H8
	0.001025262
	0.000000512

	Propene
	0.00000000215
	0.000000000205

	Hydrocarbons
	0.00000000065
	0.000000000205



11. VERIFICATION
	The mixture was verified on GC Varian using Porapack and molsieve packed columns, 2x sample loops, TCD (for CO, CO2) and FID (for propane) detectors, oven temperature 95 °C, method time 9 min, carrier gas Helium. All measurements were done in automatic way using selector gas valve. Before entering sample loops all gas mixtures went through a mass flow controller and pressure controller for regulation. Calibration standards used for verification were made gravimetrically according to ISO 6142 and ISO 6143 in SMU. Measurement method with 6 automated runs was used. All runs in first, third, fifth measurement sequence had rising molar fraction, second, fourth, sixth processed in reverse order. From each run was made one calibration curve with sample signals. Data were subjected to the b_least program (weighted least square regression).




Results from 0035F_2 CO verification (quadratic curve):
	Cylinder
	x(an)
	u(an)(k=1)
	%u(an)
	x(grav)
	u(gr)k=1
	|x(an)-x(gr)|
	Criterion 2*odm(u(an)^2+u(gr)^2)
	is OK ?
	
	
	U(gr+st) k=2 do certifikatu

	0726E_4
	0,0050995
	0,0000066
	0,13%
	0,005094
	0,0000017
	5,7E-06
	    1,36E-05
	OK
	
	
	1,81E-05

	0053F_3
	0,0081544
	0,0000089
	0,11%
	0,008171
	0,0000035
	1,62E-05
	    1,91E-05
	OK
	
	
	2,94E-05

	0088F_3
	0,010053
	0,000010
	0,10%
	0,01005
	0,0000051
	3,1E-06
	    2,25E-05
	OK
	
	
	2,71E-05

	0035F_2
	0,020553
	0,000020
	0,10%
	0,020528
	0,000015
	2,5E-05
	    5,0E-05
	OK
	
	
	5,94E-05

	0059F_4
	0,035076
	0,000023
	0,07%
	0,035085
	0,00001
	9E-06
	    5,02E-05
	OK
	
	
	9E-05



Results from 0035F_2 CO2 verification (linear curve):
	Cylinder
	x(an)
	u(an)(k=1)
	%u(an)
	x(grav)
	u(gr)k=1
	|x(an)-x(gr)|
	Criterion
2*odm(u(an)^2+u(gr)^2)
	is OK ?

	0726E_4
	0,060625
	0,000062
	0,10%
	0,060612
	0,000016
	1,3E-05
	    0,000128
	OK

	0053F_3
	0,080212
	0,000051
	0,06%
	0,08023
	0,000025
	1,8E-05
	    0,000114
	OK

	0088F_3
	0,100365
	0,000091
	0,09%
	0,100364
	0,000016
	1E-06
	    0,000185
	OK

	0035F_2
	0,11991
	0,00012
	0,10%
	0,119926
	0,000017
	1,6E-05
	    0,000242
	OK

	0059F_4
	0,14132
	0,00011
	0,08%
	0,14132
	0,000012
	0
	    0,000221
	OK




Results from 0035F_2 propane verification (quadratic curve):
	Cylinder
	x(an)
	u(an)(k=1)
	%u(an)
	x(grav)
	u(gr)k=1
	|x(an)-x(gr)|
	Criterion
2*odm(u(an)^2+u(gr)^2)
	is OK ?

	0726E_4
	0,00020047
	0,00000025
	0,12%
	0,0002
	0,000000098
	2E-07
	    5,37E-07
	OK

	0053F_3
	0,00041272
	0,00000034
	0,08%
	0,000413
	0,00000021
	7,3E-07
	    7,99E-07
	OK

	0088F_3
	0,00060477
	0,00000062
	0,10%
	0,000605
	0,00000025
	5,8E-07
	    1,34E-06
	OK

	0035F_2
	0,0010280
	0,0000016
	0,16%
	0,001025
	0,00000051
	2,7E-06
	    3,36E-06
	OK

	0059F_4
	0,0020359
	0,0000020
	0,10%
	0,002038
	0,00000069
	1,8E-06
	    4,23E-06
	OK



11. RESULTS
The results are presented in following table with data:

xprep	amount of substance fraction , from preparation (mol.mol-1)
uprep	uncertainty of xprep from gravimetrical preparation and purity (mol.mol-1)
uver	uncertainty from verification (mol.mol-1)
ucert	final uncertainty of x (mol.mol-1)
U(k=2)		stated expanded uncertainty of x, at 95% level of confidence (mol.mol-1)
Standard uncertainty of the mixture was calculated with following formula:





	Component
	xprep
	uprep
	uver
	ucert
	xi
	U(k=2)

	CO
	0.0205275
	0.0000147
	0.000020
	0.0000248
	0.020528
	0.000050

	CO2
	0.119926
	0.000017
	0.00012
	0.00012
	0.11993
	0.00024

	propane
	0.00102526
	0.00000051
	0.0000016
	0.0000017
	0.0010253
	0.0000034



6.6000000000000003E-2	0.11	6.6000000000000003E-2	0.11	SMU	MKEH	1.0999999999999999E-2	1.7000000000000001E-2	Laboratory
Degree of equivalence (mmol/mol)
0.34	0.74	0.34	0.74	SMU	MKEH	-0.09	-7.4999999999999997E-2	Laboratory
Degree of equivalence (mmol/mol)
5.4000000000000003E-3	9.1000000000000004E-3	5.4000000000000003E-3	9.1000000000000004E-3	SMU	MKEH	1.4E-3	4.1000000000000003E-3	Laboratory
Degree of equivalence (mmol/mol)
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