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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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International Standard

ISO 11626:

2024(en)

Natural gas — Determination of sulfur compounds
— Determination of hydrogen sulfide content by UV
absorption method

1 Scope

This docur

by ultraviglet (UV) absorption method.

This docuy
1 mg/m3t
2 Norm

The follow
requireme
the latest ¢

ISO 6141,

ISO 6142-1
mixtures

ISO 6143, @
mixtures

ISO 6145,
[SO 10715,

ISO 12963,
on one- ang

[SO 14532,
[SO 14912,

3 Term

hent describes the test method for the determination of hydrogen sulfide content i,

hent applies to the determination of hydrogen sulfide content in natural gas,in the 1
50 mg/m3.
ative references

ng documents are referred to in the text in such a way that someyor all of their content
hts of this document. For dated references, only the edition. gited applies. For undated
dition of the referenced document (including any amendments) applies.

as analysis — Contents of certificates for calibration gasymixtures

Gas analysis — Preparation of calibration gas mixtures — Part 1: Gravimetric method

as analysis — Comparison methods for determining and checking the composition of cali

as analysis — Preparation of calibrgtion gas mixtures using dynamic methods
Natural gas — Gas sampling

Gas analysis — Comparisonmethods for the determination of the composition of gas mix
two-point calibration

Natural gas — Voeabulary

Gas analysis ~~(Conversion of gas mixture composition data

s and-definitions

For the pui

hatural gas

fange from

ronstitutes
references,

[ for Class |

bration gas

tures based

poses of this document, the terms and definitions given in ISO 14532 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

4 Test conditions

The test co

nditions are the same as the calibration conditions.

© IS0 2024 - All rights reserved
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The reference conditions of the measurement results are the same as those on the calibration gas certificates.

NOTE The reference conditions on the calibration gas certificates usually are 101,325 kPa, 20 °C or 101,325 kPa,
15°Cor 101,325 kPa, 0 °C.

5 Principle

5.1 The UV light emitted by the light source is split by a grating or a prism, absorbed by a gas sample
and then projected onto a photomultiplier tube. After the photoelectric conversion and amplification of the
drawn ultraviolet absorption spectrum, hydrogen sulfide can be quantitatively analysed. The absorbance
detected by the receiving unit and the content of hydrogen sulfide in the measured gas conform to Lambert-
Beer's law.

In the flow
de absorbs
hg through
olographic
bngth on a
b Lambert-

5.2 The UV lightis delivered from the pulsed light source to the flow cell by a fibre-optic cable.
cell, the coptinuous natural gas samples interact with the light in an optical path. Hydrogerr sulfi
different amounts of light at different wavelengths. The UV light leaves the flow cell after passi
the sampld and then goes to the spectrum analyser through the optical fibre. A spectroscopic h
grating decomposes UV light into continuous wavelengths, focuses each decomposed wavelé
specific photodiode on the diode array and calculates the hydrogen sulfide cantent according t
Beer's law through a built-in algorithm.

5.3 Calc calculated

by Formuls

lation formula: if the analytical signal is absorbance, the conitent of hydrogen sulfide ig

L (1):

S

ef

e8]

ref

is[the content of hydrogen sulfide in the natural gas sample, expressed in mg/m3;
is{the absorbance of hydrogen sulfide'in the natural gas sample;

C,of is|the content of hydrogen sulfidé in the calibration gas, expressed in mg/m3;

A the absorbance of hydrogen sulfide in the calibration gas.

ref 1S

6 Instrument

6.1 Gen

Choose an
the analysg

eral requirements

instrumernt with an appropriate measuring range according to the content of hydroge
bd gas/ The instrument shall be regularly maintained to ensure its performance accor

h sulfide in
ding to the
not limited

instrumen

F manual. The instrument shall meet the requirements of the work site, including but

to, explosi

6.2 Sam

T-proof, poWer supply, airtightmess; etc:

ple processing system

The sample processing system shall ensure that there is no water, liquid hydrocarbon and particulate matter
in the sample. Adjust the sample gas to the injection pressure and temperature required by the instrument,
and keep them stable.

6.3 Optical analysis system

The optical analysis system generates a beam of light of a specific wavelength which is passed through the
sample, and then analysed by a spectrometer.

© IS0 2024 - All rights reserved
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6.4 Data processing and recording system

The data processing and recording system can be a recorder or an equivalent electronic data recording

device or a

computer.

7 Reagents and materials

7.1 Zero gas

Zero gas may be pure methane or nitrogen. The mole fraction of a main component in a zero gas shall not be
less than 999 mmol/mol.

7.2 Hyd

rogen sulfide calibration gas mixture

Use the hydirogen sulfide calibration gas mixture determined by ISO 6142-1, [SO 6143, IS0.6145 oy

for regulat
and cover

supplied in
content is ¢
concentrat

7.3 Hyd
The hydrog
the actual

8 Samp

8.1 Inst

Determine

8.2 Matq

All materid
shall be in
that the sa

calibration. The content of the hydrogen sulfide calibration gas mixture-shall be a
the analysis range. The matrix gas may be methane or nitrogen. The cdlibration g
the cylinder shall be accompanied with a certificate according to ISO 6141. When the

xpressed in the certificate as an amount fraction or volume fractionfit)shall be convert{
ion according to ISO 14912.

rogen sulfide absorption solution

ren sulfide absorption solution is an alkali liquor that needs to be replaced regularly a
hydrogen sulfide analysis process.

ling
allation location
the installation location of sampling probe according to ISO 10715.

prials requirement

Is in the sampling system (including probes, pipelines, valves, containers and other cg

mple composition.isnot changed.

8.3 Online sampling réquirement

For online
sampling g
10 s. The 4

sampling, it shall be ensured that the sample flows continuously without obstruction
ystem through an appropriate sampling probe, and gets into the detection system fd
bsolute pressure of the sample entering the instrument should be controlled betwe

ISO 12963
ppropriate
nSs mixture
component
ed to mass

ccording to

mponents)

ert to sulfur compounds and shall be appropriate to the sample and sampling method to ensure

enters the
r less than
bn 0,5 MPa

and 1,0 MA

a.

9 Sample testing

9.1

Follow the

a)

Instrument status confirmation

steps below to confirm the instrument status before testing.

Install the instrument and check airtightness according to the manufacturer’s operating instruction.

b) Switch onthe carrier gas, start up the instrument and set the instrument parameters to the specified values.

© IS0 2024 - All rights reserved
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after the data displayed by the instrument is stable, complete zero-point deduction.

the process control station.

f)

Ensure that the instrument parameters and test data can be displayed normally.

9.2 Calibration curve establishment

9.2.1 Ge

eral

Switch on the zero gas. Calculate the average value of the zero gas responses for five consecutive minutes

For online testing, ensure the normal use of the data transmission protocol between the instrument and

Ensure that when the concentration exceeds the set threshold, the process control station can timely alarm.

Generally,

the instrument only includes single-point calibration function. Users can achieve the analysis

data automatically depending on the instrument single-point calibration, or use multi-p6int calibration to

calculate a
non-consta
high detec
than once {

9.2.2 Siy

The user s
following 3

Single;
contery

Single;
within|

nt natural gas source with changing H,S content, users can use multi-poifit €alibratio
tion accuracy. It is recommended to establish a calibration curve regularly, preferal
 month.

jgle-point calibration

hall choose the calibration method depending on the andlytical accuracy that is red
re candidate methods and their requirements.

point exact-match calibration: there shall be no statistically significant difference b
t of the H,S of the selected calibration gas mixture@nd the content of the H,S of the sa

point through origin calibration: the H,S content of the selected calibration gas mixty
90 % to 150 % of the H,S content of the samiple gas.

9.2.3 Muylti-point calibration

For hydrog
gas mixtur
in the sam]

en sulfide analysis with large content fluctuations, three or more hydrogen sulfide
es of different contents shallbe used, and a calibration curve covering hydrogen sulf
ble shall be established according to the least square method. The linear correlation cq

the straighit line is required to be 1o {€ss than 0,998.

9.3 Anal

Switch the
requireme
Under the

absorption
discharged

lytical procedure

instrumentto detection mode when testing. Adjust the sample input pressure accor
nts of the ifistrument to ensure a stable flow rate. The flow rate variation shall be less
condition, of no venting pipeline, the tested samples shall be absorbed by the hydro
solution which contained in a barrel with good sealing placed next to the instrument b
. After the sample test process is stable, it is recommended to record two sets of data

ccording to actual needs. Single-point calibration applies for constant H,S cdutent in §ample. For

to obtain
ly not less

uired. The

btween the
mple gas.

re shall be

calibration
de content
efficient of

ding to the
than 10 %.
ben sulfide
efore being

separated

orted data

by 30 s an

take the average value as the reported test result. The effective digits of the final rey

shall be consistent with the value of the hydrogen sulfide calibration gas mixture certificate used to calibrate
the instrument. The content of hydrogen sulfide is expressed by mass concentration in mg/m3.

10 Instrument verification

10.1 During the operation of the instrument, a hydrogen sulfide calibration gas mixture shall be used to
verify the accuracy of the test results regularly, preferably not less than once a month. Verify whether the
test results of the hydrogen sulfide calibration gas mixture are consistent with the standard value. If there is
a difference of 10 % from the standard value, the instrument shall be corrected before continuing the test.

© IS0 2024 - All rights reserved
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10.2 Quality control shall be performed by professionals who are skilled in operating the instrument
workstation and related software.

11 Precision

11.1 Repeatability, r

In the analytical range given by this document, under repeatability conditions, the absolute difference of
two test results in a short time interval (30 s) should not exceed the values listed in Table 1 ata 95 % level of

confidence. Annex A gives an example of the statistical procedure of the repeatability calculation.

Lo o IR T | 4 D & Il is h L L & 1L e ' '
IdUIC 1 — RCPCTAUdUIIILY IS dl UITICT CIIL COIILTIILS

Range Repeatability limit
mg/m3 mg,/m3
1to6 0,07
above 6 to 20 0,11
above 20 to 50 0,29

11.2 Reproducibility, R

In the anallytical range given by this document, under reproducibility ¢onditions, the absolute d
two succegsive test results under reproducibility conditions should-not exceed the values listed
at a 95 % level of confidence. Annex A gives an example of the.statistical procedure of the repr

calculation.

Table 2 — Reproducibility liniits at different contents

Range Reproducibility limit
mg/m3 mg,/m3
1to6 0,40
above 6 to 20 1,27
above 20 to.50 3,73

12 Uncertainty evaluation

12.1 Principle

The H,S cantent is gal¢ulated using Formula (1). The uncertainty of the final result is based on Hormula (1)
with some [mathematical computing.

12.2 Ranfdem uncertainty of test results (u,.; 5s)

fference of
in Table 2
oducibility

The random uncertainty of test results is calculated by Formula (2):

Urel,As =

Z::I(A" _Z)z

n(n-1)

© IS0 2024 - All rights reserved
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urel,As

A.

1

A
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is the relative standard uncertainty of the absorbance (signal) of the sample;
is the absorbance (signal) of each test;

is the mean of all the absorbance values in one analysis.

12.3 Uncertainty of calibration signal (U zref)

The uncertainty of the calibration signal is evaluated in the same way as the random uncertainty of the

test result.

12.4 Unc

The uncert

12.5 Com

The combi
relative st4

Upel,Cs 7

12.6 Exp4

The expan
the reportg
usually tak

ertainty of reference material (U cref)

ainty of reference material is provided by the calibration gas mixture certificate:

ned uncertainty of the reported result is calculated by Formula (3);inwhich all uncert

inded uncertainty of reported result (U )

Hed uncertainty of the reported result is calculated by multiplying the combined und

bined uncertainty of reported result (u, )

ndard uncertainty.

2 2 2
\/urel,As + urel,Aref + urel,Cref

d result with the corresponding coverage fagtor (k). The coverage factor is determined|
ing the value k = 2.

ainties are

(3

ertainty of
as needed,

© IS0 2024 - All rights reserved
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Annex A

(informative)

Example of statistical procedure for estimation of the precision

A.1 Background

In order to test the precision of the method, a series of experiments was designed and carried out. It involved

A total of 15 cylinders of calibration gas were used to test the behaviour of the instruments. 4
data were [processed in order to obtain the precision of the method. All the experiments used |
calibration gas, with methane as balance(gas. The different contents of H,S and related unce

listed in Table A.2.

Table A.1 — Analytical instruments used in the experiments

Instrument

Operation time

Principle

A

2016

2017

2018

2018

2014

2014

2014

See 5.1

2020

2020

— =T Omm|o|o|w

2020

See 5.2

Table A.2 — Cylinders of calibration gas used in the experiments

10 instrumients in six laboratories. The instruments used in the experiments are listed in Table;AlL1.

ALl the raw
1,S/CH, as
tainty are

No. Content Uncertainty
mg/m3 (k=2)
1# 1,43 Rel. 2 %
2# 7,23 Rel. 2 %
3# 14,3 Rel. 2 %
4# 28,8 Rel. 2 %
S5# 42,6 Rel. 2 %
6# 57,2 Rel. 2 %
7# 1,00 Rel. 2 %
8# 3,01 Rel. 2 %
o# 599 Rel. 2 %
10# 10,0 Rel. 2 %
11# 15,0 Rel. 2 %
12# 20,0 Rel. 2 %

© IS0 2024 - All rights reserved

7


https://standardsiso.com/api/?name=9d8e0ba4124530bfa9b661cdb7c5cdee

ISO 11626:2024(en)

Table A.2 (continued)

No. Content Uncertainty
mg/m3 (k=2)
13# 23,6 Rel. 2 %
14# 28,2 Rel. 2 %
15# 38,1 Rel. 2 %

A.2 Experiments

Instruments A to G used the 1# to 6# calibration gas, and instruments H to ] used the 7# to 15# calibration

gas for an

The follow

ng procedure was followed:

]ycic Atotal of 11 tests were pnrﬁw‘mnﬂ onecach calibration gas,on eachinstrument

— Dbefore| starting the 11 tests, connect the calibration gas with the instrument, sweep the pipe and
instrument for more than 5 min and then read the analytical result every 30 s;
— after cpmpleting 11 tests, another calibration gas is used in the test.
A.3 Original data
Each sample was tested at least 11 times continuously. Two conseCutive values from these rgsults were
randomly g$elected according to ISO 4259-1. These results are listéd in Table A.3 and Table A.4, jand do not
require any specific remarks.
Table A.3 — Original data of hydrogen sulfide content by using instruments A to {:
H,S content of calibration gas
Instrument mg/m?3
1# 2# 3# 44 S5# 6#
A 1,49 126 14,22 28,90 42,34 57,36
1,48 7,23 14,17 29,19 42,54 57,25
1,41 7,30 14,15 29,25 42,67 57,27
B 1,36 7,27 14,27 29,17 42,87 57,54
c 146 7,41 14,97 30,26 44,62 60,10
1,42 7,53 14,99 30,33 44,73 60,08
b 1,44 7,29 14,58 29,42 42,95 58,37
1,43 7,36 14,69 29,48 43,18 58,30
1,47 7,40 13,99 28,86 42,08 55,75
R 1,46 7,36 14,03 28,94 42,13 55,64
. 1,42 7,18 14,34 28,62 42,29 56,81
1,42 7,18 14,38 28,54 42,17 56,66
1,36 6,86 13,75 27,37 40,19 53,95
G 1,35 6,82 13,66 27,45 40,45 54,30

8
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Table A.4 — Original data of hydrogen sulfide content by using instruments H to ]

H,S content of calibration gas
Instrument mg/m3
7# 8# o# 10# 11# 12# 13# 14# 15#
H 1,00 3,01 599 10,00 15,01 20,01 23,61 28,21 38,12
0,99 2,98 593 9,99 14,99 19,99 23,58 28,18 38,07
[ 1,01 3,04 6,06 10,11 15,17 20,22 23,86 28,51 38,52
1,02 3,03 6,05 10,08 15,13 20,17 23,80 28,44 38,42
1,06 3,21 6,35 10,87 15,96 21,20 25,54 30,52 40,69
] 1,07 3,18 6,39 10,80 15,98 21,32 25,57 30,59 40,39
A.4 Data processing
The precisjon of the method was calculated according to ISO 4259-1. After obtaining all'the 11 testing results
of each anglysis, repeatability standard deviation d and reproducibility standard deviation D are| calculated

(A1)

(A.2)

according to the raw data.
Standard deviation calculation of Table A.3 and Table A.4 was done according+to Formulae (A.1) ajnd (A.2):
Repeatabiljty standard deviation for sample j:
d; :\ﬁziL:leiz /2L
Reproducibility standard deviation for sample j:
L (a; V L (a P
i el
/ L-1 2
where
d is|the repeatability standard-deviation;
D isfthe reproducibility standard deviation;
L  is|the number of laboratories;
i is|the subscripttwhich represents the number of a laboratory;
a is|the sumof two repeat results;
e is|difference of two repeat results.

The results of inspection for outliers and standard deviation calculation are shown in Table A.5.

© IS0 2024 - All rights reserved
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Table A.5 — Data processing of hydrogen sulfide content

compte | MRS | gy |Repestabty stamtara LY,

mg/m3 mg/m mg/m3 mg/]m3
7# 1,00 1,03 0,007 1 0,036 4
1# 1,43 1,43 0,017 9 0,046 5
8# 3,01 3,08 0,017 8 0,106 6
o# 5,99 6,13 0,0297 0,215 6
2# 7,23 7,25 0,041 7 0,204 2
3# 14,3 14,30 0,053 9 0,417 2
11# 15,0 15,37 0,0200 0,522 3
12# 20,0 20,49 0,0537 0,6793
13# 23,6 24,33 0,0300 1,070 4
14# 28,2 29,08 0,042 2 1,289 7
44 28,8 28,98 0,0919 0,881 6
15# 38,1 39,04 0,1307 1,320 0
5# 42,6 42,52 0,1280 1,301 0
6# 57,2 57,10 0,1329 1,897 9

d;
0,16
014 y=0,002 4x + 0,006 3 P
) 2_

R*=10,8079 ° o /,
0,12 /
0,10

0/

0,08 /
0,06

el
0,04 & <

3 ®
0.02
®
0,00
0 10 20 30 40 50 60 70 Cg
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