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Foreword

ISO (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 preecedures—tsed—to—developth ment-and-these—ntendedfor-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 documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comniittee ISO/TC 158, Analysis of gases.

Any feedback or questions on this documentshould be directed to the user’s national standprds body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

The determination of gas composition, impurity concentration and physical properties depend, to a

large extent,

on sampling technique. The use of correct sampling techniques is an important safety and

quality critical step in gas analysis. The design, construction and selection of the sampling equipment
to avoid hazardous situations and sampling errors are important and directly influence the results
obtained. Any slight carelessness, inexactitude or mistake will seriously influence safety and the results

obtained.

Gaseous products are stored and transported in pressure receptacles in the form of compressed or

liquefied gas

composition

il ol oo c i olion Tl axarlinacaaathadc o A diffa dao o Ao an o t b o oo ol
OT T OU ST gaS prpCTIC ST T - Sartinpritg e oS ST O T aC peTaTiTg ap ot coac—pat \age,

and delivery methods.

This documlent provides technical guidelines for the sampling of gases in pressure recéptacleg and

pipelines foj

analytical purposes.

Vi
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Gas analysis — Sampling guidelines

WARNING — The use of this document can involve a number of hazards. This document does not
specify all the safety issues associated with its use. Users of this document are responsible for
establishing measures to ensure safety while gas sampling.

1 Scope

This|document specifies the general provisions and gives the basic definitions of tefjms relating
to sampling for gas analysis, including sampling devices, sampling methods, sampling technical
cons]derations, and sampling safety.

Thisdocument applies to both direct and indirect sampling of gas in pressure@eeeptacles and pipelines,
including pure gases and gas mixtures. Compressed and liquefied gases are beth consideref.

This|document applies to the sampling of processed gases and does notinivolve gas treatmert processes.

The sampling procedures specified are not intended for the sampling of special products wihich are the
subject of other International Standards, such as liquefied petroleum gases (see ISO 4257) And gaseous
natufal gases (see ISO 10715).

2 Normative references

The following documents are referred to in thetext in such a way that some or all of their content
constitutes requirements of this document. For-dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendmenpts) applies.

ISO 3165, Sampling of chemical products. for industrial use — Safety in sampling

[SO 16664, Gas analysis — Handling-of calibration gases and gas mixture — Guidelines

3 Terms and definitions
For the purposes of this-document, the following terms and definitions apply.
[SO dnd IEC maintdin/terminological databases for use in standardization at the following gddresses:

— SO Onlinebrowsing platform: available at https://www.iso.org/obp

— IEC Eleetropedia: available at http://www.electropedia.org/

31
gas
materials which are present completely in gaseous form at a temperature of 20 °C under the absolute
pressure of 0,101 3 MPa

Note 1 to entry: The materials here include single mediums and mixtures.

3.2
compressed gas

gas (3.1) which, when packaged under pressure for transport, is entirely gaseous at all temperatures
above -50 °C

Note 1 to entry: This category includes all gases with a critical temperature less than or equal to =50 °C.

[SOURCE: ISO 10286:2015, 705, modified — Modified to include all temperatures above -50 °C.]

© IS0 2020 - All rights reserved 1
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liquefied gas
gas (3.1) which, when packaged under pressure for transport, is partially liquid at temperatures
above -50 °C

[SOURCE: ISO 10286:2015, 706, modified — Modified to specify that gas is packaged under pressure.]

3.4

high pressure liquefied gas
gas (3.1) with a critical temperature between =50 °C and +65 °C

[SOURCE: I

010286:2015 708]

3.5
low pressu
gas (3.1) wit

[SOURCE: IS

3.6
toxic gas

gas (3.1) which is known to be so toxic or corrosive to humans to pose ayhealth hazard or whi

presumed t
acute toxicit

Note 1 to ent
[SOURCE: IS

3.7
gas in pres:
gas stored i}

3.8
gas in pipel
gas delivere

3.9

sampling d
component{
regulators/1

3.10
sampling s}
gas transmi
pipelines (3.1

e liquefied gas
h a critical temperature above +65 °C

0 10286:2015, 707]

b be toxic or corrosive to humans because it has a lethal caoncentration 50 (3.38) valy
y equal to or less than 5 000 ml/m3 (ppm)

Fy: Other risks, such as tissue corrosiveness, are sometimesyassociated.

0 10286:2015, 716]

sure receptacles
1 closed cylinders, tube, pressure drums, tanks and other pressure receptacles

ines
d in pipelines during the production process

pvice
that comprise the sampling system (3.10) mainly includes sample lines (3.26), pres
educers, flow controllers, connectors and sample containers

stem
ssion and-control system constructed by gas storage container or sample point of g
B) andvarious sampling devices (3.9)

3.11

representative sample
sample assumed to have the same composition as the material sampled when the latter is considered as

a homogene
[SOURCE: IS
3.12

ous whole

0 6206:1979, 3.3]

direct sampling
sampling in situations where there is a direct connection between the gas to be sampled and the
analytical unit

ch is
e for

sure

as in

[SOURCE: ISO 10715:1997, 2.1, modified — The word "natural” has been omitted from the definition.]
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indirect sampling
sampling in situations where there is no direct connection between the gas to be sampled and the
analytical unit

[SOURCE: ISO 10715:1997, 2.7, modified — The word "natural” has been omitted from the definition.]

3.14

sampling plan
planned procedure of selection, withdrawal and preparation of a sample or samples from a lot to yield
the required knowledge of the characteristic(s) from the final sample so that a decision can be made

rega
[SOy

3.15
spot
indir
spec

3.16
incrq
indir

3.17
cont
dired
certd

3.18
intel
dired

3.19
ullag

dills thC lut
RCE: ISO 6206:1979, 3.1.5]
sampling

ect sampling (3.13) from a specific part of the stream of material with a certain
fic time

pmental sampling
bct sampling (3.13) by collecting a series of spot samples inte‘a combined sample

inuous sampling
t sampling (3.12) taken continuously from a stream of material with a constant flq
in period of time

‘mittent sampling
t sampling (3.12) from a stream of material with predetermined intervals

{3

outage

spac
fixed

Note
[SOU|

3.20
sam|
part

e in the container not occupied by the material, or the distance between the material s
reference point at the tep of the container

1 to entry: This volunie allows room for expansion.

RCE: ISO 620631979, 3.3.14]

bling error
of the&'total estimation error of a characteristic due to known and acceptable deficig

samy

volume at a

w rate in a

urface and a

ncies in the

ling plan (3.14)

[SOU
3.21

RCE: ISO 6206:1979, 3.4.10]

incremental sampler
sampler which accumulates a series of spot samples into one composite sample

[SOU
3.22

RCE: ISO 10715:1997, 2.6]

low-pressure gas
gases with a pressure between 0 MPa and 0,2 MPa at sampling temperature

Note 1 to entry: Except for special provisions, all pressures mentioned in this standard are gauge pressures.
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high-pressure gas
gases with a pressure exceeding 0,2 MPa at sampling temperature

3.24
lag time

time taken for a representative sample (3.11) to enter the instrument

[SOURCE: IS
3.25

sample container

0 11042-2:1996, 3.5.1.1]

container for collecting the gas sample when indirect sampling (3.13) is necessary

[SOURCE: IS

3.26
sample ling
conduit to ti

Note 1 to ent
[SOURCE: I
3.27

sample prope

device inser

Note 1 to en
external to th

[SOURCE: IS

3.28
sampling p
point in the

[SOURCE: IS

3.29
filling ratig
ratio of the
fitted ready

Note 1 to ent

[SOURCE: IS

0 10715:1997, 2.14]

ansfer a sample of gas from the sample place to the analytical unit or sample container (]
y: Another word used for sample line is transfer line.

0 14532:2014, 2.3.2.5]

Led into the gas pipelines so that a representative sample’(3.11) of the flowing gas can be

[ry: The sample probe will have a conduit to convey the sample from the flowing gas to a
e pipeline.

D 14532:2014, 2.3.2.6, modified — The seeond sentence has been formatted asanotetoe
pint
oas stream where a representative sample (3.11) can be collected

0 10715:1997, 2.17]

mass of gas to,the mass of water at 15 °C that would fill completely a pressure recep
for use

Fy: Synongms are filling factor and filling degree, often expressed in kg/1 or similar.

0 10286:2015, 747]

.25)

aken

point

htry.]

tacle

3.30

continuous

purging method

purging method by continually purging the sampling system (3.10) with sample gases

3.31

fill-empty cycle purging method
purging method by sequentially filling and emptying the sampling system (3.10) repeatedly with the gas

to be taken

3.32

evacuation-

gas purging cycles

purging method by sequentially evacuating and pressurizing the sampling system (3.10) with the
sample to be taken

© IS0 2020 - All rights reserved
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sampling from the gaseous phase
process that takes a sample from the gaseous phase of the liquefied gases (3.3)

3.34

sampling from the liquid phase
process that takes a sample from the liquid phase of the liquefied gases (3.3)

3.35

sampling in liquid form
process that takes a sample in liquid form directly from the liquid phase of the liquefied gas (3.3)

3.36
sam|]
proc
lique]

3.37

pling after evaporation
bss that takes a sample in gaseous form by vaporizing the sample from the liquid |
fied gas (3.3)

liquild valve

devi
gas (

3.38

e with an internal fixed sample loop, fitted to an analyser for the dir¢ct sampling (3.12
B.3) in liquid form, which can keep the liquefied gas to be collected*‘completely in the i

lethal concentration 50

LC;
conc
caus

[soy

3.39
corr

gas (
[SOU

3.40
float
samp

Note

[SOU;
and 1

4

entration of a substance in air exposure to which, for-a specified length of time, it is
e the death of 50 % of the entire defined experimental animal population after a defined

RCE: ISO 10298:2018, 3.1]

psive gas

B.1) which, when dissolved in watenor other liquid, causes corrosion of metal

RCE: ISO 13703:2000, 3.1.4]

ing piston cylinder

le container (3.25) tHat has a moving piston separating the sample from a precharge g

1 to entry: The pressures are in balance on both sides of the piston.

he second\sentence was formatted as a note to entry.]

bhase of the

of liquefied
quid phase

expected to
time period

HS

RCE: ISO 14532:2014, 2.3.2.1, modified — The container has been specified as a "sample container"

bampling plan

A feasible and complete sampling plan should be developed before sampling as shown in Figure 1.
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Direct sampling Indirect sampling

l

Determine specific sampling type (see Clause 5)

Consider sampling techniques (see Clause 6)

Determine sampling process (see Clause 9)

Choose sampling devices (see Clause 8}

Formulate sampling safety (sée Clause 7)

Sampling (see Clause 9)

Figure 1 — Scheme of sampling plan

5 Sampling classification

5.1 Sampling classification of gases

In this document, the sampling classification is based on whether the gas is directly fed to the anallyser
or not. In adldition, the sampling methods vary among different gas packaging, storage method§ and
sampling pyrposes.

Direct sampling, if possible4s strongly recommended. In the case of indirect sampling, the potential
loss of component during;the time between sampling and analysis should be studied and incorporated
in the uncertainty budget:

In general, fpr gas in-pressure receptacles, the internal composition is relatively uniform and constant.

For gases in|pipelines, the purpose and controls required dictate the type of sampling used. The design
3 1 1 1 Cih | 1 41 41 T i £ 1. .
ofa samplln prarsmoura COITSTOCT WITCTIICT tIIC ODJeTTIVES O sanIpIiTg are to.

— determine the instantaneous gaseous composition;

— determine an average composition over a specified time interval;

— establish changes in concentration by repeated sampling over a specified time;

— pass continuous samples into the analyser to measure both limit and average composition.

A flow chart detailing the gas sampling classification is shown in Figure 2.

6 © IS0 2020 - All rights reserved
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Clause 9 Gas sampling

9.4 Direct sampling 9.5 Indirect sampling
9.4.2 Gas in pressure 9.4.3 Gas in 9.5.1 Gas in pressure 9.5.2 Gas in
—fl receptacles pipelines receptacles pipelines
9.4.3 Continuous 9.4.3 Intermittent
sampling sampling 9.5.2.1( Spot [[9.5.2.2 Infremental
sampling sampling

Figure 2 — Gas sampling classification

5.2 | Sampling classification of liquefied gas

Wheh sampling liquefied gases, a representative'sample is obtained by sampling from the liquid phase,
howgver, it can also occasionally be necessat'y’to sample the vapour phase.

Sampling from the liquid phase is further subdivided into sampling in liquid form or sampling after
evappration. The method of sampling used is normally determined by a review of the physical
propgrties of the liquefied gas such*as vapour pressure, etc. Generally, high pressure liquefied gases
requjre evaporation whereas low-pressure liquefied gases may be sampled in liquid phase.

For the liquefied gas sampling classification, see Figure 3 which details the sampling nfethods that
should be used. Then, fallow 5.1 to determine the specific sampling type.

Liquefied gas sampling

Sampling from the liguid nhase
r O e r

Sampling from the gaseous phase

Sampling in liquid form Sampling after evaporation

Figure 3 — Liquefied gas sampling classification

© IS0 2020 - All rights reserved 7
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6 Technical specifications

6.1 Overview

For gas sampling, attention should be paid to but not limited to the following technical aspects in order
to collect sufficient representative sample.

6.2 General considerations for gas sampling

6.2.1 Ads

orption, reaction and permeation of sampling system

Such proble
details).

However, so
heated or ¢
should be c4

6.2.2 Lea

Leaks in thej
into the syj
thereby affe

The samplif
contaminatg
Furthermor
longer venti

6.2.3 Lea

All connections and welds shall be tested pfior to first use. During subsequent re-use of the sam|

system, re-d
retested, th
shall be perj
and their co

ns can be minimized by choosing sampling devices of suitable materials (see Clanse

me slight adsorption is difficult to overcome. In this case, the sampling system shou
pntinuously purged for a long period of time. Quality assessment of theysampling sy
rried out according to 9.2. The adsorption shall be considered in the uncertainty budg

ks and atmospheric diffusion in the sampling system

sampling system not only result in a loss of gas from the system but also allow air to di
tem (the partial pressure of the component determines\the direction of the difful
cting the composition of the sample.

ig system should be leak tested (see 6.2.3) prior to use to ensure the sample will n
bd, the composition changed, or hazardous conditions created by the ingress o

ng lines.

k testing of the sampling system

onnected parts should be retested for leaks. Other parts of the system should be regy
s is particularly importantfor corrosive gases. When sampling toxic gases, leak te
formed before each use-of-the sampling system. The integrity of the sampling conta
hnection with the sampling system should also be tested.

1g test methods may-be used.

e drop indicates a leak.

resultir1g ir\an increase in pressure indicates a leak.

ion of the system and monitoring the vacuum achieved. A deterioration in the vag

8 for

Id be
stem

ffuse
sion)

bt be
[ air.

e, the back-diffusion of air into gas venting lines should be avoided by, for example, ising

pling
larly
sting
iners

ization of the€)system, followed by monitoring of the static pressure with respect to tifne. A

uum

of leak detection solution, the system should be purged out to ensure dryness prior to use.

The followi

a) Pressur
pressur

b) Evacuat

c)

d)

presenc

e of helium outside the system is detected with the mass spectrometer).

Pressurize the system and check all connections with a leak detection solution. Following the use

Use of a leak detector (e.g. mass spectrometry, where the system is filled with helium and the

The correct selection of a leak detection method depends upon the system requirements. For example,
leak detection solution might not detect small leaks, however, instrumentation such as a leak detecting
mass spectrometer having a high sensitivity can be used to determine the precise location of the leak(s).
It is common practice to use a combination of the methods specified to establish the integrity of the
sampling system, i.e. leak tightness.

© IS0 2020 - All rights reserved
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Sampling systems for use in toxic gas service shall be thoroughly leak tested. A sensitive method of leak
detection such as evacuation followed by the monitoring of the vacuum or the use of a leak detecting
mass spectrometer should be used.

When leak detection solution as well as pressurization are used in the test, if pressurization by an inert
gas is required, the molecular size of the chosen inert gas should not be larger than that of samples to
be collected and the gas pressure shall not be less than the maximum filling pressure of the sample to
be collected.

For samples to be collected which require the analysis of trace water or water-soluble components, leak
detection solution cannot be used to avoid contamination of the sample.

6.2.4 Purging of the sampling system

6.2.4.1 Overview

To avoid contamination from previous samples or residual air in the sampling'system, thorough purging
befofe use should be completed. Inadequate purging can result in inaccurate results being pbtained.

Commonly used methods of purging include:
— ¢ontinuous purging;

— ¢vacuation-gas purging cycles;

— {ill-empty cycle purging.

A combination of these methods may be used deperiding upon the design of the sampling|system and
gas service.

For on-reactive components, 6.2.4.2 and 6:2.4.3 gives a detailed explanation of the mdthods used.
Anngx A gives examples of calculations. Burging cycles and the times for effective purging should be
experimentally verified.

For rleactive components, where adsorption can occur, more purging cycles or time is requifred.

6.2.4.2 Continuous purging-method

Contjnuous purging is ustally used for sampling systems with a small dead volume. It shquld be used
in combination with fillkempty cycle purging or evacuation-gas purging cycles for systemq with larger
dead|volumes.

The [residual .component concentration in the sampling system using continuous purging may be
described by:the mathematical model for exponential dilution.

Therg are two factors determining the component of interest amount fraction change with time in
courgeof continuous purging: a decreasing amount due to removing residual analyte and ah increasing
amount due to incoming sample containing this component. The purging time may be estimated using
the mathematical model shown in Formula (1):

_9, _9,

X, =Xpe 4 +X, 1-e V 1

© IS0 2020 - All rights reserved 9
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where
Xy
Xo
X, Iisa

Q
14

>

isa
isa
t isp
A sampling

and, by com

|

Formula (3

equals zero

%o |

Xx

0

For a given {

Formula (4)
purging tim|
the purging

Formula (4)

t=0is greaf

6.2.4.3 Fi

:2020(E)

is an initial fraction of the residual component in the sampling system, in %;

fraction of the component in the gas the sample is taken from, in %;

continuous and constant purging flow rate of the sampling system, in ml/min;

is a fraction of the component of interest in the sampling system after purging time ¢, in %;

space volume of the sampling system to be purged, in ml;
urging time, in min.

relative error 8, %, is defined as in Formula (2):
<
%100 %
bining Formulae (1) and (2), we obtain Formula (3):
_9,
—1)e V. %100 %
| shows that when x, > x,, § is positive, whenxj*< x,, § is negative, and when x, =

ampling error, §,, minimal necessary purging time t,;, may be evaluated as in Formul

!X_O_
X
Phin| 100 96x F

g

shows that, with other-Conditions being fixed, the closer ratio x,/x, is to 1, the sh

time can be reduced.

is meaningfal-i’e. gives positive value for ¢,,;;,, when |(xo/x,) - 1| > |6,/100 %], i.e. whe

er than §g, 'otherwise a sampling error is acceptable without purging.

|l-empty cycle purging method

(2)

(3)

X

L (4):

(4)

orter

e is required. By increasing the flow rate of the purge gas and reducing the system volume,

O at

Iiing imac o carain Artoin = X

Generally, v

dag zolyynn acnacialley
CItdlilil utdadu VUIUIIIC, bo}}bblall)’ v

T—pre

sure

reducers and sample containers, so continuous purging is not very effective. Fill-empty cycle purging is

more effecti

Annex D giv

ve by sequentially pressurizing and venting the system with the sample to be taken.

es some sampling procedure examples using fill-empty cycle purging method.

It is important to open the gas source valve only partially and only for a very short time (i.e. 0,5 s), both

for safety re

10

asons and in order to avoid back contamination.
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Both the initial pressure and the maximum pressure are the same for each cycle of fill-empty purging.
After n cycles of fill-empty cycle purging, the residual components fraction x,, in the sampling system
may be derived according to Formula (5), the ideal gas under the isochoric conditions:

X, =Xg [%J +X, {1—[%] ] (5)

where
X, is a fraction of the residual component in sampling system after purging cycle n, %;
Xo is an initial fraction of the residual component in the sampling system, %;
Xy is a fraction of the component in the gas the sample is taken from, %;
Bo is an initial absolute pressure of the sampling system;
il is the maximum absolute pressure achieved when the sampling system is pressfirized;
1 is a number of purging cycles;

Bo/p s adilution ratio.

A sampling relative error 8, %, is defined as in Formula (6):

X —X
F="1 "X %100 % (6)

Xx

by combining Formulae (5) and (6), we obtain Formula (7):

n
d={ 201 |[ 2o | %100 % 7
X, p

For g given sampling error, §,, minimal necessary number of purging cycles n,;, may be evaluated as in

Formula (8):

Yo~

In| 100 Y
n

N 5

g

and

‘
|

in = (8)

min

n£
Po

Formula (8) shows that, with other conditions being fixed, the closer ratio x,/x, is to 1, the Jess number

of purging cycles is required.

Formula (8) is meaningful, i.e. gives positive value for n,,;,, when |(x,/x,) - 1| > |5g/100 %], i.e. when 6 at
n =0 is greater than §,, otherwise a sampling error is acceptable without purging.

6.2.4.4 Evacuation-gas purging cycles

Evacuation-gas purging cycles are more suitable for gas samples with a limited available sample volume
and those that are toxic, expensive, ultra-pure, sensitive to oxygen and water, and with pressure equal
to or lower than atmospheric pressure.

Make sure that the pressure reducers used are suited for evacuation and that the purging cycle starts
with evacuation. And it is also important to open the gas source valve only partially and only for a very
short time (i.e. 0,5 s).
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B.1.1 gives a sampling procedure example using evacuation-gas purging cycles.

6.2.5 Homogeneity of gas
Inhomogeneity of the gas will result in sampling errors.

Liquefied gas is not effectively or quickly mixed by diffusion. If the sample in the receptacle is not
homogeneous, it shall be homogenized before sampling.

Gas stratification across pipelines usually occurs at low flow velocities with large pipeline diameters.
Turbulence caused by bends or obstructions is beneficial for gas mixing, and it is advantageous to
sample do . i i i ided. In
addition, ga} stratification can be investigated with the aid of an adjustable sample probe that,collects
samples at lifferent points in the pipeline cross section. Based on the results of these tests,)the| best
sampling pgsition representative of the average composition of the sample is determinedy gengrally
positioned dne-third to halfway into the pipeline.

6.2.6 Inert-gas purging

For condengdable, sensitive to oxygen and water, or toxic and corrosive gas sampling, inert-gas purging
should be ysed (see Figure C.1). For gases that can condense, if condensation occurs due to $ome
unexpected|factors, inert-gas purging is required after sampling to remove any residual sample [from
the system |before taking the next sample. For gases that are sensitive to oxygen and water, inert-
gas purging| is required before sampling to eliminate residual meisture and air (if a vacuum puﬁp is
available, inprt-gas purging is not necessary). For toxic and corrésive gas sampling, inert-gas purging is

used primatily for the purging of sampling system after sampling.

Inert-gas p|1rging should be introduced downstream of the\pressure reducer.

NOTE The inert gas mentioned in this document refersto gases that are not active and do not interferq with
sampling, forjexample nitrogen, helium and argon are coemmonly used.

6.3 Possible condensation during compressed gas sampling

For the sanjpling of condensable gases,\condensation is one of the main factors that can affect the
collection of representative samples. Any of the following factors can cause condensation.

— Pressure and flow regulation )by a pressure reducer or flow controller (needle valve, mass|flow
regulator, capillary, etc.) caf/cause a temperature decrease due to Joule-Thomson cooling.

— The venting process/inthe sample line and container through the fill-empty cycle purging mgthod
can caupe condensation due to loss of pressure and flow rate.

— When spmpling-from a receptacle, condensation can occur inside the receptacle due to adiapatic

expansion,
To avoid themlould
be minimized. Flow characteristics of a flow regulator are usually given by the manufacturer, and the
information is sufficient to judge whether the required flow rate can be controlled by the chosen flow

regulator. When calculating the pressure drop, tube sizing (inside diameter and length) shall also be
considered.

Using more than one pressure reducer to drop the pressure in stages, adding flow (or pressure) control
and/or indicator devices on venting lines, or adding an extension tube (see Figure D.1, typically 0,6 m to
1,2 m in length) to the outlet of sample containers and analysers, are advantageous to minimize the risk
of condensation.

Heating the sampling system is the most effective method. In the case of decompression, it should be
heated from upstream of the pressure reducer. In the case of indirect sampling, the sample container
also needs to be heated for transport and storage. The temperature should ensure that no condensation
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of the condensable components is expected to occur. The required temperature depends on the gas
composition, drop of pressure, pressure, temperature and flow rate, etc.

6.4 Main considerations for liquefied gas sampling

When sampling liquefied gas after evaporation, it should be noted that if the liquid cannot be completely
vaporized, a representative sample cannot be collected.

For high pressure liquefied gases, the ambient temperature is sufficient to allow uniform evaporation.
For low pressure liquefied gases, suitable vaporizers, such as water baths, flashers, etc., should be used
to ensure the uniform and complete evaporation of all components.

Durihg the process of sampling liquid directly, after the liquid sample is flowing out of/the[sample line,
the pressure in the line should always be controlled to a higher pressure than the saturpted vapour

pressure of the sample so as to avoid partial evaporation of the components.

6.5

Samples that are not feasible in containers or cannot be used for analysis|directly

If sufitable sampling vessels are not available or direct sampling is mot’feasible, sorptipn tubes or

impingers should be considered for sampling.

7

7.1

$afety guidance in sampling

Overview

Befofe taking samples, a risk assessment shall be performed to ensure that hazardous copditions are

not

¢reated, and any potentially dangerous conditions are recognized and mitigated. This chapter

is intended to provide safety warnings for\gas sampling, subsequent sample preservation and
trangportation. Because of the complexity and diversity of the actual situation, only general| guidance is
given in this document. Users should be apare of all safety precautions to ensure sampling safety and

perfgrm risk assessments prior to beginiing sampling.

7.2 | General recommendation

Gengrally, gas sampling shall be in accordance with the general recommendation given in IO 3165 and
the fpllowing.

a) $ampling personnel: The sampling personnel should be professionally trained, familiar with

b)

the nature of-the sample to be collected, as well as any possible hazards involved, the protective
measures andthe precautions to be taken when sampling, and the actions and protectiye measures
that shouldbe taken in an emergency.

$ampling operation: Sampling should be performed strictly in accordance with the flocumented
dpevating procedures. The nature of the material and the risks associated with it shoulf be marked
on the sample container. T he sample container may be disconnected from the sampling system after
the pressure is released to vacuum for toxic and hazardous samples or to atmospheric pressure for
non-hazardous samples.

Sampling device: The sampling device should meet the conditions of the sample to be collected,
such as temperature, pressure, flow rate, thermal expansion, etc. Sample containers for use under
pressure should have been pressure-tested, and the maximum safe operating pressure should
be marked on the container. The sample container used for liquefied gas sampling in liquid form
should have a suitable reserved volume, and the position of the reserved tube [see Figure 5 c) and
d)] and the desired fill level (see Figure 6) should be marked on the container and should not be
overfilled. The method of connecting the sampling device should be compatible with the sampling
pressure and sealing requirements.
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Sampling system: The sampling system should have the necessary decompression, flow control,

pressure relief, and venting gas (including the purging and ullaging venting gas) treatment or
evacuation devices to avoid environment pollution or personal injury. The insertion of a shut-off

valve after the pressure reducer (see Figure B.1, B.2 and C.1) is recommended.

Sampling site: The sampling site should have safe access to and from the place where the sample is

taken, adequate light and ventilation as well as the necessary safety facilities (such as leakage alarm
and explosion-proof safety measures when performing flammable gas and toxic gas sampling).

f)

Preservation and transportation of samples: Precautions should be taken to protect the integrity

of the container in storage and transportation. For example, the inlet and outlet of the sample

contain
sampleq
cool) an

7.3 Specific recommendation for sampling a certain substance

Sampling c3
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8.2 Sample container

8.2.1 Sample container material

8211 M

etal containers

Materials of metal containers commonly used include stainless steel, carbon steel, and aluminium alloy.
When collecting active and trace components of gas samples, gas cylinders with special treatment of
the inner wall (such as polishing, passivation, coating, etc.) are usually required. Samples with different
components or different concentrations of the same components can require different treatments.

14
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When selecting sample containers, the material of the valve and valve core, which might be in direct
contact with the sample, should also be considered. Commonly used metal container valves are made
of stainless steel and copper and the valve cores are made of stainless steel, polymer, rubber, nylon, etc.

For high-pressure gas, high and ultra-purity gases, corrosive gas, toxic gas, liquefied gas, large gas
volumes and the detection of trace oxygen, nitrogen, water, carbon dioxide, and samples sensitive to
oxygen and moisture, metal sample containers are recommended.

Material of the sample container for liquefied gas should also be able to withstand rapid changes in
temperature.

8.2.1.2— Non-metallic containers

8.2.1.2.1 General provision

For gas sampling at atmospheric, sub-atmospheric and low-pressure, non-metallic sampl¢ containers
may [be used. But because of the poor pressure and temperature resistancé’and leak tightness, non-
metdllic sample containers are not suitable for situations where metal sample containers are required
as dgscribed in 8.2.1.1 and the collection of samples with high temperatute’are required.

8.2.1.2.2 Glass containers

Glasg containers have good chemical inertness and if necessary, the inner wall of these contpiners could
be treated (such as silanization, etc.) to reduce any absorption.

Glasg containers sealed with piston oil are not suitablé&for accurate sampling of organic ¢omponents,
becajise organic materials can partially dissolve in the piston oil. And, in future sampling| the organic
matter can volatilize to contaminate the sample,Jfglass containers have to be used, otherf methods of
sealipg should be chosen.

Glasg syringes and glass sample tubes are common glass sample containers.

Therg are two common forms of glass'sample tube, dual straight stopcock sample tube [seq Figure 4 a)]
and dlouble oblique bore stopcock sample tube [see Figure 4 b)].

a) b)

Figure 4 — Diagram of glass sample tube

8.2.1.2.3 Composite membrane airbag

Composite membrane airbags are better than rubber airbags with respect to gas adsorption and
permeability (see 8.2.1.2.5). The airbags produced by different manufacturers can have different kinds
and concentrations of organic residue present. Therefore, before sampling for trace organic species, the
air bags should be tested to determine whether they are satisfactory for their intended use.
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8.2.1.2.4 Polymer airbags

Common polymer airbags are made of polyethylene, polyvinyl fluoride, polypropylene, polyester or
copolymer, etc. Compared to composite membrane airbags, polymer airbags have better inertness and
might be suitable for sampling of trace active components.

In all cases, the loss of component due to adsorption and diffusion shall be studied and quantified in the
uncertainty budget.

8.2.1.2.5 Rubber airbag

Rubber airbpgsarecheapamdconvenient touse but rave strong permeabitity amdadsorptiom formost
gaseous corpponents, which can cause sampling errors and safety hazards. Therefore, theyyarg¢ not
recommendgd.

8.2.2 Strycture of sample container

8.2.2.1 Cqmmonly used sample containers

Commonly @ised sample containers for compressed gas, high pressure liquefied gas and low pregsure
liquefied gajs are usually divided into single-valve container [see Figure 'S a), such as syringes,| etc.]
and dual-valve container [see Figure 5 b), c) and d)] according to the stxucture. Figure 5 c), d) apply to
liquid sampling of high pressure liquefied gas and low pressure liquéfied gas, and Figure 5 d) applies to
sampling of ftoxic liquefied gas.
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Key
1 1eserved tube

leserved volume of the containex

The maximum volume may befilled with sample.

Figure 5 — Structure of sample container for gases

of coptainer d) and the tube of container c) should be sized to ensure that the filling ratio [or reserved

The Enger tube ofycontainer d) should be inserted near the bottom of the cylinder, and the|shorter one
volume) of the container is kept.

Othefr cohfigurations (such as a rupture disk on metal sample container), except for valves gf the sample
contqiners, are not shown here. C]

8.2.2.2 Floating piston cylinders

A typical structure of the floating piston cylinder is shown in Figure 6.
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Figure 6 —Floating piston cylinder

Only some key configurations indicate the structure of the floating piston cylinder are shown in
Figure 6.

The floating piston cylinder-is designed to collect liquid samples with no vaporization by displacing
a piston agginst a pressurizing fluid (precharge gas). The piston serves as a physical barrier between
the sample pnd the precharge gas, at the sampling pressure. The position of the piston at the end of
sampling ingdlicates the pércent fill of the sample container.

8.2.3 Volume of sample container

The volume'ofthe aaluylc contaitret dClJClldb otrthe—amountof acuup}c 1cquil edforalt aua}_ybca o be
performed (sometimes it can be necessary to collect multiple samples at the same time, such as sampling
with a suitable cylinder that satisfies the sampling requirements for the different components). For the
liquid sample volume of the liquefied gas, the volatilization of the liquid phase in the container after
sampling should also be considered.

8.3 Sample probe

For sampling gas in pipelines, especially for larger size pipelines, the wall of the pipeline can adsorb some
components. In addition, due to the high-speed flow of gas in the pipe, liquid impurities can accumulate
at the inner wall of the pipeline. Without the use of a sample probe, the sample taken can contain too
much water and other condensable and adsorption components, which are not representative of the gas
in the pipeline.
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In addition to meeting the general requirements in 8.1, the sample probe should also be easy to process
and have good mechanical properties.

In general, for sampling gases containing particulate matter, a sample probe with a filter should be used.
It is recommended that the sample probe itself has a replaceable filter and a backflush function to avoid
the probe being blocked. For high-temperature gas sampling, sample probes with suitable temperature
resistant materials should be selected, and cooling measures (e.g. air or water jacket) should be
considered, especially for flammable gas sampling to reduce the possibility of chemical reaction during
sampling. When collecting condensable gas, sample probes with heating should be selected.

8.4 Pressure reducer and flow controller

essure, it is
brs (such as
re sampling.
[lyser should

If the gas pressure of the sample to be collected is much higher than atmospheric)pr
recommended that the pressure be reduced by pressure reducers and/or flow controll
needlle valves, mass -flow controllers, capillaries, etc.) to a safe pressure and flow{ate befo
Wheh performing direct sampling, the pressure and flow rate of gas going through the ana
be syfficient to meet the requirements of the analyser.

Whe
shou
the g
and 1

The

includes stainless steel or polychloroprene, etc. Both.the valve body and diaphragn

cons

For ¢
wate

needlle valve may be used in these situations, however the precaution of adding a safety val

the 1
does

8.5

Many
pum
avail

8.6

8.6.1
The

h selecting the regulating devices, the compatibility between materials'and samples to
|d be determined by the nature of the gas first. And then choose thefegulating device
as flow, the input and output pressure, the possible maximum pressure in gas sampl
he requirements of sampling temperature.

material commonly used for regulators is stainless steel or copper, and the diaphra

dered when selecting materials.

xample, for sampling a gas containing traces of'absorbable components as well as oxyg
r, the dead volume of the regulating devicetwhosen should be as small as possible. A

eedle valve and the analyser, should be:taken so that a potential pressure increase ir
not create a hazard.

Sample pump

 types of pump are available, for example a diaphragm pump, a metal bellows pump
b, etc. The choice depends upon the scale and duration of sampling operations, {
able on the site, and also upon the flow rate or degree of vacuum required.

Sample line

Material of sample line

sample line might be a stainless-steel line, carbon steel line, copper line, aluminiunj

be collected
hccording to
ing systems

bm material
I should be

b1, nitrogen,
fine control
[ve between
the system

an ejection
he facilities

| line, metal
So on.

hose

olass tube, quartz tube, polytetrafluoroethylene tube, polyethylene, rubber tubes and

Where metal sample containers are required as described in 8.2.1.1, metal lines are preferred.

When using non-metallic sample lines, it is also important to consider their permeability by certain
components and water vapour. For example, PTFE is extremely inert, but it is highly permeable to water
vapour and therefore not suitable for the sampling of water-soluble gases.

Polymer lines are usually used only for short connections. If longer connections are required,
experiments should be conducted to prove that the samples to be collected are not subject to adsorption
or contamination due to permeation.

Due to the strong adsorption and permeability of rubber tubes to many components, rubber tubes are
usually used for short sleeve connection only. To avoid the contact between rubber tubes and gas, two
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lines of the pipeline should be closely butted, and the interface should be fixed outside with a suitable
diameter of the rubber sleeve.

For the sampling of trace and active components, if necessary, the inner surface of the line should be
treated, by passivation, coating and polishing to minimize the adsorption and the purging time.

8.6.2 Length and diameter of sample line

The diameter of the tube should be selected to optimize sampling. A large diameter is advantageous for
the rapid purging of a large number of samples. However, in view of laminar flow and rapid purging,
a small diameter is more appropriate. For trace active components, oxygen, nitrogen, water, carbon
dioxide and[gases sensitive to oxygen and water, the diameter should be as small as possible.

The sample|lines should be as short as possible. If long lines cannot be avoided, extending the purging
time for the|sampling of gas in pressure receptacles, and using a high flow bypass line helps’to rgduce
the lag time|for sampling of gas in pipelines (see Figure C.1).

8.7 Connkecters and seals

Connector materials commonly used are stainless steel and copper. Seals in¢ludé metal materials (such
as copper ahd stainless steel) and non-metallic materials (such as rubber;, etc.). Where metal sample
containers dre required as described in 8.2.1.1, metal seals are preferred

When sampling trace active components particular care should.also be taken with the selectipn of
connectors find seals that come into direct contact with gases.

Try to avoid using dissimilar metals in contact with each*©ther, as it can cause increased rates of
corrosion and result in sampling errors or safety problems

8.8 C(leaning and drying of the sampling device

Lubricants, grease, slag particles and other contaminants might be present in the sample containef and
sample line$ and seals, which should be tharoughly cleaned using proper volatile solvents, then dried
and the solyent residue in the container, tested for prior to use. For a coated or passivated sampling
device, the dppropriate cleaning metho@:should be selected after discussions with the manufacturer.

8.9 Conngction of samplingdevices

There are many kinds ofCegonnections between sampling devices, such as ferrule connections,
connectiond with metal gaskets, welding, tower head-hose connections, quick connector connecfions
and so on.

First, the connectienis selected based on safety considerations. For example, metal lines and seals for
connection pr welding are recommended if long lines are used. For the determination and sampling of

toxic and ultrapure gases is recommended that welded or connections with metal gaskets are pised.
High-press ' i ' i nade

of metal), welding, and special quick connector or connector with metal gasket. Tower head-hose
connections and ferrule connections with non-metallic seals are only suitable for low-pressure gas
sampling.

Second, the requirements for purging and the convenience of use should be considered. For example,
a connector with metal gasket has been electropolished and cleaned and is provided with high leak
tightness and no dead volume and is therefore especially suitable for ultrapure and toxic gas sampling
that have strict sealing requirements.. Quick connector connections might connect or disconnect the
sample lines without any tools, which is durable and especially suitable for applications requiring
repeated disassembly, such as frequent indirect sampling. There are different types of quick connectors
to choose from, depending on the type of gas sample to be taken.
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9 Sampling
9.1 Sampling method block diagram

9.1.1 Overview

To facilitate the use of this document, based on the state of the gases (compressed gases and liquefied
gases) and the classification of sampling in Clause 5, specific sampling methods of different gases
are given in block diagrams in this section, allowing users to quickly select the appropriate sampling

methods for the different gases.

In t}'Je block diagrams, only the more appropriate sampling method is given for each.g@ap, and other
metHods might be used. For example, the sampling of high-pressure compressed gas may aflso be taken

with|a vacuum pump.

9.1.2 Block diagram of compressed gas sampling method

The block diagram of compressed gas sampling method is shown in Figure 7.

| Compressed gas sampling |

Djrect sampling of gas in

pfpelines: see 9.4.3 and C.1 Indirect sampling ofgas in pipelines: see 9.5A2| 9.5.1.3.2and E.1

Evacuated-container sampling: see

Direct sampling

Djrect sampling of gas in

Indirect_sampling of gas | Fill-empty sampling: see 9.5.2.1 and Anifex D

in receptagles: see 9.5.1

rdceptacles: see 9.4.2 and B.1

N

Source pressure

with a  limited

Samples higher than

available sample volume and

atmospheric

those that are toxic, expensive, Samplirig without

avactum pump:
see B.1.2

ultra-pure, sensitive to oxygen

and water, and with pressure

equal to or lower than

atmospheric pressure

Evacuated-system sampling: see 9.5.1.3.3 and F.1 |

gas

™~

Samples with a limited avaijable

sensitive to oxygen and wal

High-pressure

sample volume and those that
are toxic, expensive, ultra-pure,

Evacuated-
system

\¢ v .
>> sampling:
see9.5.1.3.3
and F.2

Sampling with a vacuum,pampssee B.1.1 |

| Evacuated-system sampling: see 9.4.1.3.3 and F.1 |

Figure 7 — Block diagram of compressed gas sampling method

9.1.3 ““Block diagram of liquefied gas sampling method

The block diagram of liquefied gas sampling method is shown in Figure 8.
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9.3 Sampling from
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form: B.2 X .m receptacles liquid form
liquid form
9.5.1.3.2 Evacuated{container Small volumes Evaporation
sampling: E.3 of gas sampling is needed
Accurate sampling
9.5.1.4 of trace volatile
Sampling components,
using
floating
piston 9.5.1.3.2
cylinders Evacuate
containe
sampling:

E2

9.5.1.2
Fill-empty sampling:
Annex D

Figure 8 — Block diagram of liquefied gas sampling method

ntegrity of the sampling system,the assessment of the sampling system should be

done

The assessment of a direct sampling system shall be in accordance with ISO 16664 while an indirect
sampling syjstem shall be validatedusing a gas standard of known composition followed by ana
The consistlency of the analysis~results, when compared with the concentration of the stan
demonstrates the integrity of the Sampling system.

9.3 Sampling from thegaseous phase and sampling after evaporation of liquefied gas

lysis.
Hard,

If a vaporizér is reqliived (for sampling after the evaporation of a liquefied gas), it should be installed
after the sample.probe (for gas in pipelines) or sample container outlet valve (for gas in pregsure
receptacles). If°"decompression is required, the pressure reducer should be installed at a sui
position aft¢rthe vaporizer, or a vaporization pressure reducer may be used.

rable

Whether for direct or indirect sampling, sampling of gas in pipelines or in pressure receptacles,
the sampling method and flow chart of liquefied gas after evaporation are the same as that of the
corresponding condensable compressed gas (for example, the direct sampling method after evaporation
of liquefied gas in pipelines is the same as the direct sampling method of condensable compressed gas

in pipelines).

The method and flow chart of the sampling in the gaseous phase of liquefied gas are the same as that of
the corresponding condensable compressed gas.
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9.4 Direct sampling

9.4.1 General provisions

A direct sampling system should ensure that the sampling repeatability meets the expected
requirements.

If a calibration gas is used, it should be introduced into the analyser under the same conditions as the
sample gas. Measures should be taken to ensure that there is no interference between the calibration

gas and the sample.

dldD V O e dlre ."'o': Y ) OWTIIeLe . NOWT T]
uld be specified in the sampling system depending upon the requinen

fure gauge sho

bure B.2) or

pult D.&

pres ents for the
analyser. In this way, a constant flow or pressure shall be maintained for all sampling:

It is [recommended the flowmeter is placed in the outlet of the analyser forsampling [in pressure
receptacles (as shown in Figure B.2) for rapid purging.

For d
the a
or nd
analy
prev
the e

9.4.2

Exan
Annd

For (
with
as dd
meth

In ad
analy

9.4.3
For 1
the 1
Figu

Annd

irect sampling, the design of the sample line also depends on how he sample is int
nalyser. There are usually two methods of sample introduction, €ither using extracti
n-extractive analysers. The flow chart in this standard is based‘on a system using no

bnt over pressurization of the analyser and sampling pump. The excess-flow line shall |
nd of the sample line and before the analyser in a T orientation.

Direct sampling of gas in pressure receptacles

ples of direct sampling methods and flow_chart of gas in pressure receptacles aj
X B.

ompressed gas sampling, depending eh’whether a vacuum pump is available, there

scribed in 6.2.4.4, sampling with-avacuum pump is more suitable. For other gases, eith
od may be used.

dition, sampling with a yvaguum pump or without a vacuum pump also depends on t
ser.

Direct sampling-of gas in pipelines

nost direct sampling of gas in pipelines, only a small proportion of gas enters the a
emainder Should be diverted in the bypass line and returned to the main pipeline (
e C.1) orvented to a safe location.

X G‘gives detailed examples of direct sampling (continuous sampling and intermittent

oduced into
e analysers
n-extractive

Fsers. For extractive analysers, an excess-flow line shall be,included in the samplinjg system to

be located at

‘e shown in

is sampling

and without a vacuum pump. In general, for the gases suitable for evacuation-gas purging cycles

er sampling

he design of

halyser, and
hs shown in

sampling).

9.5

9.5.1

Indirect sampling

Indirect sampling of gas in pressure receptacles

9.5.1.1 General

There are two methods for indirect sampling of gas in pressure receptacles, namely fill-empty sampling
and evacuation sampling.

9.5.1.2 Fill-empty sampling

Fill-empty sampling is mainly based on the fill-empty cycle purging of the sampling system, which
is suitable for compressed gas sampling where the source pressure is higher than the atmospheric
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2020 - All rights reserved

23


https://standardsiso.com/api/?name=e2ccfcde309824cea7d446b104f446f1

ISO 19230

:2020(E)

pressure and for liquefied gas sampling in the liquid phase with a double-valve container as shown
in Figure 5 c). Special attention should be paid to gases with a pressure only slightly higher than the
atmospheric pressure. This is because, if the temperature of the source gas is high, the temperature of
the sample line and container shall be such that the gas pressure is still higher than the atmospheric
pressure after cooling, to prevent air ingress into the samples.

For compressed gas sampling, sample containers should be double-valve as shown in Figure 5 b) to
enable effective purging.

Annex D giv

es detailed examples of this method.

9.5.1.3 Ey¥

9,5.1.3.1
Evacuation

cycles, this
method) an

9.5.1.3.2

In this method, the sample container is evacuated to a suitable pressure that does not interfer

sample to bq

This method
gas samplin
of liquefied

small volumles of liquefied gas sampling after evaporationiisually has a single valve structure, hoy

a double val

Annex E giv

9.5.1.3.3

This metho
gases descr

Detailed exa

9.5.14 S4

The use of f}
component{
might contd

acuation sampling

Dverview
tampling is mainly based on the purging of the sampling system by evacuation-gas pu

mainly includes evacuating the sample container only (evacuated-container sam
| evacuating the entire sampling system (evacuated-system sampling-method).

Evacuated-container sampling

 collected before connected to the sampling system.

| is suitable for high-pressure and low-pressure comjpressed gases sampling, toxic liqu
b in liquid form using a double-valve container shown in Figure 5 d), as well as small amd
gas sampling after evaporation. The sample container for compressed gas sampling

ve structure is also applicable.

bs detailed examples of this method.

Evacuated-system sampling

is not limited by the pressure of the gas source and is especially suitable for sampli
bed in 6.2.4.4.

mples of this methed-are shown in Annex F.

mpling using‘floating piston cylinders

oating piston cylinders is encouraged to minimize or eliminate the volatilization of vo
into thesHeadspace. It gives a highly accurate sampling of low pressure liquefied gag

highly accu

ging
pling

b the

efied
unts

and
ever

ng of

latile
that

in grace volatile components, such as ethane. In addition, it is recommended wherever

ate,determination of light components is required.

Detailed examples of this method are shown in Annex G.

9.5.2

Indirect sampling of gas in pipelines

9.5.2.1 Spotsampling

The method of spot sampling is the same as indirect sampling of gas in pressure receptacles (see 9.5.1).

9.5.2.2 In

cremental sampling

Incremental sampling is mainly used for gas sampling in pipelines where the sample composition
changes significantly with time.
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The key to effective incremental sampling is setting the sampling time and interval appropriately and
keeping a constant flow rate during sampling to ensure the collection of representative samples.

Incremental sampling may be controlled manually or automatically by a commercial incremental
sampler.

The method of incremental sampling is the same as indirect sampling of gas in pressure receptacles
(see 9.5.1).

9.5.3 Leakage test of sample container

Aftey
such
in wé

Aftel
prev

9.5.4

Anal
data
samyj
pern
stord

9.6

the bdlll})‘lillg s Luulplctcd, the bdlllp}c contatrershouldbetestedforteaks by asuity
as using the leak detector or leak detection liquid described in 6.2.3, or by immersingt
iter. If a leak is detected, discard the sample, repair or replace the sample contajrer, an

the test is completed, the inlet and outlet of the container should be capped imr
bnt contamination.

Storage of samples

ysis should be completed as soon as possible after sampling, and there should be e
to prove that the required storage period does not causé changes in the compos
le. The factors that can cause changes in the composition-of the sample include the adg
leation related to the sample container, the reaction of the components in the samp
ge conditions, etc.

Sampling records

Sample records should include at least the following:

— 1

— 1

— 1

— 1

he sampling method;

he sample description;

he sampling container number;
he sampling date and tithe;

he sampling point details;

he sampling pressure or volume;
he gas soufee temperature;

he sampling personnel;

he-sampling conditions;

ble method,
he container
d resample.

nediately to

Kperimental
ition of the
orption and
e under the

— any abnormal conditions found during sampling.
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Annex A
(informative)

Examples of estimation of the purging time and purging cycles for

sampling system

A1 Exan|lples of estimation of the purging time needed for continuous purgin|g

EXAMPLE 1

To sample an
min, purging]
with oxygen
continuous p

20
% 50

. 20

N2 50

The referenc
EXAMPLE 2

To sample an|
volume Vis 2|

The residual
-10 %. The ti

The residual sample contains a component to be determined.

d detect O, and N, with both mole fraction x, of 0,001 % in H,. The purging flow rate Q is 5
volume V is 20 ml, the required sampling error ¢ is 10 %, the sampling system'is exposed
nitrogen mole fraction x,_g,/X(.y, are approximately 21 % and 79 % respectively. The timg
irging is estimated using Formulae (A.1) and (A.2) according to Formula.{4):

21
sl
min In| 100 %x 0,001 =4,90 min
%
79
1
minIn| 100 %x 0,001 =5,43 min
%

e purging time is subject to the larger one (if{itrogen in this example).

The residual sample does not contaifn_any component to be determined.

D ml/
o air
t for

(A1)

(A.2)

d detect CO with mole fraction x;0f0,001 % in H,. The purging flow rate Q is 50 mL/min, purging

0 ml, the required sampling exror ¢ is 10 %.

sample does not contain the)component to be determined (CO), so x is 0, x, < x,, § is negative, g
me ¢ for continuous purging is estimated using Formula (A.3) according to Formula (4):

Q
t:@milnln 100 %x 0,001 =0,92 min
50 -10%
A.2 Example of estimation of the purging cycles needed for fill-empty cycle pur

hat is

(A.3)

ping

The initial pressure p, is 0,1 MPa, the maximum pressure p is 10 MPa in purging, and the initial mole
fraction of oxygen in the sampling system x;_q, is 21 %. If the mole fraction of the component to be
determined x, is 0,001 %, and the sampling error is 2 %, the purging cycles estimation process is as

shown in Formula (A.4) according to Formula (8):

In| 100 %x

21

0,001

0

=3,01

min

26

10
0,1

(A4)
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Direct sampling for gas in pressure receptacles

B.1 Direct sampling for compressed gas in pressure receptacles

B.1.1 Sampling with a vacuum pump

If a vacuum pump is available, the sampling process is shown in Figure B.1.

4
3 5 6 8 9
-k 7 >
\/
ZTA
10
1

Key

qtorage container

gutlet valve of storage.container (gas source valve)

ressure reducef.
aressure gauge
ow controller
dhut-offvalve

dnalyser

shut-off valve

O© 0 N O U1 o W N =

three-way valve

-
o

vacuum pump
Vent.

i

Figure B.1 — Flow chart of direct sampling with a vacuum pump for gas in pressure receptacles
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The sampling method is as follows.
a) Purge the sampling system thoroughly by evacuation-gas purging cycles with the following steps.

— Keep the outlet valve of the storage container (gas source valve) closed, valve 9 connected to the
vacuum pump, open the other valves and start the vacuum pump to evacuate the sampling system.

— Stop the vacuum pump after evacuation.
— Open the gas source valve briefly and then close it.

— Repeat the prior steps.

b) After the last cycle, close valve 8 and then open outlet valve 2, the injection pressure is adjusted to
the pregsure required to perform sampling.

B.1.2 Sampling without a vacuum pump

If a vacuum|pump is not available, the sampling process is shown in Figure B.2. The’sampling syjstem
should be puirged by fill-empty cycle purging method first and continuous purging method after. After
the purging|is completed, the flow rate is adjusted to the flow rate required by the analyser to perfform
sampling.

70

3 4 5
DD 6

Key

storage centainer

outlet valve of the storage container
pressure reducer

flow controller

shut-off valve

analyser

flow meter

Vent.

VI O U1 W N

Figure B.2 — Flow chart of direct sampling without a vacuum pump for gas in pressure
receptacles
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B.2 Direct sampling in liquid form from the liquefied gas in pressure receptacles

Direct sampling in liquid form for the liquefied gas is a commonly used method for analysing the
liquefied gas, especially for low pressure liquefied gas nowadays. The sampling flow chart is shown in
Figure B.3 and purging is done by continuous purging method.

3 4

1 2
: okl
: kg

11 10

w

~
o
<

gas source valve
dontrol valve

ilter
internal fixed sample loop
liquid valve
injection inlet
eedle
donnect to the chromatographic column

O 0 N O U1 b W N -

quxiliary gas

10 fused silica capillary
11 testrictor valve

a bas in.

b Vent.

Figure B.3 — Flow chart of liquefied gas sampling in liquid form

In Fipure B.3, a‘small piece of fused silica capillary 10 is installed at the outlet of the liqujd valve and
may |be replaced by other transparent tubes for bubble detection in the liquid. Behind the fused silica
capillary, a,suitable restrictor valve 11 is fitted to maintain the pressure of the sample, ywhich might
avoid evaporation of the sample effectively. The needle 7 ensures the liquid from the restrictor valve
is connected to the analyser inlet as closely as possible to prevent the sample from vaporizing before it

enters the analyser. Other connection methods are also available.

The sampling procedure is as follows.

With valve 11 closed, open valve 1 and valve 2. Then slowly adjust valve 11 until no bubbles are
observed and a steady liquid flows out evenly. Continuously purging the system thoroughly through
sample loop 4. Then rotate the liquid valve 5 to sample.
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Annex C
(informative)

Direct sampling of gas in pipelines

C.1 Direct sampling of compressed gas in pipelines

A flow chai
Figure C.1.

The switch yalves may be controlled manually or automatically.

The sample

condensation (see 6.3). Incondensable compressed samples do not require heating)

t example of direct sampling of condensable compressed gas in pipelines is_shown in

lines within and between I and Il need to maintain the proper temperature to avoid

- L1

4
%o
il

11 11 12

Key

1 sample grobe 8  pressure relief valve
2 valve 9 flow controller

3  temperatureindicator 10 flow meter

4 filter 11 check valve

5 pressure reducer 12 analyser

6  three-way valve 13 calibration gas cylinder
7  pressure gauge

a2  To the pipe.

b Vent.

¢ Inertgas.

Figure C.1 — Flowchart of direct sampling of condensable compressed gas in pipelines
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The sampling method according to Figure C.1 is as follows.

a) Open the gas source valve, purge the sampling system with fill-empty method, discharge the gas
via bypass line.

b) Adjust the appropriate flow of the sampling and bypass line, purge the sampling system with
continuous purging method sufficiently and start sampling.

C.2 Direct sampling of liquefied gas in pipelines

It is easy to form a two-phase gas-liquid flow for sampling of liquefied gas to go through a long line
and lecompression process. So, sampling after evaporation (see 9.3) is generally used instead of liquid

sampling for direct sampling of the liquefied gas in pipelines.
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For compregsed gas, the samplifig method is as follows.

a)

b)

32

19230:2020(E)
Annex D
(informative)

Fill-empty sampling method

flow chart of fill-empty sampling method for compressed gas is shown in Figure D.1.

4
—.—(921—(92;@ <+ 6 5K
1 2 5 7

gas sourge valve

pressure reducer or flow controller
pressure| gauge

vent valye
inlet valye of the sample container
sample dontainer

outlet valve of the sample container
needle valve

Gas in.
Extensign tube.

Figure D.1 —£ Schematic of fill-empty sampling method

Purge the sample line‘thoroughly by fill-empty method with the following steps.
— Ops4n gas source valve 1 briefly and then close it.

— Opdn valve 2, and then vent valve 4 to vent the gas.

— Closevalve 4 after venting.

— Repeat the prior steps to purge the sample line upstream of the inlet valve 5.
Purge the sample container thoroughly by fill-empty cycle purging method as follows.
— Openvalve 1 and valve 7.

— Openvalve 5. When the pressure builds up to the selected pressure, close inlet valve 5 and open
valve 8 slowly vent the container to atmospheric pressure. Then close valve 8.

— Repeat the last step for a number of cycles to effectively purge the sample container.
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Sample as follows.

pressure, close gas source valve 1.
Close inlet valve 5 and outlet valve 7.

After depressurizing the sample line through vent valve 4 and valve 8, remove
container.

empty sampling method of liquefied gas should comply with the following steps.

After the last cycle, open valve 5. After the pressure has built up to the selected container

the sample

Purge the sample line continuously: open the gas source valve 1, vent valve 4, and sIow]
2, using the sample to purge the sample line and then close vent valve 4.

Purge the sample container by fill-empty cycle purging method as follows.

The sample container is placed upright, the valve 7 with an ullage tube at|the top. Of
yalve 5 and vent valve 8 completely. Slowly open the outlet valve 7. After'an appropr]

f gas is filled into the sample container, close gas source valve 1,(and allow part of
o escape in vapour phase through valve 7. Close valve 7 and inverfthe upright sam
geveral times, return the container to the upright position withvalve 7 on the top, the
femainder of the sample in the liquid phase by opening vent ¥alve 4.

Repeat step b) until purged thoroughly, usually no less than 3 times.

[as collection: close vent valve 4 and open the gas sotiree valve 1 to start sampling. Ope
% of the sample container completely, and slowly-0pen the outlet valve 7 of the samp
\fter filling the gas into the sample container, close all the valves.

$ample ullage: Place the sample containei~in an upright position with valve 7 at

mediately open valve 7 and vent valve 8 slightly. Allowing the excess liquid to ¢
alve 7 and close valve 7 at the first sign-of vapour.

ined. The container reseryed volume when sample ullage is stopped at the f
ur is the designed reserved volume of the container (see Figure 5). Sampling a

h as discharging mere-liquid than the reserved volume to prevent the sample
becoming filledccompletely with liquid when warming up the sample to hij

I
1

Remove the<sample container: remove the sample container after the sample sys
eleased,

y open valve

en the inlet
iate amount
the sample
le container
release the

n inlet valve
e container.

the top and
bscape from

e has been
irst sign of
C extremely

ambient temperatures‘or from cryogenic sources may require additional precautions

containers
ch ambient

tem is fully
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(informative)

Evacuated-container sampling

E.1 Evacuated-container sampling of compressed gas

For compressed gas, a flow chart example of the evacuated-container sampling is as follows in
Figure E.1.

3

1 2 4
: Sk—plg >k

o
vl
v

Key
gas sourge valve

flow confroller or pressure reducer
pressure| gauge

inlet valye of the sample container
sample dontainer

vent valve

V0N U A W N

Gas in.
Vent.

o

Figure E.1-—Schematic of evacuated-container sampling for compressed gas

For compregsed\gas sampling, purge the sampling system thoroughly by fill-empty method via the vent
valve 6, then fill the sample container to the desired pressure.

For low-pressure gas sampling, double oblique bore stopcock sample tube [see Figure 4 b)] also may
be used as a sample container. A flow chart example of evacuated-container sampling is shown in

Figure E.2.
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