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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
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Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
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Introduction

Sulfur compounds may occur naturally in natural gas and remain as traces after treatment, or they may have
been injected deliberately to allow subsequent olfactory detection for safety reasons.

The standardization of several methods for the determination of sulfur compounds in natural gas is necessary
in vi i i i i i ne, etc.) and

quirements of the determinations (e.g. required uncertainty, measurement at the drilling \hgad, clean-up
plant|or in transmission pipes).

In order to enable its user to choose the most appropriate method for his/her particular, neéds andl perform the
meagurements under the best conditions, this International Standard gives the”‘requirements needed to
perform a sulfur analysis.

© 1SO 2004 — All rights reserved \
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INTERNATIONAL STANDARD

ISO 19739:2004(E)

Natural gas — Determination of sulfur compounds using gas
chromatography

WARNING — Some sulfur compounds can constitute a serious health hazard.

1

This International Standard specifies the determination of hydrogen sulfide, carbonyl sulfide, C4

sulfi

from [those given in the annexes, the application ranges for the determination-ef sulfur compour

but

2

The following referenced documents are indispensable for«thie application of this documen

refer
docu

ISO §
meth

ISO ¢

ISO ¢
gas 1

ISO ¢
Part

ISO 1

ISO

3

14532:2001-Natural gas — Vocabulary

Terms and definitions

cope

s and tetrahydrothiophene (THT) using gas chromatography (GC). Depending on the mg

hichever of the methods is used, the requirements of this International Standard apply.

ormative references
nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

725-2:1994, Accuracy (trueness and precision);"of measurement methods and results —
bd for the determination of repeatability and reproducibility of a standard measurement meth

141, Gas analysis — Requirements forlcertificates for calibration gases and gas mixtures

143, Gas analysis — Comparison.methods for determining and checking the composition
nixtures

145-10, Gas analysis — Breparation of calibration gas mixtures using dynamic volumetri
[ 0: Permeation method

0715:1997, Natutal'gas — Sampling guidelines

to C4 thiols,
thod chosen
ds can vary,

t. For dated
b referenced

Part 2: Basic
bd

of calibration

methods —

For the purposes of this document, the following terms and definitions apply.

31

alkane thiol

alkyl

mercaptan

organic sulfur compound with the general formula R-SH (where R is the alkyl group), either naturally present

or ad

[ISO

EXAMPLE

©I1SO

ded as an odorant to natural gas

14532:2001, definition 2.5.3.3.1]

2004 — All rights reserved
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3.2
alkyl disulfide
organic sulfur compound with the general formula R-S-S-R’ (where R and R’ are alkyl groups)

[ISO 14532:2001, definition 3.5.3.3.3]

3.3

alkyl sulfide

thioether

organic sulfur compound with the general formula R-S-R’ (where R and R’ are alkyl groups), either naturally
present or added as an odorant to natural gas

[ISO 14532:2001, definition 3.5.3.3.2]
EXAMPLE Dimethyl sulfide (DMS), diethyl sulfide (DES).

3.4
carbonyl sulfide
Ccos
sulfur compgund found in natural gas, which contributes to the total sulfur content

[ISO 14532:3001, definition 3.5.3.3.4]

3.5
chromatographic resolution
column effidiency characteristic describing the degree of separation of two adjacent peaks in| gas
chromatography

[ISO 14532:3001, definition 2.5.3.4.6]

NOTE THe resolution is measured as twice the distancé between the maximum of the named peaks divided by the
sum of the intgrcepts on the baseline made by tangents drawn to the peaks at half the height.

3.6
cyclic sulfide
thioether
cyclic organi¢ sulfur compound with one sulfur atom incorporated in a saturated hydrocarbon ring

EXAMPLE Tetrahydrothiophene._{thiophane or thiacyclopentane, THT), i.e. C,HgS, which is added as an odofant to
natural gas.

[ISO 14532:3001, definition’2:5.3.3.6]

3.7
hydrogen sulfide
H,S

colourless, taxie‘gas with an odour similar to rotten eggs

[ISO 14532:2001, definition 2.5.3.3.8]

3.8

normal reference conditions

reference conditions of pressure, temperature and humidity (state of saturation) equal to 101,325 kPa and
273,15 K for a dry, real gas

[ISO 14532:2001, definition 2.6.1.3]

2 © 1SO 2004 — All rights reserved
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3.9

standard reference conditions

reference conditions of pressure, temperature and humidity (state of saturation) equal to 101,325 kPa and
288,15 K for a dry, real gas

[ISO 14532:2001, definition 2.6.1.4]

3.10
total sulfur
total amount of sulfur found in natural gas

[ISO 14532:2001, definition 2.5.3.3.17]

NOT The total amount of sulfur may be determined by an analytical method not differentiating(between individual
sulfurlcompounds.

3.11

working reference gas mixture
WR

working standard gas mixture
gas mixture whose component quantity levels have been validated by diréet comparison with [a secondary
standard gas mixture (CRM)

[ISO [14532:2001, definition 2.5.3.5.2.3]

3.12
secondary standard gas mixture
gas rhixture whose component quantity levels have beenwalidated by direct comparison with a P§M

[ISO [14532:2001, definition 2.5.3.5.2.2]

313
primary standard gas mixture
PSM
gas mixture whose component quantity_levels have been determined with the utmost accuracy and can be
used|as a reference gas for determining the component quantity levels of other gas mixtures

[ISO [14532:2001, definition 2.5:3.5.2.1]

4 Principle

All significant components or groups of components to be determined in a gaseous sample gre physically
sepafated by means of gas chromatography (GC) and measured by comparison with calibration|or reference
gasef. Thegas being used for calibration and the sample gas shall be analysed with the sanfe measuring
systgm under the same set of conditions

5 Apparatus

5.1 Gas chromatograph, containing injection device, oven, regulation system for temperature control and
pressure, detector.

5.2 Chromatographic columns, with column tubing made of a material inert to sulfur compounds (see 6.4),
and a stationary phase able to separate the sulfur compounds to be analysed in order that the resolution
between two adjacent peaks shall not be less than 1,5.

NOTE 1 See Annex A for a list of chromatographic columns mostly used in sulfur analysis.

NOTE 2  The absence of chromatographic separation between COS and H,S will lead to an error in total sulfur amount
calculation.

© 1SO 2004 — All rights reserved 3
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Detectors for detecting sulfur compounds:
sulfur-specific,

multi-specific (respond to halogen, sulfur), and/or

etectors.

See Annex B for descriptions of suitable detectors.

NOTE 1

be seen by it.
NOTE 2
NOTE3  Su
NOTE 4

electron shifte
normal state,
difference in ¢
different wave
be measured.

6 Sampl

The samplin
strong tende

of sulfur conjpounds in samples and calibration gas mixtures place demands on the sampling procedt

ensure that t

Carry out ref
sampling. S3

Purge time s
deviation of
compound, n

6.1 Safety

Safety preca
in the ISO 1
materials of

6.2 Temp

Matrix effects can occur in sulfur analysis with certain methods/detectors.

Many detectors use an excited state of a molecule or atom to detect sulfur. An atom_or molecule wit

Separation problems on a column could be solved by using a sulfur-specific detector, as hydrocarbons will not

Ifur response can be affected by quenching effects produced by hydrocarbons.

d from its normal orbit to another (more energetic) is said to be excited. Whenit relaxes, returning
the electron falls back to its normal orbit emitting a photon. The energy of ¢his“photon is relative

nergy between the orbits. The wavelength of the photon is specific for each excited state. So, if phot
ength are separated (by a filter, monochromator, diffraction prism, etc.), theyamount of specific photor

ng

j procedures are very important in the analysis of*‘sulfur compounds. Sulfur compounds h
hcy to adsorb on to, or to chemically react with,~different materials of construction. Low cor

ne sulfur compounds in correct quantity reach the analytical detector.

resentative sampling in such a way that the sample represents the bulk of the gas at the ti
mpling and sample transfer shall be in accordance with ISO 10715.

hould be long enough to have:replicate stable analytical results within the acceptable sta
the analyser. Purge time\needed will depend on the type and concentration of the
naterials of construction.in-gas contact and the gas flow through the sample loop.

y precautions

utions required in handling gas cylinders with pressurised flammable gas mixtures are desd
P715. If @ pressure regulator is to be connected to the cylinder, always use a regulator
onstruetion recommended by the producer of the calibration gas.

h one
to its
fo the
bns of
s can

hve a
tents
re to

me of

hdard
sulfur

ribed
with

grature control

When a cylinder of a calibration or sample gas mixture arrives at the place of use, ensure that the cylinder
temperature is kept above the condensation temperature (as stated on the certificate). If condensation may
have occurred during transportation or storage, store the cylinder at ambient temperature in a horizontal
position for at least 7 days. Rolling of the cylinder will lower the homogenisation time.

Always store

both calibration and sample gases at the same suitable temperature.

To reduce any adsorption of low concentration levels of sulfur compounds when using the calibration gas or a
sample, the transfer lines from the cylinder and the bypass injection valve should be heated (to, for example,

90 °C).

© 1SO 2004 — All rights reserved
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Construction materials

The presence of sulfur compounds in the calibration or sample gas makes the choice of materials of
construction in the pressure reduction device, the transfer line, the sample loop and the separation column
very important. The general considerations of ISO 10715 should always be followed.

6.4

Cleanness

When a calibration or sample gas cylinder is to be connected to a gas system, always inspect visually the
connection on the cylinder valve outlet. Carefully clean out any dirt, dust or particles with a dust-free cloth. Any

trace

of humidity is to be purged out with dry inert gas.

Mak¢q

sure that all transfer lines are free of dirt, rust, grease or other particles. Change all\tu

ping/fittings if

there| is any suspicion of impurities. Particle filters may be helpful, but they shall only2contain material
propgsed in ISO 10715.

6.5 | Installation of the calibration gas cylinder

The ipstallation of a calibration gas cylinder and use of the certified gas mixiure is dependent o the method

by which a gas sample is taken and is to be analysed/compared. To minimise the surface in gas

impo
conn

6.6

As dg
to feq
close
by th

To fu
be cq
the tq

Neve
recor
press

Alwa

Control the purge flow by a needle valve, not by adjusting the reduction pressure valve.

If seV
to aly
need

tant to connect the calibration gas as near as possible to the injection point. One prir
pction of a calibration gas cylinder in direct sampling is shown in\4SO 10715:1997, Annex A.

Pressure control
scribed for the sample handling in ISO 10715, very-often a pressure reduction device is req

to the calibration and sample gas cylinder. Only,use a pressure regulator made of the mate
b producer of the calibration gas mixture.

rther minimise any adsorption effects, a-fine regulating needle valve (made in approved m
nnected directly to the cylinder valve:'Be sure that the certified pressure range of this valvg
tal system and that no local or national safety regulation prohibits such an arrangement.

r use a calibration gas mixturewith a total pressure lower than that recommended on the ce
nmendation is stated, stop using the mixture if the total pressure is lower than 10 % of the ¢
ure.

s use the sameCreduced pressure when injecting the calibration mixture and the natural
eral calibfation gases with different concentrations of the sulfur compounds are used, it is v

vays use-the same needle valve for the same calibration gas mixture. Be aware of the ne
e valves to different concentration levels.

contact, it is
ciple for the

hired in order

d the calibration and sample gas to an analyser. Normally, this is a reduction valve connected directly or

rial approved

aterial) could
suits that of

rtificate. If no
ertified filling

gas sample.

ery important
ed to change

6.7

Purging of reduction valve and transfer lines

Due to the strong tendency of sulfur compounds to adsorb to different materials of construction, it is important
to purge all surfaces (which are in contact with the gas) from the cylinder valve to the injection point. Using a
pressure-reducing valve mounted directly onto the cylinder valve connection, the purging should include a
number of “fill and empty” cycles as described in ISO 10715. A good practice is also to connect the total
transfer line from the reducing valve to vent and include the purge all the way through the sample loop.

When analysing calibration gases with different concentration levels, always flush the transfer lines and the
valves with dry N, in order to avoid memory effects.

© 1SO 2004 — All rights reserved
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6.8 Flow control

As stated in ISO 10715, turbulent flow is advantageous in a sampling system. The flow rate of the calibration
gas with 3,175 mm (1/8 in) tubing should at least be 80 ml/min to 100 ml/min. When purging a calibration gas
for analytical comparison with natural gas samples, the flow rate should be the same as the sample gas flow
rate.

With light gases like H, or He in the calibration gas mixture, it may be of importance that the purge flow rate of
calibration gas mixtures is never below 10 ml/min, in order to avoid separation effects of lighter versus heavier
gases (effusion).

Stopping of flow juat before illjcbtiun ofthe btdllulalulllballlpic is—thebest wayto minimize—differences—in the
injected gas|volumes due to back-pressure variations. However, be aware of any change in atmospheric
pressure durfng the total analysis.

6.9 Diffugion control

Any leakage|caused by diffusion of air-in or gas mixture out should be avoided by using pressure regulators
with non-perineable membranes.

Be aware thrIt using polymer types of tubing in gas transfer lines may cause problems related to diffusfon of
humidity from the environmental air.

6.10 Automation and sequences of sampling

With repeatdd injections and in order to get stable response fromeach sulfur compound in calibratio:lxnand
sample gas ixtures, a programmable automatic gas sampling“valve should be installed and used. Normally,
the tendency is that, due to adsorption phenomena, the peakifrom some sulfur compounds increases during
the first injeqtions, but after a few repeated injections the\peak areas become more and more stable} The
number of repeated injections required is to be defined based on achieved areas from each sulfur compound.

Repeated injections of the same calibration mixture before and after comparison analysis with one or |more
samples givgs a good indication of any drift in the)detector response during the total analytical time.

7 Calibration

Perform reglilar calibration using~working standard gas mixtures certified in accordance with ISO 6143 or
permeation devices accordingte*1SO 6145-10. The working standard gas mixtures shall contain appropriate
number and|concentrations\of sulfur compounds in methane or natural gas depending upon the defector
characteristi¢s (e.g. hydrocarbon quenching). A certificate of mixture according to ISO 6141 should always be
available with the cylinder.

NOTE 1 Sylfur<cempounds at low concentrations in gas mixtures are easily lost by sorption or reaction, The
preparation of| sdch mixtures requires that extreme care be taken with the cleanliness of the surfaces of cylinders &
tubing used fortransfer—with-thepurities—of thecompenen s—tsed—parti the—raatr o vith-the ration
procedure. Stability of the mixture can be demonstrated by regular repeat analyses of the contents, using as reference a
dynamically prepared mixture of similar composition. A demonstrated history of preparation of mixtures which have been
successfully assessed for stability is the best form of assurance for the user.

NOTE 2  Another problem with diffusion is caused by connecting reduction valves to the cylinders. The air contained in
the reduction valve will diffuse into the cylinder when the cylinder value is opened while the reduction valve is still closed.
The oxygen will, for example, oxidize mercaptans to disulfides.

8 Analysis

Perform quantitative analysis and determine the mass concentration and uncertainty budget of the different
sulfur compounds in natural gas in accordance with ISO 6143.

6 © 1SO 2004 — All rights reserved
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Be aware of the special adsorption and/or chemical problems that can occur with the handling of sulfur gas
components. Repeated injections of the same working reference gas mixture before and after comparison
analysis may give an indication of any drift due to sulfur adsorption during the total analytical time.

9 Performance characteristics required for sulfur analysis

The performance characteristics required for sulfur analysis were determined from a proficiency test
performed by seven laboratories in different countries. The following two mixtures — given here with their
compound/I[UPAC name and mass concentration expressed in milligrams per cubic metre (under normal
reference conditions) — were analysed.

a) Mixture 1

1+ Hydrogen sulfide (H,S): 3 mg/m3

1+ Methane (CH,): matrix
b) Mixture 2

4 Carbonyl sulfide (COS): 5 mg/m3

4+ Methanethiol (MeSH): 5 mg/m3

4 Ethanethiol (EtSH): 5 mg/m3

4+ 2-Methylpropane-2-thiol (TBM): 6 mg/m3
+— Diethyl sulfide (DES): 10 mg/m3
+ Tetrahydrothiophene (THT): 25 mg/m3
1+ Methane (CH,): matrix

The geven laboratories used different methods and calibration gases. The data obtained are given in Table 1.

Table 1 — Performance characteristics for sulfur analysis

Compound Mass/concentration Achievable Achievable Pr?ciency
(sulfur compound in repeatability repeatability agreement
methane) (absolute) (relative) (relative)

mg/m?3 (norm. ref. cond.) | mg/m3 (norm. ref. cond.) % %
H,S 3 0,1 3 25
Cos 5 0,1 2 15
MeSH 5 0,1 2 10
EtSH 5 0,2 4 30
TBM 6 0,4 7 25
DES 10 0,2 2 20
THT 25 1,0 4 20

© 1SO 2004 — All rights reserved 7
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Proficiency agreement values quoted in Table 1 were calculated based on z-scores as defined in
Reference [5] (see 4.1, 4.2, 4.3), and are the limits between which two laboratories shall be able to achieve a
result of analyzing a known standard using different methods and calibration gases. The two laboratories
analyze a standard of known mass concentration of 25 mg/m3 of THT. If their results lie within the range of
19 mg/m3 and 31 mg/m3, then they are comparable, i.e. 25 mg/m3+5mg/m3 (20 % of the proficiency
agreement given in Table 1) + 1 mg/m3 (4 % of the achievable repeatability given in Table 1).

The repeatability shown in Table 1 was calculated in the following way: two times the standard deviation
based on n—1 values (95 % confidence interval, see I1SO 5725-2), free of outliers (see I1SO 5725-2:1994,
7.3.4.1), assuming a normal distribution calculated with 5 analyses.

10 Test report
The test repgrt shall include at least the following information:
a) referencg to this International Standard and the analytical method used;
b) sample identification including
— timg/date of the sampling,
— samjple point/stream (location), and
— cylinder identification (for spot sampling);
c) reference to the calibration system used;

d) sample mass concentration, including the number of digits appropriate to the certificate of WRM and size
of error, [including the result of uncertainty calculation;

e) commerjts, including
— any|deviation from specified procedure, and/or
— prolbblems concerning the sample;

f)  date of gdnalysis, name of laboratory and signature of analyst.

8 © 1SO 2004 — All rights reserved
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Annex A
(informative)

Columns mostly used in sulfur analysis (with internal phase and

dimensions)
Film
TNICKNESS Of
Stationary phase Dimensions Type st;tt:g::ry Compoynds
af
pm
100 Yo dimethylpolysiloxane 50 m x 0,32 mm | Capillary 5 Hydrogen sulfide, mercaptans,
carbonyl sulfide, djethyl sulfide,
dipropyl sulfide
100 Yo dimethylpolysiloxane 30 m x 0,32 mm | Capillary 4 Hydrogen sulfide, parbon
disulfide, sulfur digxide
Poroys layer open tubular 30m x 0,32 mm | Capillary 4 Hydrogen sulfide, parbonyl
sulfide, mercaptans
Styrgne-divinylbenzene polymer 30 m x 0,32 mm | Capillary 10 Hydrogen sulfide, farbonyl
sulfide, methyl sulfide,
mercaptans,
tetrahydrothiophene
5 % phenyl-95 % dimethylpolysiloxane 25m x 0,53 mm | Capillary 5 Hydrogen sulfide, mercaptans,
carbon disulfide, cprbonyl
sulfide, dimethyl d|sulfide,
dimethyl sulfide, sulfur dioxide,
thiophene
50 %| phenyl 50 % dimethylpolysiloxane |*1,5 m x 3,175 mm | Packed 80to 100 |Hydrogen sulfide, farbonyl
(1/8 in) mesh sulfide, mercaptans
100 %o dimethylpolysiloxane 1,5m x 3,175 mm | Packed 80to 100 |Hydrogen sulfide, farbonyl
(1/8 in) mesh sulfide
40 % dynonyl phthalate 30 cm — 80to 100 |Tetrahydrothiophene,
mesh mercaptans
NOTH This is_net an exhaustive list. Recent developments could lead to other columns being available.
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Annex B
(informative)

Types of detectors used in sulfur analysis

B.1 General

For a summs4

B.2 Atom

The effluents
different ene
be separated

See Annex H.

B.3 Electr

The effluent
compounds

electrolyte to
on the chose

See Annex D).

B.4 Electr

The electron
measured by
might react
depends on
dependent.

ry of the characteristics of the types of detectors described here, see Table B.1.

c emission detector (AED)

gy forms (mostly by microwave induction). The photons emitted by the.relaxing atoms may
by wavelength and measured. This detector is specific for different atems.

ochemical detector (ED)

5 of the gas chromatograph are gently blown on>the surface of an electrolyte where
react. This reaction induces an electron flow-{(redox reaction). Two electrodes dip int
measure this induced current. This detector is‘multi-specific for different compounds, depe
n electrolyte.

on capture detector (ECD)

capture detector contains a radioactive source used to create an electron flow. This fl
electrodes. When the effluents of the gas chromatograph pass through this cell, some eleg
with the effluents;~thus changing the measured current (DC voltage mode). The speg
the differences )of compound affinity for electrons. Response is then strongly comp

B.5 Flam

photometric detector (FPD)

of the gas chromatograph come into a cavity where a plasma is induced and sustaingd by

then

sulfur
b the
nding

DW iS
trons
ificity
bund-

The effluents of the gas chromatograph are burnt into an FID type flame with specific Ho/air ratios. When so
burned, sulfur and phosphorus containing hydrocarbons will produce fluorescent species (which can be
compared to an excited molecule). During the relaxation of these species, specific photons will be emitted.
These are separated by an optical filter and can then be measured. Many variations exist (single-flame, dual-
flame, linearized response, pulsed). This detector is specific. There are known interferences (quenching) with
hydrocarbons, the response is non-linear but often can be electronically corrected. New developments of this
detector are made to limit these problems.

See Annexes C and G.
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Pulsed flame photometric detector (PFPD)

Like the FPD, this detector uses a flame, but it can provide better sensitivity and selectivity for sulfur and
phosphorus. Two different combustible gas flows enter the bottom of the combustion chamber through narrow
gas lines (the FPD, in contrast, has only one). The second incoming gas flow’s job is to help fill up the outer
volume of the combustion chamber while the analyte and the primary combustion gas flow into that chamber.
This second flow also helps to optimize the analyte emission brightness in the combustion process. At the top
of the PFPD is an ignition wire which stays continuously red-hot. Then the gases flowing into the combustor
including the analytes exiting the GC column reach a flammable mixture they are ignited by the ignition wire
and the flame propagates back down the combustor. The flame front terminates, i.e. it uses up all of the
quickest-burning flammable material in the combustor, in less than 10 ms and the flame goes out. And it is

after
of th
combh
comh
flamn

See

B.7

The
prody
spec

B.8

The

mole
funct
differ|

See

B.9

The ¢
charg
comg
for H

ilib DilUlt ﬂdlllc puibc ti Idt ti 1< DiUVVUI'bUIIIiIIQ dlldiyllcb dalic c)\bitcu' t':llll.]I Ulllit ti 1< ilg;lt ti Idt ;b

pir elements. During this period, the photomultiplier records the arrival of the analyte's/
ustion chamber. After about 300 ms, the flame pulses again as new flammablé “mat
ustion chamber from the inlet tubes and GC column and that combination once again

hable mixture. In this way, about three flame pulses are recorded per second.

Annex |.

Hall-electrolytic conductivity detector (ELCD or HELED)

effluents of the gas chromatograph are mixed with a reaetion gas in a reaction tube.
cts are then mixed with deionised solvent. The conductivity is then measured. This dete
fic (halogens, sulfur, nitrogen containing compounds), depending on the absorbing solvent s

Mass selective detector (MSD)

effluents of the gas chromatograph are_bombarded with electrons, which provoke bond

cule ionization. The ions are then accelerated and placed into a magnetic field. The radii of {
on of their mass. Many theories describe the ionization of molecules. The ion proportions
ent molecules are different. The détection is mass specific.

A\nnex E.

Photoionization“detector (PID)

effluents of the‘gas chromatograph are excited by the photons of a UV lamp and ionized.
ed particles ¥are measured between two electrodes. This detector is multi-specific
ounds, depending on the chosen lamp for excitation and ionization potentials of compound
S.
D

characteristic
ght from the
prial fills the
Constitutes a

The resulting

ctor is multi-
Elected.

ruptures and
heir path is a
produced by

he resultant
for different
s. Only used

B.10 Thermoionization detector (TID)

Similar to the photoionization detector but the ionization is caused by high temperatures.

B.11 Sulfur chemiluminescence detector (SCD)

The effluents of the GC are mixed with reactive compounds and will form excited species which will relax
emitting photons. Usual sulfur chemiluminescence detectors use ozone under reduced pressure. This detector
is specific.

See Annex H.

©I1SO

2004 — All rights reserved
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B.12 Thermal conductivity detector (TCD)

The effluents of the gas chromatograph pass through a cell where a filament is heated. Another cell flushed by
a reference gas homes a second filament. The two filaments are part of a Wheatstone bridge. If the effluents
contain products with a different thermal conductivity than the reference gas, a current will be induced in the
bridge. This signal is then measured. This detector is non-specific.

B.13 H,S lead acetate detector

The effluents react in a high temperature hydrogenator, assuming that sulfur compounds are transformed into

hydrogen su
produced. O
detector is s|

ecific.

fide. The effluents then pass through a lead acetate treated paper which will react withH}
btical measurement of the darkening of the tape is used to detect the sulfur compounds]| This

Table B.1 — Detectors and their characteristics

S so

lead acetate

Detector Specificity Detection Linearity |Interferences Main use Remark
limit
AED 2 +4+++D ++++ +H+++ Unknown Element specific Multi-purpose
ED@ ++++ +++ ++++ Unknown Efectrolyte specific —
ECD variable © variable d 4+ Possible Halogens Radioaclive
FPD @ ++++ to +++++ | ++to ++++ ++ to ++++ | Hydrocarbons Sulfur, phosphorus Widely uged
HELCD or ++++ +++ +++ to +++++ Possible Halogens —
ELCD
MSD 2 non-specific +++ ++ to ++++ Unknown All organic compounds | Multi-purpose
PID + ++++ +++++ Possible Aromatics, inorganic —
compounds
TID — — —+ Possible — —
SCh @ +++++ +++++ ++++ Unknown Sulfur compounds Low detegtion
limit
TCD non-specific ++ +++ Yes — Non-selegtive
HZS +++++ c — — — —

+ Noft very specific:
++++ SpEcific but €an detect other non-sulfur compounds with less sensitivity.
+++++ Vefy specific — detects only compounds containing sulfur.

a8  Detectors

Lised)in the proficiency test.

b Best.

¢ Depends on the application (only H,S or all compounds).

d Depends on the application (only H,S or all compounds).

12
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Annex C
(informative)

GC method using capillary column and FPD

Application

This
natur
cond

method specifies the conditions for the qualitative and quantitative analysis of sulfur|e
al gas at a mass concentration level of 0,5mg/m3 up to about 600 mg/m3 (atCrerm
tions) by gas chromatography.

An application example for this working instruction is the quality control of natural gases, including

of the

— |k

—

— 1

C.2
Cc.21
Cc.21
with
phen

C.21
mads

C.2.2

The
throu

following components:

lydrogen sulfide (H,S) (lower limit of concentration range 1 mg/m3 at nefmal reference cond
Carbonyl sulfide (COS);

lethane-, ethane-, 2-methylpropane-2-thiol (tert-butyl mercaptan) (MeSH, EtSH, TBM);

Diethyl sulfide (DES);

Tetrahydrothiophene (THT, C4HgS).

Apparatus

Gas chromatograph, containing-a capillary fused silica column (styrene-divinylbenzene
.1 Sample injection device: gas sampling valve, capable of operating in a split/s
a sample loop of 2 ml{ Set the split flow rate at 15 ml/min. To avoid adsorption an

bmena, the use of metalin this part of the apparatus should be restricted.

.2 Column_of+fused silica, having a length of 30 m, internal diameter of 0,32 mm,
of styrene-divinyl benzene polymer with a film thickness of 10 ym.

Flame photometric detector (FPD) (see Figure C.1)

bmpounds in
al reference

the analysis

tions);

bolymer).

litless mode
d desorption

and packing

ph-a lens, a filter, and to a photomultiplier tube, which generates an electrical signal.

colutmi effluent is mixed with hydrogen and then burned in air. Light emitted from the ilame passes

The FPD is used for detecting sulfur, phosphorus, or tin compounds, which produce chemiluminescent
reactions with emissions at wavelengths characteristic of the S,, HPO, and Sn species.

Sulfur radiation is at 394 nm and its intensity is approximately proportional to the square of the concentration.

©I1SO

2004 — All rights reserved
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1 optical filt¢r assembly
2 cap

3 O-ring

4 glass line
5 flame jet
6 window filfer assembly

7  photomulfplier tube assembly
8 column cgnnection

a Airin.

b Hydrogen

n.

Figure C.T — Flame photometric detector (FPD)
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C.3 Procedure

C.3.1 Gas flows

Apply the following values.

ISO 19739:2004(E)

— Helium: 207 kPa
— Column flow rate: 1,53 ml/min
—  @Gasflow at detector
) Hydrogen: 100 ml/min
2) Air: 95 ml/min

C.3.2 Temperatures

Apply the following temperatures.

— Oven:

— IHeating rate:

— [inal temperature:
— Injector:

—  [Detector:

70 °C for 4 min

5°C/ min

200 °C for 5 min

150 °C

375°C

C.3.3 Elution times (see Figures C.2.and C.3)

Thesg shall be the following.

— Hydrogen sulfide: 2,44 min
— Carbonyl sulfide: 3,30 min
— Methanethiol: 8,76 min
— [thanethial: 15,58 min
— 2-Methylpropane-2-thiol: 24,39 min
— Diethyl sulfide: 27,91 min
— Tetrahydrotiophene: 30,88 min
— Duration of analysis: 35 min

© 1SO 2004 — All rights reserved
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C.4 Calcu

The relations

lation

hip between the FPD response and the sulfur concentration is given by

A=kC"

where
A is the signal of the component peak;
k  is a constant;
C is the mass concentration;
n is the exponent.

Equation (C.[1) can be rearranged to
lgAd=Iglk+nlg C

For most acd
component @
and the seco

urate results, the exponent n» must be determined with at least two standard gases containir]
f interest at 2 levels of concentration: the first at 20 % (C,) of the full scale mass concent
nd at 80 % (C,). Then n is defined as

L e L

e signal of the component peak at,20:% of the full scale;

e signal of the component peaktat 80 % of the full scale.

values.'can then be used to determine the mass concentration of the sample accordi

1),

(C.2)

g the
ation

(C.3)

(C.4)

ng to

Igé
= A
. C
lg—]
where
Aq is th
A, isth
and
o= A2|
Co
The n and
Equation (C.
The relation

ship between detector response and concentration is not linear (but the concentrati

DN is

proportional to the square root of the area). Therefore, a calibration mixture shall be used in which the mass
concentration of each component is close to the mass concentration of the same component in the sample to

be analysed.

16
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X time, min
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Figure C.2 — Chromatogram of Mixture 1 (H,S in methane)
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Figure C.3 — Chromatogram of Mixture 2 (COS, MeSH, EtSH, TBM, DES, THT in methane)
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Annex D
(informative)

GC method using ED

Application

The method is applicable to the following compounds:

It is not applicable for the determination of carbonyl sulfide.

Undgr normal conditions of application, this method can be used to.determine the content of eaq

withi

milligrams of sulfur per cubic metre of gas at standard pressure and temperature. Usually, appl
for equivalent THT is 15 mg to 40 mg per cubic metre of gas.

The

NOTH
ratio
eluted

D.2

Two
50m
temp

D.2.1
part g

D.2.1
PTFE

ydrogen sulfide;

ethane-, ethane-, propane-, 2-methylpropane-2-thiol (tert-butyl mercaptan)
MeSH, EtSH, n-PrSH, TBM);

trahydrothiophene.

a mass concentration range of from 0,1 mg to 100 mg, ‘with the mass concentration

lectrochemical detector used is not sensitive to the major components of natural gases.

The chromatographic conditions described.gnable hydrogen sulfide and methanethiol to be de
f the concentration of the former to the concentration of the latter is less than 10. The same applie

Apparatus
Hifferent apparatus based on“the same detection principle may be used to conduct the ana
n (Apparatus 1) or 10'min (Apparatus 2), using column switching. The two apparatus ops
brature and consist €ssentially of four parts.

Sample injéction device: to avoid adsorption and desorption phenomena, the use of

f the apparatus shall be restricted.

-coated rubber septum at the top of the column.

consecutively. The performance of the chromatographic column can be improved to increase this ratig.

h compound
bxpressed in
cation range

ermined if the
for two thiols

ysis in either
rate at room

metal in this

1 Manual injection: the sample is taken using a gas syringe, and immediately injected through a

D.2.1

2 Automaticinjection—a programmer controts the-mjectiomtime vatves for the gasto

e analysed.

The non-metallic parts of the injector are of polyamide (loops) or PTFE (seats of electromagnetic valves).

D.2.2 Columns.

D.2.21 One glass column (Apparatus 1) set up as shown in Figure D.1 and as follows.

— Length: 40 cm

nternal diameter: 4 mm

— Packing (support): Chromosorb W, with particle size of 150 um to 180 um (80 mesh to 100 mesh,
Tyler series)

©I1SO

2004 — All rights reserved
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Packing
1)
2)
D.2.2.2

D.2.2.21

Length:
Internal

D.2.2.2.2

Length:
Internal

D.2.2.2.3

Length:

Internal

D.2.2.2.4
100 mesh, T

D.2.2.2.5

D.2.3 Thre¢ electrochemical detectors (ED): onefor Apparatus 1 and two for Apparatus 2 (see Figure

Each detect
platinum gau
in a borosilic

The electroly
which the tu
level of the u

The gas flow
5 mm above

2004(E)

(in stationary phase):

for the first two-thirds of the column length, silicone DC 200, 40 g per 100 g of support;

for the last third, dinonyl phthalate, 40 g per 100 g of support.
Three glass columns (Apparatus 2) set up as shown in Figure D.2 and as follows.

Column 1

25 cm

Hiameter: 4 mm
Column 2

140 cm
Hiameter: 4 mm
Column 3

18 cm

Hiameter: 4,7 mm

Packing (support): Chromosorb W 1), with particlé/size of 150 ym to 180 um (80 me
yler series).

Packing (in stationary phase): 20 g of silicane OV 101 per 100 g of support.

br consists of a glass or methyl_polymethacrylate container. The electrodes, two piec
ze arranged in parallel as grids (diameter 35 mm, 3 600 wires per cm?), are welded 30 mm
te, a solution of chromium(VI) oxide in distilled water (0,66 mol/l), is contained in a vessq

pper grid, the level in-the vessel itself being approximately mid-way between the two grids.

from the chromatographic column is discharged through a glass tube of 2 mm internal dian
the upper_grid-centre.

As soon as
potential diff

rerice'between the two electrodes, thus causing a current, which is measured in a low-resis
measuring circdit.

lution.of a sulfur compound occurs, a redox-reaction occurs on the electrode surface crea

bte glass tube and separately.connected to the amplifier or to the recorder by a platinum wirg.

sh to

D.2).

bs of
apart

| into

pe with the electrodes\dips such that the solution is retained by capillarity within the tube &t the

heter,

ing a
ance

EXAMPLE

Tetrahydrothiophene (THT) is oxidized to tetramethylene sulphoxide according to the general reaction:

O
I

@ — 3 @ +Cr,0,4

2CrO;+3

1) Chromosorb® W is an example of a product available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by ISO of this product.

20
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The detector is sensitive to sudden temperature changes. It shall therefore be placed in surroundings with a
constant temperature, or, even better, in a temperature-controlled environment.

The relationship between detector response and concentration is not strictly linear. A calibration mixture shall,
therefore, be used in which the concentration of each component is close to the concentration of the same
component in the natural gas to be analysed. This obviously limits the application of automatic methods for
gases with large variations in the mass concentration of sulfur compounds.

D.3 Procedure

D.3.1 Preparation of Apparatus 1

D.3.1.1 Carrier gas

This [shall be nitrogen at a pressure of approx. 2 x 10° Pa (2 bar) and a flow rate. of 100 ml/fnin at 293 K
(20°°

D.3.1.2 Automatic injection

Adjusgt the flow rates of the gas to be analysed and the calibration{gas mixture to 150 ml/min|to purge the
injection loop.

D.3.2 Preparation of Apparatus 2

D.3.21 Carrier gas

This ghall be as follows.

a) ath A — carrier gas for THT determination: nitrogen at a pressure of approx. 1 x 10% Pa (2 bar) and a
flow rate of 150 ml/min at 293 K (20-°C):
b) ath B — carrier gas for thiols 8etérmination: nitrogen at a pressure of approx. 1,6 x 10% Pa|(1,6 bar) and

a flow rate of 80 ml/min at 293,K (20 °C).

Adjugt the flow rates~0f-the gas to be analyzed and the calibration gas mixture to 150 ml/min|to purge the

Inject 20.ml of the sample, irrespective of the injection device used. This is the maximum volumg and may be

reduced-when-the-ma CORceRtaHOR-o+-SHHH—-compodhnd FHEA-
D.3.4 Elution times

D.3.4.1 Apparatus 1

If the operation is automatic, the duration of the analysis cycle, including the injection and elution stages, is
about 1 h.

© 1SO 2004 — Al rights reserved 21
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The order and elution time for various constituents at 293 K (20 °C) for a flow rate of 100 ml/min shall be the
following.

— Hydrogen sulfide (for manual operation only): 30s
— MeSH: 60 s
— EtSH: 80s
— 2-Propanethiol: 160 s
— 2-Methy[propane-2-thiol: 240 s
— 1-Propapethiol: 290 s
— 2-Butang thiol: 560 s
— Tetrahydrothiophene: 2100 s
— Duratior| of analysis: 45 min

In order to regduce the total time of the analysis, the elution of tetrahydrothiophene may also be accelerated by
increasing the flow rate of the carrier gas, after the elution of butane-2-thiol,;;from 100 ml/min to 500 mil/min by
means of anfautomatic device. The total time of analysis is only 15 min\whilst still using only a single injegtion.

D.3.4.2 Apjparatus 2

If the operation is automatic, the duration of the analysis_cycle, including the injection and elution staggs, is
about 10 min|.

The order and elution time for the various constituents at 293 K (20 °C) at the above-mentioned condjtions
shall be the fpllowing.

a) Path A: fetrahydrothiophene: 320 s
b) Path B

— Hydrogen sulfide (for manual operation only):  30s

— Me$H: 80s
— EtSH: 125s
— 2-Popaneéthiol: 140 s
— 2-Methylpropane-2-thiol: 220 s
— 1-Propanethiol: 260 s
— 2-Butane thiol: 430 s
— Duration of analysis: 10 min

22 © 1SO 2004 — All rights reserved
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Dimensions in millimetres

\
"
3
/
L “1 16
~ E
= E
3
15 \T 14
Key
1 tgnk 9 sampling loop
2  irtegrator 10 restrictor
3 signal to integrator 11 rotameter
4  dptector 12 selection electromagnetic valve
5 electromagnetic valves 13 calibration gas
6 chromatographiccotommm RSH+THT t4—samptetobeamatysed
7 vent 15 carrier gas
8 manual injection 16 needle valve

Figure D.1 — Apparatus 1
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Dimensions in millimetres

/5
/
7 [
"
‘ 18
e | — /
1 T 3
~N
12
=
15\T 14\T 13

Key
1 tank 10 sampling loop
2  THT detegtor 11 rotameter
3 signal to irtegrator 12 calibration gas
4 integrator T3 sample 1o be analysed
5 signal to integrator 14 RSH carrier gas
6 RSH detector 15 THT carrier gas
7 tank 16 restrictor
8 vent 17 electromagnetic valves
9 manual injection 18 needle valve

24

Figure D.2 — Apparatus 2
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Annex E
(informative)

GC method using MSD

E.1 Application

The hethod is applicable to the following compounds:

— hydrogen sulfide (H,S);

— ¢arbonyl sulfide (COS);

— 1nethane-, ethane-, 2-methylpropane-2-thiol (tert-butylmercaptan) (MeSH,\EtSH, TBM);
— dliethyl sulfide (DES);

— tetrahydrothiophene (THT, C4HgS).

Undgr normal conditions of application, this method can be used to determine the content of ea¢h compound
within a mass concentration range of from 0,1 mg to 100.fag (mass concentration expressed in |milligrams of
sulfuf) per cubic metre of gas at standard pressure and temperature. Usually, the applicatipn range for

equivalent THT is 15 mg to 60 mg per cubic metre of gas.

The detector can be configured such that it is notysensitive to the major components of natural gases.

E.2 [Apparatus

A ga$ chromatograph containinga,eapillary-fused silica column (cross-linked methylsilicone gum) and a mass
seledtive detector.

E.2.1 Sample injection-device.

E.2.1{1 Gas sampling valve with a sample loop of 0,3 ml. To avoid adsorption anfl desorption
phenpmena, the use of metal in this part of the apparatus shall be restricted.

E.2.1(2 Automatic injection by means of a programmer that controls the injection line valvgs for the gas
to be analysed. The non-metallic parts of the injector are of polyamide (loops) or PTHE (seats of
electfomagnetic valves).

E.2.1.3 Column of fused silica and length 50 cm, with internal diameter of 0,2 mm and packing of cross-
linked silicone gum of a film thickness of 0,5 um.

E.2.2 Mass selective detector (MSD), containing an electron impact ion source, a hyperbolic quadrupole
mass filter, an electron multiplier detector, four electronics boards, a power supply, an oil diffusion pump and a
mechanical foreline pump.

Data system software includes programs to calibrate the MS, acquire data and process data. The calibration
programs can adjust voltages in the ion source, calibrate mass assignments and control the scanning of the
mass analyser. In addition, the data acquisition system allows monitoring of the total ion current or the
particular ion (in selected ion monitoring mode).
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EXAMPLE Tetrahydrothiophene is bombed by the electron impact ion source and fragmented as follows:

THT +e* > CH, — CH, - S (base peak)

E.3 Procedure

E.3.1 Preparation of apparatus

E.3.1.1 Carrier gas

This shall bg helium (at least 99,995 %) at a pressure of approx. 2 x 10° Pa (2 bar) and a flow.rgte of
12 ml/min at293 K (20 °C).

E.3.1.2 Automatic injection

Adjust the flpw rates of the gas to be analysed and the calibration gas mixture to 150 ml/min to purge the
injection loog.

E.3.2 Analysis

Inject 0,3 ml pf the sample using the injection device.

E.3.3 Elutipn times

The order of felution for various constituents at 293 K (20 °C) for a flow rate of 12 ml/min shall be the folloyving.

— H,S: 2,93 min

— COs: 3,59 min

— MeSH: 10,90 min
— EtSH: 19,02 min
— TBM: 25,15 min
— DES: 30,96 min
— THT: 35,67 min

In order to regduce the total time of the analysis, the elution of tetrahydrothiophene may also be accelerated by
increasing thedemperature to 120 °C. Hydrogen sulfide and carbonyl sulfide will be not separated.

See Figure E.1.

26 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=ef9c005901bbdb09f71d29356e604e3d

ISO 19739:2004(E)
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Figure E.1*~=Chromatogram of Mixture 2 (COS, MeSH, EtSH, TBM, DES, THT in methane)
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Annex F
(informative)

GC method using AED

F.1 Application

The method

— hydroge
— carbony
— methane
— diethyl §
— tetrahyd

F.2 Appa

s applicable to the following compounds:

h sulfide (H,S);

sulfide (COS);

-, ethane-, 2-methylpropane-2-thiol (tert-butylmercaptan) (MeSH, EtSH, TBM);
Lifide (DES);

rothiophene (THT, C4HgS).

fatus

F.21 Caplillary column gas chromatograph equipped -with temperature and column prepsure

programming
being operat

F.22 Two
F.2.21

— Length:
— Internal
— Packing
F.2.2.2

— Length:

— Internal

facilities and an atomic emission detector (AED);"and fitted with a gas injection valve capaple of
pd in a pulsed split/splitless mode.

capillary, fused-silica columns, coupledto give a column 100 m in length.
Column 1
60 m

Hiameter: 0,32 mm

CP-Sil 5 with a film.thickness of 5 ym
Column 2

b0 m

Hiameter: 0,32 mm

— Packing: CP-Sil' 5 with a film thickness of 10 pm

F.3 Procedure

F.3.1 Prep

aration of apparatus

F.3.1.1 Oven

Apply the foll

owing conditions.

— Initial temperature: 40 °C

28
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— Initial time: 15 min

— Programming rate: 15 °C/min

— Final temperature: 230 °C

— Final time: 12 min

F.3.1.2 Pressure

Apply the following conditions.

— Ipitial pressure: 150 kPa

— Ipitial time: 12,5 min

— Programming rate: 68 kPa/min

— kinal pressure: 285,7 kPa

F.3.2 Injection

This ghall be as follows.

— [Pulsed split injection heating: 130 °C

— Pressure: 150 kPa

— Injection pulse: 170 kPa for:0,6 min

—  $plit ratio: 31

— (as saver: 2@min to 15 ml/min total helium flow
F.3.3 Atomic emission detector

The Imission Iinelslof the AED checked are_the three lines at. gbout 181 nm.(nominal) with scayenger gases
O, and H,, the minimum detectable amount is 1,0 pg/s, selectivity vs. carbon is about 30 000.
F.4 |Elution times’ (see Figure F.1)

Thesg shall be\the following.

.St 10,8 min
COsS: 11,6 min
MeSH: 15,2 min
EtSH: 18,1 min
TBM: 22,3 min
DES: 26,2 min
THT: 29,4 min
Total analysis time: 40 min

© 1SO 2004 — All rights reserved
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Figure F.1 — Chromatogram of Mixture 2
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Annex G
(informative)

GC methods using column switching and FPD

G.1 Application

The methods are applicable to the following compounds:

— hydrogen sulfide (H,S);

— ¢arbonyl sulfide (COS);

— nethane-, ethane-, 2-methylpropane-2-thiol (tert-butylmercaptan) (MeSH,\EtSH, TBM);
— dliethyl sulfide (DES);

— tetrahydrothiophene (THT, C4HgS).

G.2 [Apparatus (see Figures G.1 and G.2)

Thesp methods use a standard packed column gas chromatograph equipped with temperature-programming
facilifes and a flame photometric detector (FPD). The latter is operated at 150 °C in the single-flamme mode, as
described in [5]. The chromatograph is fitted (with dual-channel flow controls for carrier gas [(helium) and
singlg¢-channel flow controls for the detector'gases (hydrogen and air).

G.2.1 Three packed, stainless-steel’columns placed in a chromatographic oven: an OV[17 analytical
columin (Column 1), a short Porapak? QS precolumn, and a longer Porapak QS analytical column (Column 2),
in acgordance with Figures G.1 and"G.2 and the following.
G.211 (Analytical) Column 1

— llength: 180 cm

— Outside diameter: 3 mm

— FPacking=20 % m/m OV17 on Chromosorb2) W and particle size 100 mesh to120 mesh

G.2.1.2 Precolumn

— Length: 30 cm
— Outside diameter: 3 mm

— Packing: acetone-washed Porapak QS and particle size 80 mesh to 100 mesh

2) Porapak and Chromosorb are examples of products available commercially. This information is given for the
convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.
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G.2.1.3 (Analytical) Column 2
— Length: 180 cm
— Outside diameter: 3 mm

— Packing: acetone-washed Porapak QS, and particle size 80 mesh to 100 mesh

1_._IE > — 9

Y

-

X
_OE

\

Key

sample
calibratior] gas
backflush [vent
carrier 1
OV17 column

FPD

Porapak QS precolumn
Porapak QS column
sample/calibration gas vent
10 carrier 2

© 00 N O g b WON =

V2, V3, V4, V5see G.2.2

Figure G.1 — Schematic of sulfur chromatograph — Sample injection mode
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1 V2 9

V3

2

*
X5

V5

Key

1 bmple

2 blibration gas
3 bckflush vent
4 rrier 1

5 V17 column
6

7

8

9

O T O »

FPD
rapak QS precolumn
rapak QS.coefumn
sample/calibration gas vent
10 carrier 2

V2, VB, V4 VVEsee G22

Figure G.2 — Schematic of sulfur chromatograph — Backflush mode
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G.2.2 Valv

2004(E)

es

These are as follows.

V2 (optional): switches sample flow on and off

V3 (optional): switches calibration gas on and off

V4: 10-port automatic gas sampling valve

V5: 6-port automatic gas sampling valve

G.2.3 Con

The two Por

that, in the ifject position, sample gas is injected onto the Porapak QS pre-column connectéd-in serieg

the Porapak
while the Pdg
conditions, t
sulfide.

The OV17
conventional
column sepa|

The two val

loops made from 6 mm O.D. PTFE tube. Sample loop size will need’to be matched to analytical requiren

but typically
can be purgg

The outlet of
T-piece so th

The Porapak

The OV17 cq

iguration
bpak QS columns are connected to the 10-port gas sampling valve. This valve is.configur
QS analytical column and, in the load position, the Porapak QS precolumn ischackflushed tq

rapak QS analytical column continues to be eluted to the detector. Under normal isoth
ne Porapak QS column (with pre-column backflush) separates hydrogen sulfide and car

tolumn is connected to the 6-port automatic gas sampling xalve. This valve is confi
y to inject sample gas onto the OV17 column. Under normal‘isothermal conditions, the
rates ethanethiol, 2-methylpropane-2-thiol, methyl ethyl sulfide and diethyl sulfide.

es should be mounted in the chromatographic oven, Both valves should be fitted with s3
oop sizes of 2 ml to 5 ml are used. The sample loaops are connected in series so that both
d at the same time.

at the combined column flows enter thelEPD detector.

QS column flow should be 170 ml/min with a delivery pressure of 340 kPa.

lumn flow should be 100 mi/miin with a delivery pressure of 340 kPa.

the OV17 column and the outlet of the\Rorapak QS analytical column are joined togethef

pd so
with
vent
ermal
bonyl

jured
DV17

mple
ents,
oops

at a

34
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G.3 Procedures
Four isothermal analytical and three temperature-programmed analytical methods may be used.

a) Method 1 measures H,S, COS, EtSH, TBM, MeSH and DES isothermally at 50 °C. Figure G.3 is a
chromatogram obtained using Method 1. Make two sample injections.

1) Make the first sample injection using the 10-port valve (V4). Use the long Porapak QS column to
separate the hydrogen sulfide and COS. Backflush heavier components from the short Porapak QS
precolumn.

Xy Three minutes later, after elution of hydrogen sulfide and COS, make a second sample injection

using the 6-port val\’/e (V5). Separate ethanethiol, 2-methylpropa’ne-2-thiol, methylcethyl sulfide and
diethyl sulfide on the OV 17 column. The analysis cycle is about 11 min.

1

/

(Y

Key

time, min

H,S (4,3 mg/m?3)
COS (not determined)
EtSH (0,24 mg/m?)
TBM (0,48 mg/m3)
MeSH (0,43 mg/m?)
DES (2,9 mg/m3)

o b WN 2 X

Figure G.3 — Chromatogram using Method 1
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b)

Key

o 0o WN -~ X

36

Method 2 is a temperature-programmed version of Method 1, which extends the range of measurement
to include numerous other components such as tetrahydrothiophene and organic disulfides. It measures
H,S and COS isothermally at 50 °C, as above. Inject the second sample onto the OV17 column at 50 °C
but, after isothermal elution of EtSH and TBM, program the OV17 column temperature to 150 °C at
10 °C/min. Figure G.4 is a chromatogram obtained using Method 2. The analysis cycle is about 30 min
(20 min analysis + 10 min cool-down).

1 6

]

0 20 X

time, min
H,S (4,3 mg/m?3)
COS (not determined)
EtSH (0,2t mg/m?)
TBM (0,48 mg(m?)
MeSH (0,43-mg/m?3)
DES (2,9 mg/m?)

Figure G.4 — Chromatogram using Method 2
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c) Method 3 is the classical odorant analysis method first introduced in the original automatic odorant
analyser. It measures EtSH, TBM, MeSH and DES isothermally at 50 °C, using the OV17 column.
Figure G.5 is a chromatogram obtained using Method 3. Make a single sample injection using the 6-port
valve (V5). The analysis cycle is circa 8 minutes.

1 2
/ |
0 8 X
Key
X time, min
1 EESH (0,24 mg/m?3)
2 TBM (0,48 mg/m3)
3 MeSH (0,43 mg/m3)
4 DES (2,9 mg/m?)

Figure G.5 — Chromatogram using Method 3
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d) Method 4 is a temperature-programmed version of Method 3. After isothermal elution of EtSH and TBM
at 50 °C, program the OV17 column temperature to 150 °C at 10 °C/min. Figure G.6 is a chromatogram
obtained using Method 4. The analysis cycle is about 25 min. Method 4 is also able to be used to
measure heavier components where present.

A

/

1
2
/ 3
|
0 17 X

Key
X time, min
1 EtSH (0,4p mg/m?)
2 TBM (1,02 mg/m3)
3 MeSH (0,87 mg/m3)
4 DES (7,0 mg/m3)

Figure G.6 — Chromatogram using Method 4
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e) Method 5 uses the two Porapak QS columns to measure H,S and COS isothermally at 50 °C. Figure G.7
is a chromatogram obtained using Method 5. Use the 10-port valve (V4) to inject sample onto the
Porapak QS pre-column, initially in series with the Porapak QS analytical column. After passing H,S and
COS from the Porapak QS pre-column to the Porapak QS analytical column, return V4 to the “sample
load” position and backflush to vent all higher components remaining on the Porapak QS pre-column.
Then separate H,S and COS and elute from the Porapak QS analytical column. The analysis cycle is
circa 3 min.

Key
X time, min

1 H,S (1,84mg/md)
2 QOS (~\'mg/m?3)
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Key

x

o b~ WN -

40

Method 6 is a temperature-programmed Porapak QS method for measuring H,S, COS, EtSH, TBM,
MeSH and DES using a single column and a single sample injection. Figure G.8 is a chromatogram
obtained using Method 6. Inject sample using the 10-port valve (V4) onto the Porapak QS pre-column in
series with the Porapak QS analytical column (effectively a single Porapak QS column). Elute the H,S
and COS isothermally at 50 °C and then rapidly program the combined Porapak QS column to 150 °C at
35 °C/min. Then elute the mercaptans and sulfides isothermally at 150 °C. The analysis cycle is about
25 min (15 min analysis + 10 min cool-down).

1 6

/

time, min
H,S (12 ma/m?)

COS (not determired)
EtSH (0,8 mg/m?3)
TBM (1,1 mg/m3)
MeSH (1,0 mg/m3)
DES (5,9 mg/m?3)

Figure G.8 — Chromatogram using Method 6

© 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=ef9c005901bbdb09f71d29356e604e3d

ISO 19739:2004(E)

g) Method 7 is a speeded-up version of Method 5. It is used for rapid H,S analysis. Figure G.9 is a
chromatogram obtained using Method 7. Speed up the method by increasing the carrier gas pressure
from 336 kPa to 470 kPa, and by increasing the column temperature from 50 °C to 70 °C. Under these
conditions, the hydrogen sulfide analysis cycle is about 1,2 minutes.

1

A

0 12 X

Key
X time, min
1 H,S@34 mg/m3)

Figure G.9 — Chromatogram using Method 7

G.4 |Calculation

The relationship ‘between the FPD response and the sulfur concentration is given by

=K Oh (G.1)

where
A s the signal of the component peak;
k is a constant;
C is the mass concentration;
n is the exponent.

Equation (G.1) can be rearranged to

lgAd=1gk+nlgC (G.2)
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For most accurate results, the exponent » must be determined with at least two standard gases containing the
component of interest at 2 levels of concentration: the first at 20 % (C4) of the full scale mass concentration
and the second at 80 % (C5). Then n is defined as

A4
9
n=—-2 (G.3)
C
where
A, is the signal of the component peak at 20 % of the full scale;
A, is the signal of the component peak at 80 % of the full scale;
and
k=2 (G.4)
Cy"
The n and 4 values can then be used to determine the mass concentration of the sample accordipg to
Equation (G.[1).

The relation
proportional

ship between detector response and concentration is” not linear (but the concentratipn is
o the square root of the area). Therefore, a calibration’ mixture shall be used in which the mass

concentratiof of each component is close to the mass concentration of the same component in the sample to

be analysed.

42
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H.A1

This
mixt

An application example for this working instruction is the quality control of natural gases;including
of thg following components:

H.2
H.2.

H.2.
with

H.2.

H.2.
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Annex H
(informative)

GC method using capillary column and SCD

Application

method covers the determination of sulfur containing components in natural gas and-sin
Yres at a mass concentration level of 0,5 mg/m3 up to about 600 mg/m3 by gas chromatograp

fiydrogen sulfide (H,S);
¢arbonyl sulfide (COS);

ethane-, ethane-, n-propanethiol and 2-methylpropane-2-thieh(tert-butylmercaptan)
MeSH, EtSH, n-PrSH TBM);

diethylsulfide (DES);

tetrahydrothiophene (THT, C4HgS).

Apparatus
1 Gas chromatograph.

1.1 Capillary, fused-silica column, having a length of 25 m and an internal diameter
packing of CP-PoraBOND Q%) of film thickness 10 um.

1.2 Sulfur chemiluminescence detector (SCD). See Figure H.1.

2 Sample loop of 0,05 ml.

ilar gaseous
hy.

the analysis

of 0,53 mm,

3)
user:

PoraBOND Q is an example of a product available commercially. This information is given for the convenience of

s of this International Standard and does not constitute an endorsement by ISO of this product.

© 1SO 2004 — All rights reserved

43


https://standardsiso.com/api/?name=ef9c005901bbdb09f71d29356e604e3d

