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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Water vapour may be present in natural gas due to, for example, natural occurrence in the well
production stream, the storage of gas in underground reservoirs, transmission or distribution through
mains containing moisture or other reasons.

The Karl Fischer method for the determination of moisture has several practical advantages compared
to other methods for moisture determination, such as accuracy, speed and selectivity.

The Karl Fischer method is selective for water, because the titration reaction itself consumes water.
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be — volumetric and coulometric KF titration. The two analysis techniques diffef in’t
ne addition or generation.

queous solution:

2H,0+50, +1, — H,S0, +2HI

) excess of sulphur dioxide with simultaneous neutralization ofthe sulphuric acid forme

Karl Fischer (KF) titration can be divided into two basic techniques depending on the kpplication

e mode of

fitration is essentially based on the Bunsen reaction used for the determination of sulphur dioxide

bd shift the
n of water.

‘tion equilibrium to the right, the Bunsen reaction can also.be used for the determinatic

5 stoichiometrically only within a certain pH rangeled to the revision of the KF reagent

formulated the following KF reaction based on imidazole:

CH;0H+S0, +RN —[RNH]|SO;CH3
where RN = Base.

H,0+1, +[RNH]SO3CH; + 2RN—[RNH]S0,CH; + 2[RNH]I

Vol
of

metric KF titration is preferably used for the determination of large amounts of water i
mg to 100 mgl0l, Comlometry, however, is a micro-method which is particularly wel

det¢rmination of quantities of water from 10 pg to 10 mgl19l. In coulometric water determina

is

t added in the-form of a titrating solution but rather directly produced from a iodine

solytion by an ariodic oxidation reactionl2l. The high analytic precision at low absolute wate
malkes coulometric KF titration particularly well suited for determination of the water

aq

ous gases.

lution of iodine and sulphur dioxide in a solvent mixtuxeof pyridine and methanoll2l. The fact that

| Fischer used pyridine as (neutralization) base, thus deyveloping the classical KF reagerI. This was
pyridine contained in the reagent has a strong unpleasant odour and toxicity and the reaction

sl9l. Scholz
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4.1

Scope

5 document specifies general requirements for the determination of water in natural gaj
| Fischer method (see Reference [1]).

10101-2 and ISO 10101-3 specify two individual methods of determination, a titration
a coulometric procedure, respectively.

Normative references

following documents are referred to in the text in suc¢h“d way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

10715, Natural gas — Sampling guidelines
14532, Natural gas — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 14532 apply.
and [EC maintain terminelegical databases for use in standardization at the following aqg

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

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

Principle

General

S using the

procedure

bir content
pplies. For
[s) applies.

dresses:

Re

Fischer reagent commercially available).
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ture (Karl

The oxidation of the alkylsulfite to alkylsulfate in reaction given by Formula (3) uses the water that
theoretically is in the sample. Since water and iodine are used in a stoichiometric ratio 1:1, the quantity
of water in the sample is calculated considering the iodine needed for the complete reaction. The iodine
is measured by titration or by coulometry.

4.2

Principle of the titration method

A measured volume of gas is passed through a cell containing a relatively small volume of absorbent
solution. Water in the gas is dissolved in the absorbent solution and subsequently titrated with Karl
Fischer reagent, the endpoint being detected voltametrically, see ISO 10101-2.

©IS

02022 - All rights reserved


https://www.iso.org/obp
https://www.electropedia.org/
https://standardsiso.com/api/?name=5020fca077becf27d91b97c746a813ff

1SO 10101-1:2022(E)

4.3 Principle of the coulometric method

A measured volume of gas is passed through a cell containing anhydrous, previously titrated, anodic-
solution, see ISO 10101-3. The iodine required for the titration of the dissolved water is coulometrically
produced from the iodide present in the solution by Formula (1):

2 51, +2¢ 1)

5 Reactions and interferences

The followling chemical reactions of water present in the test sample with iodine and sulfurrsdioxide
form the basis of this document:

ROH +$0, +RN — [RNH]SO3R (2)

H,0+1, +[RNH]SO5CH, +2RN — [RNH]SO,R + 2[RNH]I 3)
where

ROH is an alcohol, typically methanol (or 2-methoxyethanol);

RN is a basic nitrogen compound.

Various ga$ components react with the Karl Fischer reagent and ctan give rise to erroneous results. Juch
componen{s are oxidizing and reducing agents, e.g. hydrogen sulfide, mercaptans and certain bpsic
nitrogenoys substances.

Hydrogen $ulfide and mercaptans are present in some natural gases. If their concentration is less than
20 % of th¢ water content, interference due to théir-presence shall be corrected as follows:

_9ps (HpS) — 9ps (RSH)

H,OQ) =p(H,0 4
p(H,Q), =p(H,0) 16 3 (4)
where

p (H,( )a is the actual.water content, in milligrams per cubic meter at 273,15 K (0 °C) pnd
101,325kPa (1 atm);

p(H,Q) is the.observed or measured water content, in milligrams per cubic meter at 273,15 K
(0'¥€) and 101,325 kPa (1 atm);

ps (HofS) 1s the measured sulfur as hydrogen sulfide, in milligrams per cubic meter at 273,15 K
(0 °C) and 101,325 kPa (1 atm);

ps (RSH) is the measured sulfur as mercaptans in the gas, in milligrams per cubic meter at

273,15 K (0 °C) and 101,325 kPa (1 atm).

NOTE1 The reaction mechanism of hydrogen sulfide and iodine was investigated by Xuting Zhi et al.[12],
They concluded that hydrogen sulfide and iodine might react with a stoichiometry of 1:2,5, not 1:1 as in aqueous
solution. According to the statement above, the modification of hydrogen sulfide can be:

45pg (H,S)

%) (5)

At higher contents of H,S and RSH Formula (4) is not applicable.

The sulfur present as hydrogen sulfide and mercaptans may be determined by gas chromatography
(see ISO 19739) or by any other suitable method.
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Sampling

Carry out sampling according to the general sampling guidelines given in ISO 10715. During sampling,
ensure that the temperature of the gas stream is above the dew-point temperature. If necessary, the
sampling equipment should be heated.

All parts in contact with the gas shall be of steel, glass or other suitable materials that do not alter the
gas sample. The ends of pipes shall fit securely together, and the connecting pieces shall be made of
fluoroelastomers.
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Measurement uncertainty

ferably the uncertainty of measurement results is estimated using data from\inteq
parisons (method validation studies) according to ISO 5725-2. Given suchndata, ag

= =R
U=2sp or U—AA

bre S, and R are the reproducibility standard deviation and-the reproducibility lir
centration level concerned.

E The repeatability standard deviation, s, is not a suitable uncertainty estimate, since it exd
brtainty contributions.

rnatively, the uncertainty of measurement results may be estimated using the GUM

ude the contribution of sampling uncertainty;If this is not the case, this shall be clearly s

laboratory
cording to

21748, the standard uncertainty is estimated by the reproducibility standard deviatjon for the
centration level concerned. Accordingly, the expanded uncertainty (k=2) is.calculated as [follows:

hit for the

ludes major

approach,

bd on a comprehensive uncertainty budget (see [SO/IEC Guide 98-3). Preferably, the estinmpate should

fated.
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