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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 (KF) titration can be divided into two basic techniques - depending on the application
range - volumetric and coulometric KF titration. The two analysis techniques differ in the mode of
iodine addition or generation. Volumetric KF titration is preferably used for the determination of large
amounts of water in the range of 1 mg to 100 mg. Coulometry, however, is a micro-method which is
particularly well suited for determination of quantities of water from 10 pg to 10 mg.

Modglern KF coulometers cover a range from 10 pg to 200 mg of water. Usually a resolition
water is achieved.

bf 0,1 pg of

but rather
gh analytic
suited for

In @
dirg
pre
det

oulometric water determination, iodine is not added in the form of a titrating solution|
ctly produced from an iodine-containing solution by an anodic oxidationreaction. The hi
Cision at low absolute water quantities makes coulometric KF titration ‘particularly wel
ermination of the water content in aqueous gases.

Cou
Cell
ves
frit

lometric KF titration can be subdivided according to two distinct designs of the analysis cell:
s with and without diaphragm. In both variants, the measuring cells are made of |a titration
bel tightly sealed to prevent moisture ingress. The sample )gas is passed directly throfigh a glass
into the KF titration cell. Thus, absorption of moisture from the environment is prevenfed and the

gas
sur
solu

finely dispersed. The fine distribution of the gas in.the hygroscopic KF solution provi
face for material exchange, so that the water contained in the gas can be fully absor
tion and then titrated. In the version with a diaphragm, the cell is divided into a large

a sinall cathode compartment, each filled with_different reagents. Spatial separation is a

med
cur
whi
con
the

ins of the diaphragm. In both compartments{platinum electrodes are installed, via which
ent is passed through the titration cell..Due to the applied current, at the anode ioding
ch immediately reacts with the absorbed water from the gas sample. When all the wate
sumed by the reaction, an excess.of jodine is formed that will be detected voltametric:
titration. The amount of electricity~consumed can be used to directly calculate, using Far

Hes a large
bed by the
anode and
chieved by
a working
is formed,
r has been
lly, ending
aday’s law,

the[quantity of water.

whegre

z is the hiumber of exchanged electrons;

My, o the'molecular weight of water;

F
Q

In the KF titration cell variant without a diaphragm there is no separation between the anode and
cathode chambers. Thus, for the filling of the cell only one reagent is needed and used. In order to prevent
direct reduction of iodine at the cathode, the cathode and anode are spatially separated from each other
by a large distance. The use of the cell without a diaphragm has the advantage that the titration cell is
easier to clean and only one reagent is consumed, whose replacement can be completely automated. In
addition, unlike in cells with a diaphragm, during longer downtimes no moisture can accumulate in the
diaphragm, making the titration cell faster to become operational. For the measurement of extremely
low water contents (few ppm of water), the leading KF equipment manufacturers recommend, despite
these advantages, use of a KF coulometer with diaphragm. For practical implementation, however, this
adds possible sources of error, complication and prolongation of the measurement times.

the Faraday constant (96 485 C/mol);

the charge which has flowed in C.
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WARNING — Local safety regulations should be taken into account, when the equipment is located in
hazardous areas.
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m

ethod —

Part 3:
Coulometric procedure

1
Thi

Fisgher method. The method is applicable to natural gas and other gases whichdo not reac
Fisdher (KF) reagents.

It a

temperature of 273,15 K (0 °C) and a pressure of 101,325 kPa (1 atm),

Thd
con
und

ISO
ISO

For

ISO

4

anodi

A njeaSured volume of gas is passed through the titration cell, where the water is absor
ZE essolution. The iodine required for the reaction with the water in the sample is gener

Scope

5 document specifies a coulometric procedure for the determination of water,econtent |

pplies to water concentrations between 5 mg/m3 and 5 000 mg/mp. Volumes are ex

Normative references

following documents are referred to in the text in stich a way that some or all of th
Ktitutes requirements of this document. For dated*teferences, only the edition cited 3
ated references, the latest edition of the referenced’document (including any amendmen

10101-1, Natural gas — Determination of watet by the Karl Fischer method — Part 1- Intro

14532, Natural gas — Vocabulary

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 14532 apply.
and IEC maintain terminglogical databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia~available at https://www.electropedia.org/

Principle

by the Karl
t with Karl

pressed at

Pir content
pplies. For
[s) applies.

duction

dresses:

bed by the
hited in situ

(in the titration beaker) using a reagent solution containing iodide. The quantity of electricity is directly
proportional to the mass of iodine generated and hence to the mass of water determined.

The principle and chemical reactions of the Karl Fischer method are given in ISO 10101-1.

5

5.1

Reagents

Reagents specially formulated for coulometric determination.

The reagent does not need to be standardised, as coulometry is an absolute method. For a coulometric
determination in the case of a cell with a diaphragm, two reagent solutions, an anolyte and a catholyte,
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are required. The anolyte is inserted into the anode space of the cell and the catholyte into the cathode
space.

5.2 Reference solution.

The recommended reference solution, e.g. water and methanol mixture, has a water content and
uncertainty of 10 mg/g and 1 %, respectively. Alternative with a water content of 5,0 mg/l + 4 % or
10,0 mg/1 £ 4 % may be applied.

Keep this solution in a flask sealed with a septum.

NOTE There are reference solutions commercially available. They consist of stable solvent mixtures yvith
specific copposition and precisely determined water content, supplied in airtight glass ampoules t6 |engure
quality when opened by the end user. The exact amount of water is given on the certificate of analysis,Typidally,
the referende solutions are filled under Argon in 4 ml or 8 ml glass ampoules.

5.3 Compmercially available dry cartridges.

For example, filled with phosphorus pentoxide.

6 Apparatus

6.1 Diagram of the complete apparatus is shown in Figure 1.
6.1.1 Titration cell, as shown in Figure 1.

6.1.2 Gas inlet, with a 3-way valve as in Figure 3.

6.1.3 Drying tube, placed in the gas outlet line,as)in Figure 4.

2 © IS0 2022 - All rights reserved
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Figure 1 — Titration cell
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Figure 2 — Karl Fischer apparatus for coulometric determination — Typical assembly
4
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Key
3-way valve (e.g. ground tapes plug point)
normal glass with small holes

fritted glass or small holes are recommended

Figure 3 — Gas inlet with 3-way valve

L

Key
1 |conical greund joints

Figure 4 — Drying tube in the gas outlet

6.2 Wet-test gas meter, accurate to =1 % of the volume passed, e.g. wet-test gas meter, Coriolis meter,
etc.

6.3 Syringe.

7 Sampling
Follow the procedure as in ISO 10101-1.

© IS0 2022 - All rights reserved 5
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All parts which come in contact with gas shall consist of glass and stainless steel. Flexible
connections shall be polychloroprene or fluoroelastomers. The rotor of the gas inlet tap shall be of

polyterafluoroethylene.

8 Procedure

8.1

Installation

Follow the manufacturer’s instructions for the addition of reagents to the cells, for switching on and for

the deter

inationof anyu initial vatax

8.2 Test

Flush a sy
measurem
anodic cell
determina

The result
reference §
look forat

Ifusingac

manufactufrer's recommendations.

The result
reference 9
the produc

NOTE |
defect in thg

8.3 Measurement

After swit
equilibriur

To purge t
atmospher
depends o
carried out
obtained.

When the
The volum

T cTroT ooty TIrreror—vv oceTs

ing the response

ringe twice with reference solution (5.2). As soon as the measuring devige/is ready
bnt, use the syringe to inject a defined amount (about 10 pl) of reference solution into
with the tip of the needle below the surface of the liquid. Switch on the stirrer and start
ion

5, expressed in micrograms, should agree with the mass of the water introduced with
olution to within the expected repeatability. If sufficiently goed agreement does not e3
echnical defect in the apparatus and resolve it before use.

bmmercial reference solution contained in an ampoule, it§hould be handled according to|

5, expressed in micrograms, should agree with.the mass of water introduced with

S¢

apparatus and resolve it before use.

ching on the measuring/syStem, wait until the measuring cell has reached a stat
h and a lowest-possible Constant drift value has resulted.

e. Adjust the measuring gas flow rate to between 30 1/h and 40 1/h. The optimum flow
h the geometry of the equipment. A check that all the water is being absorbed shoulc
by passing.the same volume of gas at different flowrates and ensuring that equal results

measuring system is ready for measurement, the gas is passed through the measuring
e Of, gas passed is measured at the cell outlet. The volume of gas to be used depends on

for
the
the

the
Kist,

the

the

olution. It is acceptable if the deviation found.does not exceed in the given limits stated by

I there is not a sufficiently good agreementywith the recommendations given, look for a techrical

b of

he inlet line, allowdhe measuring gas to pass via the 3-way valve into the outlet line of to

Fate
be
are

rell.
the

: . b A L b XALL i - 1 1 h . | 1 =l 1l b =l (sl
ant1c1patec COTICCIICT atTOIT OT WdCteT. VV IICIT CIIS VOIUIIT [IdS pPdsStd tUITOUugIT tIe Cell, Teturlr tle o~

way

valve to the former previous position. In addition to measuring the gas volume, measure the pressure
and temperature of the measuring gas in the meter.

For very low water contents, the water measurement process can finish before the entire volume of gas
has been added. This may be prevented by setting a wait or sampling period in the measuring device

8.4 Blank value determination

In the case of water concentrations (less than 100 mg/m3), perform a blank value determination to
correct for losses of iodine by evaporation during passage of the gas sample. To this end, install
commercially available dry cartridges for example filled with phosphorus pentoxide (5.3) as close
as it is possible to the inlet of the titration cell. Pass through an amount of dry gas, under the same
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