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Foreword

ISO (the Intgrnational Organization for Standardization) is a worldwide
federation of|national standards bodies (ISO member bodies). The work
of preparing |nternational 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 gn that committee. International organizations, governmental
and non-govefnmental, in liaison with ISO, also take part in the work. ISO
collaborates ¢losely with the International Electrotechnical Commission
(IEC) on all mptters of electrotechnical standardization.

Draft Internafional Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an International
Standard reqyires approval by at least 75 % of the member bodies casting
a vote.

International $tandard ISO 10101-2 was prepared by Technical\Committee
ISO/TC 193, Natural gas, Sub-Committee SC 1, Analysis of patural gas.

ISO 10101 cqnsists of the following parts, under the .géneral title Natural
gas — Determination of water by the Karl Fischer method-:

— Part 1: {ntroduction
— Part 2: [Titration procedure
— Part 3: Coulometric procedure

Annex A forms an integral part.-of this part of ISO 10101.

© ISO 1993
All rights reserved. No part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without per-
mission in writing from the publisher.

International Organization for Standardization

Case Postale 56 ® CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=4e13d318bceb5f2236cfdefb74234a55

INTERNATIONAL STANDARD
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Natural gas

— Determination of water by the Karl

Fischermethod —

Part 2:
Titration procedure

in haz

adequate ventilation.

1 Scppe

This pdrt of ISO 10101 specifies a titrimetric pro-
cedure [for the determination of water content in_na-
tural gas. Volumes are expressed in cubic metres at
a temperature of 273,15 K (0 °C) and a pressure of
101,324 kPa (1 atm). It applies to water concen-
trations|between 5 mg/m3 and 5 000 mg/m3.

2 Ndrmative references

The following standards contain provisions which,
through reference/in this text, constitute provisions
of this part of . ISO 10101. At the time of publication,
the editiors, indicated were valid. All standards are
subject|toCrevision, and parties to agreements based

WARNING — Local safety regulations must be taken into account;,.when the equipment is lo
dous areas. Due to the toxicity and odour of pyridine, the user should ensure that th

ated
re is

ISO 10101-3:1993, Natural gas — Detgrmination of

water by the Karl Fischer method| —

Coulometric procedure.

3 Principle

A measured volume of gas is passed t
containing a relatively small volume of a
ution. Water in the gas is extracted by t

Part 3.

hrough a cell
bsorbent sol-
he absorbent

solution and, subsequently titrated withl Karl Fischer

reagent. The design of the cell and t
solution are chosen so as to ensure effici

e absorbent
ent collection

of the water at the high flowrates necesjsary.

The principle and chemical reactions
Fischer method are given in 1SO 1
clauses 3 and 4, interferences are also
clause 4 of ISO 10101-1.

of the Karl
0101-1:1993,
described in

Clause 4 of ISO 10101-1:1993 describgs interfering

on this part of ISO 10101 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 383:1976, Laboratory glassware — Interchangea-
ble conical ground joints.

ISO 7504:1984, Gas analysis — Vocabulary.
ISO 10101-1:1993, Natural gas — Determination of

water by the Karl Fischer method — Part 1: Intro-
duction.

substances which may be present i natural gas and
corrections for the interference of hydrogen sulfide

and mercaptans.

4 Reagents

41 Kark Fischer reagent, of which the water
equivalent is approximately 5 mg/ml.

NOTE 1 For most applications, commercially available
Karl Fischer reagent with a water equivalent of approxi-
mately 5 mg/ml has been found adequate. The reagent may
be provided as two solutions which are mixed before use.
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If required, make up the reagent in the following way.

4.1.1 Components

4.1.1.1 Methanol, with a water content of less than

0.01 % (m/m).

Use commercially available dry

methanol or methanol dried in the laboratory by one
of the following procedures.

a) Place 2 lit

res of methanol in a two-neck 3 litres

flask and add 10 g of magnesium turnings. Add a

5 Commercial reagents, when aged, may give a slow re-
sponse near the end point.

4.2 Absorbent solution, prepared in the following
way.

4.2.1 Components

4.2.1.1 Ethylene glycol, with a water content less
than 0,1 % (m/m).

crystal of
condenser
further 5 ¢

lodine, connect the flask to a reflux
and leave overnight. Next day, add a
of magnesium turnings and reflux for

1 h. Conngct the top of the reflux condenser to a

still head,
lection fla
the conde
the conter
of conden
flasks. Ve

a double surface condenser and a col-
5k. Disconnect the water flow through
hser originally used for reflux, and distil
ts of the flask. Discard the first 150 ml
sate. Distil the rest into dried 1 litre
Nt the system through a drying tube

during disfjllation.

b) Dry the m
lar sieve™.

bthanol over a freshly activated molecu-

4.1.1.2 2-Methoxyethanol, with a water content of

less than 0,01

NOTE 2 Thig
(4.1.1.1), with
losses due to g

O/o (m/m)

can be used as an alternative to methanol
h lower vapour pressure and therefore less
vaporation during sampling of the gas.

4.1.1.3 Pyridine, anhydrous.

4.1.1.4 Sulfyr dioxide, liquefied and dry.

4115

4.1.2 Prepa

Measure 30
2-methoxyeth
pyridine (4.1.
pass liquid sy
mixing carefu
Cool this soly
add sufficient

lodine.

ation

D ml of dry _methanol (4.1.1.1) or
anol (4.1.1.2)-and 110 ml of anhydrous
.3) into a 780 ml conical flask. Slowly
Ifur dioxide*(4.1.1.4) into this solution,
ly untilsthe increase in weight is 43 g.
tion ina freezing mixture. When cool,
nodlne (4 1.1. 5) to glve a permanent llght

4.2.1.2 Sulfur dioxide, liquefied and dry,
4.2.1.3 Pyridine, anhydrous.
4.2.1.4 Karl Fischer reagent, (See'4.1).

4.2.2 Preparation

Slowly add 20 g of sulfup dioxide (4.2.1.2) to /180 ml
of anhydrous pyriding. (4.2.1.3), while mixing carefully
(solution A).

To prepare the“absorbent solution, add 55 mlf of dry
ethylene glycol (4.2.1.1), 55 ml of Karl Fischer feagent
(4.2.1.4)@nd 73 ml of solution A to a round bottomed
flask. Beil under reflux for 10 min with a dryirjg tube
on the‘condenser, and then cool.

5 Apparatus

5.1 Karl as descriged in

annex A.

Fischer apparatus,

5.2 Wet-test gas meter, accurate to + 1 %| of the
volume passed.

5.3 Guard tube, or Durand bottle, packed with
anhydrous calcium chloride (or another suitablg drying
agent).

NOTE 6 This is used to prevent back diffusion qf water
vapour from the gas meter to the titration cell.

5.4 Titration cell, as shown in figure A.1.

brown colour=F

IIIUII duu UO 1) Ul IUUIHU GIIU DVVIII UIILII

dissolved. Make up to 500 ml with dry methanol or

2-methoxyeth

anol. Leave standing in the stoppered

conical flask for 24 h before use.

NOTES

3 If required, the reagent may be diluted with pyridine.

4 For the determination of very small amounts of water,

is preferable to

use freshly prepared reagent.

5.5 Glass syringe, of 20 ml.

NOTE 7  Absorbent solution is most easily added to and
removed from the cell by means of a 20 ml graduated
syringe with a 6 % (Luer) fitting and hypodermic needles of
suitable length and 1 mm to 2 mm bore.

5.6 Syringe, with a fixed needle, of 10 ul, for
standardization of the Karl Fischer reagent.

1) Molecular sieves of type 4A (0,4 nm pore diameter) or type 5A (0,5 nm pore diameter) are an examples of a suitable pro-
ducts available commercially. This information is given for the convenience of users of this part of ISO 10101 and does not
constitute an endorsement by ISO of these products.
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6 Standardization of the Karl Fischer
reagent

Standardize the Karl Fischer reagent daily or before
use, as appropriate.

6.1 Using a dry syringe, introduce sufficient absorb-
ent solution (4.2) to cover the electrodes in the ap-
paratus (5.1). Switch on the apparatus and start the

stirrer motor. Add the Karl Fischer reagent (4.1) until

ISO 10101-2:1993(E)

Vv is the volume, in millilitres, of Karl Fischer

reagent required for the tit
added water.

7 Sampling

See ISO 10101-1:1993, clause 5.

8 Procedure

ration of the

this poiht is reached, cease additions, since additions
of largg amounts of reagent will only move the
electrometer about 0,02 V. To achieve maximum
sensitivjty at this first stable point, adjust the zero
control until the electrometer needle is at zero. Shake
the cell|several times so that all the internal surfaces
are wetted. Once again, adjust to the zero position by
adding more reagent. Repeat the procedure until the
needle femains steady at the zero position for at least
30 s.

the neefle settles down at a position near zero. vvhen

NOTE 8| The meter needle will remain at zero for at least
30 s whgn the titration end point is reached.

6.2 Using the 10 pul syringe (5.6), add exactly 10 ul
of distilled water to the contents of the cell (5.4) (with
the syringe needle below the surface of the absorbent
solutior] titrate to the zero position and note the vol+
ume of|reagent used. Once again, shake the cell se-
veral times and if the electrometer needle shifts,
titrate Back to zero. Ignore this additional volume of
Karl Figcher reagent; it represents any watef which
may haje entered the cell as vapour whilg the 10 pl
of watgr was being added.

6.3 Agd a further 10 ul of .water to the cell, and
again tifrate to the zero positioh. Take an average of
the twq titrations. If the yvatiation is greater than 2 %,
discard|the contents of\the cell. Introduce a further
portion [of absorbent solttion into the cell and repeat
the stapdardization procedure. If the titration for two
further |10 pl poftions of distilled water still varies by
more than 2 %t is likely that the Karl Fischer reagent
has agdd afhd‘needs replacing with fresh reagent.

NOTES

9 The apparatus may be used in the (@beratory, or outside
on the processing plant, with appropriate precautions. The

differences between these approaches arg

described in

8.3. Because of the difficulty™of samplind gas streams

without altering their water gontent, the equ

pbment is likely

to be used more frequently outside the laboratory.

10 Whether it is made)inside or outside the
first determination ‘is’likely to be erroneous,
certainties assoéiated with connecting the

laboratory, the
due to the un-
ample stream

and purging thé_sampling lines. For this reagon, repeat de-
terminationS¢are necessary on a sample stream flowing

continuoysly at 1 I/min.

8.1V Remove the contents of the cell

5.4) and add

20 ml of the absorbent solution (4.2) tq the titration
¢ell using a dry syringe (5.5). If necesgary, add suf-
ficient water until the meter shows an gxcess of wa-
ter and titrate back to zero with Karl Figcher reagent

(4.1).

8.2 Close the gas inlet socket with a

7/16 ground

glass stopper, and the gas outlet with 4 5/13 ground
glass stopper. Shake the cell several times so that all

the internal surfaces are “wetted” and a
the zero position by adding more reagen

jain adjust to
t. Repeat this

procedure until the needle remains steadly at the zero

position.

8.3 Subclauses 8.3.1 and 8.3.2 refer {o the use of

the equipment in the laboratory, or on
spectively.

the plant, re-

8.3.1 Switch off the stirrer and proceed to 8.4. If the
sample is being taken from a line whig¢h is continu-

ed in 8.4 can

Check ttedetivery of the~+0syrmge by werghmgt;
using a balance capable of weighing to + 0,1 mg.
Ensure that the weighings are within 1 %.

6.4 Calculate the water equivalent T, expressed in
milligrams of water per millilitre, of the Karl Fischer
reagent using the equation

=m
T= 1%
where
m is the mass, en milligrams, of water added;

ously purged the time of purging indica
be reduced.

8.3.2

In the laboratory, disconnect the apparatus

from the mains supply, switch to battery operation
and check that the batteries are satisfactory. Turn off
the stirrer and ensure that the switch it set to
“READ". The apparatus is now ready to take onto the
plant.

WARNING — The equipment is neither flameproof
nor intrinsically safe. Local safety regulations
must be taken into account when using the
equipment in hazardous zones. As a minimum
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precaution, a test for flammable gases should be
made in the area in which it is to be used.

8.4 Open the sampling point valve and purge the
line for 5 mm at about 10 I/min. Connect the wet-test
gas meter (5.2) to the sample point and adjust the
flow to the required flow rate (1 I/min for streams
containing less than 50 mgHzO/ms). Allow to purge

for a further 30 min.

9 Expression of results

9.1 Method of calculation

Calculate the water content p(H,0), expressed in
milligrams per cubic meter at 273,15 K (0 °C) and
101,325 kPa (1 atm), of the gas using the equation

VT x 1 000(273,15 +8,) x 101,325

o(H;0) = ValPa—pvo) X 273,15
8.5 Disconnect the wet-test gas meter and connect
the gas inlettubeof-the—cet-to-the—samptepoint—us- where
ing a metal qoupling (with polychloroprene “0" rings) ) . _
that is capable of connecting glass to glass or metal 4 is the volume, in millilitres, of -feagent re-
to glass. quired;
NOTE 11 Upder no circumstances should lengths of PVC T is the water equivaleptst milligfams of

or similar typdg
point to the ¢
water into the

8.6 Conned
tube (5.3) to
the cell outle

NOTE 12 P

8.7 Conneg
the gas inlet
allow the gad
ing reagent a
at the meter

8.8 Record

s of tubing be used to connect the sample
Bll. This type of tubing will allow diffusion of
sample.

t the outlet of the calcium chloride guard
the wet-test gas meter and the inlet to
t.

able tubing may be used for the connection.

t the cell to the gas stream by inserting
tube through the 7/16 conical joint and
to pass through the cell for 5 min, add-
S necessary to maintain the cell contents
zero position.

the wet-test gas meter reading at\a

convenient moment when the voltmeter readingsis:on

zero. Recorq
0,002 ml pré
This first titrg
likely to be €

the burette reading (to the nearest
s) associated with this volume of gas.
tion can be ignored, as the-fesult is very
froneous.

8.9 Withou
ditional volu

I interruption to thé~ftow, pass an ad-
e of sample (10-litres in the case of

gases containing less than{ 50 mgHZO/ms), through
the cell, once again adding-reagent to maintain the
voltmeter at jor near the, zéro position throughout the
titration. Recprd the-Wet-test gas meter reading at a
moment when thévoltmeter is on zero, and the cor-
responding burette reading (to the nearest 0,002 mi).
Record the femperature and pressure of the gas in

water per millilitre, of the Karl Fischer rea-
gent, calculated in-6.4;

Oa is the temperature, in degrees Celsius, of
the gas in the wet-test gas meter;

Va is the wvolume, in litres, of gas|passed
through the cell;

Da is¢the absolute pressure, in kilopagcals, of
the gas in the wet-test gas meter;

)23 is the vapour pressure, in kilopadcals, of
water at temperature 8,.

If necessary, the observed water content can|be cor-
rected for interferences due to sulfur compolinds as
described in ISO 10101-1:1993, clause 4.

9.2 Precision

The precision of this method has not yet beep estab-
lished by an interlaboratory correlation prograrnme.

10 Test report

The test report shall contain at least the follopving in-
formation:

a) a reference to this part of ISO 10101;

b) the date and time of sampling or measurement;

the wet-test gas meter.

8.10 Repeat the procedure described in 8.9 as many
times as is necessary to obtain a constant reading (a
minimum of four titrations).

c) the place of sampling or measurement;

d) whether the analysis was performed on-site, or on
a sample returned to the laboratory;

e) the temperature and pressure of the gas stream
at the time of sampling or analysis;

f) the concentration of, and correction for, any inter-
fering substances in the gas;

g) any deviation from the procedure specified.
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Annex A
(normative)

Karl Fischer apparatus

The apparatus is shown in figures A.1 and A.2 and

The bufette is a piston-type of capacity 5 ml with a
two-waly PTFE key, which is attached to the base of
the appgaratus. The burette scale is subdivided every
0,005 ml. It is possible to estimate the burette reading
to the nearest 0,002 ml. A suitable automatic burette,
the performance of which is at least as good as this,
may bel used.

A.2

This is p modified 2560 ml Durand bottle protected by
a drying tube as shown in figure A.2. The connection
betwedn the reservoir and the burette is a butt-joint,
sealed with neoprene tubing.

eservoir

A.3 Titration cell

This cell is fitted with two 7/16 ground glass,conical
joints fpr the gas inlet tube and the reagent delivery
tube, g 5/13 ground glass conical joint “for the gas
outlet gnd a screwed connector for_the electrode. If
requirefl, a further connection can(bg'made, at an an-
gle on the side of the cell, for alseptum.

The grpund glass connectdrs—are not lubricated (the
seal is |made by the reagent as the cell is shaken to
wet thg internal surfaces). The gas inlet tube has an

internal diameter of 2,5 mm and extends to within

burette is drawn to a fine jet, of 0,2'm
ameter, to prevent diffusion of the\rea
cell.

NOTE 13 A flexible polyethylene burette
ary so that the cell can bershaken without

pad from the
m internal di-
gent into the

ead is necess-
disturbing any

connections. During the hormal duration off use, diffusion
of moisture through the tubing is negligible| If the reagent

is left in the tubing.for some time, it should
thoroughly before\use.

A.4 Base

The base of the apparatus contains the

be flushed out

electronic cir-

cuitsyof which a diagram is shown in figure A.3 and a

magnetic stirrer.

NOTES

14 The electronics function as follows.
When an excess of water is present, the

electrodes are

polarized and the impedence across them becomes of the
same order as the 1 MQ resistor. The voltmeter thus indi-
cates about 0,6 V. When an excess of Karl Fischer reagent

is present,
impedence across them becomes very small
the 1 MQ resistor. The voltmeter will now in
circuit gives a very much sharper end-point
the more usual current measuring circuits.

15 Experience has shown that it is nece
magnetic stirring bar of 20 mm to 26 mm le
adequate mixing of the cell contents.

the electrodes are depolarlzed and the

icompared with
Hicate 0 V. This
indication than

bsary to use a
ngth, to ensure
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1 =N

Piston burette of
capacity 5mt

Ex

Electrodes ——\
) )

Sample in

|
y

Flexible polyethylene,
buretteledd

L To guard tube and
wef-test gas meter

Titration cell —

—

ol

Figure A.1 — Detail of titration cell
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Burette assembly

PTFE 2-way stopcock

Burette lead

ISO 10101-2:1993(E)

Sample titration cell ————

=

Electron
(zerore
“dry” so

\ Karl Fis

Electrode
agnetic stirrer
— o
[ 1
efter Zero Set Stirrer
ding indicates \0/\ Read battery Zero
\ D @ @
'; off min max

1MQ
- pH-meter or
15V — Electrodes high impedance
I voltmeter

Figure A.2 — Titration apparatus — Typical assembly

Figure A.3 — Schematic circuit diagram

Guard tube filled
with silica gel

her reagent
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