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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.
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Introduction

This method is for the determination of water content in polyether polyols, which are used in the
preparation of polyurethane prepolymers and polyurethane products. Knowledge of this value is
important to polyurethane production.

The document is based on ASTM D 4672.
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INTERNATIONAL STANDARD ISO 14897:2023(E)

Plastics — Polyols for use in the production of
polyurethanes — Determination of water content

WARNING — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with
its use. It is the responsibility of the user of this document to establish appropriate safety and
health practices and to determine applicable national regulatory conditions prior to use.

1 $cope

This| document specifies methods used to measure the water content ofCpolyols employed as
polyurethane raw materials.

MetHod A is a manual amperometric method which has been included to"better define tHe principles
of thie Karl Fischer measurement. Amperometric methods are applicable to a wide rangg of polyols,
including those which have enough colour to obscure a visual end-point. Method B [includes an
automated amperometric procedure and an automated coulometric'procedure.

The ¢oulometric procedure is an absolute method that does not require calibration and gives improved
sensitivity compared with amperometric methods.

2 Normative references

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

ISO 3696, Water for analytical laboratory use — Specification and test methods
[SO §353-1, Reagents for chemical analysis — Part 1: General test methods
ISO 6353-2, Reagents for chenical analysis — Part 2: Specifications — First series

ISO §353-3, Reagents fof-ehemical analysis — Part 3: Specifications — Second series

3 Terms anddefinitions
For the purposeés of this document, the following terms and definitions apply.

ISO gnd TEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1
polyol
organic compound containing two or more hydroxyl groups suitable for reaction with isocyanates

©1S0 2023 - All rights reserved 1
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3.2

polyurethane

polymer prepared by the reaction of an organic di- or polyisocyanate with compounds containing two
or more hydroxyl groups

Note 1 to entry: Polyurethanes may be thermosetting, thermoplastic, rigid or soft and flexible, cellular or non-
cellular.

4 Principle

4.1 Methd
The sulfur d 1ox1de in the reagent f1rst reacts with the alcohol to form an ester Wthh is neutrallzvd by
the base pr¢sent in the reagent. The anion of the alkyl sulfurous acid is the reactive compoenént| The
titration of water present constitutes the oxidation of the alkyl sulfite to alkyl sulfateby.the iodine,
which consymes the water. The reaction can be formulated as follows!4l:

ROH + SP, + R'N - (R'NH)SO;R

H,0 + L|+ (R’'NH)SO3R + 2R’'N - (R’'NH)SO,R + 2(R’NH)I

4.2 To determine water, Karl Fischer reagent [a solution of iodine, sulfur dioxide, ethylene glycol
monomethy|] ether (HOCH,CH,0CH3) and pyridine or a pyridiné substitute] is added to a soljition
of the test gortion in methanol or another alcohol until all of the water present has been consumed.
In an ampdrometric titration, this is evidenced by a curveit-measuring device that indicate$ the
depolarization of a pair of platinum electrodes. In coulometric titrations, the iodine reagent is generated
electrically, thus eliminating the need for standardizatien of the reagent.

5 Applidation

These test methods are suitable for quality centrol, as a specification test for products, and for reseprch.
The water ¢ontent of a polyol is important because water reacts with isocyanates to form carbon
dioxide andfan amine which consumeg-additional isocyanate.

NOTE The description of the manual system presented below is principally for reference purposes and has
been includefl in order to better define the principles of the Karl Fischer measurement. Commercially avajlable
automated Khrl Fischer titrators efthe type described in Method B are used extensively. Additional detaills and
diagrams ar¢ available in ISQ"760.

6 Interferences

for crude polyols contammg KOH or other hlghly ba51c products unless Correctlons are made for the
excess water produced.

6.2 Amine-based polyols can shift the pH of the Karl Fischer system into the alkaline range, causing
incorrect results. This problem may be circumvented by adding salicylic or benzoic acid in greater
than stoichiometric amounts before carrying out the titration. Tests should be run to determine the
suitability of the procedure for a particular polyol type.

2 © IS0 2023 - All rights reserved
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7 Reagents

7.1 Purity of reagents

Reagent-grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all
reagents shall conform to the specifications of ISO 6353-1, ISO 6353-2 and ISO 6353-3. Other grades
may be used, provided that it is first determined that the reagent is of sufficiently high purity to permit

its use without lessening the accuracy of the determination.

7.2

Purity of water

Unle
inIS

7.3

7.3.1]

stabilized Karl Fischer reagent (6 mg of water/ml) with an equal volume of anhydrous eth

mon

NOTH
asar

7.3.2
alar
solvg

5s otherwise indicated, references to water shall be understood to mean grade 3 watg
D 3696.

Reagents for Method A (manual titration)

Karl Fischer reagent, equivalent to 2,5 mg to 3,5 mg of water/ml/Dilute commercig

pmethyl ether (containing less than 0,1 % of water).

Improved, pyridine-free Karl Fischer reagents have been nrade available and are highly r
eplacement for the previous reagents.

Titration solvent (anhydrous methanol): Unless.the methanol is extremely dry, it
be amount of dilute Karl Fischer reagent to reagtwith its residual water. For this rea
nt further by adding undiluted Karl Fischer reagent (6 mg of water/ml) to a bottle

r as defined

lly available
ylene glycol

ecommended

will require
son, dry the
of methanol

until w. A 100 ml

porti

a light red-brown colour persists. Then addzmethanol until the solution is a pale yelldg
on of the treated solvent should require 1-ml to 10 ml of dilute Karl Fischer reagent.

7.4 | Reagent for Method B

ire available
e improved

7.4.1] Karl Fischer reagent: Commmercial reagents and reagent systems of various types 4
for yse with autotitrators for~water determination. These pyridine-free reagents hay
stabillity and a less objectiofiable odour than the conventional Karl Fischer reagent. Reagents can be
purchased in split or composite forms in different concentrations to fit various ranges of water content.
A composite reagent céntains all of the components required for a Karl Fischer titration in a single
solutfion. A split reagént implies separate solutions of the solvent and titrant.

8 Apparatus

8.1 | Apparatus for Method A (manual titration)

8.1.1 Titration vessel: A vessel of approximately 300 ml capacity, such as a tall-form, lipless beaker
provided with a tight-fitting closure to protect the reaction mixture from atmospheric moisture. The
vessel shall also be fitted with a nitrogen inlet tube, a 10 ml burette, a stirrer (preferably magnetic) and
a port that may be opened momentarily for sample and solvent addition, or removal of electrodes. It is
convenient to provide a vacuum line leading to a 1 1 trap bottle for drawing off the titrated solution. Pass
the nitrogen through a drying tube containing anhydrous calcium sulfate before it enters the titration
vessel.

8.1.2 Instrument electrodes, platinum, with a surface equivalent of two No. 26 wires, 4,76 mm long.
The wires shall be 3 mm to 8 mm apart and inserted in the vessel so that 75 ml of solution will cover
them.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=e48715679ac3af24e18d7be490302cdd

ISO 14897

8.1.3

:2023(E)

Instrument depolarization indicator, having an internal resistance of less than 5 000 (,

consisting of a means of applying and indicating a voltage of 20 mV to 50 mV across the electrodes,
and capable of indicating a current flow of 10 pA to 20 puA by means of a galvanometer or ratio tuning

circuit.

8.1.4 Burette assembly, for Karl Fischer reagent, consisting of a 10 ml burette with 0,05 ml
subdivisions and connected by means of glass or polyethylene (not rubber) connectors to a source of
reagent. Various types of automatic dispensing burette may be used. Since the reagent loses strength
when exposed to moist air, all vents shall be protected against atmospheric moisture by adequate
drying tubes containing anhydrous calcium sulfate. All stopcocks and joints shall be lubricated with an

inert lubrica

nt

8.1.5 Wei

8.1.6 Syringes, 1 ml and 10 ml, suitable for weighing and delivering viscous liquid sambples.

8.1.7 Anallytical balance, capable of weighing to 0,1 mg.

8.2 Appa

8.2.1 Aut

titrations and provide results equivalent to or better than those of'the manual procedure describ|
Method A. These instruments consist of an automated burette assembly, a sealed titration vessel
appropriate| electrodes and associated circuitry, and a means’for removal of solution after ana
These autornated systems provide several advantages. Atmospheric-moisture contamination cg
more closely controlled, calibration is simplified and the-preneutralization step is automatic. Titra|

are rapid a
or print out

8.2.2 Syringes, 1 ml and 10 ml, suitable for weighing and delivering viscous liquid samples.

8.2.3 Anallytical balance, capable ofweighing to 0,1 mg.

9 Sampl

9.1 Itise
Many polyo
determinati

in the water|

conditioned
use almost-

phing pipette, approximately 1 ml.

ratus for Method B (automated titration)

titrator: Several commercial autotitrators are availablé)fof amperometric or coulom

d reagent consumption is low. The newer-autotitrators automatically calculate and di
the water concentration.

ling

ssential to avgid)changes in the water content of the material during sampling operat
|s are quite hygroscopic, and errors from this source are particularly significant ij
pn of the small amount of water usually present. It has been demonstrated that incr¢
contentof hygroscopic liquids will occur, even when the analyses are carried out in a
laboratory, without using special precautions to exclude atmospheric moisture. Thersg

etric
ed in
with
lysis.
n be

kions

splay

ions.
n the
pases
N air-
fore,

illed, tightly capped containers and limit as much as possible contact of the sample

with

air when transferring the sample to the titration vessel. Notable improvements in accuracy can be
expected from placing the entire titration equipment in a nitrogen (or dry air) purged enclosure. Avoid
intermediate sample containers, if possible. If several different analyses are to be performed on the
same sample, determine the water content first and do not open the sample prior to the actual analysis.
If possible, keep the laboratory humidity low, preferably under 50 % relative humidity.
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Sampling is conveniently accomplished by use of a tared syringe (8.2.2). The material is drawn
into a syringe, weighed, and delivered through the sample port of the titrator vessel. The syringe is then
reweighed to obtain the mass of the test portion by difference.

Table 1 — Recommended size of test portion for manual titration (Method A)

Water content

Size of test portion

%
Below 0,5 Mass containing approximately 25 mg of water?
Over 0,5 5¢

a  This mass shall not exceed 30 g.

Table 2 — Recommended size of test portion for amperometric titration? (Method B)

Water expected

Suggested size of test povtion

% g
Below 0,5 5 toc10
0,5to 1,0 1
above 1,0 0,5

2 For atitrant concentration equivalent to 5 mg of H,0 per mK

Table 3 — Recommended size of test portion for coulometric titration (Metho

d B)

10.1) Standardization of reagent for Method A (manual titration)

Stan
test j

portion, as follows:

Hardizesthe Karl Fischer reagent (7.3.1) daily, using the same procedure as used for

Water expected Suggested size of test portion
% g
Below 0,1 5
0,1to 0,5 1
0,5t0 1,0 0,1
The values shown in Tables 2 and 3 are given only as general guidelines. The design| of a specific
iment can require a different)test portion size. Consult the manufacturer's manual for recommended test
bn sizes.
ptandardizatien of reagent

fitrating the

Add 100 ml of titration solvent (7.3.2) to the titration vessel (8.1.1) and titrate the residual moisture as
described in Clause 11. To this titrated solvent, immediately add 1 drop of water from a weighing pipette
(8.1.5). Weigh the pipette to +0,1 mg. Complete the titration with Karl Fischer reagent as described in
Clause 11.

10.2 Standardization of reagent for Method B (automatic amperometric or coulometric
titration)

Since different autotitrators may vary in their standardization procedures, consult the operating
manual for the autotitrator being used. Water is an excellent primary standard. In addition, stable
prepackaged primary standards are available for establishing the equivalency factor F (see 10.3).

©ISO
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10.3 Calculation
Calculate the equivalency factor F, in terms of milligrams of water per millilitre of reagent, as shown in
Formula (1):

F=A/B (@)}
where

F  isthe equivalency factor;

A is tIe mass of water added, in mg;

B isthe volume of Karl Fischer reagent required, in ml.
11 Procedure
11.1 Procedure for Method A (manual titration)
11.1.1 Adjyst the nitrogen valve so that dry nitrogen flows into theditration vessel at a slow]| rate
(20 ml/min{to 50 ml/min). Introduce approximately 100 ml of titratieh solvent into the titration vessel,
making sur¢ that the electrodes are covered with solvent. Adjust.thie stirrer to give adequate mjxing
without splashing. Titrate the mixture with Karl Fischer reagentto the end-point.
11.1.2 To the prepared titration mixture, add a test portion‘as indicated in Table 1. Exercise care when
the test portion is transferred so that water is not absorbed from the air, particularly under conditions
of high humjdity. Allow the solution to stir for 1 min or\2 min until dissolution is complete.
11.1.3 Titrate the solution obtained in 11.1.25-with Karl Fischer reagent to the same end-point
previously gmployed. Record the amount of réagent used to titrate the water in the test portion.
NOTE The end-point is that point in_the‘titration when two small platinum electrodes upon which a
potential of 20 mV to 50 mV has been impressed are depolarized by the addition of 0,05 ml of Karl Fischer repgent
(equivalent tp 2,5 mg to 3,0 mg of watef/ml), causing a change in current flow of 10 uA to 30 pA that persisgts for
atleast 30 s.
11.2 Proce¢dure for Method B (amperometric or coulometric titration)
Refer to the|operatingmmanual for the autotitrator being used. Basically, after preneutralization df the
reagent in the titrator vessel, the test portion is introduced, the instrument is switched to the titfator
mode, and the amperometric or coulometric titration proceeds automatically to the end-point.
In choosing @n appropriate size of test portion for use with specific autotitrators, follow the

manufacturer’s recommendations. If no INStructions are avallable, use the guidelines listed 1n Tables 2

and 3.

12 Expression of results

Calculate the water content w(H,0) of the sample, as a percentage by mass, as shown in Formula (2):

w(H,0)

VxF
10m

(2)

© IS0 2023 - All rights reserved
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where

w(H,0) is the water content of the sample, in mass %;

% is the volume of Karl Fischer reagent required, in ml;

F is the equivalency factor for the Karl Fischer reagent, in mg of water/ml of rea
m is the mass of the test portion, in g;

10 is a constant combining conversion from g to mg, and conversion to percent.

13 Precision and bias

13.1 General

Atte

See dlso Annex A.
13.2 Precision and bias for Method B

13.2|1 Precision

Use the following criteria to judge the acceptability ofiresults (95 % confidence limits):

a)

b)

gent;

pts to develop a precision and bias statement for the manual amperometric method have not been
satisfactory. Therefore, data on the precision and bias of Method A (manualtitration) are nt given.

Repeatability (single analyst): Duplicate ¥ésults obtained by the same analyst o
equipment on the same day shall only be-considered suspect if they differ by more than
percent value listed in Table 4 for the water level which most closely matches the s
gnalysed.

Table 4 — Repeatability data for Method B

n the same

the relative
hmple being

Water level Amperometric procedure Coulometric procedufe
mass % relative % relative %
0,03 8,2 2,8
0,42 1,6 31
1,6 11 31

eprodueibility (multilaboratory): Results, each the mean of duplicates run on id
aterial in separate laboratories, shall only be considered different if they differ by m

entical test
bre than the

elative percent value listed in Table 5 for the water level which most closely matcheg the sample
beinganatysed:
Table 5 — Reproducibility data for Method B
Water level Amperometric procedure Coulometric procedure
mass % relative % relative %

0,03 16,0 15,9

0,42 4,4 3,2

1,6 50 5,2
7
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13.2.2 Bias

Bias is the difference between the expectation of the test results and an accepted reference value. The
bias of this method has not yet been determined.

14 Testreport

The test report shall include the following information:

a)
b)

<)

d)
e)
f)

a reference to this document, i.e. ISO 14897:2023;

all detalils necessary for complete identification of the product tested;

the mefthod of titration used (automated coulometric, automated amperometric~0r) ‘manual

amperometric);

the resylts obtained, including the units in which they are expressed;

any incident or detail not stipulated in this document which may have influenged the results;

the datg of the analysis.
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