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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 preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Comntittee ISO/TC 61, Plastics, Subcommittee S 5, Physical-
chenical properties.

This|fifth edition cancels and replaces thefourth edition (ISO 15512:2016), which has been technically
revided. The main change compared to;the previous edition is as follows:

— addition of two alternative methods for water determination (Methods D and E).

Any feedback or questions ofi this document should be directed to the user’s national standpards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The interlaboratory comparability of the water content determination of plastics is often low. Major
causes for this are the sample packaging, sample handling, and differences between equipment and
settings. Samples should, e.g. be packed in special glass containers or water barrier sealed bags.

Sample handling is preferably to be carried out in a dry nitrogen or air environment. For improvin

g the

repeatability and reproducibility, the procedure prescribed in this document is intended to be followed

strictly.

The temperature settings for the Vaporlzatlon method are not spec1f1ed in this document For the

manometrigethodatempe ; sed—Howerer—for-some—corden
this might bje too hlgh and could e.g. cause generation of water due to a condensatlon reaction;

The heating|temperature needs to be optimized depending on the material to be tested, the equip
in use, and the practical circumstances. If the temperature is too low, the total amountofwater i
material to pe tested will not be evaporated completely, whereas too high temperatunes cause
generation due to effects like degradation and condensation reactions.

In this docyment, a procedure is included for optimization of the heating temperature in ord
choose the dorrect temperature for the water content determination and to improve the interlabor
comparabilifty.

rials,

ment
n the
vater

er to
hitory
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Plastics — Determination of water content

1

Scope

This document specifies methods for the determination of the water content of plastics in the form of
powder, granules, and finished articles. These methods do not test for water absorption (kinetics and
equilibrium) of plastics as measured by ISO 62.

MetHod A is suitable for the determination of water content as low as 0,1 % with an accur:
MetHod B and Method C are suitable for the determination of water content as low-as’0,0
accu
accu
an aq
poss

MetHod D is suitable for polyamide (PA), polycarbonate (PC), polypropylene (PP), polyethyleng
resin, polyethylene terephthalate (PET), polyester, polytetrafluoroethylene (PTFE), polyvi
(PV(), polylactide (PLA), polyamidimid (PAI), it is especially not\recommended for sample
relealse NH3. Methods A, B, C and E are generally suitable for alltypes of plastic and moisture

Watdr content is an important parameter for processing materials and is expected to rema
level

Six a

Facy of 0,01 %. Method D is suitable for the determination of water content aslowas 0,(
Facy of 0,01 %. Method E is suitable for the determination of water content.as low as 0
curacy of 0,001 %. The stated accuracies are detection limits which depend also on {
ble sample mass. The water content is expressed as a percentage mass fraction of wat

specified in the appropriate material standard.

ternative methods are specified in this document.

Method A is an extraction method using ahhydrous methanol followed by a Karl Fisc
of the extracted water. It can be usedxfor all plastics and is applicable to granules {
4 mm x 4 mm x 3 mm. The method c¢an also be used for, e.g. prepolymer materials in {]
powder that are insoluble in methahol.

Method B1 is a vaporizationunethod using a tube oven. The water contained in the te
raporized and carried to thetitration cell by a dry air or nitrogen carrier gas, follow
ischer titration or a cqulometric determination by means of a moisture sensor of t
ater. It can be used for all plastics and is applicable to granules smaller than 4 mm x 4

icy of 0,1 %.
I % with an
1 % with an
001 % with
he maximal
or.

 (PE), epoxy
nyl chloride
s which can
level.

n below the

her titration
maller than
he form of a

st portion is
ed by a Karl
he collected
mm x 3 mm.

d in the test
as, followed
pplicable to

in pressure,

ble to plastic

AP onta s—vola 6 6 a—waterHramos 6 btiting-significantly
to the vapour pressure at room temperature. Checks for the presence of large amounts of volatile
compounds are to be carried out periodically, for example by gas chromatography. Such checks are
particularly required for new types or grades of material.

Method D is a thermocoulometric method using a diphosphorus pentoxide (P20s5) cell for the
detection of the vaporized water. The water contained in the test portion is vaporized and carried
to the sensor cell by a dry air or nitrogen carrier gas, followed by a coulometric determination of
the collected water. This method is not applicable to plastic samples containing volatile compounds,
other than water, in amounts contributing significantly to the vapour pressure at room temperature.
This is specially related to volatile components which can react with the acidic coating of the
diphosphorus pentoxide sensor, e.g. ammonia or any kind of amines. Checks for the presence of
large amounts of volatile compounds are to be carried out periodically. Such checks are particularly
required for new types or grades of material.

© IS0 2019 - All rights reserved 1
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— Method E is a calcium hydride based method. The water content of a sample evaporates due to a
combination of vacuum and heating. The evaporated water reacts with calcium hydride to molecular
hydrogen and calcium hydroxide. The hydrogen causes an increase of pressure in the vacuum that is
proportional to the evaporated water. Volatile components, that do not react with calcium hydride
condensate in a cooling trap and do not affect the measurement.

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 document. For dated references, only the edition cited applies. For

undated ref

ISO 760, Det

3 Terms
No terms an
ISO and IEC
ISO Onl

IEC Eleq

4 Method A — Extraction with anhydrous methanol

4.1 Prind

A test porti
using the K3

4.2 Reag

During the §

4.2.1 Titr
Other solveq]

4.2.2 Kar
When the re

erences; tiretatesteditiomrof the referenceddocunrent tinctudingany amemdmrents)=pp

ermination of water — Karl Fischer method (General method)

and definitions
d definitions are listed in this document.
maintain terminological databases for use in standardization at thefollowing address

ne browsing platform: available at https://www.iso.or

tropedia: available at http://www.electropedia.org/

iple

n is extracted with anhydrous methanol and the extracted water determined by titr
rl Fischer method.

ents

nalysis, use only reagents.of recognized analytical grade.

ation medium, methanol anhydrous, having a water content less than 0,1 % mass fra
Its can be used if'shown to be comparable.

Fischer réagent, with an equivalence factor of approximately 3 mg/ml to 5 mg/ml of 4
agent is\prepared, check its equivalence factor as specified in ISO 760.

4.3 Appalratus

Ordinary laboratory apparatus and the following.

lies.

htion

rtion.

yater.

4.3.1 Glass flasks, approximately 250 ml capacity, provided with a suitable cap preventing moisture

uptake or re

lease.

4.3.2 Conical titration flasks, approximately 150 ml capacity, with standard ground necks and
provided with ground-glass stoppers.

4.3.3 Reflux condensers, with ground neck capable of being fitted on to the flasks (4.3.2) and on to
the tubes (4.3.4).

© ISO 2019 - All rights reserved
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4.3.4 Water-absorption tubes with ground joints, containing calcium chloride or any other suitable
drying agent.

4.3.5 Heaters, suitable for the conical titration flasks (4.3.2).

4.3.6 Desiccator, containing a suitable desiccant.

4.3.7 Analytical balance, accurate to 0,2 mg.

4.3.8

4.4

4.4.1
Take

and immediately close it with a stopper.

Itis (

4.4.2

Cut dr saw the sample into pieces of appropriate size, i.e. having a maximum size of 4 mm x 4

Proc
4.5

4.5.1

Due
cont
equij

4.5.2
Use t

Usin
can k

4.5.3

Care

Karl Fischer apparatus, for determining water content in accordance with ISO 760
Preparation of test sample

Granules or powder

a representative sample of approximately 100 g. Put the sample into a pre-dried glass

lesirable to pre-dry the container in an oven and then cool it over.a suitable desiccant.

Finished articles

bed quickly to minimize moisture absorption.
Procedure

Precautions

Lo the low quantities of water meastured, maximum care shall be exercised at all tiy
hminating the sample with water from the sample container, the atmosphere,
bment. Hygroscopic resin sarples shall be protected from the atmosphere.

Preparation of test'portions
est portions contaiiling 10 mg to 20 mg of water based on the estimated water content o

b modern copometric Karl Fischer titration instruments, test portions containing lesg
e applied ifthe same level of accuracy of results can be achieved.

Determination

flask (4.3.1)

mm x 3 mm.

hes to avoid
or transfer

fthe sample.

than 10 mg

fully dry the apparatus.

Weigh each test portion to the nearest 1 mg into a conical titration flask (4.3.2) fitted with a ground-
glass stopper. Pipette 50 ml of anhydrous methanol (4.2.1) into the conical flask containing the test
portion. At the same time, pipette 50 ml of anhydrous methanol to another conical flask for a blank test.
Stopper the flasks. Keep the stoppered flasks in the desiccator (4.3.6) pending continuation of the test.

Unstopper the flasks and quickly attach them to reflux condensers (4.3.3) fitted with calcium chloride
tubes (4.3.4). Reflux the contents of the conical flasks for 3 h, then leave them for 45 min to cool to
room temperature. Separate the flasks from the condensers, quickly stopper them, and place them in
the desiccator.

© ISO

2019 - All rights reserved
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Use the Karl Fischer apparatus (4.3.8) to titrate the contents of each flask with Karl Fischer reagent

(4.2.2).

NOTE

Alternative sample preparation methods and titration methods are given in Annex A.

4.6 Expression of results

The water content, w, expressed as a percentage mass fraction, for each of the two determinations is

given by Formula (1):

Tl K
m

where

V1 is the volume, expressed in millilitres, of Karl Fischer reagent used for the detesmination;

V> is the volume, expressed in millilitres, of Karl Fischer reagent used for the blank test;

T isthe water equivalent, expressed in grams of water per millilitre of reagent,

of Karl Fischer reagent;

m is the mass, in grams, of the test portion.
NOTE Fqr some equipment, /2 might not be available separately-but only used for internal calculat
V1 = V3. In this case, the numerator in Formula (1) simplifies to V x T,
4.7 Precision

The precisid
when interl3

For compar
and sample

5 Method B1 — Water vaporization using a heating tube oven

5.1 Prind

The sample
and carried
coulometric
the presenc

n of this test method is not known because interlaboratory data are not available. I
hboratory data are obtained, a precision-statement will be added to a subsequent revis

son of data between two laboratories, special care needs to be taken on sample pa
handling.

iple

is weighed then placed in an oven. The water contained in the test portion is vapo
to the titration cell by a dry nitrogen carrier gas. The water is then titrated usin
Karl Eischer method. This method is based on the reduction of iodine by sulfur dioxi
e of water to form sulfur trioxide and hydroiodic acid as follows:

€y

on of

f and
ion.

rking

rized
b the
de in

I> + SO7

+H,0 - 2 HI + S03

Unlike the conventional Karl Fischer reagents that include iodine, the coulometric technique generates
the iodine electrolytically from iodide:

21 =1

2 t+2e

with 10,71 C of generating current corresponding to 1 mg of water in accordance with Faraday’s Law.

5.2 Reagents

During the analysis, use only reagents of recognized analytical grade.

© ISO 2019 - All rights reserved
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5.2.1 Anode solution, containing iodide ions to generate iodine in the reaction mixture, in accordance
with the equipment manufacturer's instructions.

5.2.2 Cathode solution, containing a suitable salt in methanol (or another suitable organic solvent),
prepared in accordance with the equipment manufacturer’s instructions.

5.2.3 Universal single anode reagent, containing iodide ions to generate iodine in the reaction
mixture, in accordance with the equipment manufacturer's instructions, for use in a diaphragm-free cell.

NOTE A universal single anode coulometric reagent is applied in diaphragm-free titration cells. Titration
cells i i i i

5.2.
ethy’

Neutralization solution, consisting of approximately 4 mg/ml of water in propylene carbonate,
ene glycol monomethyl ether (2-methoxyethanol), or methyl cellosolve.

5.2.3 Nitrogen gas (N3), containing less than 5 pg/g of water.

5.3 | Apparatus

Ordinary laboratory apparatus and the following.

5.3.1 Coulometric Karl Fischer titrator, consisting of a eontrol unit and a titration-cell assembly
equipped with a generator cell, with or without diaphragm; dual platinum sensing electrodes, and a
magnetic stirrer (see Figure 1).

The Instrument is designed to coulometrically generdte iodine that reacts stoichiometricdlly with the
water present in the cell. The coulombs of electrieity required to generate the reagent are ¢onverted to
micrpgrams of water and is given as a direct digital readout.

NOTH A diaphragm-free cell is accuratelenough for many applications. However, some appglications can
require a diaphragm for the best possible acetiracy. This can be checked with the equipment suppligr.

5.3.1 Water vaporizer, consistihg of an oven capable of heating the sample to at least 300 PC, a heating
tube|(see Figure 2), a temperdture control unit, a carrier-gas flow meter, and carrier-gas dirying tubes
contgining desiccant.

5.3.3 Microsyringe; with capacity of 10 pl, calibrated.

5.3.4 Sampleboat.

Aluniniumsfoil can be used to hand-fashion a disposable boat large enough to contain the|sample and
small enough to fit into the heating tube.

5.3.5 Suitable desiccant, for the carrier-gas drying tubes (5.3.2).
5.3.6 Molecular sieve, pore size 0,3 nm, desiccant for carrier gas.

5.3.7 PTFE sleeves, to be used to maintain the air-tightness of the ground glass joints of the system.

Alternatively, grease, containing little or no water and having low water absorptivity, can be used.

© IS0 2019 - All rights reserved 5
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: : » CoC1 19|
L, i T |
I N~
D 10 |
| L] 11 | 12
! E T 1 -
5}"'&% | |
1 6
Key
1  coulomefric Karl Fischer meter 7  oven
2 exhaust gas 8  heating tube
3 titrationjcell 9  water-absorption tubes (filled with desiccant, for example P20js)
4  titration|controller 10 flow meter
5 power sypply 11 temperature controller
6  water V;Lorizer 12 Npgas

Figure 1 — Flowchart of a system used for the determination of water content using method B1

i

=
=

4
.
b) Magnet type
Key
1 sample boat 3  sample-boat inlet
2 sampleinlet 4  magnet

Figure 2 — Heating tubes
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Preparation of test sample

The test material can be in any form, such as granules, moulding powder, fabricated shapes, or
moulded items.

Cut fabricated shapes and moulded items to a suitable size. Granules shall be smaller than
4 mm x 4 mm x 3 mm.

Take a representative sample of <10 g. Due to the small size of the sample, care shall be taken to ensure
that it is in fact representative.

5.5 Procedure
5.5.1 Precautions
Due fo the low quantities of water measured, maximum care shall be exercised-at all timmes to avoid

contaminating the sample with water from the sample container, the ‘atmosphere, [or transfer
equipment. Hygroscopic resin samples shall be protected from the atmosphere.

5.5.1 Preparation of apparatus

Refer to Figure 1 for the following procedure.

Assemble the water vaporizer (5.3.2) and coulometric Katl Fischer titrator (5.3.1) as dirgcted in the
mantyifacturer’s instructions. Fill the absorption tubes with*desiccating agent (5.3.2) as dirjected in the
manfifacturer’s instructions.

Pour|approximately 200 ml (adjust for the container'size) of the anode solution (5.2.1) into the generator
cell gnd approximately 10 ml of the cathode solutién (5.2.2) into the cathode solution cell (3.3.1) (adjust

thesd

b amounts for the container size). The surface of the cathode solution shall be below th

anode solution to prevent backflow contamination of the cathode solution.

NOT]H
cells

Start
cont
solut

Disc
2001
from

vith diaphragm require the use of a'Separate anode and cathode solution.

the titration cell. If the ¢€ll*potential shows a negative value, indicating that the an
hins an excess of iodiné, add 50 pl to 200 pl (adjust for the container size) of the nd
ion (5.2.4).

nnect the tubeCeonnecting the vaporizer unit to the titration cell. Set the carrier
ml/min to 300" ml/min and heat the oven to the desired temperature to remove any re
the vaporizer (5.3.2).

A universal single anode coulontetric reagent is applied in diaphragm-free titration c¢

b level of the

1Is. Titration

bde solution
utralization

gas flow to
bidual water

Rem¢pve any-residual water from the walls e.g. by gently swirling the cell. If possible, stir thg solution for
1 min in¢che“TITRATION” mode to dry and stabilize the inner atmosphere.
Reconreetthe-tubefromthe vaporizerunitto-the titrationcelKeep-theecarriergasflow-eh during the
whole titration. The instrument is then ready for sample analysis.

5.5.3 Equipment checks

To check if the coulometric Karl Fischer titrator is functioning properly, carry out a determination with
a known amount of water as follows. With the analyser stabilized and in the “READY” position, start
the titration process and carefully inject 5 pl of distilled water into the cell using a 10 pl syringe (5.3.3).
When the titration process is finished, record the reading. This reading should be (5 000 + 250) pg.

To check if the whole system is functioning properly, carry out a determination with any available
certified water standard for Karl Fischer ovens. Examples are:

— sodium tartrate dihydrate with 15,6 % + 0,5 % water content;

© IS0 2019 - All rights reserved
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— potassium tartrate hemihydrate with 3,8 % * 0,2 % water content;

— sodium tungstate diluted for 1,00 % * 0,03 %.

5.5.4 Determination

Heat the oven to the desired temperature and place the sample boat (5.3.4) in the heating tube and push
it into the oven to dry and also to back purge any residual water contained in the sample-boat inlet.

For the heating temperature, refer to the material standard. As the heating temperature is also
dependent on equipment used and the practical circumstances, the heating temperature needs to be

optimized
material stg
determine t

After a few |

Weigh a tes
the heating
masses of t¢

If the sampl
piece of alur]
to the boat
during intrg

If the test {
heating tubd
it, and intro
the sample-

Verify that {
boat into th
the instrum

biug themethoddescribedimATmexB—1fthe h\:atiug temperature tsmotnrentioned
ndard or if there is no material standard, then use the method mentioned in Annex
he optimum heating temperature.

minutes, move the sample boat to the sample inlet port and allow it to cool.

L portion of the sample (5.4) directly into the sample boat (which shall’be removed
tube for this purpose) or on to a piece of aluminium foil (see next paragraph). Approp
st portion are given in Table 1.

hinium foil can be wrapped around the test portion to prevent.the test portion from sti
when it melts. Wrapping the test portion in this way wjll*also prevent it from scatt
duction into the sample boat.

ortion was weighed directly into the sample boat, place the sample boat back int
 as quickly as possible. If the test portion was weighed on to a piece of aluminium foil,
Huce it, again as quickly as possible, into the sample boat either through the sample in
boat inlet.

Table 1 — Recommended mass of test portion

Expected water conternt Mass of test portion
w m
% mass fraction g
w> 1 0,2>m=0,1
1T2w>0,5 04>m=0,2
0,5=2w>0,1 1>m=0,4
012w m=1

e ovelv(See Figure 2). Allow the titration process to proceed until finished and then r¢g
eritreading in micrograms.

1 the
| B to

from
riate

b boat is made of glass or another material which is not designedto be discarded after {ise, a

rking
Pring

b the
vrap
et or

he instrument is ready for the measurement. Start the titration process. Move the sample

cord

5.6 Expression of results

Calculate the water content, w, in the test portion, expressed as a percentage mass fraction by using

Formula (2):

mwater

1074 (2)

w=
Myest portion

where
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Mwater is the mass of water found in the test portion, in micrograms;

Myest portion 1S the mass of the test portion, in grams.

5.7 Precision

Interlaboratory data show that a precision of better than 3 % (coefficient of variation) can be achieved
with this method.

For comparison of data between two laboratories, special care needs to be taken on sample packing
and sample handling.

6 Method B2 — Water vaporization using a heated sample vial

6.1 | Principle

The gample is weighed into a sample vial and placed in an oven. The water-contained in the|test portion
is vaporized and carried to the titration cell by a dry nitrogen carrier’gas. The water is then titrated
using the coulometric Karl Fischer method. This method is based on the reduction of iodipe by sulfur
dioxide in the presence of water to form sulfur trioxide and hydroiodic acid as follows:

I> + SO + H2O — 2 HI + SO3

Unlike the conventional Karl Fischer reagents that include.jodine, the coulometric techniqyie generates
the ipdine electrolytically from iodide:

DI~ 1, +2e”

with|10,71 C of generating current corresponding to 1 mg of water in accordance with Faragday’s Law.

6.2 | Reagents

Only|reagents of recognized analytical grade shall be used.

6.2.1 Anode solution, confajning iodide ions to generate iodine in the reaction mixture, ir} accordance
with[the equipment manufacturer's instructions.

6.2.1 Cathode sohition, containing a suitable salt in methanol (or another suitable organic solvent),
preppred in accordarce with the equipment manufacturer’s instructions.

6.2.3 Universal single anode reagent, containing iodide ions to generate iodine in the reaction
mixthiredn/accordance with the equipment manufacturer's instructions, for use in a diaphragm-free cell.

NOT[ A vntuarcal cingla anada co ot ris vaagant dc A lind 190 i e g £oonn +1
= VeSS R o at—Cot ottt eagencISap Pt ettt patagh ettt

Hon—eells. Titration

cells with diaphragm require the use of a separate anode and cathode solution.

6.2.4 Titration medium, methanol, anhydrous, having a water content <0,1 % mass fraction. Other
solvents can be used if shown to be comparable.

6.2.5 Water standard 1 %, inorganic substance, water content 1 % (mass fraction), every lot
individually certified.

NOTE The water content can be verified with the method given in Annex C.

6.2.6 Nitrogen gas (N3), flow of 260 cm3/min and preferably containing less than 1 mg/m3 of water
(dew point -80 °C).

© IS0 2019 - All rights reserved 9
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to the titration cell of 0,06 ug H,0/min.

For some equipment, a nitrogen flow of <60 cm3/min can cause a failure.

ratus

Ordinary laboratory apparatus and the following.

A nitrogen flow of 60 cm3/min with a water concentration of 1 mg/m3 corresponds with a water

6.3.1 Coulometric Karl Fischer titrator, consisting of a control unit and a titration-cell assembly
equipped with a diaphragm-free generator electrode, dual platinum sensing electrodes, and a magnetic

stirrer.

The instrument is designed to coulometrically generate iodine, which reacts stoichiometrically |with
the water present in the cell. The number of coulombs of electricity required to generate the reagent
are convert¢d to micrograms of water, presented as a direct digital readout. Adjust the instrumeng to a
start criteripn of <20 pg H20/min and a stop criterion of <5 pg H20/min. Adjust the ifitegration time for
both criteria to 60 s.

The coulometric Karl Fischer titrator is schematically shown in Figure 3.

NOTE1 Aldiaphragm-free cell is accurate enough for many applications./A cell with a diaphragm can be
required for the best possible accuracy.

NOTE 2  The start criterion of <20 pg H20/min and the stop criterionof <5 pg H20/min are default values
and applicable for most plastics. In case of analysing low concentrations’of water, these values might need|to be
reduced.

NOTE3  Anintegration time of 60 s showed to be a suitable starting point for both start and stop criterign.
6.3.2 PTEFE sleeves, to be used to maintain the air<tightness of the ground glass joints of the systgm.
Alternativelly, grease, containing little or no water and having low water absorptivity, can be used,
6.3.3 Molgcular sieve, pore size 0,3 nm, desiccant for carrier gas.

6.3.4 Water vaporizer, consisting.of an oven or a heating device capable of heating a test portipn in
a sample vial (6.3.5) to at least.300 °C, a temperature control unit, carrier gas, drying tubes contajning
a molecularisieve, and a carrjer gas flow meter. Vaporizers with higher temperature limit may be used if
provided by|the manufacturer

6.3.5 Saniple vials;glass, to be used in the water vaporizer.

The sample vials are dried in a drying oven and kept dry in a desiccator. Sample vials with a capacjty of
6 ml are recommended.

6.3.6 Aluminium crimp caps, equipped with a silicone septum, to be used with sample vials.

The crimp caps are dried in a drying oven and kept in a desiccator. Other suitable caps can also be used.

6.3.7

6.3.8

6.3.9

Analytical balance, accurate to 0,1 mg.
Drying oven, temperature 105 °C.

Desiccator, containing an efficient desiccant like molecular sieve or silica gel.

6.3.10 Glass flasks, approximately 250 ml capacity, provided with a suitable cap preventing moisture
uptake and release.

10
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6.3.11 Aluminium foil seal bags, approximately 250 g capacity, or other suitable storage container
preventing moisture uptake and release.

3 8 9

1 N

— 7|
O [ c——
: N =
4
Z %
12
Key
1 :Etrogen supply 7  titration vessel
2 olecular sieve 8 dual platinum electrode
3  @¢ven sample processor 9  generator electrode
4 \vater vaporizer oven 10 piston burette
5 dample vial 11 wuniversal reagent
6  gbsorber tube 12 coulometric Karl Fischer titrator
Figure 3 — Systeni-setup for the determination of water according to method B2 — Schematic
6.4 | Preparation of test sample
The abselute amount of water to be determined is in most cases very low. Therefore, maximum care
shalllbe'taken to avoid contaminating the sample with water from the sample container, the stmosphere,

sample transfer, and/or equipment.

Dry the glass flasks (6.3.10) and the aluminium foil seal bags (6.3.11) at a temperature of 105 °C in a
drying oven (6.3.8) for 1 h. Cool and store in a desiccator (6.3.9).

Take a representative test sample of 2100 g, bring it in a dry glass flask or a dry aluminium seal bag and
immediately close the glass flask or seal the bag. Store the sample in a desiccator.

The test sample can be in any form, such as granules, moulding powder, fabricated shapes, or
moulded items. Granules shall be approximately 4 mm x 4 mm x 3 mm. Other samples shall be cut to
approximately the same size as granules.

© IS0 2019 - All rights reserved 11
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6.5 Procedure

6.5.1 Preparation of apparatus

Prepare the

instrument in accordance with the equipment instructions.

Transfer 100 ml to 150 ml of universal single anode reagent (6.2.3) into the titration vessel and
immediately close the vessel.

Set the water vaporizer (6.3.4) to the desired heating temperature (see Annex B) for the material to be
analysed. Wait until the temperature is stabilized.

For the heg
dependent (
optimized u
material stg
determine t

Take a dry {
sample vial

ting temperature, refer to the material standard. As the heating temperature‘is
n equipment used and the practical circumstances, the heating temperature néeeds

sing the method described in Annex B. If the heating temperature is not mentioned i
ndard or if there is no material standard, then use the method mentioned.in” Annex
he optimum heating temperature.

ample vial (6.3.5) and immediately close it with an aluminium crimp“cap (6.3.6). Plac
n the water vaporizer and start the titration.

Allow the titration to proceed until the release of water is <20 pg H20/min. The instrument is

prepared fo

Itis recommn
with metha

transfer lina.

The univers
initial iodin
universal re
approximat
quantity of y

" carrying out water determinations.

ended to rinse the transfer line between the water vaporizer and the titration cell asse
ol after a series of determinations, as some volatile;sample material might deposit i

al reagent has a limited capacity with respéect to water, which is linearly related t

e content. Consequently, the reagent shall\be replaced regularly. The capacity of 10

agent is equal to 1 000 mg of water. It is-advisable to exchange the universal reagent
bly 80 % of its capacity has been used:*Modern instruments can keep record of the
vater absorbed.

6.5.2 Equipment check

Carryouta
80 mg to 35
supplier (15
6.5.3 Det

6.5.3.1 S4

Select the m

vater determination in order to check if the equipment is functioning properly by analj
0 mg of the water standard (6.2.5), using the temperature as given in the certificate
0 °C to 200 °C). Thérgesult shall be within the certified value +0,03 % H3O0.

Prmination

mple

ass of test portion according the expected moisture content (see Table 2). The sample

also
to be
nh the
| B to

e the

now

mbly
n the

b the
0 ml
when
total

ysing
f the

nass

with its absalute mass of water shall be comparable to the absolute mass of water of the water stant

Carry out a preliminary determination if the water content of the sample is unknown, using 0,2 g of

sample.

Hard.

As a consequence of the relatively small sample amount, special attention should be given regarding the
representativeness of the sample.

In case the composition of the test sample is unknown, determine the optimum heating temperature
(see Annex B).

12
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Table 2 — Recommended mass of test portion

Expected water content Mass of test portion
w m
% mass fraction g
w>1 0,2>m=0,1
1=2w>0,5 04>m=0,2
0,5=2w>0,1 1>m=0,4
012w 5>m=1
Plac¢ a sample vial (6.3.5) on an analytical balance (6.3.7). Add the selected test portionysee Table 2)
into fhe sample vial and determine the mass of the test portion (mtest portion). Immediatg¢ly close the

samyj

Perfd
the s

Set t
Wait

Place
the ¢
see N

Placd
evap
reaci
wate
thet

NOTH
instr
gas, |

EXAN
min,
deten
critel
min.
subti]

A std

le vial with the aluminium crimp cap (6.3.6).

ubsequent water determination within 24 h after weighing.

he water vaporizer (6.3.4) to the optimum heating temperature for-the material to |
until the temperature is stabilized.

a closed and empty sample vial in the water vaporizer and¥%ecord the release of watd
Uater release per minute has minimized and is stable below.20 pg H,0/min (start driff
ote). Repeat this step for every water determination.

the sample vial in the water vaporizer and start the titration. Lead the nitrogen (6.2
prated water through the solution in the titration‘cell. The released water, absorbed in
s with the electrolytically generated iodine.sAllow the titration to proceed until th
r is <Sds + stop criterion (see Note). Recordithe instrument reading (mg) in microgra
me the determination has taken (ts).

In spite of all precautions and-~care to avoid water contamination of the used eq
iment continuously generates a smallkguantity of iodine to react with water, originating from
bakage, etc. Modern instruments automatically correct for this type of drift.

IPLE 1  If the start criterion\s set to <20 pg H20/min and the start drift corresponds to, e.
the instrument is ready to start. The stop criterion is set to, e.g. <5 pg H20/min. This m{
mination of a subsequent sample is stopped when the iodine generation is below the value (sta
ion). In this example;the'determination is ended if the iodine generation value is below 17 + 5
[f for example the water determination has taken 6 min, the determined quantity of wat
acted by 6 x 17&£102 pg H,0. This correction procedure applies to both sample and blank.

irt criteriow~of <20 pg H20/min and a stop criterion of <5 pg H20/min are defaul

applicable forumost water determinations in polymers. Both criteria can be set indivi

beco

EXAN

nes,inevitable when analysing low water concentrations.

IPLE 2 2 gofa polymer, containing 0,03 % (mass fraction) water, is analysed and the actua

rm the weighing procedure as quickly as possible to avoid moisture release or pick-up. Carry out

be analysed.

r. Wait until
sample Sds,

.6) with the
the solution,
e release of
ms H>0 and

uipment, the
the nitrogen

. 17 ug H20/
bans that the
rt drift + stop
=22 ugH20/
er has to be

values and
dually. This

start drift of

that determination is 17 pg H2O/min. If the determination takes 12 min, the determined absolute water quantity
has to be corrected for 204 pg H»0. The sample contains 600 pg H20. In general, the correction value should be a
fraction of the water quantity in the sample. As a general rule, the correction value shall not exceed 10 % of the
water content in the sample determined per minute. In this example, the start criterion should be adjusted to,
e.g. 0,1 x 600 ug H20/12 min = < 5 pg H,0/min.

6.5.3.2 Blank

Carry out three to five blank determinations, executing the complete determination in the absence of a
test sample.

Place a closed and empty sample vial in the water vaporizer and record the release of water. Wait until
the water release per minute has minimized and is stabilized below 20 pg H»O/min (start drift blank
Sdp1). Repeat this step for every blank determination.
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Place the blank vial in the water vaporizer and start the titration. Lead the nitrogen (6.2.6) with the
evaporated water through the solution in the coulometric cell. The released water is absorbed in the
solution and reacts with the electrolytically generated iodine. Allow the titration to proceed until the
release of water is <(Sdp) + stop criterion). Record the instrument reading (myp]) in micrograms H»0 and
the time the determination has taken (tpy).

Use the mean (m'p)) of the individual determinations as blank value in the calculation.

NOTE The blank value results from the water content of the air enclosed in the sample vial, originating from
the surrounding air in the laboratory. In a (23 * 2) °C and (50 * 10) % relative humidity standard atmosphere,
blank values are typically 80 ug H20 to 100 pg H»0. Replicate determinations are expected to have a maximum
variation of +5 yg H20 from the average

As the blank|value results from the water content of the air enclosed in the sample vial, the blank valueVaries
as a function| of the filling height and amount of material in the sample vial. The more material is*filled in the
vial, the less purrounding air is enclosed and the blank values decrease accordingly. Whether thefilling height is
negligible or hot depends on the absolute blank value and the water content of the sample.

6.6 Expression of results

To obtain a $tatistic relevant result at least 3 calibrations using a standard shall’be performed.

Calculate the mean value of the blank (m'p)) using Formula (3).

El[mbl ~(tp1-Sdy; )}

My = . (3)
where

mp)  i§the mass of water released during the blank determination, in pg H0;

thl id the time the blank determination hastaken, in min;

Sdp) idthe start drift blank, in pg H20/min;

n i the number of blank deterininations.

Calculate the water content of-the’ test sample expressed as a percentage mass fraction using

Formula (4)

s "(ts 'Sds )_mi)l _10—4

w= (4)
[Miest portion
where
ms is the mass of water released from the test portion, in pg Hz0;
ts is the time the sample determination has taken, in min;
Sds is the start drift sample, in pg H,0/min;
m'pi is the mean of the blank determinations, in pg Hz0;

Myest portion 1S the mass of the test portion, in g.

6.7 Precision

Interlaboratory data show that a precision of better than 3 % (coefficient of variation) can be achieved
with this method.
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For comparison of data between two laboratories, special care needs to be taken on sample packing
and sample handling.

7 Method C — Manometric method

7.1 Principle

A test portion is heated to a specified temperature in a closed container under vacuum. The water
contained in the test sample is vaporized. The resulting pressure increase, which is proportional to the
water content, is measured. The water content in the sample is calculated using a calibration factor.
The ¢alibration factor is obtained by determining the water loss from a reference material with known
water content.

NOTH Every component which, under the conditions of the determination, contributés‘to the| total vapour
presgure, gives rise to an equivalent overestimation of the water content.

7.2 | Reagents

7.2.1 Water standard, solid material used as standard for the determination of the calibration factor.
The following materials are recommended:

— godium molybdate dihydrate (NazMoO4 - 2 H»0), analytical grade, theoretical wqter content
14,9 % (mass fraction). The actual water content shall’be determined according to Anngx C.

— ater standard 1 % inorganic substance, water*content 1 % (mass fraction), every lotfindividually
gertified.

NOTH If necessary, the water content can be yerified with the method given in Annex C.

7.3 | Apparatus

Ordipary laboratory equipment and the following.

7.3.1 Manometric moisture analyser.

(Semfi-) automatic detefnrination of the water content is preferred. The instrument copsists of an
electiric oven with adjiistable temperatures between room temperature and 210 °C, a| continuous
operating vacuum,pump, a glass bulb with of volume of 0,5 |, a pressure cell/transmittdr, and three
swit¢hing valves, ¥or the water content determination of powdered materials, the instrument shall be
equipped with a‘'flow-restriction add-on.

The nanomietric moisture analyser is schematically shown in Figure 4.

Set thednhstrumenttoa-stopcriterion (AP) < 8 P3 /5 min
e r U J 7

NOTE1 The use of an instrument of another design is possible if comparable results can be obtained.

NOTE 2  The stop criterion, (AP) < 8 Pa/5 min, is a default value, applicable for many plastic materials, but can
be adjusted when necessary.

7.3.2 Sample tube, borosilicate glass, designed to be used with the manometric moisture analyser,
dried during 1 h at a temperature of 105 °C and kept dry in a desiccator.

7.3.3 Drying oven, temperature 105 °C.

7.3.4 Desiccator, containing an efficient desiccant.
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7.3.5 Glass flasks, approximately 250 ml capacity, provided with a screw cap preventing moisture
uptake and release.

7.3.6 Aluminium foil seal bags, approximately 250 g capacity.

7.3.7 Analytical balance, accurate to 0,1 mg.

7.3.8 Glass beads, diameter approximately 5 mm, dried in a drying oven at 105 °C and kept dry in a

desiccator.

7.3.9 Alumninium foil.

7.4 Prep;

The absolut
shall be take
sample tran

Dry glass fl4
desiccator (}

Take a reprd
and immedi

7.5 Procd

iration of test sample

e amount of water to be determined is in most cases very low. Therefore, ) maximum
n to avoid contaminating the sample with water from the sample contaiher, the atmosp
sfer, and/or equipment.

1sks (7.3.5) and aluminium foil seal bags (7.3.6) in a drying overi(7.3.3). Cool and stor
7.3.4).

sentative test sample of 2100 g, bring it in a dry glass flask or a dry aluminium foil sea
ntely close the glass flask or seal the bag. Store the sample in a desiccator.

rdure

7.5.1 Equipment

7.5.1.1 Gg

Many mode

tneral

'n instruments operate fully automatically or half-automatically. For (half-) automat

operating instruments, the step-by-step_instructions described in 7.5.1.2, 7.5.2, and 7.5.3 ar{

relevant. Ho
airtight reqy

For manuall
relevant ste

7.5.1.2 Eq
The air-tigh

Make sy

wever, the instrument settings and requirements mentioned in these subclauses, as e.
lirement in 7.5.1.2, are mandatory.

y operated instruments or further detailed information regarding the procedure, se
p-by-step instructiens described in 7.5.1.2 to 7.5.4.

Juipment check

Iness of-the system can be checked by the following procedure.

rethat valves V-1, V-2, and V-3 are closed.

care
here,

b in a

bag,

cally
e not
r. the

e the

Attach a sample tube (7.3.2) to the instrument. Open valves V-1 and V-2. Continue pumping until the

absolute pressure value on the display indicates a pressure of <100 Pa. Close valve V-1. Monitor the

pressur

e increase during a period of 60 min.

The system is considered to be airtight when the pressure increase after 60 min is <20 Pa.

In case the system is not airtight, the pressure increase is far more than 20 Pa/h. A pressure increase of

slightly mor

NOTE

16

e than 20 Pa/h indicates that the system should be outgassed (see 7.5.2).

Itis not necessary to heat the sample tube in the oven in order to check the airtightness of the system.
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AN 8
alve V-1 6  presSsure gauge
alve V-2 7o “controller, temperature stability < + 1 °C
alve V-3 8 oven
ample tube 9  vacuum pump

uffer reservoir, volume 0,5 |

Outgassing

It is
com

ure 4 — System setup for the determination of water content using method C —

necessary to outgas-the instrument if used for the first time, after repair, and w
onents remain inithe vacuum system. A constant vacuum is applied to the system

evapprate all volatilecomponents. This is carried out by means of the following procedure.

ake sure.that valves V-1, V-2, and V-3 are closed.

ttach,a sample tube (Z.3.2) to the instrument and start the vacuum pump. Open va

-2/€ontinue pumping until the pressure value on the display indicates a pressure of <1
alve V-1 and V-2 and gradually open valve V-3.

bchematic

hen volatile
in order to

ves V-1 and
00 Pa. Close

— Airwill be introduced into the sample tube until atmospheric pressure. The sample tube can now be

removed from the system. Close valve V-3.

NOTE

are 16 hto 24 h.

7.5.3 Calibration

7.5.3.1 Equipment setup

Set the oven to a temperature of 190 °C. Wait until the temperature is stabilized.

Make sure that valves V-1, V-2, and V-3 are closed.

© ISO
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7.5.3.2 Water standard preparation — Sodium molybdate dihydrate

Fold a piece of aluminium foil (7.3.9) into a small cylinder of approximately 3 cm height and 1 cm
diameter of which the bottom side is closed. Use e.g. a pen or a pencil to shape the cylinder. Dry the
aluminium cylinder during 1 h at 105 °C in a drying oven. Cool the cylinder in a desiccator (7.3.4).

Bring into the aluminium cylinder a quantity of 75 mg to 125 mg sodium molybdate dihydrate (7.2.1) and
determine its mass to the nearest 0,1 mg. Close the top of the cylinder slightly by folding the aluminium,

bring the cylinder into a sample tube (7.3.2), and immediately attach the tube to the instrument.

Determine t

he calibration factor following the procedure in 7.5.3.4.

7.53.3 W

Weigh, to th
cover the m
instrument.

Determine t

7.5.3.4 (4

The instrum
a pressure d

Open valve |
the pressursg
indicator.

Raise the oV

ater standard preparation — Inorganic substance

e nearest 0,1 mg, 500 mg to 1 000 mg water standard (Z.2.1) in a dry sample-tube (7
hterial with 2 cm to 3 cm of dry glass beads (7.3.8), and immediately attachrthe tube t

he calibration factor following the procedure in 7.5.3.4.

libration factor
ent calibration factor, f; is defined as the mass of water, expressed in milligrams, that c3
ifference of 1 Pa. The calibration factor is determined bythe following procedure.

p to stabilize (typically 15 s to 30 s) and then record’the blank pressure, Py, on the preg

en until the sample tube is completely inserted into the oven.

13.2),
o the

juses

/-1 and then V-2. Wait until the pressure indicates a value <100 Pa. Close valve V-1. Wadlit for

sure

The water dontent determination is ended when, the pressure increase in time becomes <8 Pa/j min
(stop criteripn), typically after 15 min to 20 mid.Record the pressure, P, on the pressure indicator
Close valve V-2 and open valve V-1 to remove the vaporized water and wait until the pressure is <1(0 Pa.
Close valve|V-1 and V-2 and graduallysopen valve V-3. Air is introduced into the sample tube juntil
atmospheri¢ pressure. Lower the oven/ The sample tube can now be removed from the system. Close
valve V-3.
Calculate the instrument caljbration factor, f; expressed in mg H,0/Pa, using Formula (5).
a-0)01-c
f=— (5)
P+P,
where
f is theihstrument calibration F:\r‘fnr’ 1n mg ”an/pa;
a isthe mass of water standard used for the calibration, in milligrams;
¢ isthe water content of the water standard as specified by the supplier or determined accord-
ing to Annex C, in % mass fraction;
P isthe pressure after all water has been vaporized, in pascals;

Py isthe pressure at the start of the determination, in pascals.

Determine the calibration factor by calculating the average of 10 measurements. If a calibration factor
deviates more than 3 % relative from the average, the value will be disregarded. If more than three
measurements are rejected, the calibration procedure shall be repeated. If still more than three
determinations are rejected, the manufacturer shall be contacted.
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To prevent powdered material to enter the equipment as a result of the sudden vacuum applied to the
sample tube, powdered materials should be put in a small cylinder of dry aluminium foil or covered
with dry glass beads in the sample tube. For adding powdered material into the sample tube, a glass
powder funnel with the following dimensions is recommended: funnel upper diameter 45 mm, stem
length 60 mm, stem outer diameter 13 mm.

NOTE1 For an instrument with an internal volume of +0,5 ], a typical value for the calibration factor, f, is
approximately 0,005 5 mg Hp0/Pa. As long as the internal volume is not changed, the calibration factor will also
not change.

NOTE 2 The end point of the determination is indicated by the pressure increase in time, e.g. <8 Pa/5 min
(stop criterion AP). A maximum vaporization time is used to stop the determination when the stop criterion
canngt be met within a specified time.

7.5.4 Determination

Seledt the mass of test portion according to the expected moisture content (se€Jable 3).

As a fonsequence of the relatively small sample amount, special attentionshould be given r¢garding the
repre¢sentativeness of the sample.

In case the composition of the test sample is unknown, determinecthe optimum heating femperature
(see Annex B).

Carry out a preliminary determination if the water content of the sample is unknown, using 1 g of sample.

Table 3 — Recommended mass of test portion

Expected water content Mass of test portion
% mass fraction g
<0,075 16+1
0,075 to(0,15 10+1
0,15.t6°0,30 5+0,5
0,30 to 0,50 2,5+0,25

Makg¢ sure that valves V-1, V42,;and V-3 are closed.

Set the oven to the optimim heating temperature for the material to be analysed. Wait until the
tempjerature is stabilized.

Weigh to the neatest 0,1 mg a test portion according to the recommendations of Table 3 and transfer it
into 4 sample tube (7.3.2). In case of a powder sample, cover the sample with 2 cm to 3 cm of glass beads
(7.3.8). Attach'the tube to the instrument. Perform the weighing and attachment procedurgs as quickly
as passible;to avoid moisture release or pick-up.

Oper valve V-1 and then V-2 Wait until the pressure indicates a value <100 Pa_Claose valve V-1. Wait
for the pressure to stabilize (typically 15 s to 30 s) and record the blank pressure, Py, on the pressure
indicator. Raise the oven until the sample tube is completely inserted in the oven. Wait until the pressure
has reached the stop criterion (e.g. AP < 8 Pa/5 min). Record the pressure, P, on the pressure indicator.

Close valve V-2 and open valve V-1 to remove the vaporized water until the pressure is <100 Pa. Close
valve V-1 and V-2 and gradually open valve V-3. Air is introduced into the system until atmospheric
pressure. Lower the oven. The sample tube can now be removed from the system. Close valve V-3.
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7.6 Expression of results

Calculate the water content of the test sample expressed as a percentage

Formula (6)

Py)-f

(p-

m

where

P

x10

is the pressure after completion of the water vaporization, in pascals;

mass fraction using

(6)

Pg isthe pressure at the start of the determination, in pascals;

f

m ist

At a pressu
quantity be
500 Pa and

7.7 Preci

The precisid
data are bei

For compar
and sample

is the instrument calibration factor, in mg H,0/Pa;

e mass of the test sample, in grams.

selected such that the pressure at the completion of the water\vaporization is bet)
p 000 Pa.

sion

n of this test method is not known as interlaboratory.data are not available. Interlabor
hg obtained and will be added to the subsequent revision.

son of data between two laboratories, special care needs to be taken on sample pa
handling.

8 Methogd D — Water detection by using a diphosphorus pentoxide cell

8.1 Pring

The test po}
contained i
air or nitro|
selectively.

The metho
determinati
(dissociate)
it is possiblg

The chemid

iple
'tion is weighed into a sample container and heated to a specific temperature. The

ben carrier gas. The-electrochemical diphosphorus pentoxide sensor detects the

1 belongs to-the field of thermo-coulometric determination. In thermo-coulom
on the quantity of electric charge is measured which is required to completely electr
a substanee. If the charge that flowed during electrolysis is known, using the Faraday's
to caleulate the magnitude of the original mass of the substance under examination.

re of approximately 2 300 Pa water starts to condensate. It is récommended a sample

iween

hitory

rking

vater

| the sample is vaporized’and carried to a diphosphorus pentoxide cell by a stream of dry

vater

etric
blyze
law,

al-reaction of the water released by thermal means and subsequent detection

with

diphosphorus pentoxide causes the electrolytic dissociation of the water molecules as follows:

P05+ H;0 - Hy + 12 O3 + P20s

Electrolysis

Anode: 6 H,

of water molecules

0— 0,+4H30" + 4e”

Cathode: 2 H,0 + 2e~ — H, + 2 OH™

The absorbed water molecules are electrolyzed, i.e. they are broken down into their components,
hydrogen and oxygen and thereafter conveyed out of the measuring system by the carrier gas. Two
electrons from each electrolyzed water molecule contribute to a measurable electric current. The

20
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measured electric current is directly linked to the number of detected water molecules and therefore

to th

e volume of the water evaporated out of the sample via Faraday’s law.

Due to possible reactions of PO, with NH3, amines and alcohols, one shall be sure that none of these
compounds are released when the sample is heated up.

8.2

Only

Reagents

reagents of recognized analytical grade shall be used.

8.2.7 Water standard 1 %, inorganic substance, water content 1 % (mass, fractior]), every lot
individually certified.

NOTH The water content can be verified with the method given in Annex C.

8.2.3 Nitrogen gas (N3), flow of <80 ml/min and preferably containitig’<5 ppm (parts pgr million) of
watefr (dew point =80 °C) as a minor component. The initial gas presgure shall be <0,5 bar.

NOTH Value of water content of nitrogen is to be understood as.the mole fraction (mol %, ppm)

8.3 | Apparatus

Ordihary laboratory apparatus and the following.

8.3.1 Thermocoulometric water determination using diphosphorus pentoxide cell,

an el
an el

The |
layer

ectrochemical diphosphorus pentoxide sensor.

consisting of

fctric oven with adjustable temperatures, a control unit and a sensor-cell assembly equipped with

pasic structure of the measuring cell consists of two electrodes parallel to each other] with a thin
of diphosporus pentoxide hetween the two electrodes. The water released from th

e sample by

thermal means is transported-by the carrier gas piped through the system to the eledgtrochemical

sens

br. The gas, loaded with~the sample water, flows over the diphosphorus pentoxide la

extr¢mely hygroscopic and.ideally completely absorbes the water molecules.

The

Figufe 5.

8.3.1 Sample container, according to manufacturer's instructions.

8.3.3 _Molecular sieve, 10 4, 1,6 mm to 2,5 mm spherical molecular sieve.

hnalyser for the water determination using diphosphorus pentoxide cell is schematica

yer which is

lly shown in
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8.3.4 Analytical balance, accurate to 0,1 mg.

11

Key
controllgr data evaluation
power sypply, 50 VDC
temperafure

current gignal

air pumy
gas dryer
sample
oven

O 0 NN O U1 b W N

sensor
10 exhaust
11 N3 gas supply (optienal)

Figure 5 +— System setup for the determination of water according to method D — Schemdtic

8.4 Preparation of test sample

The absolute amount of water to be determined is in most cases very low. Therefore, maximum care
shall be taken to avoid contaminating the sample with water from the sample container, the atmosphere,
sample transfer, and/or equipment.

The test sample can be in any form, such as granules, moulding powder, fabricated shapes, or
moulded items. Granules shall be approximately 4 mm x 4 mm x 3 mm. Other samples shall be cut to
approximately the same size as granules.

Take a representative test sample of 2100 g, bring it in a dry glass flask or a dry aluminium seal bag and
immediately close the glass flask or seal the bag.
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Procedure

8.5.1 Preparation of apparatus

Prepare the instrument in accordance with the manufacturer’s instructions.

8.5.2 Rinsing the system

The system should be thoroughly rinsed with dry gas prior to the first measurement. The measuring
current should be stable and lower than 0,5 mA before beginning to measure.

8.5.3

A tar
perfy
(moi
back
isre

The
mea

profile shall be selected. The test laboratory shall use a fixed s¢hedule of tare measuremen

conti
and ¢

8.5.4
The

Tare measurement

e measurement, i.e. a measurement of the entire background during a measuring pro
rmed in order to correct both external (air humidity, sample handling) and/interng
sture content of the carrier gas, electronic offset). The tare measurement shall be {
pround correction of the sample analyses for all subsequent analyses until-a new tare mnj
rorded.

tare measurement shall be performed as far as possible in“the same manner ajg
urement, only without any sample in the sample container: Therefore, an identical {

nuous validity of the test results, e.g. one tare measurement before the first sample
inother one at least after every 10 samples.

Cell factor

cell factor, f, is defined as the ratio betweenwa set water content (8.2.2) and the mea

ress shall be
| influences
ised for the
easurement

the actual
emperature
ts to ensure
s measured

sured water

contgnt. See Formula (7).
r_ Wset (7)
Wdet

where

Ji is the instrument eell factor;

]n‘:set is the set water content based on a certified water standard in % mass fraction;

det isthe determined water content in % mass fraction.

The ¢ell factor ran be determined by measuring the water content of the water standard (8.2.2) and
shalllbe used for the evaluating sample analyses and for all subsequent analyses until a new calibration
is re¢orded. The determination of the cell factor shall be performed immediately after tare finalysis and
in a fimely manner before analysing the first sample.

The calibration procedure may be different for different instruments.

The cell factor shall not be greater than 1,3 nor smaller than 0,8.

8.5.5 Equipment check

Carry out a water determination in order to check if the equipment is functioning properly by analysing
10 mg to 20 mg of the water standard (8.2.2), using the temperature as given in the certificate of the
supplier (150 °C to 200 °C). The result shall be within the certified value +0,03 % H>O0.
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8.5.6 Determination

8.5.6.1 Sample

Select the mass of test portion according to the expected moisture content (see Table 4).

Carry outa preliminary determination if the water content of the sample is unknown, using 0,1 g of sample.

In case the composition of the test sample is unknown, select the optimum heating temperature
according to material properties, i.e. decomposition or melting temperature.

Place a san
(see Table 4

Perform thg
sample mat
possible pat
to the absor]
determinati

Check that t

Table 4 — Recommended mass of test portion

Expected water content Mass of test portion
w m
% mass fraction g
w>1 m<0,02
12w>0,1 0,02<m<0,2
0,1>w>0,01 0,2<m<?2

into the sample container and determine the mass of the/teést portion (mtest portion)-

b weighing procedure as quickly as possible to a¥oid moisture release or pick-up
hs prevent errors which can arise from the evaporation of volatile water fractions o

pn in a timely manner after weighing.

he background current is below 0,5 mA‘before starting the analysis.

\ple container (8.3.2) on an analytical balance (8.3.4),Add the selected test po

ption of water in the case of hygroscopic sample material. Carry out the subsequent ¥

rtion

The

brial should be positioned in the direct vicinity of the instrument and the balance. Shortest

- due
vater

Set an appro¢priate temperature program according to sample material properties. Place the samyple in

the heating

Do not heat
compounds
be avoided.

The end poi

Hevice. Start the heating program. The release of water is automatically recorded.

or the denaturation of the sample as a consequence of excessively high temperatures

ht of the water determination is reached if one of the following criteria is fulfilled:

— minimum analysisitifme;

EXAMP]]

switch-

E

bff'current.

Ifa'minimum analysis time of 10 min is selected, the analysis runs until the 10 min end

samples above their melting temperature because volatization of uncontrollable chejnical

shall

The present measuring current is compared with the switch-off criterion. The measurement is
continued until the measuring current drops below the switch-off current value. The analysis is
automatically terminated.

EXAMPLE

value of minimum 0,69 mA (<0,7 mA) the analysis stops automatically.

8.6 Expression of results

24

A switch-off current of 0,7 mA is selected. If the measuring current of the analysis reaches a
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Calculate the water content, w, of the test sample expressed as a percentage mass fraction using

Formula (8).

-M
M =];F -_[I(t)-dt (8)
w=—"Tabs 1009
Myest portion
where
Mabs is the absolute mass of water in ug;
W is the content of water in % H20 mass fraction;
M is the molar mass of water = 18,016 g/mol;
f1®) - at is the integral of the electrical current over time (i.e. the-total electrical charge trans-
ferred);
V. is the number of released electrons = 2;
¥ is the Faraday constant = 96,484 56 kC/mol;

Mtest portion IS the mass of the test portion in pg;

1 cell factor.

8.7 | Precision

Interflaboratory data show that a precision 6f-better than 3 % (coefficient of variation) can|be achieved
with|this method.

For domparison of data between two-laboratories, special care needs to be taken on sanyple packing

and gample handling.

9 Method E — Determination of water content by calcium hydride method

9.1 | Principle

The $ample is.weighed and put into a sample cup. Before the measurement, the sealed redction vessel
is eviacuated\by using a vacuum pump. This excludes the influence of air humidity and lowers the
Vapc;{Jr pressure of water. When the vacuum is reached, the container is heated up to th¢ measuring

temperature. The evaporating water reacts with the reagent calcium hydride and generatgs hydrogen
accot ding the f'n”m/ving reaction:

CaHz + 2 H20 = Ca(OH)2 + 2 Hp

The hydrogen increases the pressure proportional to the evaporated water and is monitored by
a pressure transducer. The water content in the sample is calculated using a calibration factor. The
calibration factor is obtained by determining the water loss from a reference material with known
water content.

NOTE1 If the sample includes low molecular weight alcohols, the water content determined by calcium

hydride method will be overvalued. Should other components evaporate which also react with calcium hydride,
this needs to be considered.
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NOTE 2

There is only a small amount of hydrogen produced during a measurement. Before the next

measurement, the device is ventilated with ambient air. The gas mixture is not flammable, because of the small
amount of hydrogen.

9.2 Reagents

9.2.1 Water standard, solid material used as standard for the determination of the calibration factor.

The use of sodium molybdate dihydrate (NaMoO4 - 2 H0), analytical grade, is recommended. The
actual water content shall be determined according to Annex C.

9.2.2 Caldium hydride (CaHz), analytical grade.
9.3 Apparatus
9.3.1 Caldium hydride moisture measuring instrument, schematically showi-in Figure §

consisting o

Sample
250 °C.

Heating

The heating jacket can package the sample cup at least half of the*'volume.

Reactol
steel. A}
evapors

Cooling

[ the following.

and

cup, designed for holding samples and made of stainless steel. Its temperature resistance is

A sample cup with a capacity of about 170 ml is recommended.

r jacket, temperature control unit with adjustable temperatures between 60 °C and 2(

" unit, reagent insert, designed to be used for holding calcium hydride and made of stai
bproximately 20 ml capacity, the upper part of the reactor unit has small holes, so thd
ting water reacts with the calcium hydride.

trap, used to condense volatiles, that do hot react with calcium hydride.

VacuulJl pump, so that an absolute pressurg;:smaller than 10 mbar is generated.

Measu

Output
shows t|
water c
the wat]
based o

ement cell, consisting of a pressure transducer.

unit: Two types of output-tinits (A or B) are permitted. Type A is a pressure indicator
he pressure (P in mbar¥) with an accuracy of 0,1 mbar; Type B is a display that show
bntent (percentage op-ppm) directly with an accuracy of 0,001 %. The output unit calcy
er content from thé-pressure, the temperature and the volume in the measurement
h the ideal gas equation.

0°C.

nless
t the

that
s the
lates
area

1) 1 mbar=100 Pa.
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9.3.2 Analytical balance, accurate to 0,1 mg.

000 —

A

Key
leadout pressure, or
Water content
gutput unit
neasurement cell
Yaccum pump
dooling trap

eating jacket

O 0O N O U1 o W N =

Eleactor unit

eactor cover

[UnN
o

dample cup

Figure 6 — Calcium hydride moisture measuring instrument — Schematig

9.4 | Preparation of test sample

The absolute amount-of 'water to be determined is in most cases far below humidity of aif. Therefore,
maximum care shall be taken to avoid contaminating the sample with water from the sample container,
the gtmosphere;,sample transfer, and/or equipment. The sample should be processed, weighed and
transgferred dquickly in a dry environment or under nitrogen gas (N3). Put the sample into|a pre-dried
glasd flask.and immediately close it with a stopper.

The Inaterial category is not specified in this document and the test sample can be in any fprm, such as
granules, moulding powder, tabricated shapes, or moulded items. The required sample should be cut or
sawed into pieces of appropriate size, i.e. having a maximum size of 5 mm x 3 mm x 3 mm, produced as
quick as possible to minimize moisture absorption.

9.5 Procedure

9.5.1 Equipment check
a) Leakcheck

The air tightness of the system is checked automatically by the device with a leak test. Put an empty
and clean sample cup into the reaction vessel. By starting the leak test the device is evacuated by
the vacuum pump. An absolute pressure, below 10 mbar, is generated and the pressure increase
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