INTERNATIONAL ISO
STANDARD 4491-4

Third edition
2019-04

Metallic powders — Determinatjion
of oxygen content by reduction
methods —

Part 4:
Total oxygen by‘reduction-extraction

Poudres métalliques ~<<~Dosage de l'oxygéne par les méthodes de
réduction —

Partie 4: Oxygene total par réduction-extraction

Reference number
1SO 4491-4:2019(E)

©1S0 2019



https://standardsiso.com/api/?name=e7b41fbb33b0de45d1b9ae2b7a56220e

ISO 4491-4:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=e7b41fbb33b0de45d1b9ae2b7a56220e

Contents
FFOTE@WOIM ..........oooooooeooeeeeeeee et
IIEOAUCTION. ......oooooo st s 88880
1 S0P ...
2 Normative references
3 Terms and definitions
4 Principle
5 Apparatus and Materials...............sss e P e
6 T@ST POTTIONN.......oooo ety
7 PIOCEAUTE..........ccccooooie s seees e Do
7.1 General.....ooerosicees
7.2 Blank test and calibration..
7.3 =) OSSO USSR (U0 ST
8 EXPression Of TESUILS ... e et
8.1 Permissible tolerances.......cciceeessssieeeeeessg e
8.2 FINAL TESULE ..o
9 Test report
Anngx A (informative) Examples of conditions of extraction for selected metal powders

ISO 4491-4:2019(E)

© IS0 2019 - All rights reserved

iii


https://standardsiso.com/api/?name=e7b41fbb33b0de45d1b9ae2b7a56220e

ISO 4491-4:2019(E)

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

The determination of the oxygen content of metallic powders is of the utmost importance in
of powder metallurgy.

many fields

The standard methods described in ISO 4491-2 and ISO 4491-3 do not give the total oxygen content of

the sample, as some oxygen-containing constituents are not reduced by hydrogen.

Therefore, a standard method for the determination of the total oxygen content is needed. The most
frequently used method is reduction-extraction. It can be carried out with various commercially

avalabre+n Hents-workingaccordingto-ditferentprinciples-ofextractonandmeasure

The [results of the analysis depend on the type of equipment used and on the test parametd
However, as indicated in Clauses 4 to 7, it is always possible, for a given type of metal pawder,
the fest conditions to obtain reproducible and accurate results with any of the commercia
instfuments, provided they are designed for testing the metal powder considered.

[t is jnot possible to standardize one or more particular instruments. However, certain bag
prodedure are considered for the analysis of metallic powders (see Clause 7).

NOT The reduction-extraction method is also applicable to nitrogen determination and certain
pernpit simultaneous measurement of oxygen and nitrogen contents. However, the determination ¢
not dovered by this document.
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Scope

document specifies a method for the determination of the total oxygen contentef metal
bduction-extraction at high temperature.

breement, this method is also applicable to the determination of the totalexygen conten
1] materials.

[ile under the test conditions. The sample can be in powder @ compact form.

analysis is carried out on the powder as supplied, but the method is not applicable if
pins a lubricant or binder. If such substances are present, the method may be used only
be completely removed by a method not affecting the 0xygen content of the powder.

document is to be read in conjunction with ISQ 4491-1.

Normative references

following documents, in whole or in*part, are normatively referenced in this docum
pensable for its application. Forydated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

1491-1, Metallic powders.-< Determination of oxygen content by reduction methods — Pa
plines

Terms and definitions

brms and definitions are listed in this document.

ind [ECGmaintain terminological databases for use in standardization at the following a

lic powders

L of sintered

method is applicable to all powders of metals, alloys, carbides, anid mixtures thereof whijich are non-

the powder
y if they can

ent and are
or undated
ES.

rt 1: General

ddresses:

SO,0Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

4 Principle

A test portion of the sample is heated in a graphite crucible at high temperature, either under vacuum
or in a flow of an inert carrier gas. Oxygen in the sample is converted to oxides of carbon. These are
extracted and transformed completely to either carbon monoxide (CO) or carbon dioxide (CO2), which
is determined by a suitable gas analysis method.

© IS0 2019 - All rights reserved
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The methods used in practice to determine the total oxygen content have the following features:
a) Environment in the reaction chamber:

— vacuum, or

— flow of inert gas (nitrogen, argon, helium).
b) Graphite crucible:

— individual, i.e. used only for one test portion, or

— culaulative, 1.e. the same crucible 1s used Ior the analysis of several successive test portionss.

c¢) Reactign medium:

, i.e. the test portion alone is poured into the graphite crucible, the reduction being carried

— mefal bath, i.e. in order to accelerate the reduction of certain metals it is advisable to prepare
t a bath of a fusible metal (for example platinum, tin, iron, nickel) capable of dissolving poth
on and the metal in the test portion.

d) Heating:

tinuous, i.e. the test portion is introduced into the cruciblé previously heated to the rea¢tion
perature, the reduction taking place over a fixed period of time, of the order of seyeral
utes, or

se, i.e. the cold crucible containing the test portion is heated by injecting, over a period of a
seconds, a high-power pulse of energy, redugtion taking place very rapidly at the high peak
perature (up to 3 000 °C).

e) Deternfination of oxygen:

Severallmethods for measuring either COjor CO; are available. In both cases, a chemical conveision
device {s used to ensure that the oxygén to be determined is transformed completely into eithgr CO
or CO3.[The analytical methods commonly used are:

— volpmetric (for CO);

— chijomatography (forCO);

— infrared absorption (for CO);

— thgrmal conductivity (for CO and COy);

— coylometty (for COz).

5 Apparatus and materials

The main elements of an apparatus suitable for determining the oxygen content of a metallic powder
are the following:

— crucibles, machined from high purity graphite;
— adevice to degas the graphite crucible at high temperature;

— a device to introduce the test portion and degas it under inert gas or in vacuum at ambient
temperature;

— adevice for gas extraction in accordance with a predetermined temperature cycle;

2 © IS0 2019 - All rights reserved
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— apurification train to remove water;
— ameasuring device for the determination of the CO or CO5.

The materials needed will depend on the type of equipment used, for example high purity inert gas
(helium or argon).

Calibration of the measuring device, when necessary, requires high purity gas, CO, COy, or certified
metallic reference materials.

6 Test portion

The pnalysis shall be carried out on one or several test portions. The number of test portioLs required
to rgach the required precision can be determined by a gauge repeatability and reproducipility study.
If a gauge repeatability and reproducibility study is not made, the analysis shall be«carried out on two
test portions. Several methods can be used to prepare the test portion prior to-its.introduction into the
appdratus.

a) [lhe test portion is weighed directly into the degassed crucible.

b) WA quantity of the powder sample is uniaxially compacted in a:small cylindrical die, yithout any
ubricant or binder, under a pressure of 100 MN/mm? to 200’ MN/mm?2. The mass of th¢ compact is
Hetermined.

c) A quantity of the powder sample is enclosed in a small:¢capsule of known weight made pf platinum,
Lin, nickel, or iron-nickel foil of high purity. The whole capsule is weighed. The oxygen content of
Lhe foil shall be known or determined previously

d) [nthe case of a compact, a suitable fragment-of'the sample is weighed as the test portio.
All weighings shall be to the nearest 0,000 1.g.

A metal foil capsule may be used solely. to facilitate the introduction of the sample into the apparatus. In
this case, the weight of the capsule shall'be kept to a minimum.

Altefnatively, the metal of the capsule can constitute the metal bath needed for convenient extraction;
in thlis case, the mass of the capsuile is chosen to give the bath/test-portion mass ratio recommended for
the particular analysis.

Whdn the graphite crugible is used with a metal bath for several consecutive analyses, it is rjecessary to
degds the bath priorto'the beginning of each extraction operation.

The [bath/test-portion mass ratio is maintained larger than the recommended minimym value, if
necgssary, hy the periodic introduction of fragments of metal followed by degassing of the hath.

The [mass\oOf the test portion shall be selected depending on the sensitivity of the apparatyis used and
the ¢xpected oxygen content. Frequently, a mass between 0,1 gand 1 g is chosen.

7 Procedure

7.1 General

For the reason given in the introduction, it is not possible to specify the conditions of oxygen
determination for each of the various metals, alloys, and carbides to be analysed, and for each of the
types of apparatus available. It should be noted that, especially when the reduction is carried out in the
solid state and with continuous heating, the reaction may be slow and the time for complete reduction
of the oxides will depend on the oxygen content.

It is recommended that the optional conditions for testing a given type of material and for a given range
of oxygen contents be determined by performing preliminary tests. It is common to make successive

© IS0 2019 - All rights reserved 3
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tests on the same sample, increasing the reducing action (i.e. by increasing the temperature and/or time
of reaction) until the measured oxygen content reaches a maximum constant value. Other parameters
(e.g. use of metal bath) may also be varied.

It is strongly advisable to use certified reference materials of the same type as the sample to ensure the
correctness of the operating conditions adopted.

7.2 Blank test and calibration

Generally, a blank test is carried out under the same conditions as those selected for the determination
but excluding the test portion.

If necessary, the apparatus is calibrated, or verified to be in correct working order, in accordance’with
the manufagturer's instructions, generally using pure gases (CO, CO3) or reference materialsof.certjfied
oxygen confent.

7.3 Test

The test is|carried out in accordance with the instructions for operating the equipment using the
conditions felected (see Z.1). Annex A presents, as examples, conditions of reduction for some npetal
powders.

8 Expression of results

8.1 Pern'[issible tolerances

The differefce between the two determinations shall notexceed the values shown in Table 1.

8.2 Final result

If several dg

all detdjils necessaty-for the identification of the test sample;

terminations were made, the resultis calculated as the arithmetical mean value. The r
n accordance with Table 1.

bport

ort shall include the fellowing information:

nce to this doeument, i.e. ISO 4491-4:2019;

hod of'eéxtraction of lubricant or binder, if relevant;

e ©f)equipment used;

bsult

is rounded

9 Testr
The test ref
a) areferg
b)

c) the met
d) thetyp
e)

f)

g) details
h) details
4

the final result obtained (see 8.2);

of any operations not specified in this document, or regarded as optional;

of any occurrence which may have affected the results.
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Table 1 — Requirements of reported value

Oxygen content Maximum permissible difference between the
% (mass fraction) two determinations Rounded to the nearest
<0,005 20 % of the mean value 0,000 5
Over 0,005 to 0,01 10 % of the mean value 0,001
Over 0,01 to 0,02 10 % of the mean value 0,002
Over6;02to6;65 5% ofthemrearvatue 6,602
Over 0,05to 0,1 5 % of the mean value 0,00%
Over 0,1to0 0,2 5 % of the mean value 0,01
Over 0,2t0 0,5 5 % of the mean value 0,02
Over 0,5to0 1,0 5 % of the mean value 0,05
Over 1,0 5 % of the mean value 0,1

© IS0 2019 - All rights reserved 5
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