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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 proced d e ) e are
described in the ISO/IEC D1rect1ves Part 1.In partlcular the dlfferent approval crlterla needed fpr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

lrawn to the possibility that some of the elements of this document may)be the subject of
4. ISO shall not be held responsible for identifying any or all such patenb rights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the conveniéence of users and dogs not
constitute ar} endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific termp and
expressions |related to conformity assessment, as well as infermation about ISO's adhererce to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This documgnt was prepared by Technical Committee\ISO/TC 119 Powder metallurgy, Subcomrpittee
SC 3, Sampling and testing methods for sintered metal@naterials (excluding hardmetals).

Any feedback or questions on this document sheuld be directed to the user’s national standards bpdy. A
complete listing of these bodies can be found\at www.iso.org/members.html.
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Introduction

It is essential to detect argon in powder metallurgy hot isostatic pressing (PM HIP) material in order to
ensure the desired performance of the PM HIP component. Argon from the production of powder can
remain in the powder grains. Argon from the powder filling processes can remain in the voids between
powder grains and become trapped during consolidation. Can imperfections can result in ingress of
argon from the HIP chamber and potentially introduce, or increase the level of, argon.

Argon in the resulting metal powder produced component can be detected using the techniques
included in this document

© IS0 2022 - All rights reserved v
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INTERNATIONAL STANDARD ISO 5842:2022(E)

Powder metallurgy — Hot isostatic pressing —

Argon detection using gas chromatography and mass
spectrometry techniques

IMPORTANT — It is the responsibility of the purchaser of the PM HIP service to specify in

the purchase order if an argon detection test is needed. If so, the agreed argon limit shall be
specified.

1 Sicope

This Hocument specifies a gas chromatography and a mass spectrometry method of detecting the
presejnce of argon in metal powder produced components, consolidated by hétjisostatic pressing.

This document specifies the calibration and functionality test for the,équipment covered. It also
specifies methods for sampling, sample preparation and sample test procedure of PM HIP| components
to deflect argon presence.

Complonents produced by additive manufacturing are not coveped in this document.

2 Normative references

Therg are no normative references in this document:

3 Terms and definitions
For the purposes of this document, the-following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following pddresses:

]

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

]

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

3.1
blank test
test gerformed.without sample in the same manner as, and parallel with, a test using an analytical
sample

[SOU]I(CE: [SO 11323:2010, 8.13]

3.2

calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1 to entry: A calibration may be expressed by a statement, calibration function, calibration diagram,
calibration curve, or calibration table. In some cases, it may consist of an additive or multiplicative correction of
the indication with associated measurement uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring system, often mistakenly
called “self-calibration”, nor with verification of calibration

Note 3 to entry: Often, the first step alone in the above definition is perceived as being calibration.

©1S0 2022 - All rights reserved 1
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[SOURCE: ISO/IEC Guide 99:2007, 2.39]

3.3

can
capsule
canister

container used to encapsulate the powder during the pressure consolidation process

Note 1 to entry: It is partly or fully removed from the final part.

3.4

detection limit

smallest actt
[SOURCE: IS

3.5
functionalit]
assessment ¢

[SOURCE: IS

3.6
gas chromat

device that physically separates components of a mixture in the.gaseous phase and measures

individually
[SOURCE: IS

3.7
mass spectr
instrument \

respective ion currents

[SOURCE: IS

3.8
mass/charg
mass of a chg

3.9

powder metfallurgy hot isostatic pressing

PM HIP

process for
sealed form
equal pressy

al amount of an analyte that can be detected by a measuring method
20553:2006, 3.14, modified — "measurand” has been replaced by "analyte".]
y test

fthe performance of a measuring system, based on specific parameters

D/TS 14907-1:2015, 3.10, modified — measurand has been replaced by analyte]

ograph
vith a detector which signal is processed

) 14532:2014, 2.4.3]

ometer
vhich separates ionized particles of different mass/charge ratios (3.8) and measury¢

3529-3:2014, 2.5.1]

P ratio
rged particle in atonmtic mass units divided by its elementary charge

ble enclosure usually made from metal and the so-contained powder is subject
re fram all directions at a temperature high enough to permit plastic deformatio

consolidatioql ofithe powder particles to take place

them

bs the

simultaneously heating and forming a compact in which the powder is contained in a

ed to
n and

[SOURCE: AS
3.10

TM A988/A988M - 15A]

reference sample
material or substance which property values are sufficiently homogeneous and well established to be
used for the functionality test (3.5) of an apparatus, the assessment of a measurement method, or for
assigning values to materials

3.11

solvent cleaner
liquid cleaning substance that is either ethanol, CH;CH,OH, acetone, (CH;),CO or iso-propanol,

CH(CH;),0H

© IS0 2022 - All rights re
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4.1

41.1

ISO 5842:2022(E)

quipment for argon detection
Gas chromatography

Principle

Gas chromatography (GC) is a separation technique where the mobile phase is gaseous. When GC is
used as analytical technique, a known amount of sample is evaporated and dissolved into the mobile
phase, also called the carrier gas. The sample compounds are carried by this mobile phase through a
chromatographic column and further through detectors. Due to different specific interactions between

the s3

mpln r‘nmpmlndc and cf:\finnary ph:\cp (cf:\finnary ph:\cp is ncna]]y achemicalthatca

n selectively

attra

through the column with different velocities. This leads to a separation of individual.co

time.
recor
reten
samp

4.1.2

The ¢
starty
2 2040
wher
signa
all ot
coluny
that @
step |
sourc

t components in a sample mixture), the sample compounds are retained individudlly

The so-called retention time is the amount of time that elapsed from injection'of the s
ing of the peak maximum of the component band (peak). When using nonsspecific d
Fion time is the only indication in chromatography for the correct identification of
e component.

Apparatus and reagents

arrier gas for argon detection shall be helium with purity299,9999 % by volume. )
with fusion of a test portion in a graphite crucible under*helium gas at a temperaf
°C. The instrument samples a known volume of gasswhich subsequently enters t
e the gases are separated. The apparatus shall, by an-integrated function, correctly
which belongs to the separated argon. As an exdmple, in Figure 1, a time relayed
er gases to leave-out argon as the only analyte producing a signal. However, the ch
n may not be able to separate argon from all* gases that may originate from the te
ase, it can be necessary to integrate into the apparatus a separation and/or chemici
rior to the gas stream entering the chrématograph column. The argon is ionized by
e in a chamber followed by detection and quantification by the detector. An illus

rand “travel”
mponents in
ample to the
etectors, the
in individual

leasurement
ure of about
he column(s)
identify the
valve ejects
romatograph
st sample. In
W] conversion
An ionization
tration of an

appatfatus is shown in Figure 1.
1 2 3 1
4 6 7 8 9 10
B B
/
5
Key
1 fyrnacé 7  gas chromatograph column
2 phrtiele filter 8 relayed valve
3 gas chromatograph 9  ion source
4 helium carrier gas 10 ionized argon
5 testsample 11 detector
6

sampling valve (gas sample)

Figure 1 — Example illustration of a gas chromatography apparatus

© IS0 2022 - All rights reserved
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4.1.3 Equipment detection limit

The detection limit of the equipment shall at most correspond to a content of 0,02 ug/g argon in a test
sample prepared according to Clause 6.

NOTE 1
certainty.

NOTEZ2 0,0

2 ug/gis sometimes referred to as 0,02 mg/kg, 0,02 ppm by mass or 20 ppb by mass.

4.2 Mass spectrometry

4.2.1 Prinl:iple

Mass spectr
or elements.
compounds f{
argon based

4.2.2 Apparatus and reagents

The carrier g
starts with f
2 200 °C. T
quantificatio
However, a d
overlapping
apparatus a
apparatus is

pmetry (MS) is an instrumental method to identify and quantify chemical comp
It involves a sample that is being dissolved in a carrier gas. The carrienngas carri
hrough the instrument to the detector. After ionization, the instrument'detects exty
on the mass/charge ratio.

as for argon detection shall be helium with purity =2 99,9999 % by volume. Measur¢
usion of a test portion in a graphite crucible under heliin“gas at a temperature of
e gases are ionized by an ionization source in a chamber. Subsequent detectio

hemical compound or element that originates frdm the test sample may give rise
signal with the extracted argon. In that case, it can be necessary to integrate int
separation and/or chemical conversion step prior to the ionization. An illustration
shown in Figure 2.

The detection limit does not correspond to the lowest level that can be quantified with statistical

bunds
bs the

acted

bPment
about
h and
n of the extracted argon (mass/charge ratio of 40)’is made by a mass spectrometer.

to an
o the
of an

1 2 3
4 10
6 7 9
8 -
|J_-| | | |
!
5
Key
1 furnace 6 aliquot (gas sample)
2 particle fillter 7  ionsource
3 mass spe¢trometer 8 mass selector
4 helium carriérgas 9 ionized argon
5 test sample 10 detector
Figure 2 — Example illustration of a mass spectrometry apparatus
4.2.3 Equipment detection limit

The detection limit of the equipment shall at most correspond to a content of 0,02 pg/g argon in a test
sample prepared according to Clause 6.

NOTE 1
certainty.

NOTE 2

0,02 pg/gis sometimes referred to as 0,02 mg/kg, 0,02 ppm by mass or 20 ppb by mass.

The detection limit does not correspond to the lowest level that can be quantified with statistical

© IS0 2022 - All rights reserved
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Calibration and functionality test

5.1 General

Calibrate the detector according to the recommendations of the equipment supplier and at each of the
following occasions:

a)
b)

)

Functlionality test of the apparatus shall be carried out at each of the following occasians:

1y
2)
3)
4)

5.2

5.2.1| Calibration

Calibration consists of dosing through the apparatus, a gas mixture with a known pr
knowln level of argon (which is detectable but nottigh). Apart from argon, the gas mixture
of heljum with a low level of impurities. The gasmixture (helium + argon) shall be of purity
by volume.

The integrated detector response signal-of the instrument shall be correlated to the kn
argor] in the calibration gas mixture,

5.2.2] Functionality test

Functlionality of the apparatus shall be ensured prior to detection. The functionality
perfofmed through measurement of at least one blank sample and at least one reference 5
measfired values fromi-the blank sample and/or reference sample deviates from the exp
the squrce of the efrot shall be investigated and eliminated.

Single reference)samples shall have a detectable argon content and a mass of 0,7 g = 0,2 §
slend¢r geemetry (square, round, or equivalent form).

If the [measured result of the blank sample and the reference sample are satisfactory, the te

after itis installed and commissioned;

after replacement of critical parts or components of the equipment;

dpily, before detection;
after calibration;
after replacement of the carrier gas container;

whenever inaccuracy of the instrument is suspected.

Gas chromatograph

bssure and a
shall consist
>99,9995 9%

own level of

test shall be
ample. If the
bcted values,

r with a non-

st procedure

may commence.

NOTE

be performed using no sample or using a sample without presence of argon.

5.3 Mass spectrometer

5.3.1 Calibration

The measurement of a blank sample is sometimes referred to as a blank test. The blank test can either

Calibration consists of dosing through the apparatus, a gas mixture with a known pressure and a
known level of argon (which is detectable but not high). Apart from argon, the gas mixture shall consist
of helium with a low level of impurities. The gas mixture (helium + argon) shall be of purity = 99,9995 %
by volume.

© IS0 2022 - All rights reserved
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The integrated detector response signal of the instrument shall be correlated to the known level of

argon in the

calibration gas mixture.

5.3.2 Functionality test

Functionality of the apparatus shall be ensured prior to detection. The functionality test shall be
performed through measurement of at least one blank sample and at least one reference sample. If the
measured values from the blank sample and/or reference sample deviates from the expected values,
the source of the error shall be investigated and eliminated.

Single reference samples shall have a detectable argon content and a mass of 0,7 g + 0,2 g with a non-

slender geon

If the measua
may commel

NOTE Th
be performed

6 Sample preparation for argon detection

A test piece
parent PM H

Single test samples with amass of 0,7 g + 0,2 g with a non-slender geemetry (square, round, or equiy

form) shall b

The techniqu
of the PM HI]I

7 Testpr

7.1 Gener

The samples
purpose) to 1

The dry mas
with an accu

7.2 Test procedute using gas chromatography

The followin

i L o 3 ] £ £ al
Cilr )’ LD\iual <, I'UuUlIIy, Ul Cblulvalclll. IUI lll).

ed result of the blank sample and the reference sample are satisfactory, the testproc
jce.

e measurement of a blank sample is sometimes referred to as a blank test. The blank test can
using no sample or using a sample without presence of argon.

shall be removed from the PM HIP component. The test piece shall be extracted fro
P material or from a sacrificial part integrated to the PMHIP can.

e produced from the test piece. The samples shall-be free from can material.

e to extract the test piece and to section the teést sample is at the discretion of the prd
P service.

ocedure for argon detection

al

shall be immersed or rinsed in a solvent cleaner (with adequate grade of purity f
emove surface contamijnations.

s of each individual test sample shall be determined and recorded using a precision|
racy of at least 0,001 g.

b procedure shall be followed:

edure

either

m the

ralent

vider

br the

scale

placeas

cool the

1 1y 5 T IS | £ : 5 T I
IIZIT UST g dPIILT CITULIDIT I UIC TUT'IIattT USIITE d CT'UCIDIC LU,

degas while heating above 2 200 °C;

crucible for at least five seconds;

sample loading sluice, if such a utility is integrated into the apparatus;

start the

after the

test;

fusion and measuring cycle, remove the crucible and record the displayed value;

present and melted.

© IS0 2022 - All rights re
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7.3 Test procedure using mass spectrometry

The following procedure shall be followed:

8

place a single use graphite crucible in the furnace using a crucible tong;
degas while heating above 2 200 °C;
cool the crucible for at least five seconds;

manually place a single test sample prepared according to Clause 6 in the crucible; or in the test
sample loading sluice, if such a utility is integrated into the apparatus;

sfart the test;
after the fusion and measuring cycle, remove the crucible and record the displdyed value;

Eior to discarding spent crucible, the operator shall inspect the insidecto“ensure the sample is
esent and melted.

holise]

Test report

Wher] the purchaser has specified an argon detection test accafding to this document the provider of

the PM HIP service shall provide a test report to the purchaset

The t¢st report shall, as a minimum, include the following‘information:

a)
b)

)

or

d)

a|reference to this document, i.e. ISO 5842:2022;

QO

1 details necessary for the identification of the parent PM HIP component;

¢}

kpression of result as:

5]

bproved (< agreed argon limit)

=

pt approved (> agreed argen limit)
date of test and autherized signature;

teést equipment anidlaboratory identification.

©1S0 2022 - All rights reserved 7
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Annex A
(informative)

Precision

A.1 Precision

An interlabo
described in
PM HIP matse
with a low-le

The labs use
spectromete

There isno e

In Table A.1,

difference bd
20 tests on i
using the sar

rial (non-cobalt tool steel grade). Of the 14 tests, each laboratory made 7 tests on mgt
vel content and 7 tests on material having a high-level content.

d 2 types of equipment to perform the tests, gas chromatography-technique and
 technique, and the precision is presented for both tests together and’separate.

stimate of bias because there is no accepted reference material

Lhe repeatability is presented as one standard deviation afdithe repeatability limit (7)
tween two test results exceeds the repeatability limit (r)‘on average not more than op

he apparatus within the shortest feasible time integyal between the tests.

ratory study of test samples was performed in 2019 and 2020, using the prddedures
[SO 5725-1 and ISO 5725-2. Each of the 12 laboratories made 14 tests of indastryimade

erial

mass

. The
cein

lentical test material, in the normal and correct operation of the method by one op¢rator

Table A.1 + Repeatability as standard deviations andlimit for all laboratories, and separately
for laboratories using either gas chromatograph (GC) or mass spectrometer (MS)
Number ?f Mean argon Repeatability Repeatability
Tested samples laboratories content standard deviation limit
ug/g Sr "
Low level 12 0,047 0,010 pg/g 0,028 ng/g
- only GC 0,045 0,009 ug/g 0,025 pg/g
- only MS 7 0,048 0,011 pg/g 0,031 pg/g
High level 12 0,217 0,035 ng/g 0,098 pg/g
-only GC 5 0,182 0,036 pg/g 0,101 pg/g
- only MS 7 0,241 0,035 pg/g 0,098 ug/g
In Table A.2|the reproducibility is presented as one standard deviation and the reproducibility limit

(R). The diffe
(R) on avera

rencebetween test results reported by two laboratories exceeds the reproducibility

operation of

he method.

© IS0 2022 - All rights res
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