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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 coll
electro

aborates closely with the International Electrotechnical Commission (IEC) on all matters of

chnical standardization
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cedures used to develop this document and those intended for its further maintenanee“ar
bd in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for th
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rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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n is drawn to the possibility that some of the elements of this document may.be’the subject o
ights. ISO shall not be held responsible for identifying any or all such paténtrights. Details g
ent rights identified during the development of the document will be in the)lntroduction and/o
50 list of patent declarations received (see www.iso.org/patents).

-

e name used in this document is information given for the convenience of users and does nojt
te an endorsement.
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explanation of the voluntary nature of standards, the dmganing of ISO specific terms an
ons related to conformity assessment, as well as information about ISO's adherence to th
rade Organization (WTO) principles in the Technica] Barriers to Trade (TBT) see www.iso.org}/
word.html.
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This do
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Internat

Any fee
complet

rument was prepared by ISO/TC 261, Additivesmanufacturing, in cooperation with ASTM F 47,
manufacturing technologies, on the basis of-a*partnership agreement between ISO and ASTN
ional with the aim to create a common set'of ISO/ASTM standards on additive manufacturing.

iback or questions on this documentshould be directed to the user’s national standards body. A
e listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The document aims to simplify the relation between the supplier and the customer for the supply of
metallic powder for additive manufacturing purpose whatever the process involved.

The document does not aim to develop new standards but provides a list of existing standards dedicated
to metallic powder that are suitable for additive manufacturing.

© ISO/ASTM International 2019 - All rights reserved v
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Additive manufacturing — Feedstock materials — Methods

to characterize metal powders

1 Scope

This document provides technical specifications for metallic powders intended to be used in
thanufacturing and covers the following aspects:

+ documentation and traceability;

+ sampling;

+ particle size distribution;

+ chemical composition;

+ characteristic densities;

-+ morphology;

+ flowability;

4+ contamination;

+ packaging and storage.

This document does not deal with safety aspeets.

In addition, this document gives spegific requirements for used metallic powders in
thanufacturing.

2 Normative references

The following documents(are referred to in the text in such a way that some or all of their
donstitutes requirements/of this document. For dated references, only the edition cited app
yndated references, the/latest edition of the referenced document (including any amendments)

SO 2591-1, Test.sieving — Part 1: Methods using test sieves of woven wire cloth and perforated me
SO 3252, Pewder metallurgy — Vocabulary

[ISO 3923x1; Metallic powders — Determination of apparent density — Part 1: Funnel method

hdditive

hdditive

content
ies. For
applies.

tal plate

hod

S0 .3923-2, Metallic powders — Determination of apparent density — Part 2: Scott volumeter met

[SO 3953, Metallic powders — Determination of tap density
[SO 3954, Powders for powder metallurgical purposes — Sampling
[SO 4497, Metallic powders — Determination or particle size by dry sieving

ISO 13320, Particle size analysis — Laser diffraction methods

ISO 13322-1, Particle size analysis — Image analysis methods — Part 1: Static image analysis methods

[SO 13322-2, Particle size analysis — Image analysis methods — Part 2: Dynamic image analysis methods

[SO 22412, Particle size analysis — Dynamic light scattering (DLS)
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ISO/ASTM 52900, Additive manufacturing — General principles — Fundamentals and vocabulary

ASTM B212, Standard Test Method for Apparent Density of Free-Flowing Metal powders Using the Hall
Flowmeter Funnel

ASTM B214, Standard Test Method for Sieve Analysis of Metal powders
ASTM B215, Standard Practices for Sampling Metal powders
ASTM B243, Standard Terminology of Powder Metallurgy

=

ASTM B329, Standard Test Method for Apparent Density of Metal powders and Compounds Using the S€o
Volumeter

ASTM HB417, Standard Test Method for Apparent Density of Non-Free-Flowing Metal powders _Using th
Carney Funnel

0

ASTM Bj527, Standard Test Method for Tap Density of Metal powders and Compounds

ASTM B822, Standard Test Method for Particle Size Distribution of Metal powders dnd Related Compound
by Light{Scattering

A

EN 102(4:2005, Metallic products — Types of inspection documents

3 Terms and definitions

For the|purposes of this document, the terms and definitions. given in ISO 3252, ISO/ASTM 52904,
ASTM B243 and the following apply.

[SO and|[EC maintain terminological databases for use ifistandardization at the following addresses:
— ISO|Online browsing platform: available at http§//www.iso.or

— IEC|Electropedia: available at http://www:electropedia.org/

31

EDX
X-ray sgectrometry in which the enérgy of individual photons is measured by a parallel detector ang
used to puild up a histogram repnréesenting the distribution of X-rays with energy

[SOURCE: ISO/TS 80004-13:2017, 3.3.2.4, modified — "EDX" has been kept as the only term and "are/'
has beeh changed to "is"]

4 Technical specifications

4.1 General

The supplier and customer shall choose the test methods appropriate to the customer's requirements.

4.2 Documentation and traceability

To ensure traceability, statements of conformity and inspection documents shall specify the following:
— aunique document reference,

— the name and the address of the supplier,

— the reference of powder lot,

— the product description, including chemical composition, standard and/or trade/common name,

2 © ISO/ASTM International 2019 - All rights reserved
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— the nature of powder production process (including e.g. type of gas used, environment conditions),

— the packaging description, including the packaging, the nature of the shielding gas and the desiccant

bag, if relevant,
— the date of analysis,

— storage and preservation instructions,

— all of the information to ensure the traceability (e.g. order number, applicable specification).

NOTE1 When a desiccant bagis in contact with the powder, it can be a source of contamination.
The inspection document shall comply with EN 10204:2005, 4.1.
The statement of conformity should follow ISO/IEC 17050-1.

The reported values shall be linked to the test method used and the corresponding stand:
lelevant standards to characterize metallic powder or feedstock for additiveanianufacturing are
in this document. Powder characteristics shall be subjected to a prior custemer/supplier agreel

The product shall be supplied with its material safety data sheet (SD$):

NOTE 2  The inspection document and the statement of conformity éan*be on the same document.
EXAMPLES Product description: Ni alloy 718 powder 10 um to45 um.

Nature of production process: Vacuum Inductiofi Melting argon gas atomization.
Packaging description: 10 kg bottle under Argon protective atmosphere.

For an example of certificate, see Annex B.

4.3 Sampling

amples shall be representative of the powder lot, ensuring homogeneity when split. Meth
quipment shall follow the requjrements in ISO 3954, ASTM B215 or another method subjed
rior customer/supplier agreement with the method(s) reported.

o = N

Frocedures should be ipcluded for equipment cleanliness prior to sampling to prever
dontamination of powdef.

4.4 Particle sizedistribution

Particle size and/particle size distribution shall be determined in accordance with one or sever
thethods and-standards listed in Table 1.

The stanidards according to the methods used shall be indicated in the report (see Annex B).

rd. The
detailed
ment.

bds and
ted to a

t cross

] of the
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Table 1 — Methods used for particle size analysis

Typical
range
Method b(:tavl\;:;sn Expression of results Advantages Limitations
instru-
ments)
Laser diffraction | 01 um to — Measurements shall
(1SO 133263 3mm Cumulative-velume——Lase of use be made on isolated
percentages onaplot, | L le si pall_rtlc_hes (not t01_1ch1ng)
. . with calculated values arge sample S1zes - l1quld SUSpens1on S
Lightscuttering | | Dy at which X % of the are not required be necessary
(IS0 22412, 0mm | toralvolumeisbelow | yigh accuracyand |— Assumes spherical
ASTM BB22) this value repeatability particleswhen
calculating volumes
— Measurements
shall be made on
isolated particles (not
touching) - liquid
suspension can be used
) — Accounts for non:
Image analysis Either the number or spherical particles |— Resultaccuracy
(static: 25 pm volume of particles in _ depends on number of
1SO 133p2-1) each size interval |— Capable ofreporting pixels
shape factors
— Setup procedures to
be determined by the
operator to achieve
optimum results for
that specific powder
— Measurements shall
— Accounts for non- be made on isolated
spherical particles particles (not touching)
- liquid suspension can
— Capable of reporting be necessary
- Eitherithé number or shape factors
Image apalysis 1 foarticles i — Resultaccuracy
Gnanle: | xsum | Solpies | argeamount | depends on umber o
1SO 133p2-2) <have distributi of particles can pixels
pe distribution be measured
in each sample, — Setup procedures to
which provides a be determined by the
large dataset for operator to achieve
statistical analysis optimum results for
that specific powder

4 © ISO/ASTM International 2019 - All rights reserved
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Table 1 (continued)

Typical
range
(varies
between
instru-
ments)

Method Expression of results Advantages Limitations

— Appropriate sieve sizes
required

— Results obtained
assume néar spherical
particles that pass
thraugh the sieye
openings when the
particle diametgr is
smaller than the¢ size
openings. This does not

— Equipment
required is cheaper.
overall than

The amounts of

bieving particles presentin

(1SO 2591-
1, 1SO 4497,
ASTM B214)

245 um

specified particle size
intervals, expressed
as a percentage of the
total particles

equipment requiyéed

for other particle
size distribution
testing niethods

take into account long
particles or parficles
with aglomerations.

Carefully contrqlled

cleaning of sievgs
between tests re¢quired

— Results obtainefl are
discrete intervalls

— Not suitable for
particles sized wholly
or mostly under]45 pm

NOTE1  The laser diffraction and dynaniic image analysis method results in higher values than thg sieving
thethod. The sieving method gives a weight percent of powder impeded by or passing through a square net
Vhereas the laser diffraction method-givés an equivalent diameter calculated from laser interferences.

=

NOTE 2  The results can be ohtained by different methods; for example, quantification of the largest particles
y sieving and quantification.6fthe thinnest particles by laser diffraction. The results obtained from different
hethods can produce different'results.

_

NOTE3  The resultsare often expressed in D10 (first decile, i.e. 1/10 of the statistical population is bglow this
alue), D50 (medianwalue, i.e. half of the statistical population is below this value) and D90 (last decilefi.e. 9/10
af the statistical population is below this value).

=

NOTE4  Generally, the particle size distribution of used powder shifts with use. The degree of shiftis alffunction
af multipl€ parameters including material and process.

NOTE %~ Particle size is considered to be a useful property for comparing and controlling different lots of
powder over time as this characteristic will change with powder use.

4.5 Chemical composition

The chemical composition of the metallic powder shall be determined by any suitable testing procedure,
e.g. wet chemical processes, atomic absorption spectrometry, flame emission spectroscopy, or X-ray
fluorescence analysis.

For powder mixtures, preparation of the sample for chemical analysis shall be performed in accordance
with recognised methods.

NOTE1 Example of recognised methods are available in MPIF STM 67.

© ISO/ASTM International 2019 - All rights reserved 5
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Table 2 identifies examples of standards for determination of carbon, sulphur, oxygen, nitrogen and
hydrogen elements by various combustion and fusion techniques. The chemical composition shall be
determined on a sample that is representative of the lot used (or reused) for additive manufacturing.

Table 2 — Examples of testing standards for chemical composition of metals

Alloys\Elements Carbon Sulphur Oxygen Nitrogen Hydrogen
Steel and iron ISO 9556, or ISO 13902 or ISO 17053 or ISO 10720 and
[SO 15349-2 or ISO 15350 or ASTM E1019 ISO 15351 or
SO 15350 or ASTMETOTS ASTMETOTS
ASTM E1019
Titahium and ASTM E1941 ISO 22963 or ASTM E1409 ASTM Ex447
titanjum alloys ASTM E1409
Nickeland nickel [ISO 7524 or ISO 7526 or ASTM E1019 ASTM E1019
flloys ASTM E1019 ASTM E1019
Aluntinum and ASTM E2792
alumipum alloys
Cobglt alloys ISO 11873 or ISO 11873 or ASTM E1019 ASTM E1019
ASTM E1019 ASTM E1019
Copper|and copper ISO 7266 ASTM E2575
3lloys
NOTE 2 | Chemical composition can shift with powder recycling, e.g. exygen level can increase with each reusg.

The applicability of standards listed in Table 2 needs to be checked for powders, and material grad
selected.

w

It can b¢ necessary to use multiple testing procedures in‘combination.
The valyies shall be expressed in weight percentage:

Analysi$ method(s) should be reported with yesults.

4.6 Characteristic densities

Apparent and tap densities are useful powder characteristics, enabling the control of different powdef
lots, or different powder mixturésfrom virgin and used powders over time, respectively.

Apparent density shall be determined by Hall funnel method according to ISO 3923-1 or ASTM B212 fo
free floyving powder. Fornon-free flowing powder, the Carney funnel method according to ISO 3923-
or ASTM B417 shall be)used; for powders that do not flow freely through a Carney funnel, a Scott
apparatus according4o [SO 3923-2 or ASTM B329 shall be used.

ey

To detefmine thevappropriate size of graduated cylinder used in tap density measurement, apparent
density should-be measured first. Tap density shall be measured according to ISO 3953 or ASTM B527.

NOTE 1 In practice, the minimum number of taps, N, is determined such that no further change in volume takek
place. For all further tests on the same type of powder, the cylinder is subjected to 2N taps, except where general
experience and acceptance has established a specific number of taps (no less than N taps) as being satisfactory.
For fine refractory metallic powders, 3 000 taps has been found to be satisfactory for all sizes.

Skeletal density by gas pycnometry can be determined according to ISO 12154 or ASTM B923. The
skeletal density gives the true density of the material and can therefore be used to evaluate porosity level.

NOTE 2 SEM images of the powder after a sample preparation can give qualitative information only about
internal porosity. For example, see EN 1274.

6 © ISO/ASTM International 2019 - All rights reserved
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4.7 Morphology

Powder morphology is strongly linked to the process used to produce the powder; as stated and
illustrated in EN 1274. Particle morphology shall be described using the vocabulary defined in ISO 3252
or ASTM B243 (see Annex A for examples).

NOTE1 Powder morphology is considered to be a useful property for comparing and controlling different lots
of powders over time.

In addition, qualitative image comparison and/or quantitative criteria can be subjected to a prior
ustomer/supplier agreement e.g. a quantitative shape factor defined as the maximum Feret’s.diameter
ivided by minimum Feret’s diameter, etc.

OTE2  The preferred method using SEM is secondary electron imaging.

uantitative values shall be determined by automatic or semi-automatic methods*with the number of
nalysed particles being included in the report.

OTE3 A standard method for spreadability is under development within“ISO/TC 261 and ASTM F 42.
Information on spreadability can be found in ASTM D7891.

.8 Flowability
owder flowability is a function of multiple factors, particularly-the following:
+ powder size distribution,

+ cohesive strength by adsorbed water on the particles' surfaces from condensed, i.e. presence of
agglomerating forces such as capillary bridges,formed by adsorbed water on particles’ $urfaces
from condensed atmospheric vapour, electromagnetic forces in ferromagnetic materials, or]Van der
Waals bonds,

+ inter-particles friction, affected mostly by particles "surface roughness" and morphologfy of the
particle surfaces.

\s moisture content is a key factoerin determining flowability, where drying is required or prphibited
y the customer/supplier agreentent or the selected flowability standard method (see list belgw), this
hall be performed in accordahce with the conditions specified in a standard operating procedyre.

N = N

Flowability should be deétermined using one of the methods specified below:
-+ ISO 4490 or ASTMB213 (results reported in s/50 g),

+ ASTM B964 using a Carney funnel (results reported in s/150 g or s/200 g),
+ ISO 13577 using a Gustavsson funnel (results reported in s/50 g),

1+ 1S04324.

Theflowability test report shall include the initial powder condition, i.e. stationary or moving gowder.

NOTE1 Flowability measured by the aforementioned standards is not necessarily correlated to spreadability.

NOTE 2  The requirement of a powder for additive manufacturing to be able to flow is relevant with regard
to AM-systems that use piping and/or nozzle to deliver powder, and to mechanical devices to create thin layers
necessary to control the manufacturing process. Other techniques, for example rotating cylinder, can be used
to fulfil both requirements, whereas the funnel techniques are primarily able to assess powder flowability with
regard to piping and/or nozzle requirements.

NOTE 3  Various indices (e.g. index describing cohesive forces between powder particles, for instance

avalanche angles) and ratios (e.g. Hausner ratio) can be calculated to evaluate the flowability of the non-freely
flowing powder. Those indices and ratios cannot replace the flowability measurement.

© ISO/ASTM International 2019 - All rights reserved 7
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4.9 Contamination

Contamination of the powder lot shall be determined by examining a representative sample of the

powder.

Powder sampling shall be performed according to 4.3. Powder testing shall be performed by

examining at least 625 mm?2 (25 mm x 25 mm) of a closely packed layer of powder at 20x%, or by an
alternative testing practice, subjected to a prior customer/supplier agreement. As agreed by customer/
supplier, no foreign material containing morphology or chemistry outside of specification shall be
visible under these test conditions.

NOTE

In addition, EDX mapping can he used to detect cross contamination with another metallic powder.

4.10 Packaging, handling and storage

4.10.1

Powder
handlin

4.10.2
The po

If requi
protecti

— the

— the

— quantity of the packaging unit,

— the
bag]

— the
— the

The foll

— if applicable, the ordermiimber of the customer,

— the
— the
NOTE

EXAMPL

General

contamination from any form of foreign material (e.g. desiccant bag) shall be‘avoided durin
b, packaging and storage.

Uy

Packaging and handling

Fder should be climatized (temperature) before introduced to the'machine.

W

ed by the customer, powder containers can be filled by inert gas (argon or nitrogen) to provid
ve atmosphere. Powder traceability shall be secured. Thedabel shall include the following:

name and the address of the supplier,

reference of powder lot,

packaging description, including the packaging, the nature of the shielding gas and the desiccanit
if relevant,

product description, including standard and/or trade/common name,
safety notice according to lp¢al regulation, which can include pictogram(s).

bwing information can beiricluded in the certificate if not included in the label:

nature of powder-production process (including e.g. type of gas used, environment conditions)
packing date:
If desiccant bag is used, guidance can be found in DIN 55474 and BS 1133-19.

ES Product description: Alloy of nickel 718 powder 10 um to 45 um.

Packaging description: 10 kg bottle under Ar protective atmosphere with desiccant bag.

Nature of powder production process: Vacuum induction melting (VIM), argon gas atomization or
argon electrode induction-melting, Nitrogen gas atomization or Air induction melting, water
atomization.

© ISO/ASTM International 2019 - All rights reserved
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4.10.3 Storage

The required storage conditions for products are given in regulations which apply to the local facility
housing powder which are also in agreement with the powder supplier product.

NOTE If the container is opened in a humid environment, it can have a detrimental effect on the powder
properties due to moisture contamination.

The required storage conditions for any powder remaining in the container or left over after
manufacturing, judged to be reusable by the user, are given in regulations which apply to the local
facility housing powder which are also in agreement with the powder supplier.

N

\fter use, the container shall be closed securely and, if possible, filled with inert gas (argon or njtrogen).
The container should also be impervious to moisture ingress.

© ISO/ASTM International 2019 - All rights reserved 9


https://standardsiso.com/api/?name=d14201d24bf5799cc906428d59fd5a03

ISO/ASTM 52907:2019(E)

Annex A
(informative)

Examples of morphology

Flgures A.l dlld A.Z siVC CAdlll})‘le Uf diffcl Cllt })dl tiL}C bhapca fUl dlffCl Cllt d‘llu_y-luaacd lJUVVdEl S UsStl
for addifive manufacturing processes.

The allgy-base and production powder process description are provided for information only. Th
intent i not to show the optimal morphology for any particular process or alloy.

A9

Powder§ were characterized by Scanning Electron Microscopy (SEM) using secondary electron imaging.
The powders are comprised in two lots: A1 - virgin powder (see Figure A.1) and A2 - ised powders (se

Figure A.2)

9%
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Pictures Description

Alloy base: Aluminium
Powder production process and product

ription:

Gas atomization AlSi10Mg 10 pm to 45 pm.

The virgin batch appears to consist of an@] of

elongated and spherical particles. T rfgce of
the particles is smooth. The phenemenon of
“Satellite” particles is barely n%.@able in this

AminT 58 batch. @(0(1,
2

Alloy base: Nickel ?\

Powder prodg@ process and product
1 - I- . \

Vacuum ngtion Melting argon gas atomization
Alloy 0@1 kel 718 10 pum to 53 pum.

Pagg?’le shape:
1 gbw\}der particles are mainly spheroidal with some
~nodular particles.

" The surface of the particles is smooth with fome
satellite particles.

Alloy base: Iron

Powder production process and product
description:

Induction Melting, Nitrogen gas atomization,
17-4PH 10 pm to 53 um.

Particle shape:
Powder particles are mainly spheroidal with some
nodular particles.

The surface of the particles is smooth with fome
satellite particles.
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T el Y P r SN p s
4 ) . 3 LN - v:_\
‘0 ' 0020020
)% ! i > ) " ! 4 <
08/31/14|Det| HFW |Mag 00 &

f:td |0.43 mm|600x|SE |25.0 kV 1-Ti Powder AR %

{1 Alloy base: Ti6Al4V

Powder production process and product

description:

Plasma gas atomization, Alloy of Titaniun 70 um
to 130 pm.

Powder particles are mainly spheroidal.

» The surface of the particles is smooth with son;@
) sub micron satellite particles. (19

/\’.
Q
9519

\§

Figure A.1 — Particle shape of virgin powdqroo
N\
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Pictures Description

Alloy base: Aluminium

description:
Gas atomization AlSi10Mg 10 um to 45 pm.

Particle shape:

The virgin batch appears to consist of %
relatively small and a mix of elongated.a
spherical particles. The surface of t articles
is smooth. The phenomenon of atellite”
particles is barely noticeable i is batch.
Defects are evident within e particles.

N
Alloy base: Nickel &)

i)
description: \Q)

Vacuum In sSstion Melting argon gas atomization,

Alloy oéﬂ(’ckel 718 10 pm to 53 pm.

&er particles are mainly spheroidal with some
¢nodular particles.

The surface of the particles is smooth with{some
satellite particles.

Alloy base: Ti6A14V
Powder production process and product
i intion:

Plasma gas atomization, Alloy of Titanium
70 pm to 130 pm.

Particle shape:

Powder particles are mainly spheroidal. Th
surface of the particles is smooth with som
satellite particles and agglomeration.

@ o

10:22:11|Etd|0.43 mm|600x|SE[25.0 kv 3-Ti Powder Used

Figure A.2 — Particle shape of used powder

The used powder of batch A2 has larger particles compared to batch Al. These particles are even less
spherical in nature.
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03-May-13 Moog  WD38.1mm 20.0kV x500 100um SE 03-May-13 Moog

Alloy base: Stainless steel 440C (X105CrMo10 or 1.4125)

Figure A.3 — Example of satellite for stainless steel 440€
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