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Abstract A well-established characterization method is required in powder bed fusion (PBF) metal additive
manufacturing, where metal powder is used. The characterization methods from the traditional powder metallurgy
process are still being used. However, it is necessary to develop advanced methods of property evaluation with the
advances in additive manufacturing technology. In this article, the characterization methods of powders for metal PBF
are reviewed, and the recent research trends are introduced. Standardization status and specifications for metal powder
for the PBF process which published by the ISO, ASTM, and MPIF are also covered. The establishment of powder
characterization methods are expected to contribute to the metal powder industry and the advancement of additive
manufacturing technology through the creation of related databases.
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slal HAste S EAS 47] 8] w2 W=l &2 #gko] PBF HEB I AABAE Al e 3R o4
Table 1. Metal Powder Characterization Standards from ISO and ASTM

+H ETFHT xFEY reference

1 ISO/ASTM 52907  Additive manufacturing — Feedstock materials — Methods to characterize metallic powders  [10]

2 ISO 3310-1 Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth [13]

3 ASTM El1 Standard specification for woven wire test sieve cloth and test sieves [14]

4 ASTM B214 Standard test method for sieve analysis of metal powders [15]

5 ISO 4497 Metallic powders - Determination of particle size by dry sieving [16]

6 ISO 2591-1 Test sieving — Part 1: Methods using test sieves of woven wire cloth and perforated metal [17]
plate

7 ASTM B822 Stan.dard test m'ethod for particle size distribution of metal powders and related compounds [18]
by light scattering

8 ISO 13320 Particle size analysis — Laser diffraction methods [19]

9 ISO 4490 Metallic powders — Determination of flow rate by means of a calibrated funnel (Hall [23]
flowmeter)

10 ASTM B213 Standard test methods for flow rate of metal powders using the hall flowmeter funnel [24]

11 ASTM B964 Standard test methods for flow rate of metal powders using the carney funnel [25]

12 SO 13517 Metallic powders - Determination of flow rate by means of calibrated funnel (Gustavsson [27]

flowmeter)

13 ASTM B212 Standard test method for apparent density of free-flowing metal powders using the hall [28]

flowmeter funnel

14 ISO 3923-1 Metallic powders — Determination of apparent density — Part 1: Funnel method [29]

15 ASTM B417 Standard test method for apparent density of non-free-flowing metal powders using the [30]

carney funnel

16 ASTM B329 Standard test method for apparent density of metal powders and compounds using the scott [31]

volumeter

17 ASTM B703 Standard test method for apparent density of metal powders and related compounds using the [32]

arnold meter

18 ASTM B527 Standard test method for tap density of metal powders and compounds [33]

19 ISO 3953 Metallic powders - Determination of tap density [34]

20 ASTM D6393 Standard test method for bulk solids characterization by carr indices [36]

21 ISO/ASTM 52900  Additive manufacturing — General principles — Terminology [39]

22 ISO/ASTM 52901  Additive manufacturing — General principles — Requirements for purchased AM parts [40]

23 ASTM F3049 Standard gglde for characterizing properties of metal powders used for additive [41]

manufacturing processes

24 ASTM B85S Standard test method for volumetric flow rate of metal powders using the arnold meter and [42]

hall flowmeter funnel

25 ASTM B923 Standard test method for metal powder skeletal density by helium or nitrogen pycnometry  [43]

2% ASTM D7891 Standard test method for shear testing of powders using the freeman technology FT4 powder [48]

rheometer shear cell
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Fig. 2. a) Hall flowmeter, b) Standard funnel, ¢c) Carney funnel, and d) rat hole phenomena at hall flowmeter.
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Table 2. MPIF Standards for Metal Additive Manufacturing
T xF HE ¥ #E 523 reference
. ASTM B215
1 MPIF Standard 01 = Method for sampling metal powders ISO 3954 [44]
Method for determination of loss of mass in a reducing atmosphere =~ ASTM E159
2 MPIF Standard 02 for metal powders (Hydrogen loss) ISO 4491-2 [43]
Method for determination of flow rate of free-flowing metal ASTM B213
3 MPIF Standard 03 powders using the hall apparatus ISO 4490 [46]
Method for determination of apparent density of free-flowing metal ~ASTM B212
4 MPIF Standard 04 powders using the hall apparatus ISO 3923-1 [47]
5 MPIF Standard 05  Method for determination of sieve analysis of metal powders ;%SSOTI‘\&;?M [48]
Method for determination of apparent density of non-free-flowing =~ ASTM B417
6 MPIF Standard 28 metal powders using the carney apparatus ISO 3923-1 [49]
7 MPIF Standard 46 ~ Method for determination of tap density of metal powders ;%880"1"13/19 5]33527 [50]
3 MPIF Standard 48 M§th0d for determination of apparent density of metal powders ASTM B703 [51]
using the arnold apparatus
9 MPIF Standard 53 Method for measuring the volume of the apparent density cup used ASTM BS73 [52]
with the hall and carney apparatus
ok 3] ALY FF<H] MPIF StandardS 7R 2 4. PBF g% 22 S44JIe| sHA=t
2EskaL ek 20199 MPIFO M= 7] WhkE MPIF FA A7 S&k
Standard T 55 25710 8T F U= AFES &2
L «“A Collection of Powder Characterization Standards for PBFE &< 29 5% 7PHT olof] THE =4, =
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angleo]2} F-ETH53].
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Fig. 3. Avalanche angle measurement of HDH titanium
powders (a) before surface treatment, and (b) after surface
treatment.
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Fig. 4. Spreadability tester designed by this research team. (a) the image of the spreadability tester, (b) recoating result with
low-flowability powder, and (c) recoating result with high-flowability powder.
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