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Granular materials and metallic fine powo|ers are wio|e‘y used in many ino|ustry (3D Printing, sintering, a||oys, ) To control

and to optimize processing methods, the physics of pow&ers must be precise|y ana‘ysecl. In this Hyer, user cases and concrete

examp|es will be shown regarohng powo|ers selection and process optimization for Additive ManuFacturing (AM)

COMPANY PRESENTATION

GranuTools improves povcher uno|erstano|ing by o|e|ivering |eao|ing eo|ge plﬁysica| characterization tools. Combining dec-
ades of experience in scientific instrumentation with fundamental research on powo|er characterization, we offer a unique

set 01[ comp|ementary instruments.

A SET OF COMPLEMENTARY TOOLS

Named aher their purpose our instruments are too|s to understano| t%e macroscopic be%aviour o¥ powders: Granu |:|ovv
is an automatic funnel Howmeter, GranuDrum is a Dynamic Ang|e of Repose ana‘yser, GranuPack is a high resolution

tappeo| clensity meter and GranuCharge is a tribo-electric charger.

POWDER PROPERTIES

The quality of the powders used in additive manufacturing is highly important because these powders will impact the
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p%ysica‘ properties of the final pro&uct Moreover, improvements in the qua‘ity of the powders used will he|p to increase

the number of proo|ucts that can be made ano|, in ao|o|ition, to save money.

That is the reason wh g owder quality assessment is an important question for the AM process. To answer it, properties
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such as powo|ers spreadabihty, Howabihty, compaction o|ynamic must be mvestigate&.

POWDER BED FUSION (PBF)

A schematic diagram of a typical laser B R TR I 7 R R T T R Figure 1
PBF machine is described by the fol- :_ __________ fj{c:geg;t[c
‘owing ngre (Figure 1). The metallic [ SEANITg ey of a PBF
povvo|er is stored in a hopper and pro- : Pl process
gressive|y exposeo| by a rising piston T ... B

to the recoater. This part, can either iGranuPack ~ oo~ F Granubrum |

be a blade or a roller that spreacls the
exposeo| powder across the bed. The Build object
main purpose of this operation is to cre-
ate a thin and uniform |ayer. The powo|er Fuild:chamber.
excess is captureo| ina seconcJary con-
tainer for re-use / recyc|ing. The same

cyc‘e of spreao|ir1g, me|ting is repeateo|

several times, to build the component, Powder feed piston Build piston

‘ayer»by—|ayer. - = - — = - = - — = =

In SLS (se|ective laser smtering), SILM (se|ective laser me|ting) and EBM (e|ectron beam me|ting) techniques, succes-
sive thin |ayers of powder are created with a ruler or with a rotating cy|inc|erA Each |ayer is partiaHy sintered or melted with
an energy beam (|aser or electron beam). The |ayer thickness defines the vertical resolution. There{ore, a thin |ayer leads
to a better resolution. In order to obtain a thin |ayer, the powo|er is as fine as possib‘e. Un{ortunate‘y, when the grain size
decreases, the cohesiveness increases and the Howabihty decreases. Moreover, the powo|er becomes more and more
sensitive to moisture. ﬂwere{ore, a compromise between grain size and Howabihty has to be found. The qua|ity of the
parts build with AM is o|irect|y related to the pocher Howing properties. The Howabihty must be gooo| enough to obtain

homogenous successive powo|er |ayers.

For a|| the processing methoo| o|ea|ing With powo|er, the measurement methoo| use& to c%aracterize the povvo|er shou|o| lae

as close as possib|e to the process. In particu|ar, the stress state and the flow field of the powo|er should be comparab|e

in the measurement cell and in the process.



GRANUDRUM"

Different recent pubhcatioms have evidenced that the classical flowmeters are unable to give pertinent information about

povvo|er spreadabihty in pow&erfbedfbase& additive manuFacturing

In s%ear ce” testers ano| c|assica|
rheometers, the existence o{ a com-
pressive load is incompatib\e with the

free surface flow used in AM devices.

However, t|’1e measurement met%od
based on the rotating drum can serve

this purpose because tlwe powder How
Homogeneous powder laver

r irregularities

is ana|yseo| precise‘\/ (22%) at the pow-

cler/ air interface without any compres-
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ive load.
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Moreover, the rotating drum geometry & /B’”_E‘\E-’"m/ \9.,’ = i
allows stchymg the relevant powders ,3/ |
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properties for AM. The Powders .
spreadability. Indeed, we have shown 3 30
recent‘y that the probabi‘ity to obtain L — R — ¥ — N A—www —EmEm— —
waves cJuring the |ayer formation is E 20 —— /\’__ / /‘
proportiona| to the Cohesive Index ’15 R _a/*"e—“-—e—-* B /
measured by GranuDrum instrument e
m. Moreover, GranuDrum can also 10 o= Threshold below
predict the optimal ruler speed to ob- 5 Wikch antresain S

) B processing is possible
tain a homogenous |ayer. 0
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[1] Powder Tedmo‘ogy Figure 2: Fvolution of the Cohesive index versus drum rotating speed for TiNb, TNZ,
283, 199-209 (2015) NiTi and Ref-Ti titanium powders (adapted from Yabokova et al,, 2015).



GRANUPACK"™

In addition to the Howabihty & spreao|— o Belk densityana)ysls < GranuPack

abi|ity, the powo|er packing fraction

0.09

is the other key parameter. |no|eed,

a high packing fraction reduces the 0.08 /

porosity of the proo|uceo| part. There- 0.07
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{ore, a precise measurement 01[ the
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by the powo|er is a‘so necessary as

) . 0.0a |-
precursors qua||ty contro| WItI‘I batch J
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to batch differentiation. |
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Granu Pack instrument measures a E’
compaction curve (o|ensity p|otte& as 0:01 + DFPA Recycled Test n*1 © DFPA Recycled Testn°2
afunction of the tap numl:)er) very pre- 0.00 &
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cise|\/ (0.4%) [2] The precision arises

from the measurement automation
Figure 3: Bulk density variation for a Duraform Polyamide 12 virgin and recycled powder

operator iﬂde er]CJenCe anCJ {rom
( P P ) (after a SLS process). GranuPack can make differentiation between the two powders.

the use of an initialization protoco|.
The bulk o|ensity, the optima| o|ensity,
the compaction range and speeo| are
extracted from this compaction curve.
Moreover, the compaction curves of
different samp|es can be compareo| to
evidence differences regaro|ing both
o|ensity and Howabi‘ity.

[2] Powder Techno‘ogy 224,19-27 (2012)



GRANUFLOW™
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The funnel or silo configuration is a Ay
common way for povvo|ers {ee&ir\g. —— AISi10Mg 41.2-80.51m Beverloo's Law Y
ﬂwere%re, the proo|u<:t Howabihty o0 % AISi1OMg 25.2-65.5um
must be per{ect|y known. However, & — - Alsi10Mg 25.2-65.5um Beverloo's Law /
nowao|ays, basics flowmeters on|y give i% /.‘

information for one aperture diameter

(usua”y 2.5mm). Tofill the gapinterms

o{ povvclers Howrate measurements,

the Granu F|OW was &eve|ope&.
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This instrument is a straightForwaro| /1

o /I
powo|er 1[|owal:>|||ty measurement o|e— 10 = ——
vice composeo| of a silo with different L,‘_‘_’_,/n L
apertures associated with a dedicated 0 -
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e|ectromc ba|ance to measure the Adareia ]

powc]er Howrate.

Figure 4: Mass flowrate versus aperture size for AlSiioMg powders with two different
Particles Size Distributions (25.2-65.5 m and 41.2-80.5 m).

This parameter is compute& automatica”y from the s|ope of the mass tempora| evolution measured with the balance. The
aperture size is modified quicHy and easi|y with an origina| rotating system. Thus, the Howabihty in a die HHing comr'igura—
tion can be easi|y achieved with great accuracy (1%). The measurement and the result ana|ysis are assisted by software.
The flowrate is measured for a set of aperture sizes to obtain a flow curve. Fina”y, the whole flow curve is fitted with the

well-known Beverloo theoretical model to obtain a Hovvabihty index (Cb related to the pow&er Howabihty) and the mini-
mum aperture size to obtain a flow (Dmin). The whole measurement is per{ormed easi|y, quicHy and precise|y.



GRANUCHARGE™

: GranuCharge measures the abihty of a
! pow&er to create electrostatic charges
s cluring a Hlow in contact with a select-
! ed material. The presence of electric
B : charges ina powo|er induces cohesive
2 3 forces ‘eao|ing to the formation of ag-
%‘ l g|omerates. Therefore, GranuCharge
.g,:-' S : is able to pre&ict the Howabi‘ity deterio-
i;"_u.w : rati?n &urmg a processir?g, For exarﬁde
o pl &urmg the |ayer formation in additive
012 . manu{acturing. Moreover, the resu|t o{
! a GranuCharge measurement is higHy
o [ Aluminium ipes |:| Stainless-Steel 3161 Pipes | [290 (n¢/ke) sensitive to grains surface state (oxi-
; = af (nC/kg) dation, contaminants and roughness).

016 £ @ Ag (nC/g)

Then, the ageing of a recyc|ing pow&er
Figure 5: Charge density of a Virgin and Recycled (after only one SLM process) Stain-
less-Steel 3161 powder in contact with different pipe materials (SS 316L and Aluminium).
The ageing is perfectly highlighted.

can, be quantiﬁed precise|y (4%).



WORKFLOW FOR PROCESS OPTIMIZATION

Granutools is prouo| to introduce the revo|utionary workflow for the process optimization ot 3D printing.

The WOI’I(HOW is essentia| FOI’ parts proo|ucers, 3D printer manu{acturers ano| povvo|er companies.

WORKFLOW = GRANUDRUM + GRANUPACK + GRANUCHARGE

GRANUDRUM" GRANUPACK" GRANUCHARGE"

for re-coater spee& optimisation for part porosity and for powo|er re—usabi|ity

sur{ace roughness
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