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Vacuum Gonveying of
Dense Metal Powders

By Nick Hoyes, Velkmann Inc

Additive Manutacturing, aka 3D printing. is a rapidly
growing business scctor with new machines, models,
developments, sod more complex components be-
ing added on g dadly basis. As the production rates
increase, the need to be able to supply mw materals
to the machine and to reclaim/reprocess excess ma-
terials from the molding box give rise w the need for
an efficient, contained, and sale method of handling
the various powders associated with the additive
manufacturing (AM) process,

While this is true for all such
methods of additive manufacar-
ing, it is particularly significan:
when considering the use of metal
powders, which have inherent is-
sies that necd to be addressed i
order to run & successful manu-
facturing operation. Whether the
compontnts being manufactured
are simple madels or complex aero-
Space componants, s the rite of
production increases, the demand
for more time boing devoted to the
actual manufacture will increase.

A% a result, there will be less time
aviilable to devore to the unloading
of the build box and rework of the
cxcess material. However, the need
to safely and efficiently handle the
powders only increases, and find-
ing methodologizs 1o address these
concerns becomes critical o overall
of the operation

HUCCESS
The Issues to Overcome

The essentlal Issues o be addressed
m the transfer of metal powders in
an additive manufacturing process
ares:

* Containing transfer from the
bulk material storage delivered
from the powdered metal
suppliers

» Avoiding the cross contamina-

ton of the metal during transter

« Avoiding explosion risk

s Having the ability to clean the system during
changes of material

¢ Having the ability to wansfer matarial wich a
bulk density as high as 600 /o £t

o Meeding to unload, screen and return the mate-
ial to use

* Having the ability o weork in an inect atimo-
aphere

These issues are further complicated by the produe-
tion requiremaents in the actual ansfer process:

e Virgin metal powder must be loaded into the AM
machine hopper

¢ Excess material from the baild box gets trans-
ferred to a screenet for removal of oversize
metal

s Sorecned materdal is returned to the AM machine
hopper

o Acddressing the possibility of blending virgin and

screencd return=to-use material in some yel-fo-he
defined proportion

Then there is the sitnation where one needs 1o (rans-
fer material from a build box that bas been removed
from the AM machine and positioned in-an anload-
ing station

How Vacuum Conveying Addresses Concerns
When it comes to conveving heavy bulk density

metal powders, two issues present themselves imme-
diately. First, will the flow of air
pick up the material and convey

it in the airstream (the so-called
saltation velocity)? IF not, will

the vacuum pump have sufficient
ability to overcome the materii
weight and convey in dense phase
plug fow?

Vacuum conveying can success.
fully meet the needs of additive
manufacturing operations using
metals by providing a contained
effective, and safe method for the
metal powder transfer. However,
like many processes, and indeed
AM machines, not all vacuum
cOnVEYing systems are created
cqual, The simple domestic
vacuum cleaner with which we
are all familiar is 8 vicuum con-
vavor of sorts, However, we all
nnderstand its limitations and, for
example, we snow it cannot pick
up that coin or paperclip that we
dropped on the family reom floor
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tangential separation



[n simple terms, it is what is known as a lean
phase conveying system, In these sysiems,
amd in most vacuum conveyers that vse a fan
or regenarative hlower as the motion source,
the velneity of the air used for ranster is high
typically somewhere between 4000 and 6000
fi/min ( for reference 5400 ft'min
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vacuum receiver, High-guality, moduolar de- claw type electric vacuum pumps coupled to
signs with filiers down (o 0.3 microns and the vacuum receiver have proven ellective
secondary HEPA filters allow for simplo with the wide range of dense metal powders.
cleaning and quick changes in the metal For inert conditions, conveving a closed-
powder. Extensive testing using both a pat- loop system is used where the exhaust gas

ented vacuum pump and the alternate rotary from the vacuum pump i3 recin ulated to

is 60 miles per hour). At these
velocities, erosion of the convey-
ing ling and excessive wear of the
convevor are common. Typical
vacuum levels sencrated in these
systems are in the ¥ to 8 in. of
mercury helow atmospheric range

This type of conveving typically
leads wo another problem = namely
the segregation of particle size,

Dilute Phase Conveying
Velocity w = 4000 up to
RO L min
viw < |
n= 1O L300
w = air velocity
v = product velocity
s = product mass flow
(M = mr mass flow
p = product load = Qs / QL

To avedd such issues, it is necss-
sary o reduce the velocity of the
air or gas stream. As the veloc-
ity drops, product falls from the
dir or gas stream and deposits on
the lower section of the convey-
ing line; increasing the level of
vacuum gencrated. This continues
as the velocity drops until the con-
veying line cffectively becomes
blocked, To avoid this, vacuum
levels shouldd remain at 18 o 20
in. of vacuum and a point where a
plug of material will be transferred
in dense or plug flow

Flug Conveying
w = 750 to 1500 fi/min
viw < 05
no=1b- 100

The reaultant convoeying ia
denge phase, Tow velocity, avoid-
ing the segregation and abrasion
iszues of the lesser systoms

An essential element of the
dense phase conveying is the
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the pickup point. Monitoring for the oxygen
level occurs during the conveying process,

Load, Unload, Successfully Screen
and Return-to-Use Metal Powders
with High Bulk Densities at High Rates
As mentioned, the ideal conveving process
for metal powders in additive manufactur-
ing will load the AM machine, unload the
build box, and return the material w use al-
tor scroening. Scrocning of surplus material
from the build box is carried out to remove
agzlomerates with acceptably sized par-
ticles returning to the AM machine. Some
discussion is occurring within the industry
as to whether this can be 100% of a build,
ar some proportion blended with virgin use
material.

This screening process can represent a bot-
tle neck in the process in so much as the rate
of screening is likely to be less than the rawe
of conveying and or the rate of use of the ma-
tertal, Typical screen sizes are 45, 63, and 105
microns, depending on the application. Both
vibratory screening and ultrasonic screen-
ing have been used, with the latter achieving
higher throughputs in testing. Various metal
powders have differing screening rates with
aluminum tending to be on the lower end of
the range and stainless steel powder at the
higher end. Other materials tested include
Monel, titanium, Inconel, H188 chrome alloy,
silver, cobalt, and ungsten

Combining the unloading conveyor and
scregner into a single “harvesting station” with
the optional ability to return the matenal to
the AM maching, all within a contalned safe
explosion proof environment, is currently
available in the Valkmann AMMHAS units.

Alzo under development are standalone
unloading stations that allow the build box w

be removed from the AM machine and taken
to unloading and screening. This, in turn,
provides the ability for a second build box
bhe running the manufaciure of a COMponeEnt
while the first unit is being unloaded, thereby
increasing overall productivity,

Conclusion

As the rates of production increase in this rap-
idly emerging manufcturing sector, as they
aurcly will, the issue of handling large volumaes
of powder during process development will
become increasingly difficalt. Applving good
material handling practices will become even
more critical
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Nick Hayes is president of Volkmann Inc.,
Bristol, PA which engineers and manufactures
high-performance vacuum conveyors, including
the AMMHAS line for additive manufactior
ing, bulk bag unloadsrs, bag dump stations
and equapment for the contained, genrle anid
damage-free transport of powders, granules,
pellets, rablers, food particles and smeall conipo
nents for the additive mamufacturmyg, chemteal,
pharmecentical, and food industries. For mare
information, call GO8-265-6107 ar
UisiE e, polRiEnRRLusa. com
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