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(e.g. powder forging, metal injection moulding...) (1).
Secondarily, geometrical limitations to the designs are
minimal, namely only closed cavities, differently from
other direct and indirect AM techniques that requires
supports for overhangs, limited step angles and so on (2).
The main drawback consists in the strong dependence
of the sintered components features on the feedstock
material employed during printing. Indeed, the
powder influences the mechanisms of formation of
the components during the initial shaping phase and
densification at later stages. Powder morphology (shape
and size distribution), chemical composition and surface
properties are responsible for the feedstock flowability,
which is the main contribution to the proper packing of
the particles in the building box, thus to the green body
density (3,4). Maximising the green density facilitates the
sintering process, howeverotherphenomenamustbe kept
into account to understand densification mechanisms.
Indeed, necking and shrinkage rates are dependent not
only on coordination numbers of the particles, but also
on the specific co'mpCSition of the feedstock that affects
jphase transformations, diffusion mechanisms and quﬂuid
bhase formation (5). Exceeding the solidus temperafure
‘has‘become a common trend in metal BJT becausé liquid
sintering allows to rapidly fill residual porosity»,"however a
fine control on.the elemental composition’is'heeded (6-8)
and possible shape distortions should be accounted for.

In this study, two feedstocks of»316L  stainless steel are
employed to observe the effects of chemical composition
variations on each step of production by BJT. Acomparative
analysis of the microstructural properties is performed
and correlated to densification mechanisms according to

phase transformation modelling.

MATERIALS AND METHODS

Samples production

Two 316L stainless steel feedstocks are mentioned in the
study:

“F”) A spherical powder from f3nice Srl obtained from
atomisation of recycled scrap steel;

“S”) A spherical powder from Sandvik AB produced from
gas atomisation of molten metal with controlled chemical
composition.

Powder F properties and performances are compared
to powder S, which has been extensively studied and
described in literature.

The components were manufactured with an Innovent+
printer from ExOne with deposition and spreading
parameters optimised according to the flowability of
each feedstock, a layer thickness (LT) of 50 pm and a
binder saturation (BS) of 55% and 70%. Three sizes of
parallelepiped specimens were produced: small (8 x 6
X 4 mm3), medium (16 x 12 x 18 mm?) and large (24 x 18

x 12 mm?®). The parts underwent the following thermal

_treatments, optimised in previous studies (6,9,10):

1. Curing at 180 °C for 6 hours in natural air convection
furnace YAMATO DX |412C to polymerise the
polyethylene glycol (PEG) precursors contained in the
binder and cohsolidate th e;‘green bodies;

2. Debinding at 470 °C for 4 hours in Ar in a tubular

furnace CARBOLITE 12/75/700 to remove almost

entirely the organ\ic traces without oxidating the
materials; =

3.Sintering at 1360 °C for 3lhoursinavacuum (10-* mbar)

furnace HTS HT-S1 L PC to densify the components.

R - - Large, medium and small sintered components obtained from powder F3nice (F) / Componente sinterizzato
grande, medio e piccolo ottenuto da polvere F3nice (F).
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