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Composite materials are not only related to mechanical reinforcement: the dispersion of particles in a poly-
meric matrix allows to achieve physical functionalization, including for example controlled and enhanced
thermal and electrical properties.

In this perspective, Liquid Deposition Modeling (LDM) is a promising technology for the free-form production
of multi-material systems showing tailor-made properties.

A multi-technology platform was developed, in order to exploit up to three extrusion-based LDM processes
for the deposition of particle-laden polymeric matrices. Such platform allows to produce items combining
different technologies, as well as to modify the processes themselves in a material-driven approach.
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Introduction

Composite materials are based on the dispersion of
a discontinuous phase into a continuous matrix.
Nowadays, the market of such materials is mainly
composed by structural-purpose formulations.
These are characterized by a polymeric matrix con-
taining reinforcing fibers, showing exceptional spe-
cific stiffness and thus allowing the production of
light-weight structures.

Despite this widespread application, composite ma-
terials have a much wider potentiality in what re-
gards physical functionalization. This term refers to
the possibility of tuning and/or enhancing physical
properties of the matrix, such as thermal and elec-
trical ones.

This is typically carried out by addition of micro- and
nano-particles which are able to confer specific
properties to the matrix [1].

Additive manufacturing (AM) is a family of promising
technologies for the free-form processing of numer-
ous materials.

All of them are based on a layer-wise deposition of
material with the aim of producing a three-dimen-
sional object via successive deposition of several
layers.

AM allows the production of complex shapes with
null or limited fabrication effort as well as inclusion
of different materials in the same item.

As regards the properties of objects produced by
AM, it is well known that the deposition technique is
intrinsically characterized by spatial anisotropy,
leading to anisotropic mechanical and physical
properties [2].

Direct Ink Writing (DIW) is an AM technology. It is
based on the successive extrusion of liquid layers,
with subsequent solidification, due to crosslinking or
solvent evaporation, in order to produce a self-
standing object.

The use of DIW for the processing of micro- and
nano- composites is a promising field of research.
The extrusion process is characterized by the pres-
ence of shear stress which, combined with the
aforementioned anisotropy, allows the orientation of
particles in the direction of deposition, showing in-
teresting properties in specific directions.

For example, the inclusion of carbon nanotubes
(CN) into a polymeric matrix can confer higher elec-
trical conductivity to the matrix.

By processing such mixture by DIW, the formation
of conductive structures is possible, aided by the ori-
entation of CN due to the extrusion process.

Such materials can be exploited in fields such as
electronics (both for anti-static and actual conduc-
tion purposes [3]) or neural tissue engineering [4].

Further applications are represented by the en-
hancement of thermal conductivity and thermal
shock resistance by addition into the polymeric ma-
trix of, respectively, boron nitride [5] and aluminium
titanate [6].

The aim of this work is to present the implementa-
tion of a DIW platform featuring three different ex-
trusion technologies, namely pneumatic extrusion,
piston extrusion and screw extrusion.

Such platform allows to produce items combining
different technologies, as well as to modify the pro-
cesses themselves in a material-driven approach.

Results and discussion

A multi-technology DIW platform featuring three
types of extruder has been implemented.

Such platform is a Cartesian Computerized Numer-
ical Control machine, which bases its functioning on
a commercial 3D printer motherboard mounting an
open-source firmware. Such combination grants a
high degree of customization for what concerns the
deposition processes itself, with possibility of modi-
fying existing modules or to add new ones depend-
ing on the specific material to be processed.

The presence of different technologies on the same
machine represents a huge potentiality in the depo-
sition of micro- and nano- composite materials, al-
lowing the processing of formulations showing dif-
ferent rheological properties and/or requiring
different deposition conditions.

The machine is endowed with three pneumatic ex-
truders, one piston extruder and one screw ex-
truder.

These modules are based on the extrusion of a lig-
uid material, initially stored in a cartridge, through a
nozzle placed at its bottom.
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In a pneumatic extruder, an isotropic pressure is ap-
plied at the top of the cartridge by means of com-
pressed air. As a consequence, the material is
pushed downwards through the nozzle.

In a piston extruder, the top of the cartridge is tight-
ened by a piston actuated by a leadscrew.

The rotation of such leadscrew moves the piston
downwards and leads to material extrusion.

In screw extruders, a screw is present in the car-
tridge, dragging the material towards the nozzle due
to its rotation.

Pneumatic extruders are characterized by a simple
mechanism without moving parts, which is a posi-
tive aspect when a sterile environment is desired.
On the other hand, exploiting a pressure-driven ex-
trusion, the prediction and control of the flow during
deposition is limited.

Piston extruders offer an exact control over the vol-
ume of deposited material, but the prediction and
control of the instantaneous flow can be cumber-
some, especially when dealing with highly viscous
or Bingham-type fluids.

Screw extruders are characterized by an extremely
regular flow, at the expense of a more complex
setup (mainly due to the low availability of small-
scale screws).

As mentioned, the main idea at the base of the plat-
form under investigation is the freedom regarding
process features.

As a consequence, many structural and functional
components have been designed and 3D-printed, in
order to be responsive to many processing require-
ments.

As an example, the screw for the screw extruder has
been 3D printed in plastic. This choice allows inex-
pensive and rapid modifications of the geometry of
the screw according to various parameters, such as
viscosity of the material, required geometrical accu-
racy and desired printing speed.

As a demonstrative example, the platform has been
used to print a self-standing multimaterial structure
able to sustain an electrical current, whose function-
ality is assured without any additional step after
printing.

CONCLUSIONS

The use of AM for the processing of micro- and
nano-composite materials is a promising field of re-
search.

By embedding functional particles into a polymeric
matrix, it is possible to tailor the material behaviour
acting, for example, on thermal and electrical prop-
erties.

Numerous applications are possible for this kind of
materials, ranging over several engineering areas.
A multi-technology platform for DIW has been de-
veloped, featuring different types of extrusion to be
used for the deposition of micro- and nano-compo-
site materials.

The approach used during the implementation al-
lows to modify the extrusion process responding to
different types of constraints/requirements.
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