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ZESPOLU KiTS wtrysk, druk 3D); . o
projektowanie struktur i technologii laminatow
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=  DZIALALNOSC e metale lekkie (Al, Mg) z ceramicznym zbrojeniem
NAUKOWO - BADAWCZA (czastki, wiékna, porowate struktury);
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KOMPOZYTY
CERAMICZNO-METALOWE

technologie ciektofazowe (odlewanie grawitacyjne,

z przeznaczeniem do pracy w odlewanie odsrodkowe, infiltracja);
ztozonych warunkach obciazen kompozyty gradientowe;

kompozyty o wzajemnie przenikajacych sie strukturac

metalu i ceramiki (IPCs);
lokalne wzmocnienia ceramiczne.
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——  DZIALALNOSE WYBRANE PROJEKTY BADAWCZE
NAUKOWO - BADAWCZA -KBN-114/T08/2004  Opracowanie  technologii wytwarzania zawiesin

ompozytowych stop Al-czastki ceramiczne (kierownik projektu: J. Sleziona, 2005-2008);
oKBN 3/T08D 024 28 Ksztattowanie funkcjonalnej warstwowej struktury odlewoéw
kompozytowych zawierajacych zbrojenie heterofazowe (kierownik projektu: A.J. Dolata,

KOMPOZYTY 2005-2007);
CERAMICZNO-METALOWE eNCBiR N RO7 0011 06 PBR Opracowanie technologii wytwarzania ttokow

kompozytowych do sprezarek powietrza (kierownik projektu: M. Dyzia, 2009-2011);
eNCN N N508 630540 Odlewy z warstwami kompozytowymi wytwarzane metodami
odlewania do form wirujgcych (kierownik projektu: A.J. Dolata, 2011-2013);

y przeznaczeniem do pracy w eNCBiR PBS 1/B6/13/2013 Opracowanie sktadu fazowego kompozytu na bazie stopu
AlSi pod katem mozliwosci ksztattowania powierzchni roboczych ttokow (kierownik

ztozonych warunkach obcigzen, BRI CIRERIIL]

o o eTANGO2/340272/NCBR/2017 Opracowanie technologii wytwarzania ksztait
zwtaszcza tribologicznych /340272/NCBR/2017  Op ogii  wytwa s
kompozytowej z przeznaczeniem na lokalne wzmocnienie odlewow aluminiov

(kierownik projektu: A.J. Dolata, 2017-2020).
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Z przeznaczeniem do pracy w .
ztozonych warunkach obciagzen, . EFEKT - podwyzszenie T pracy sprezarki o 20°C
zwtaszcza tribologicznych men 1 9 poziom gotowosci wdrozeniowej TRL

probna partia 50 ttokdw kompozytowych do sprezarek
powietrza wytworzona w warunkach przemystowyck
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Zgtoszenie patentowe P.429029
»Sposoéb wytwarzania ttoka z lokalnym wzmocnieniem

w postaci ksztattki kompozytowej ksztattowane] w
procesie odlewania od$rodkowego”
- A.J. Dolata, M. Dyzia, M. Ztotecki (2019)

WYDZIALU INZYNIERII
KO \Y POZYTY "°““¢:Z:m‘t'ztv‘g‘““ | Projekt: , Opracowanie technologii wytwarzania ksztattki
CERAMICZNO-METALOWE “mESSIEST | kompozytowej z przeznaczeniem na lokalne wzmocnienie
odlewdéw aluminiowych” wspotfinansowany ze srodkéw NCBR

— w ramach Wspolnego Przedsiewziecia NCN i NCBR ,TANGO 2”
" DIPLOMA (TANGO2/340272/NCBR/2017); 2017-2020; 1 350 000 1z,

z przeznaczeniem do pracy w et | kierownik projektu: AnnaJ. Dolata Y waresoue cenrrom naver B

ztozonych warunkach obcigzen, BT REZULTAT - nowe rozwigzanie
zwtaszcza tribologicznych materiatlowo-technologiczne: tiok do silnika
- spalinowego wzmocniony lokalnie kompozytowym
insertem typu Al/SiC, ksztattowanym w procesie
odlewania odsrodkowego
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Z przeznaczeniem do pracy w

zioionych warunkach obciqieﬁ, KONCOWY REZULTAT: komercjalizacja wiedzy know-how

t tribologs h ,Optymalizacja procesu wytwarzania kompozytow metalowych
Zwiaszcza tribologicznyc metodami ciektofazowymi (umowa CITT/LIC/2019/05 -

spotka spin-off InnoMAT Sp. z 0.0.)
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ztozonych warunkach obciagzen, et 3 Tmameate | od$rodkowego do ksztattowania odlewow

zwtaszcza tribologicznych zbrojonych lokalnie szkieletami ceramicznymi
0 znanej przestrzennej strukturze

Projekt badawczy N 508 630540 ,,0Odlewy z warstwami kompozytowymi
wytwarzane metodami odlewania do form wirujacych”
(kierownik projektu A.J. Dolata 2011 — 2013) I\\ Narobowe centruM Nauki
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KOMPOZYTY o B A g
CERAMICZNO-METALOWE \ » > Stanowisko do infiltracji Stanowisko do infiltracji struktur

odsrodkowej porowatych metoda GPI

Zgtoszenie patentowe P.441305
»SP0SOb wytwarzania kompozytow

Z przeznaczeniem do pracy w ol T N A, SR 7 ceramicznym szkieletem, zwtaszcza

- c o 7 % hybrydowym?”, 2022,
ztozonych warunkach obcigzen, ¥ Twoércy: AJ. Dolata, M. Dyzia, W. Strek,

zwitaszcza tribolo gic 7 nych o RS 4 SAN ¢ = Y. Gerasymchuk, R. Tomala

,Opracowanie technologii wytwarzania lekkich hybrydowych materiatéw kompozytowych
na bazie przestrzennych struktur ceramicznych zawierajgcych dodatek grafenu”,
projekt nr 11/030/SDU20/10-2110 realizowany w ramach programu
Inicjatywa Doskonatosci — Uczelnia Badawcza (2020-2022)
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THE ROLE OF THE MATRIX IN SiC REINFORCED COMPOSITES

‘This article presents a comparison of the properties of cor
forced with silicon carbide SiCp. The main objective was to a

flexural strength (from about 200 to more than 450 MPa). Obse)

copper into the aluminum and the facets of the AI2Cu phase.

luminum alloy (AMCu) rei
of producing an Al + Cu alloy matrix by
basic powder metallurgy methods and its influence on the final properties of the composite. The composites were produced by
pressing and sintering, basic powder metallurgy techniques, in order to reduce the manufacturing costs. Sintering was carried
out in nitrogen due to the favorable effect of this atmosphere on the sintering of aluminum-based materials. Sili

SiC was used as the reinforcing phase. The study clearly showed that the use of a matrix made of a mixture of Al and
Cu powders results in an almost twofold increase in hardness (from 32 to about 60 HB) and a more than twofold increase i

Keywords: aluminum matrix, SiC particles, powder metallurgy, properties, microstructure

INTRODUCTION

Composite materials based on light metals are
a response to the growing requirements for strong light-
weight structures and the need to reduce the weight of
elements while maintaining proper strength, especially
in the automotive and aviation industry. The light-
weight metal matrix consists mainly of aluminum,
magnesium or titanium and their alloys [1]. Among
those mentioned, a wide group of construction materials
are aluminum-based composites, which have gained
popularity owing to their several unique properties in-
cluding low density, high relative strength, good
dimensional stability, machinability, high electrical and
thermal conductivity, corrosion resistance and low price
[2-8]. One of the main advantages of metal matrix
composites in relation to metals without the addition
of a strengthening phase is increased stiffness and
strength [9].

When designing composite materials, their specific
weight is taken into account, and due to economic
aspects — the cost associated with the production of the
composite. The final properties of composites are influ-
enced by a number of factors, which include the type of
the matrix and strengthening phase, the volume ratio of
the individual components of the composite, the geome-
try and the distribution of the strengthening particles,
their orientation and size. The addition of silicon car-
bide particles to the aluminum matrix has a significant
influence on the mechanical properties of aluminum.
Studies on the correlation between the weight fraction

of the SiC phase and the mec
sented by authors [10-13] show
ness and corrosion resistance
grow with the increase in th
The introduction of a hard SiC

tions of the microstructure confirmed the diffusion of

Polish Socity of
Composite Materials
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the aluminum matrix allows sig  Rafat Twarég, Michat Sendor, Alicja Rapacz-Kmita, Marcin Gajek, Jakub Marchewka, Ewa Stodolak-Zych*
be achieved in abrasion resistan gy University of Science and Technology, Faculty of Materials Science and Ceramics, al. Mickiewicza 30, 30-059 Krakow, Poland

increment in the content of strer
Nonetheless, Mahdi et al. [17] ¢
in the weight fraction of SiC pa
trix composites contributes to a

The microstructure and final
trix composites are strongly afi
the manufacturing process anc
formed during compaction. Mi
formation of the Al,C; phase as
between molten Al and SiC in /
cated by concurrent wire-powd
tion. The Al4C; phase located ¢
SiC and Al contributes to the bt
ite as it represents areas of pote:
propagation. Singh et al. [19] sl
process parameters (stirring spe
wear, tensile strength, and hard
ites fabricated using stir castin
influences the refinement of t
homogeneous distribution of the

The mechanical and trib
aluminum-based composites |

*Comesponding author: E-mail: stodolak@agh.edu.pl
Received (Otrzymano) 22.12.2022

EVALUATION OF PROPERTIES OF POLYMER-CERAMIC FILAMENTS
MODIFIED WITH ALUMINOSILICATES FOR USE IN 3D PRINTING

A study was conducted on selected nanoclay

montmorillonite (MMT) or halloysite (HNT) in polylactic acid

(PLA) pellets for the manufacture of filaments for 3D printing. A 1-3 weight fraction of the filler was used. In order to
the nanofiller with the PLA, two methods were employed to facilitate
of the nanoclay omethane (DCM) and introducing a short
PEG200) during the homogenization process. The effectiveness of filler dispersion

c. thermogravimetry and

etry (DG/DSC), as well as by microscopic observations.

ssability of the obtained nanocomposite fil erified for the finished products manufactured from both of the
. Mechanical strength and impact tests were conducted on the printed samples. The results showed

2
prints made from the nanocomposite filaments

we better tensile strength (by 25 and 10% for PLA/HNT and

PLA/MMT, respectively) compared to prints made from the pure polymer filament.

Keywords: nanoclays, fused deposition modeling, 3D printing, ad

INTRODUCTION

Additive manufacturing (AM) technologies, includ-
ing the most popular fused deposition modeling (FDM),
make it possible to obtain spatial objects with unique
geometry and diverse properties. Better and more
advanced 3D printers are appearing on the market,
|allowing the use of an ever-wider range of various ma-
terials, not only based on plastics, but also metals or
ceramics [1]. Additive technologies are increasingly
employed by various industries, e.g. automotive, con-
struction, but also more specific areas such as medicine
or aviation [2-4]. Importantly, by using optimized
geometry of the internal filling of the product, a signifi-
cant reduction in the weight of the element can be ob-
tained, but also the mechanical properties of the product
can be significantly improved by directional arrange-
ment of the filling. Thanks to this, additive manufactur-
ing methods can greatly reduce the costs and signifi-
cantly shorten the time of introducing a new product to
the market [5]. A good argument for using 3D printing
may also be the fact that by utilizing these methods,
companies are able to reduce the amount of material
waste to a minimum and reduce energy consumption.
Research results have shown that material waste in
additive manufacturing methods is reduced by 40%
compared to traditional methods and from 95 to 98% of
material waste can be recycled [6].

In order to increase the practical use of manufac-

ive manufacturing

made to modify polymer filaments by introducing the
admixtures of other materials in the form of fibers or
solid particles. The latter include the application of
nanoadditives that can significantly change the proper-
ties of the pure matrix. Filaments utilized in 3D print-
ers are made of thermoplastic materials, but not every
material will be suitable for rapid prototyping (RP),
and a material that will be suitable for filament pro-
duction may not be suitable for printing and vice
versa. This is mainly due to the melt flow index
(MFI), the value of which should not be lower than
10 g/10 min, and the higher the MFI value, the faster
the material passes through the printer’s nozzle and
enables printing at a higher speed [7, 8]. An important
element of the applicability of filaments is also their
ovality and dimensional tolerance, which should not
be greater than +/-0.02 mm because larger deviations
cause changes in the volume of the filament, which
affects the quality of the printed surface [1, 7]. Fila-
ments are usually produced in two diameters, 1.75 and
2.85 mm, and during the forming process they should
not undergo thermal degradation so as to maintain
their mechanical properties and the ability to precisely
reproduce geometric shapes.
One of the promising groups of additives appliec 7|

polymer filament modifiers in FDM technology are i
tallic and ceramic particles. The former are employed as
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