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Abstract. The purpose of this work is to study the structure of the printed sample using a 3D printer with a compasite
material with the addition of 25% polyethylene polymer as a binder to the stainless steel powder, which is 75% by
volume. Based on the methods of burning and sintering, the internal structural quality of the sample was improved.
At a temperature of 1387°C, the main point was the fusion of powders. It was found that during the sample burning
period, the polymer remained on the surface of the largest micro-particle containedpowders with the size of 7,377
microns and removed after sintering stage. 90 percent of the polymers in the sample weredestroyed. This is a very
good indicator.
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Introduction

In the process of applying additive technologies,
with the using of materials science and understanding
of what structure is formed in the finished product,
it is possible to thoroughly study the necessary
properties of the material [1, 2]. One of the most
widely used technologies in Additive Manufacturing
Technologies is Fused Deposition Modeling (FDM)
[5, 6, 13]. The materials used in FDM technology
are usually plastics, i.e. polymers. However, using
this technology, it is possible to obtain a sample
from the raw materials obtained by mixing stainless
steel powder into a polymer. The resulting sample
is obtained by burning and sintering methods,
removing the polymers contained in it, and the
product made of pure steel. The function of the
polymer is to hold the steel powders together, that
is, to bind them together. Steel powders are 316 L
stainless steel powders. In this work, we used a
polyethylene polymer (LDPE) as a binder [4, 12].
Using this material, the model was printed in FDM
technology, i.e. on a 3D printer [3, 7, 15]. Polymers
are usually destroyed by thermal combustion [7, §],
and the complete destruction of the polymerization
depends on the time of heating and holding, as well
as on the atmosphere. Stainless steel powders are

easily oxidized at high temperatures, and a vacuum
or atmospheric furnace is usually used to prevent
oxidation. In the atmosphere, argon, nitrogen gases,
as well as hydrogen in the regenerating atmosphere
were realized [9]. After the method of burning and
destroying polymers, the method of sintering is
carried out [10, 11, 14]. During sintering, the powders
are compacted together. The purpose of this paper is
to study the methods of sintering and welding of the
polymer contained sample. The sample preparedon
a 3D printer using the polymer composite material
made of stainless steel. The reason for the use of
polyethylene polymer is the low density.

Experimental materials and methods

Characteristics of raw materials

In this study, the raw material consisted of
75 percent stainless steel powders and 25 percent
polyethylene polymer. The phase analysis of
specially prepared raw materials were determined
by X-ray diffraction. XRD analysis were performed
on the Rigaku MiniFlex device. The samples were
made in the range of 20 3-90° with the following
characteristics: CuKa with a beam of 1,5408 A and a
step of 0,02°. The sample obtained on a 3D printer was

also analyzed using a scanning electron microscope XN
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to determine its characteristics before burning and
after sintering. SEM analysis were carried out on the
Zeiss crossbeam device. With the help of a scanning
electron microscope, you can determine how many
percentages of binders have been removed, as well
as how close the steel powders are to each other. In
the process of removing the polymer, it is necessary
to take into account chemical processes, in particular,
the moisture content of the polymer depending on
the temperature. Infrared spectroscopy was used
to detect this phenomenon. The FTIR spectrometer
was performed on the Thermo Scientific Nicole is 10
instrument and measured between 500-4000 cm™.

Parameters of printing with specially prepared
material in FDM technology

3D printing was done on the PrintBox3D one
unit, which in FDM technology is created by printing
thin layers of molten material into each other. The
heating temperature of the material in the extruder
was 200°C, and the temperature of the platform was
90°C degrees. It is assumed that the main parame-
ters for 3D printing are: layer thickness, percentage
of filling, printing speed, extrusion width, and the
amount of material provided.

Characteristics of melting point analysis

To determine the melting point of the polymer,
thermogravimetric analysis were performed on the
Perkin Elmer Pyris instrument. The pre-prepared
sample was carried out in a nitrogen atmosphere
with a temperature range of 0°C — 766,8°C.

Characteristics of polymer destruction and
convergence of steel powders

In a specially prepared Elnik oven for the purpose
of removing the polymer of the sample printed on
a 3D printer, when the temperature reached 500°C

with the addition of 10°C every 5 minutes in a
hydrogen atmosphere, the sample was kept at 500°C
for 90 minutes. Caught for 90 minutes, continued the
process and brought it to a temperature of 1387°C,
held for 180 minutes. At a temperature of 1387°C, the
steel powders converged.

Redox was carried out in a hydrogen atmosphere
in a specially designed Elnik furnace to remove
the binder, ie polymer, of the product printed on a
3D printer. We used it to protect the product from
oxidation and contamination in a hydrogen-reducing
atmosphere. When the burning method reached
500°C, increasing the temperature by 10°C every
minute, the product was held at 500°C for 90 minutes.
The purpose of holding the product for 90 minutes
is to evenly remove the polymers, and the paraffin,
polypropylene and stearic acid in the polymer are
gradually destroyed. After 90 minutes, the process
was continued and the temperature was increased to
10°C per minute to 1387°C and kept for 180 minutes.
At a temperature of 1387°C for 31 minutes, 316 L of
stainless steel powder comes together. The burning
and sintering stages are shown in figure 1 below.

Results and discussion

Results of raw material description

As a result of SEM, steel powders are combined
with polymer. The size of steel powders is most
often almost 3 microns (shown in figure 2). Most of
the powders are spherical. The volume of the largest
powders of steel powder is 7,377 microns, and the vo-
lume of the smallest powders is 699,5 nm. In the XRD
analysis, the structure of the arrangement of atoms
was determined. At first, the polymer peak was not
fully visible, and then the polymer peak was detected
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Figure 2 — Polymer mixing with steel powder

when the 0.02° pile was lowered (shown in figure 3).
20 of the austenitic alloy Fe-Cr-Ni = 44.65°, 64.98°,
82.30°, 98.88°, and 116.31° was detected in sharp
peaks. The percentage of chemical elements is as
follows: Fe - 42,9%, C - 33,9%, O —10,8%, Cr —7,4%,
Ni-3,9%, Mo - 0,5%, Si —0,3%, Mn - 0,3%, Cu-0,1%.
LDPE binders were investigated by FT-IR method. As
can be seen from the spectra (shown in figure 4), the
presence of moisture was observed at a peak of 3000
cm™ due to the tensile vibration of the polymer. This
increases the chances of creating a template.
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Melting point analysis results of the description

During this analysis, polymer melting and mass
loss were determined. We also analyzed weight
changes, heat flow changes, temperature changes,
and no exothermic process. The decomposition
process begins at a temperature of 0°C. Endothermic
process temperature difference 166,4°C, 394,4°C.
Also, the thermal endothermic process is 166,7°C,
396,8°C, 471,2°C, 514,6°C, 766,8°C [12]. 160-200°C
thermal effect, and 354-410°C this process increases.
As a result, according to this analysis, 9,7% lost
weight. This melting point was one of the parame-
ters we needed during a certain sample production
period.

Results of burning and sintering methods

As it turned out in literary studies, the polymer
is not completely removed from the sample. Our
indicators correspond to this. The longer the burning
time, the more the polymer is destroyed. If the size
of the steel powder was the same as 3 microns, the
percentage of polymer loss would be up to 3%. At
present, it can be seen that the polymer residues on
the surface of 7,377 micron powders have not been
completely removed after sintering at 1387°C. But
when the sample is held for a long time, due to the
gases released from the polymer, pores are formed
between the steel powders in the sample. Such
defects are difficult to eliminate with temperature.
The polymer is 90 percent removed. As shown in
figure 5, the 90 percent of polymers are removed. 10
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Figure 3 — 20 radiography of raw materials in the range of 10-90°
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Figure 4 — FT-IR polymer spectra

percent is covered with a thin thickness on the surface
of steel powders. This means that the steel powders
can be combined with each other due to the small
percentage of polymer during sintering process.
Since the sizes of steel powders vary, gaps, i.e. lumps,
remain during the sintering period.

The size of the pores affects to the geometric size
of the sample, as well as the mechanical reaction.

The residual polymer effect, as mentioned above,
was shown in the yellow circle in Figure 6. A good
indicator is the presence of 10 percent polymer in the
sample.

Conclusions

In this work, the production of a sample was
provided by additive injecting of thepolymer into
a steel powder, and the removal of the polymer

Figure 5 — SEM analysis after Polymer removal
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Aoddumuemi eHdipiciHOe memann noaumepsi KOMNo3ummik mamepuandapsimeH 6acbin WbiFAPLIAFAH
ynzinepdiy, nonumepiH 3o adicmepiH 3epmmey
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AHOamna. byn #ymbicmbiH MaKcamel Kesaemi 6olibiHwa 75 naliei3del KypalimeiH mom 6acnalimeiH 601am yYHMarsiHa,
balinaHbicmeblpywel pemiHde 25% noausmuseH noaumepi KOCblAFaH KOMIO3ummik mamepuaneiH 3D npuHmepoe Kos-
OaHeblin, 6aceln WelFapelasraH ya2iHiH KypblabiMel 3epmmey 60abin ecenmenedi. YneiHiH KypamoeiHOarsl 6alinaHbicmel-
proiluMapobl #ot adicmepi ycbiHbIAObI. Kylidipy mwaHe nicipy adicmepi HeaiziHOe yn2iHiH iWKi KypblabiMObIK canacsl
Mwakcapobl. 1387°C memnepamypacsiHOa yHmaKkmaposl bipikmipydiH Hezizzi Hykmeci 60a0b1. YnziHi kylidipy 6apbicsiH-
0a nonumep, eH yakeH eawemoi 7,377 MKMm bonamelH 6oaam yHmakmapobliH bemiHoe Kanbir, nicipy KeseHiHeH KeliiH
HoliblAraHbl aHbIKManobl. Ynzideai nonumepaepdid 90 nalivizsi #oliblaobl. bys eme HaKcbl KepcemkKiul.

Kinm ce30ep: 6asnkbimoliaraH myHObIpy modeni, CAM manday, peHmeaeHOik manaoday, noauamuseH noaumepi, mom bac-
nalimeiH 6onam, 3D npuHmep, kyldipy, nicipy, addumusmi mexHonoaus, FTIR cnekmp, Perkin Elmer Pyris newi, meman-
/s10M0AUMeps1i KOMMIO3UYUAIbIK Mamepuart.

UccnedosaHue memodoe yoaneHus noaumepoes obpasya, Hane4amaHHo20 MemasisnononaumMepHoIM
KOMMO3UMHbIM Mamepuasaom 8 ad0umueHom rpoussoocmee
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AHHOomayus. Lenoto daHHOU pabomel asasemcs ucciedosaHue cmpykmypsl 06pasya, HaneyamaHHo2o Ha 3D-npuH-
mepe ¢ Ucrosb308aHUEM KOMITO3UMHO20 Mamepuana ¢ 0obaesneHuem 25% nosumepa NoAuIMuUAEHd 8 Ka4ecmee ces-
3yrou4e20 8 MOPOWOK U3 Hepxcaseroueli cmanu, Komopelli cocmasnsem 75% no o6vemy. Ha ocHoge Memo0o08 8bixu2a-
HUA U CNEeKaHUs yay4uwusnoce 8HympeHHee CmpyKkmypHoe Kayecmso obpa3sya. Temnepamypa 1387°C cmasa ocHo8Hol
moykol coeduHeHuUsa nopowkos. [Mpu obxcuee 06pasua bbla0 ycMAHOB/1EHO, YMO MOAUMEP 0CMABASICA HA MOBEPXHO-
CMU CMasnbHbIX NOPOWKO8 C MAKCUMAsIbHLIM Pasmepom 7,377 MKM U yoansasnca nocse crnekaHusa. 90% nonumepos e
06pasue 6biau yoaseHsl, Ymo A6/5emcsa 04eHb XOPOWUM MOKA3amesem.

Knroueevie caoea: modesnuposaHue MemoOoM HArAaseneHus, aHaau3 CIM, peHmeeHocmpyKkmypHbil aHAAU3, 10aAU3-
museHosbIl nosaumep, Hepxcaserowas cmasns, 3D npuHmep, 8bixu2aHuUe, criekaHue, a00umueHas mexHosoaus, FTIR-
cnekmp, ne4vs Perkin Elmer Pyris, memasnononumepHoili KOMIO3UYUOHHbIG Mamepuarn.
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