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Abstract

Additive technologies enable the creation of complex shapes and structures virtually unattainable using classical
production processes. These technologies allow components to be produced not only from paper or plastic, but also from
composite materials or metals, with the same or even better properties than their predecessors made by machining or
forming technologies. However, for customers who are not specialists in these technologies it may often be difficult to
orientate themselves in the wide range of options and take full advantage of the potential of these technologies. As a rule,
production process parameters are not as decisive as final product characteristics, especially the price, quality and delivery
date. Therefore, this article tries to answer elementary questions that customers might have when considering production
using additive technology, and to describe its specifics and possibilities. Special attention is paid to metal 3D printing,
whose specifics are illustrated using the example of printing a simple component in various ways, in different quantities
and sizes. The article documents an experiment conducted under real conditions using DMLS (direct metal laser sintering)
technology, which shows how different ways of printing affect the price, the processing time, and the quality of the final
component.
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1. Introduction

The input material for additive manufacturing is the powder. There is a wide range of powders available. Each 3D
print machine manufacturer recommends using their “own” p o wideemost commonly used materials for laser
sintering of metal powder are listed in Table 1. The choice of powder has the main influence on the mechanical properties,
functionality and surface quality of the final part. The powders are transported to the users in closed barrels. The powder
is taken from the barrels to the dispenser platform in the machine. A recoater applies the defined thickness of the powder
on the building platform, where it is melted in the designated area. When the building process is finished, the powder
around the sintered parts is sieved back to the dispenser platform for the next process.
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Material DIN
AlSil0Mg 3.2381
Aluminium alloys AlSi7TMg 3.2371
AlSil12 3.3581
ASTM F75 2.4723
Cobalt alloys CoCrwe
AISI 420 1.2083
Marage 300 1.2709
Tool steels H13 1.2344
AlSI D2 1.2379
AISI A2 1.2363
AISI S7 1.2357
Inconel 718 2.4668
Inconel 625 2.4856
Nickel alloys Inconel 713 2.4670
Inconel 738
Hastelloy X 2.4665
SS 304 1.4301
SS316 L 1.4404
Stainless steel S5 410 1.4006
SS 440 1.4110
15-5PH 1.4540
17-4 PH 1.4542
Titanium
Grade 2 3.7035
Titanium alloys Ti6Al4V 3.7165
Ti6AI4V ELI | 3.7165 ELI
TiAI6Nb7
. gold 18 Carat
Precious Metal Alloys silver 930 Sterling
Copper alloys CC480K 2.1050

Table 1. Material for additive manufacturing [1]

The powder for additive manufacturing can be made in several different ways. The manufacturing process depends on
the powder material and its final quality. Gas atomization, VIM gas atomization, plasma atomization, electrode melting
gas atomization and hydride-dehydride methods are the most commonly used for powder manufacture. None of these
methods have 100% yield. Grains of incorrect size are separated from the powder. In general, the size of particles for
laser sintering is set in the range of 15 —45 pum, and for electron beam sintering in the range 45-106 um [2]. Results from
some of these methods are shown in Fig.1.

Fig. 1. SEM of typical particle shapes of Ti-6Al-4V powder for different manufacturing technologies - a) HDH; b) gas
atomization; c) plasma atomization; d) rotating electrode atomization [3]
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Mechanical properties for one type of material may be different depending on the manufacturing technology used. Fig. 2
shows the yield strength and hardness for materials which are made in different ways [1].
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Fig. 2. Hardness and yield strength of materials used in additive technology [1, 2]

The rate of cooling and the gas used for spraying influence the diameter of the produced particles and their microstructure,
according to reference [1], see Fig. 3.
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Fig. 3. Influence of cooling rate and type of atomizing medium on size and microstructure of powder Al 86 Ni 6 Y 4.5
CO2Lal5[1]

Additive technology is increasingly being used in mechanical engineering and the number of publications in this area is
growing as well. They are usually focus on the mechanical properties of the printed parts [4,6] on to microstructure of the
printed parts [5] but there is just basic information about the input material.

This paper is focused on the powder W-Nr.1.2709 (DIN X3NiCoMoTi18-9-5), on the evaluation of its shape and
microstructure. It is usually used for plastic injection moulds, pressure casting of light metals, and cold pressing tools.
The recommended chemical composition of printed and conventionally produced steels (hot formed) is shown in Tab. 2.
Not much information has been found about this frequently-used powder.
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C Si | Mn P S Cr MoINi VW|Co| Ti Cu | Al Fe
451 17.0 85| 0.6 0.05
MS1 | < 08 |< 100< .10 < .00 | < .00 | < 50 - - - - |< 50 - |balance
5.2 | 19.0 95| 0.8 0.15
< < 45| 17.0 85| 0.8
Conv.| < 08 |< .10 015 | < 00 | < .00 | 025 | - - - - - balance
5.2 | 19.0 10 1.2 - -

Table 2. Chemical composition of printed (MS1) and conventionally (Conv.) produced steel W-Nr. 1.2709
2. Evaluation of the shape and microstructure

The powder of steel W-Nr.1.2709 is supplied in 10 kilogram closed barrels. In general, it is necessary to observe the
principles of safety at work, because some types of powders or their condensates may be self-inflammatory or explosive
in combination with air [1]. A spherical shape is preferred due to good fluidity, but the manufacturer states that irregular
particles do not reduce the quality of the final printed part [4].

EHT =10.00 kV Signal A = SE1 Beam Current= 30.0 uA
Mag= 500X WD = 9.5 mm System Vacuum = 2.51e-006 mb:

Fig. 4. SEM of powder W-Nr.1.2709

Firstly, it was necessary to determine the shape of the particles. Most of the grains are spherical and some are stuck
together, see Fig. 5 This is the case for particles with similar and different sizes. This is because they were not divided
before solid. This theory is confirmed below. It is possible to see two or more particles stuck together (Fig. 5 b), or a grain
inside another grain. There is a minimal number of irregularly shaped particles in the powder. They probably did not arise
during the production process, but during further manipulation. The peeling of layers (see below) or mutual contact of
the grains cause the irregular shapes of the particles.

Fig. 5. Type of particles of the metal powder W-Nr. 1. a) spherical, b) several particles stuck together, c) elongated
grain, d) irregular

- 0413 -



28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

A unique flaky structure, or “ e | e p h acantbe seerkon the"surface of the grains. It is a question how this structure
was created. A metallographic section provides the answer, shown in Fig. 6. The etched grains have a cellular/dendritic
microstructure from the soft, tough solution. In general, dendrites are formed from the solution of crystallization with a
negative temperature gradient. This arises during the manufacturing process when the metal alloy is melted and the gas
is atomized to fine droplets. They are formed after solidification in individual grains of powders with a relatively stable
chemical composition. Smaller grains contain slightly more Ni and Co. The dendrite borders contain slightly more Mo
and Ti in comparison with the middle of the grain.

EHT =10.00 kV Signal A = SE1 Beam Current= 30.0 pA
I_' Mag= 5.00KX WD =11.0 mm System Vacuum = 7.43e-006 mb;

Fig. 6. Microstructure of powder W-Nr. 1.2709

Dendrites grow on the grain surface and create the characteristic “ e | e g Ik atexttire. The irregular growth of these
grains stems from their production by gas atomization. In some cases, a grain grows inside another grain — Fig. 6 marked
in red.

Fig. 7 shows particles stuck together. They contain more separate dendrites in one grain of irregular shape. This clarifies
the theory of the formation of interconnected particles. Particles with a high portion of Fe and Ti were found in some
grains (see Fig. 7, right)

! Signal A = SE1 Beam Curent= 300 pA 2 pm EHT = 1000 KV Signel A = SE1 Beam Currert= 30,0 uA
Meg= 100KX WD = 11.0mm System Vacuum = 1.066-005 — Mag= 1000KX WD = 11.0 mm Systom Vacuum = 7.950-006

Fig.7. SEM of the microstructure

In the next step the powder which was used in the 3D print process was examined. This powder was not melted. It
surrounded the printed component and was sieved back in the dispenser platform. A scan of this powder sample (see Fig
8) was compared with the new powder.
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2eiss Mag= 200 X 20 pm WD = 7.2 mm EHT = 15.00 kV Signal A= SE2 Date :13 Jan 2016
Apertu 5.00 pm | InlensDuo
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Fig. 8. Sieved powder

There were no visible differences between the new and the sieved powder. A very thorough investigation was made and

asmall percentage of p o wd ewasfopnd. The surfade ef thesewartitlds wasivery sfnawth.e p h a n t
They were not found in the new powder from any production batch, so this had to occur during the printing process.
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Fig. 9. SEM of the particles in the sieved powder

A metallographic section was made to compare this type of particle and particles from the new powder. The results are
shown in Fig. 10. The grain has smooth surface. The dendrites do not grow to the surface, so the "elephant skin™ cannot

be seen. The chemical composition is comparable with the particles from the new powder. The question is, how these
particles influence the mechanical properties of the printed parts.

- 0415 -



28TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION

M spectrum 96 M Spectrum 97 W Spectrum 98
Wtk o Wi% o Wt% o
Fe 657 10 | Fe 694 10 Fe 665 10
Ni 178 0B | Ni 172 08 Ni 175 08
Co 117 07 | Co 94 08 Co 102 08
48 05 40 05 Mo 58 05

M Spectrum 99 B spectrum 100 | Il Spectrum 101
Wt% o Wt% o Wtk o
Fe 661 10 Fe 673 10 | Fe 672
Ni 176 09 Ni 171 08 I Ni 183
o 110 08fco 101 08 JCo 100
53 0.5 55 05 44

B Spectrum 102 M Spectrum 103 B Spectrum 104
W% o Wt% o Wt% o

Fe 638 10 671 10 Fe 672

Ni 188 09 i 175 08 Ni 176 08

Co 111 08 101 08 Co 108

Mo 63 06 52

Fig. 10. Metallography of the particles in the sieved powder

The process of 3D printing was monitored by a high speed camera and a lot of particles were observed which are formed
during the process. The metallographic section in Fig. 10 is completely unique. It has not been found in any other
published scientific sources.

3. Conclusion

This paper was focused on the evaluation of metal particles of maraging steel W-Nr. 1.2709 according to their shape and
structure. The new and used powder was observed after printing. The sieved powder was found to contain particles with
the same chemical properties but with different structures on the grain surface. The dendrites form the basis for both types
of particles. It was proved by using a high speed camera that smooth particles originate during the printing process. The
next paper will describe how these particles influence the mechanical properties of the parts. There are scientific papers
about metal powders for 3D printing, but there are none about the new particles which are formed in the printing process.
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