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Abstract  
 
Additive manufacturing refers to the group of new manufacturing methods where parts are built layer 

by layer starting from a digital file. Using these technologies, it is possible to produce parts with an 

incomparable design freedom with, potentially, any material. The quality of the built products depend 

mainly on the machine capabilities, the quality and type of metal powder used, and the choice of 

process parameters. The paper presents aims to study the origin of defects that appear on the 

polished surface of the metal additive manufactured parts using selective laser melting of maraging 

steel grade 300 and how they can be reduced. The main purpose is to understand how these defects 

can influence the quality of the injection moulded products, when additive manufacturing is used to 

produce the moulds. 

Additive Manufacturing, 3D printing, Metal Additive Manufacturing, Defects, Selective Laser Melting, 

Homogeneity, Microporosity, Maraging steel, Injection Moulding 

 
Introduction 

Metal Additive Manufacturing (MAM) is a group of manufacturing technologies capable of producing 
near-net-shape parts starting from powder or wire feedstock. The most common MAM technology is 
powder bed fusion, like Selective Laser Melting (SLM). With this process, parts are produced layer by 
layer, based on the sliced-version of the design prepared on a CAD software, by a laser that scans the 
specific areas on a single layer of powder [1]–[3]. This uniquely digital nature of additive manufacturing 
allows unprecedented process management possibilities and control [4]–[6]. The industries in which 
such a technology can be used has already been broadly discussed in literature [7], [8], as well as the 
great benefits that can be derived from implementing it in production [9]–[11]. 
One of the applications of interest, especially for consumer goods manufacturers, is the possibility of 
producing toolings such as mould inserts for injection moulding. Here, SLM-produced inserts allow 
multiple advantages like reduction of injection moulding cycle time and reduction of lead-time to 
produce new inserts. The former is enabled through conformal cooling channels that can improve the 
thermal management of the mould, and the latter through the design freedom since SLM is capable of 
producing a near-net-shape part with reduced post-processing requirements [12]–[14]. However, 
depending on the final application of the injection moulded parts, the resultant surface quality of the 
mould cavities becomes important - specifically since the defects on the tool surface can be replicated 
on the polymer final products [15]. Typically, injection moulded parts for consumer goods industries 
have stringent surface requirements for the polymer which, in turn, ascribes higher requirements for 
the metal tool´s surface quality.  
In the following paper, the authors have analyzed the nature of micro-porosities appearing on the 
polished surface of SLM parts made out of maraging steel grade 300, and their effect on the injection 
moulding products. 
 
Materials and methods 

The material investigated in this study is steel 1.2709, i.e. maraging steel grade 300 powder, with a 

chemical composition as shown in table 1. The average size of the powder particles is in the range of 

53-63 µm and the corresponding SEM pictures of the powder are presented in fig.1. 
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Table 1 Chemical composition of the maraging steel powder grade 300. 

Fe Co Ni Mo Ti Al Cu Cr Mg Si C P S 

Balance 9,02 18,42 4,97 0,63 0,07 0,04 0,20 0,05 0,08 0,01 <0,01 0,01 
 

  
Figure 1 SEM pictures of new maraging steel powders. 

The parts have been produced with a EOS M270 SLM machine, that uses nitrogen atmosphere inside 

the building chamber. The machine is equipped with a Yb-fibre laser that can reach a maximum of 200 

W of power and up to 7,0 m/s of scan speed. The parts are produced using 40 µm of layer thickness. 

After completion of each job, the unused powder in the building chamber of the machine is collected 

and sieved before it can be re-used for another job. However, each sieving cycle undergone by the 

powder increase the quantity of contaminations due to the exposure to external unprotected 

environment. Typically, after production in an SLM machine, the parts are cut from the building 

platform, cleaned from the residual loose powder, and heat treated, to reduce the residual stresses 

and improve their mechanical properties. The heat treatment procedure used in this study starts with a 

2 hours exposure in a furnace at 350°C, followed by 8 hours at 530°C, after which the part is allowed 

to cool down slowly in the furnace. 

In this research, 3 different types of samples with dimension 30mmx30mmx20mm have been 

investigated: 

• Using new powder, the part was then heat treated 

• Using new powder, the part was not heat treated 

• Using sieved powder, the part was then heat treated. 
Examples of these samples can be seen in figure 2.  

The parts were subsequently grinded and mirror-polished on the top surface (on the x-y surface 

according to the building platform in the job) to the same tolerances and specifications as the internal 

surface of injection mould cavity. At this stage, it was already possible to distinguish little spots 

through manual visual inspection, where the light was reflecting differently from the rest of the surface 

potentially due to the presence of porosities. 

These surfaces were then observed with a Zeiss EVO LS25 SEM microscope, equipped with the EDS, 

and analysed with the Aztec software, a Nikon measuring optical microscope MM-800 and an 

Olympus LEXT OLS4100 laser scanning digital microscope to reconstruct the 3D image of the 

defects. To understand the consequence of these defects on the injection moulding products, the 

injection moulding process was simulated using a COLLIN hot press machine by replicating the metal 

surface on polymer ABS granulates (samples shown in figure 3). 

a b c 

Figure 2 (a) new powder, not heat treated; (b) new powder, heat treated; (c) sieved powder, heat treated. 

c 
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The parts produced in this way were subsequently observed and analysed with the Nikon microscope 

to understand the replication of the defects from the metal surface. 

Results and discussion 

Two elements within the chemical composition of maraging steel grade 300, namely titanium and 

aluminium, are particularly dangerous when exposed to the open air in the ambient due to their 

propensity to be oxidized into titanium and aluminium oxides. Residual porosity in SLM parts ([16]–

[21]) and internal defects, like inclusion, in maraging steel ([22]–[24] ) are topics already extensively 

investigate in literature. 

In table 2 is presented a collection of optical micrographs taken with the Nikon microscope on the 

metallic and polymeric specimens presented in the previous section. 

Table 2 Surface pictures pf the metal SLM parts and the replicated polymer surface 

 Metal Polymer 

New 

powder, 

not 

heat 

treated 

  

New 

powder, 

heat 

treated 

  

Sieved 

powder, 

heat 

treated 

  
 

c 

Figure 3 Polymer sample replicating the metal surface (a) new powder, heat treated; (b) sieved powder, heat 
treated; (c) new powder, not heat treated. 

a 

b 
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The spots visible from the above pictures of the metal surface were then analysed with the SEM and 

EDS, to have a better understanding of their nature. Some of the images are summarized in figure 4. 

   
  

Figure 4 SEM pictures of the metal SLM surface (a) new powder, heat treated; (b) new powder, not heat treated; 
(c) sieved powder, heat treated 

From the EDS analysis, the darker spots and micropores visible in these pictures were found to be 

primarily titanium oxides, which is in accordance to what found in literature [22]. One example is 

presented in  figure 5. 

  
Figure 5 SEM and EDS analysis of a surface inclusion in the sample with new powder, heat treated. 

For all three types of samples, the dimension and shape of the defects did not show any specific 
pattern. Considering the shape and the chemical composition of the micro-pores investigated, the 
origin of these pores can be attributed to oxide inclusions (mostly titanium) that are fractured and then 
dislodged during the post-processing steps for the surface preparation (i.e. grinding and polishing). 
The inference is corroborated through the LEXT images, presented in figure 6, where it is possible to 
notice the pores and the surrounding scratches that the hard oxides left on the surface while rolling 
out. 

 
Figure 6 LEXT image of micropores in the SLM sample with sieved powder, heat treated. 

The optical micrographs, as shown in table 2, were then analysed with the image processing software 

Image J to determine the percentage of the defects present on the surface of metal moulds as well as 

a b c 
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polymer part. Figure 7 compares the three different metal surfaces and the replicated polymers with 

respect to the porosity: 

 
Figure 7 Results of the measurements of percentage of defects in the metal SLM and polymer parts 

Figure 7 shows clearly that the defects on the metal SLM surface do not totally replicate on the 

polymer surface. User blind tests were done on the polymeric specimens produced to check if the 

defects highlighted with the microscope were also recognisable at naked eye. The tests confirmed that 

the replicated defects were too small to be detected.  

Conclusions 

This work is an early analysis of the micro-porosity appearing on the polished surface of SLM parts, 

and their effect on the functional surfaces of injection moulded consumer goods. The results indicate 

that the defects appearing on the surface are coming from oxide inclusions due to powder 

contaminations and are not actual porosities from the SLM process itself (like those arising from lack 

of fusion or keyhole formation), thanks to the right choice of process parameters. At the same time, 

the influence of these inclusions and pores on the injection moulding process can generate defects on 

the polymer surface. Depending on the final application of the polymeric moulded product, the 

replicated defects can be considered either acceptable or not. In the case of consumer goods 

products produced with dark coloured ABS, the defect above investigated are not visible with the 

naked eye, however, it is expected that the situation can change when using other type of polymer 

with a different viscosity or with other contrasting colours and especially in case of moulding 

transparent parts. The acceptance criteria of the moulded parts will depend primarily on the final 

application of the products. Some aspects observed in the current study are also identified to require 

further investigation, such as the influence of the heat treatment on the number of defects. In 

literature, Shibata at al. have observed a change in morphology and chemical composition of the 

oxides inclusions in stainless steels when heat treated, however this aspect should be investigated 

more in details for maraging steel [25]. What is clear from this research is the significant influence of 

powder reuse and the requirement for better control.  When not performed in a controlled manner, as 

in this case, the amount of contamination increases considerably generating problems in the final 

quality of the products produced with injection moulding. 

 

Acknowledgements 

This project has received funding from the European Union’s Horizon 2020 research and innovation 

programme under the Marie Skłodowska-Curie grant agreement No 721383. 

References 

[1] D. Herzog, V. Seyda, E. Wycisk, and C. Emmelmann, “Additive manufacturing of metals,” Acta 



Euro PM2018 
© European Powder Metallurgy Association (EPMA). First published in the Euro PM2018 Congress Proceedings 

Mater., vol. 117, pp. 371–392, 2016. 

[2] I. Gibson, D. W. Rosen, and B. Stucker, Additive Manufacturing Technologies, 2nd ed. New York, 

USA: Springer, 2015. 

[3] G. N. Levy, R. Schindel, and J. P. Kruth, “Rapid Manufacturing and Rapid Tooling With Layer 

Manufacturing (LM) Technologies, State of the Art and Future Perspectives,” CIRP Ann. - Manuf. 

Technol., vol. 52, no. 2, pp. 589–609, 2003. 

[4] K. V. Venkatesh and V. V. Nandini, “Direct metal laser sintering: A digitised metal casting 

technology,” J. Indian Prosthodont. Soc., vol. 13, no. 4, pp. 389–392, 2013. 

[5] D. B. Kim, P. Witherell, R. Lipman, and S. C. Feng, “Streamlining the additive manufacturing 

digital spectrum: A systems approach,” Addit. Manuf., vol. 5, pp. 20–30, 2015. 

[6] M. Bogers, R. Hadar, and A. Bilberg, “Business Models for Additive Manufacturing: Exploring 

Digital Technologies, Consumer Roles, and Supply Chains,” Technol. Forecast. Soc., 2015. 

[7] W. E. Frazier, “Metal additive manufacturing: A review,” J. Mater. Eng. Perform., vol. 23, no. 6, 

pp. 1917–1928, 2014. 

[8] B. Vayre, F. Vignat, and F. Villeneuve, “Metallic additive manufacturing: state-of-the-art review 

and prospects,” Mech. Ind., vol. 13, no. 2, pp. 89–96, 2012. 

[9] H. E. Quinlan, T. Hasan, J. Jaddou, and A. J. Hart, “Industrial and Consumer Uses of Additive 

Manufacturing: A Discussion of Capabilities, Trajectories, and Challenges,” J. Ind. Ecol., vol. 21, 

pp. S15–S20, 2017. 

[10] S. H. Huang, P. Liu, A. Mokasdar, and L. Hou, “Additive manufacturing and its societal impact: A 

literature review,” Int. J. Adv. Manuf. Technol., vol. 67, no. 5–8, pp. 1191–1203, 2013. 

[11] M. K. Thompson et al., “Design for Additive Manufacturing: Trends, opportunities, considerations, 

and constraints,” CIRP Ann. - Manuf. Technol., vol. 65, no. 2, 2016. 

[12] D. Dimitrov, A. Moammer, and T. Harms, “Cooling channel configuration in injection moulds,” - 

Innov. Dev. Des. Manuf., vol. 1, no. September 2009, pp. 355–360, 2009. 

[13] S. Mayer, “Optimised mould temperature control procedure using DMLS,” EOS Whitepaper, 

2009. 

[14] J. Meckley and R. Edwards, “A Study on the Design and Effectiveness of Conformal Cooling 

Channels in Rapid Tooling Inserts,” Technol. Interface Journal/Fall, vol. 10, no. 1, 2009. 

[15] U. A. Theilade and H. N. Hansen, “Surface microstructure replication in injection molding,” Int. J. 

Adv. Manuf. Technol., vol. 33, no. 1–2, pp. 157–166, 2007. 

[16] L. N. Carter, C. Martin, P. J. Withers, and M. M. Attallah, “The influence of the laser scan strategy 

on grain structure and cracking behaviour in SLM powder-bed fabricated nickel superalloy,” J. 

Alloys Compd., vol. 615, pp. 338–347, 2014. 

[17] N. Read, W. Wang, K. Essa, and M. M. Attallah, “Selective laser melting of AlSi10Mg alloy: 

Process optimisation and mechanical properties development,” Mater. Des., vol. 65, 2015. 

[18] R. Cunningham et al., “Analyzing the effects of powder and post-processing on porosity and 

properties of electron beam melted Ti-6Al-4V,” Mater. Res. Lett., vol. 5, no. 7, 2017. 

[19] J. A. Slotwinski, E. J. Garboczi, and K. M. Hebenstreit, “Porosity Measurements and Analysis for 

Metal Additive Manufacturing Process Control,” J. Res. Natl. Inst. Stand. Technol., vol. 119, 2014. 

[20] A. M. Rausch, V. E. Küng, C. Pobel, M. Markl, and C. Körner, “Predictive Simulation of Process 

Windows for Powder Bed Fusion Additive Manufacturing: Influence of the Powder Bulk Density,” 

Materials (Basel)., vol. 10, no. 10, 2017. 

[21] H. Gong, K. Rafi, H. Gu, T. Starr, and B. Stucker, “Analysis of defect generation in Ti-6Al-4V parts 

made using powder bed fusion additive manufacturing processes,” Addit. Manuf., vol. 1, 2014. 

[22] L. Thijs, J. Van Humbeeck, K. Kempen, E. Yasa, and J.-P. Kruth, “Investigation on the inclusions 

in maraging steel produced by Selective Laser Melting,” 5th Int. Conf. Adv. Res. Virtual Rapid 

Prototyp., pp. 297–304, 2012. 

[23] E. Yasa, K. Kempen, and J. Kruth, “Microstructure and mechanical properties of Maraging Steel 

300 after selective laser melting,” Proc. 21st Int. Solid Free. Fabr. Symp.,2010. 

[24] T. Hermann Becker and D. Dimitrov, “The achievable mechanical properties of SLM produced 

Maraging Steel 300 components,” Rapid Prototyp. J., vol. 22, no. 3, pp. 487–494, 2016. 

[25] H. Shibata, T. Tanaka, K. Kimura, S.Y. Kitamura, “Composition change in oxide inclusions of 

stainless steel by heat treatment”, Ironmaking & Steelmaking, pp. 522-528, 2010. 


