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For quality assessment, it is essential to identify the different non-optimum powder characteristics which can be summarized as follows: minor composition variations from batch to batch, non spherical particles, presence of "satellites", inadequate particle size distribution, oxide film, inclusions and entrapped gas porosity. In addition, material defects can also originate from process conditions, build strategy, orientation in the build, thereby possibly resulting in unmelted particles or cracks. Therefore, it is important to establish the traceability of raw materials together with the process conditions and to standardise powder specifications. Powder quality criteria such as the minimum amount of pores, the pore size, morphology and distribution, a low level of surface contamination, a narrow particle size distribution with spherical shape for good flowability and good packing density should be determined. The most influential parameters can also depend on the sensitivity of the given metallic material. For instance, factors such as the volatility of specific alloying elements or interstitial contamination are related to the alloy composition and to the AM process used. Hence, LPW Technology has developed an effective quality assurance for powder transport and storage by incorporating a number of sensors to monitor moisture, temperature, pressure, vibration and oxygen levels [2]. Careful control and analysis of such physico-chemical powder characteristics are indeed essential to guarantee the finished product quality and reproducible mechanical properties with the aim of a higher productivity and a better efficiency in manufacturing parts.

A coordinated strategy is starting to move forward worldwide regarding powder manufacturing. In the United States, the Atomization Technology Innovation Consortium (ATIC) has been established in May 2015 by ASM International, in collaboration with the Metal Powder Industries Federation, Thermal Spray Society, America Makes, the AMES Laboratory, the Institute for Liquid Atomization and Spray Systems, and the University of California-Irvine Combustion Laboratory to develop an advanced technology roadmap for the US atomization industry. Furthermore, the ASTM F3049-14 standard can provide guidance for measuring the metal powder properties with standard methods [START_REF] Astm F | -14[END_REF]. In France, the NF E 67-010 standard deals with the technical characteristics of commonly used additive manufacturing powders to be provided by the supplier upon delivery [START_REF] Nf E | Fabrication additive -Poudres -Spécifications techniques[END_REF].

2-Experimental results

First of all, standard metallographic procedure, including electro-discharge machining, polishing, optical and SEM observations, image analysis, was used to characterize the different samples.

The first case study deals with the Ti64 alloy used for benchmarking different AM platforms: Powder Bed Laser Beam (PB-LB), Powder Bed Electron Beam (PB-EB), Powder Feed Laser Beam (PF-LB), Wire Feed Laser Beam (WF-LB), Wire Feed Electron Beam (WF-EB) and Wire Feed Plasma Source (WF-PS). The idea was to use different powder suppliers and different facilities in order to evaluate the impact on the product quality. Although it is not important for the purpose of this paper, the different machines under investigation can be mentioned: EOS, ARCAM, OPTOMEC, SCIAKY, Norsk Titanium and a laboratory setup for WF-LB. Chemical analysis, microstructure inspection and mechanical characterization have been carried on coupons to compare these Ti64 AM-built materials.

As illustrated in Table I, chemical analyses for the different platforms reveal that EB techniques (under vacuum) induce some aluminium loss. The fact that the different samples from LB techniques exhibit a lower level of Fe and C contents together with a higher level of N content than other techniques should be related to a particular powder particle size which limits the possibility of having different powder suppliers. Furthermore, the WF-PS technique induces the highest oxygen content, even though this remains below specifications. A slight nitrogen pick-up can be evidenced for the PF-LB platform. Due to different interstitial contents, it is expected that powder handling did not always take place in an inert-gas atmosphere throughout the overall process for some platforms. 1 is the large variations in UTS, typically from 720 MPa to 1180 MPa, depending on the platform and on the specimen built-up direction (Z versus X). Except for the WF-LB in Z direction and for the WF-EB, all platforms exhibit higher tensile strengths than that of the reference forging plate. The lowest tensile elongation for the PF-LB platform is related to the higher interstitial content. In general, a higher ductility is found in the Z direction for WF techniques while it is found in the X direction for PB and PF techniques. 
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Figure 1: Tensile tests after stress relaxation heat treatment for the different platforms (X: parallel to laser/EB direction. Z: vertical direction)

The second case study deals with the comparison of two different powder suppliers (EOS and TLS) for MS1 maraging steel. Figure 2 emphasizes the fact that the EOS powder exhibits slightly finer powders with a bimodal particle size distribution. A median size of 25 is obtained for the EOS and TLS powders respectively. This difference in particle size distribution is also enhanced by a higher ratio of coarser particles (> 40 concomitantly by a higher ratio of finer particles (< 20 powder (19%). In parallel, scanning electron micrographs for both powders did not reveal any significant differences in terms of shape and internal microstructure (Figure 3). It is also instructive to compare the chemistries of both powders. As emphasized in Table II, the EOS powder exhibits slightly lower amount of Ti than that of the TLS powder, which might affect the potential of subsequent precipitation hardening. Moreover, the Si content is an order of magnitude lower in the EOS powder than in the TLS powder. Finally, P, S, C and N minor elements are in average in half quantities in the EOS powder. 
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It is also worth mentioning that chemical analysis performed on SLM samples leads to similar results. The next step was to compare tensile properties of samples that were cut from 9 mm thick walls. Our purpose here was not to put forward the fact that one powder exhibits better properties than the other, but to show that slight chemical differences for the same alloy composition can lead to significant differences in mechanical properties.

Table III summarizes these tensile results for two built-up orientations using both EOS and TLS powders and also by changing some process parameters to accelerate the build. All the test specimens received the same over-aged anneal at 560°C for 6 hours, knowing that the peak aging condition was identified from micro-hardness measurements to be at 490°C for 6 hours. In average, the X orientation yields better tensile properties with an absolute increase of 32% in tensile ductility and of about 8% in yield stress. This is attributed to some built-up defects related to the layer-by-layer process along the Z orientation. Furthermore, the build using more rapid process conditions leads to a ductility drop of approximately 30% over the normal process conditions. Finally, the test samples made from the TLS powder exhibit a ductility drop of 46% while the yield stress was slightly increased by 4.4%. This result can be related to the higher contents in Ti, Si and minor elements for the TLS powder, thus participating to additional precipitation hardening. The systematically lower ductility for the TLS samples was rather attributed to such chemical differences than to defect-related of the TLS powder. The third case study which involves aluminium 6061 powders was reported by the UTBM research team. The initial powder which was characterized in powder size and morphology, reveals spherical powders with a few satellites and a normal powder particle size distribution with a d 50 of 31 Chemical analysis was carried out both on the initial powder and on subsequent SLM parts (Table IV).
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From such analysis, significant losses of the Mg and Si elements were identified to occur during the SLM process, thereby leading to a higher susceptibility to cracks. Therefore, it could be recommended to adjust chemical contents of such elements to anticipate a subsequent loss from the laser heating source during SLM. 

3-Conclusion

The establishment of a clear relationship between metal powders, materials properties and machine performance was a key objective of this work. In particular, the importance of metal powder feedstocks for finished products and of metal powder characterization for quality control in Additive Manufacturing has been addressed in this paper. A key issue for AM products should pass through standardisation of powders. It has also been demonstrated that it may be difficult to separate material-induced defects from process-induced defects. There is still a need to determine the most sensitive parameters for the improvement of process robustness. From the exposed case studies, it has been shown that slight differences in powder chemistries, major element loss and interstitial contamination are materialdependent factors which significantly affect mechanical properties after AM. A clear understanding of feedstock powders characteristics can therefore pave the way towards the adjustment of the raw material to customer-specific requirements suitable for AM applications.
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 23 Figure 2: Particle size distribution for the EOS and TLS powders
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Table I :

 I Chemical analysis of Ti64 for the different platforms Room temperature tensile tests have been performed on comparative test specimens after receiving the same stress relaxation heat treatment. The major trend which emerges from Figure

	Ti64	Al	V	Fe	C	N	O	H
		(%)	(%)	(µg/g)	(µg/g)	(µg/g)	(µg/g)	(µg/g)
	Nominal (AMS 4928R forging)	5.5-6.75	3.5-4.5	3000	800	500	2000	200
	PB-LB	5.97	4.14	560	120	300	1300	26
	PB-EB	5.74	4.09	1500	210	230	1100	23
	PF-LB	6.02	4.09	1300	260	440	1300	61
	WF-LB	6.06	3.99	520	140	330	720	26
	WF-EB	4.36	4.05	510	47	63	690	41
	WF-PS	6.00	4.02	1500	260	110	1900	62

Table II :

 II Chemical analysis for the EOS and TLS powders

	wt%	EOS	TLS	EOS part	TLS part
		powder	powder		
	Fe	67.28	66.46	67.33	66.54
	Ni	17.69	17.76	17.63	17.93
	Co	9.05	8.85	9.04	8.96
	Mo	5.01	5.31	5.04	5.10
	Ti	0.64	0.86	0.61	0.84
	Cr	0.13	0.15	0.13	0.085
	Al	0.088	0.12	0.081	0.11
	Si	0.044	0.40	0.081	0.35
	Mn	0.064	0.090	0.057	0.085
	P (µg/g)	110	210	110	230
	S (µg/g)	61	96	71	120
	C (µg/g)	130	270	110	230
	N (µg/g)	410	890	540	700

Table IV :

 IV Chemical analysis for the aluminium 6061 powder
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	Al 6061	Al	Cr	Cu	Fe.	Mg	Si
		(wt%)	(wt%)	(wt%)	(wt%)	(wt%)	(wt%)
	Powder	Bal.	0.11	0.34	0.28	1.28	0.83
	SLM part	Bal.	0.11	0.36	0.29	1.17	0.73
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