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A fundamental understanding of the inherent microstructures developed during deposition have not been fully realized. Powder contamination from processing different 
alloy systems in the same machine can have adverse effects and can restrict the feasibility of incorporating AM components in service. 

The materials of interest are AISI 630 (17-4PH martensitic SS), 
Wrought AISI 630 is typically solidifies as martensite and the material 
is aged to grow Cu-rich precipitates. However, it has been shown that 
nitrogen retained in AM AISI 630 from powder fabrication and 
deposition can lead to variations in retained austenite in the build 
ranging from 0-96%[1,2]. In addition, high amounts of other 
austenite-promoting elements such as nickel, cobalt and copper can 
lead to detrimental phase transformations and partitioning in 
martensitic stainless steels [3] This can lead to high variability of 
cracking susceptibility during SLM deposition of AISI 630.  

• Selective Laser Melted (SLM) 17-4PH SS was fabricated in a machine dedicated to the 
production of Inconel 718. 

• 17-4PH powders were thus contaminated with up to 1% Inconel 718 per layer, 
introducing contaminating elements into the deposit. 

• Samples analyzed under three conditions: 
1. As-fabricated (AF),  
2. Solution treated 1 hr. @ 1050°C and oil quench (ST),  
3. Solution treated 1 hr. @ 1050°C and liquid nitrogen quenched (NQ). 

• ICP-OES, X-Ray Diffraction, LOM and STEM were used to characterize the resulting 
compositions and microstructures.  

Figure 1. WRC-1992 diagram for solidification mode 
prediction of stainless steel alloys based on 
composition[4].  

1. The overall effect on the 17-4PH removed the bulk composition from specification, 
however, The contaminant powder remained segregated upon deposition forming swirls 
of Inconel 718 equivalent composition within the 17-4PH matrix.  

2. Subsequent heat treatments lessened the effect of contamination on the overall 
microstructure of the matrix.  

3. Regions near and within the swirl such as those liquated can have detrimental effects 
on downstream processing if contamination goes unnoticed. 
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ASTM 630/17-4 PH Target  and Powder Composition Range (Wt. %)  

Fe  Cr Ni Si Mn Cu 

Bal. 15.00-17.50 3.00-5.00 1.00 1.00 3.00-5.00 

Mo C S P Ta + Nb   

0.50 0.07 0.03 0.04 0.15-0.45   

17-4 PH Deposited Composition (Wt. %) 
Fe Cr Ni Si Mn Cu Mo C N 

67.330 15.420 8.612 0.422 0.225 5.098 0.067 0.030 0.052 
S P Ta + Nb Co Al Ti W O  B 

0.008 0.025 0.536 0.688 0.700 0.063 0.657 0.048  0.002 

Fe 

Cr 

Ni 

Table 1. ASTM composition specification for 17-4PH 
stainless steel.  

Table 2. Measured composition for Inconel 718 
contaminated SLM  fabricated 17-4PH SS.  

Figure 2. Percent of retained austenite in the 
build in the AF, ST, and NQ conditions. 

Figure 3. a) LOM image of an as-fabricated 
showing high amounts of austenite. b) Comparative 
SEM image indicating austenite ”swirls” with high 
degree of compositional contrast. c) High 
magnification SEM Image showing liquation and 
the presence of precipitate within the swirls.  
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Figure 4. HAADF Image of a cross section of a 
nickel swirl and resultant compositional line scan 
via STEM. 

Powder used was certified within ASTM specification 
given in Table 1. However, the measured composition of 
the contaminated as-fabricated SLM, given in Table 2, 
exhibited high amounts of nickel and nitrogen, as well 
as other tramp elements from Inconel 718 which are 
shown in red. An increase in such elements as nickel, 
copper and nitrogen act as austenite stabilizers and can 
inhibit the martensitic transformation upon cooling.  

Figure 1 shows the WRC-1992 diagram which was 
developed to determine solidification mode in 
stainless steel welds based on composition. Since 
SLM is fundamentally micron-scale welding, this 
diagram was used to predict the shift in solidification 
mode due to contamination, indicated by the red 
arrow. This predicts that the build will solidify as 
primary austenite + ferrite in the contaminated state.  

XRD analysis of the AF and heat treat modes in 
Figure 2 measured up to 92% retained austenite in 
the AF samples and as low 54% in NQ samples, 
compared to 0% in uncontaminated heat treated 
SLM and wrought 17-4PH SS[2]. This is confirmed 
by LOM and SEM analysis of the microstructure in 
Figure 3a and b. Under backscatter imaging, swirls 
of high Z-contrast indicate high alloying content in 
the austenite.  

  A high magnification image in Figure 3c shows the 
presence of precipitates and liquation along the 
boundary of these swirls. STEM imaging and EDS 
line scan analysis in Figure 4 suggests that these 
swirls are melted and unmixed Inconel 718 powder 
within the matrix. And the various tramp elements 
are not incorporated into the bulk of the matrix.  

Locally, there was evidence of regions of 
unaffected 17-4PH. It was determined that the 
heat treatments allowed for the high nickel regions 
to diffuse into the matrix creating a more uniform 
dispersion of martensite. Overall, the contaminated 
17-4PH exhibited microstructures comparable to 
grades of semi-austenitic precipitation hardened 
stainless steel alloys.  


