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Abstract11

The electron beam melting (EBM) process was used to fabricate Inconel 718. The microstructure12

and tensile properties were characterized in both the as-fabricated and post-processed state transverse13

(T-orientation) and longitudinal (L-orientation) to the build direction. Post-processing involved both a14

hot isostatic pressing (HIP) and solution treatment and aging (STA) to homogenize the microstructure.15

In the as-fabricated state, EBM Inconel 718 exhibits a spatially dependent microstructure that is a func-16

tion of build height. Spanning the last few layers is a cored dendritic structure comprised of the products17

(carbides and Laves phase) predicted under equilibrium solidification conditions. With increasing dis-18

tance from the build’s top surface, the cored dendritic structure becomes increasingly homogeneous with19

complete dissolution of the secondary dendrite arms. Further, temporal phase kinetics are observed to20

lead to the dissolution of the strengthening γ” and precipitation of networks of fine δ needles that span21

the grains. Microstructurally, post-processing resulted in dissolution of the δ networks and homogeneous22

precipitation of γ” throughout the height of the build. In the as-fabricated state, the monotonic ten-23

sile behavior exhibits a height sensitivity within the T-orientation at both 20 and 650 ◦C. Along the24

L-orientation, the tensile behavior exhibits strength values comparable to the reference wrought material25

in the fully heat-treated state. After post-processing, the yield strength, ultimate strength, and elonga-26

tion at failure for the EBM Inconel 718 were observed to have beneficially increased compared to the27
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as-fabricated material. Further, as a result of post-processing the spatial variance of the ultimate yield1

strength and elongation at failure within the transverse direction decreased by 4 and 3x respectively.2

1 Introduction3

Inconel 718 is the most widely used nickel-base (Ni-base) superalloy by the aerospace community despite4

being first developed in the 1960s [1,2]. The usage of Inconel 718 can be directly attributed to the excellent5

mechanical properties and corrosion resistance at temperatures up to 650 ◦C [3,4]. The strength exhibited6

by Inconel 718 directly related to the precipitation and size of the strengthening γ”. However, due to the7

metastable nature of the primary strengthening phase (γ”) in the alloy and ability for undesirable phases8

to form, heat-treatment (HT) of Inconel 718 can be difficult [2, 5]. Further, heat-treatment of Inconel9

718 is generally optimized for the intended material/component environment or service conditions [2].10

Due to Inconel 718’s workhorse status, there exists much interest in fabricating high temperature11

service components through additive manufacturing (AM) processes due to the large degree of design12

flexibility offered by the technology. Inconel 718 has been processed by selective laser melting (SLM),13

electron beam melting (EBM), and laser engineering net shaping (LENS) [6–10]. However, due to14

AM being an emerging family of technologies, the degree to which AM processing conditions (high15

solidification rates, high thermal gradients) effect the materials is not widely understood. Further,16

relatively few studies have reported the effects of post-processing on AM fabricated Inconel 718 and the17

associated impacts on the microstructure and mechanical properties of the material [7, 8, 11, 12].18

In the present study, Inconel 718 is fabricated by EBM. Characterized is the microstructure and19

mechanical properties of the EBM Inconel 718 in the as-fabricated state and after undergoing a combined20

hot isostatic pressure (HIP) and solution and aging treatment. Ultimately, the intent of this study is21

to provide further insight into the behavior of AM processed high temperature alloys and the manners22

through which their properties can be enhanced.23

2 Experimental Procedure and Methods24

The feedstock material was plasma wire atomized Inconel 718 manufactured by Advanced Powders and25

Coatings (Quebec, Canada). The powder feedstock was comprised of particles with a size distribution26

of 40-120µm (-100+325 mesh). Further particles were highly spherical and contained minimal internal27

porosity as illustrated in Figure 1. The nominal chemical composition is given in Table 1.28
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Figure 1: SEM micrograph AP&C Inconel 718 powder used in this study.

An Arcam A2X EBM machine was used to additively build a series of prismatic blocks (100x100x201

mm) and cylinders (�15x100 mm)with a diameter of 15 mm and height of 100 mm as shown in Figure2

2. The start plate used was a 150x150x10 mm, 304L stainless steel start plate. The A2X was equipped3

with EBM Control V4.1 controls software. Within EBM Control, the prismatic geometries were loaded4

as a group rather than independent pieces while a raster scan pattern was used by the beam to melt.5

Within the Arcam software, beam velocity and current are a function of line scan length and speed6

function [13]. In the present work, a speed function of 63 was used. With the advance of each layer the7

control algorithm rotated the scan direction by 90◦. The build began once a preheat temperature of 9758

◦C was achieved. The electron gun accelerating voltage was set to 60 kV. For the build, a layer thickness9

of 75 µm was used.10

Table 1: Nominal chemical compositions of the Inconel 718 powder used in this work given as weight percent.

Cr Fe Nb Mo Ti Cu Al C Ni

18.5 18.5 5 3 1 0.15 0.5 0.05 Bal
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Figure 2: Computer generated representation of build fabricated in this work.

After completion of the build, half of the samples were given a two-step post-processing treatment1

comprised of hot isostatic pressing (HIP) and solution treatment and aging (STA). The material was2

HIP’d at a temperature of 1200 ◦C and 100 MPa for 240 minutes. The following STA was given to the3

EBM material: solutioning at 1066 ◦C for 80 minutes, followed by a double aging at 760 ◦C for 10 hours,4

and subsequent cool-down and aging at 650 ◦C for 10 hours. These STA conditions were chosen to be5

similar to those traditionally processed Inconel 718 are given [14].6

Illustrated in Figure 3 is the association of the terminology transverse orientation (T-orientation)7

and longitudinal orientation (L-orientation) in relation to the build direction. Specimens for monotonic8

tensile testing were machined from the prismatic blocks transverse to the build direction. From each9

block, five specimen blanks were removed with a center-to-center spacing of 15 mm. A single specimen10

was taken aligned longitudinal to the direction of the build from each of the cylinders. The specimens11

were machined into a cylindrical dogbone geometry with a gauge diameter of 5.6 mm and gage length of12

42 mm. Monotonic tensile experiments were conducted according to ASTM E8-13a for room temperature13

testing and ASTM E21-09 for testing at 650 ◦C [15, 16]. In all cases, the tensile experiments were done14

in open air conditions and at a strain rate of 0.005 1

min
. High temperature tensile experiments were15

conducted using a Mayes elevated temperature extensometer (Model: R3/8 Block 2) on a Instron load16

frame equipped with a 250 kN load cell. Room temperature testing was conducted using an Instron 558217

load frame equipped with a 100 kN load cell and a Instron model 2620 extensometer.18
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Figure 3: Schematic depicting the orientation relationship between the build direction and the longitudinal

and transverse material orientations.

Samples were sectioned using an Allied High Tech TECHCUT 5 and mounted in KonductoMet using1

a Buehler SimpliMet XPS1. The mounted samples were metallographically prepared using successively2

finer silica carbide grinding paper and given a final polish with 1 µm diamond on an Allied High Tech3

MetPrep 4. Chemical etching via submersion using a mixture of HCL, acetic acid, and HNO3 (1:1:1) was4

used to reveal the microstructure. Microscopy was conducted using a Leica DM4000M optical microscope5

and a Hitachi S4800 field emission scanning electron microscope. Electron back scatter detection (EBSD)6

was done using a JEOL 6500 field emission scanning electron microscope equipped with a EDAX Hikari7

EBSD camera.8

3 Results and Discussion9

3.1 As-built Microstructure10

Comprising the bulk microstructure of the as-fabricated Inconel 718 utilized in this study are columnar11

grains aligned parallel to the build direction as depicted in Figure 4. The epitaxial solidification is12

attributable to alignment of the thermal gradient with the build direction [17–19]. However, complicating13

the understanding of the as-fabricated material is the impact of the variation in time at temperature each14

material point within the build experiences in relation to the solid-solid state phase transformations that15

occur within the material. As a result, the process-structure relationships are sensitive and unique to the16

combination of build geometry/layout in addition to processing parameters [9,20]. A more detailed study17
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of the as-fabricated material is discussed elsewhere and summarized below for reference and comparison1

to the post-processed material [21].2

Figure 4: Grain orientation map depicting the columnar grains of EBM Inconel 718 in the as-fabricated

state.
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Figure 5: Spatial variation of the as-fabricated Inconel 718 EBM microstructure a) Dendritic structure near

the top of the build b) Diffuse dendritic microstructure occuring ≈ 2 mm from the build top c) Representative

bulk microstructure starting 5 mm from the top of the build.

As a function of build height, the phase distribution and precipitate sizes of the as-fabricated EBM1

Inconel 718 exhibits a spatial dependence as illustrated in Figures 5a-c. While the quantifiable mi-2

crostructure attributes are specific to this build, the general observations of the spatially dependent3

microstructure discussed here still hold for EBM Inconel 718 material fabricated in other builds. Across4

the last few layers, the dendritic structure is retained (Figure 5a), with the interdendritic regions con-5

taining Laves phase and niobium rich carbides (Figure 6) [21]. Further, γ” 80 nm in size are observed in6

the γ matrix in the final layers of the build. The presence of the γ” in the final layer the build can be7

attributed to precipitation of γ” on cool-down after completion of the build due to the temperature sen-8

sitive γ” precipitation kinetics requiring a minimum of 600 seconds for precipitation at 850◦C under the9

most optimal conditions [22–24]. Overall, the additional precipitate phases observed in the interdendritic10

regions can be considered consistent with the four step solidification sequence described by Knorovsky11

et al. [25] in their study of cast Inconel 718.12
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Figure 6: TEM micrograph of the matrix and interdenritic regions as viewed within the plane of the build

in the second to last layer [21].

With increasing distance away from the top of the build, the dendritic structure gradually homogenizes1

as evidenced by loss of the secondary dendrite arms as illustrated in Figure 5b. Homogenization of the2

microstructure can be attributed to the time spent by the material at temperature during the build3

process [26–28]. At locations once occupied by the interdendritic Laves phase, small needle δ are observed4

to have precipitated. This can be attributed to the concentration of niobium in the interdendritic regions5

with the dissolution of the metastable Laves phase. Further, as the metastable γ” decomposes with6

increasing thermal exposure, fine scale networks of spurious δ (≈ 100nm in size) precipitate throughout7

the matrix as illustrated in Figure 7a. Towards the bottom of the build, the γ” size is measured to8

be on average of 35 nm, however this is sensitive to the specific build conditions. Further, in the areas9

immediately surrounding the δ that has precipitated are regions of the matrix denude of γ”.10

Figure 7: Representative micrographs of Inconel 718 in the bulk material in the as-fabricated state magnifying

a) The spurious networks of δ precipitates crossing the grains depicted in Figure 5c b) The γ” precipitates

with denuded zones surrounding δ precipitates.
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Comparatively, microstructures reported for laser and EBM processed Inconel 718 have lacked the1

presence of the spurious δ networks (Figure 7a) observed here. Rather δ was reported to form as needles2

protruding from interdendritic and grain boundary regions [6,29,30]. Based on a combination of elemental3

heterogeneity and temperature, different morphological forms of δ are kinetically favored [3, 31, 32].4

Additionally, chemical banding of δ has been reported by Strondl et al. [30] and Sames [33], however,5

in the case of the present Inconel 718 material this was not observed. In the few cases where chemical6

banding has been reported, δ was in the form of long needles (≈ 25-50 µm) that span the width of7

grains [29, 33]. In the case of Inconel 718 processed through SLM, metastable products such as Laves8

phase and chemical segregation are observed.9

3.2 Post-processed Microstructure10

Inconel 718 is a precipitate strengthened Ni-base superalloy, whose mechanical properties are sensitive11

to phase fractions and precipitate sizes. As a result, heat-treatments are often highly specialized to12

account for both the process through which the Inconel 718 was manufactured and the intended operating13

conditions of the material [2, 34–36]. Further, optimizing the HT for a range of precipitate structures14

obtainable in Inconel 718 is difficult due to the rapid γ” coarsening rates and the low solvus temperature15

of Inconel 718 [2]. Concerning AM Inconel 718, relatively few studies have considered the effects of HT16

on the as-fabricated microstructures and corresponding mechanical behavior [7].17

Unlike previously reported occurrences of recrystallization in post-processing of EBM Inconel 718,18

the post-process treatment used here retained the columnar grains of the as-fabricated microstructure as19

shown in Figure 8 [37]. Interestingly, both the HIP and STA conditions used in this work are similar to20

the ones utilized by Unocic et al. [37], however, the initial microstructure in their work was comprised of21

large δ needles over 100µm in length. Traditionally, δ is considered to be a grain size controlling phase22

ASM Handbook [38]. However, carbides have also been reported to serve a similar roll as δ in Inconel23

718. Further, residual stress can also be considered a driver for recrystallization. However, neutron24

radiography has shown the residual stress in EBM Inconel 718 to be minimal compared to laser Inconel25

718 [39]. This can be largely attributed to the time Inconel 718 spends at temperature during the EBM26

build process.27
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Figure 8: SEM micrograph of the post-processed Inconel 718 microstructure a) Depicting the retention of

the columnar grain structure at 100X b) Uniformity of the γ matrix with a dismemberment of Niobium-rich

carbides at 1,000X c) γ” 90 mm away from the bottom of the build at 100,000X d) γ” 50 mm away from

the bottom of the build at 100,000X e) γ” 10 mm away from the bottom of the build at 100,000X.

The resultant post-processed EBM Inconel 718 microstructure is illustrated in Figure 8a-e. Through1

the combination of the HIP and STA, the spurious globular and needle like δ of the as-fabricated mi-2

crostructure was placed into solution as can be seen by comparing Figures 8b and 5c. As reported by3

Cai et al. [40], exposure of forged Inconel 718 to 1020 ◦C and 120 minutes is sufficient to bring about4

a 9% dissolution of δ by volume fraction. Based on the dissolution kinetics of δ, the thermal exposure5

during the HIP’ing step of the post-process route taken here can be assumed to have brought about the6

complete dissolution of the δ in the material. Additionally, the phase make-up within the γ matrix is7

uniformly representative spanning the 100 mm build height as illustrated by Figures 8c-e. While not8

observed here, Qi et al. [41] have reported the mass transformation of Laves into globular δ as a result9

of STA treatment.10

In their work Zhang et al. [8] solution annealed Inconel 718 fabricated with SLM at 1080 ◦C which11

resulted in the retention of the characteristic columnar grains, with the additional precipitation of acicular12

δ along the grain boundaries. However, in a similar approach, Chlebus et al. [7] reported solution13
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annealing of SLM fabricated Inconel 718 at temperatures above 1040 ◦C resulted in recrystalization of1

the material.2

3.3 Tensile Properties3

Presented in Figure 9a-d is the stress-strain behavior of the as-fabricated EBM Inconel 718 in the L and4

T-directions in relation to HT wrought Inconel 718 at 20 and 650 ◦C. Overall, the as-fabricated EBM5

Inconel 718 exhibits similar hardening behavior as the wrought material despite the presence of largely6

columnar grains. However, the transverse properties (Figure 9c-d) exhibit a sensitivity to build height at7

both 20 and 650 ◦C with the yield strength (σY S) and ultimate tensile strength (σUT ) exhibiting rages of8

≈ 50 MPa and ≈ 160 MPa respectively, with the elongation at failure (ǫf ) spanning 3-20%. In general,9

for the transverse tensile behavior of the as-fabricated Inconel 718 is strongest nearest the top of the10

build, with both the yield and ultimate tensile strength progressively declining with distance away from11

the top of the build. Within the L-orientation, the yield strength and ultimate tensile strength exhibit a12

strength variation of ±20MPa. The variability in ǫf in the T-orientation can be attributed to material13

defects such as entrapped porosity aligned along columnar grain boundaries. Strondl et al. [29] in their14

work on EBM Inconel 718 reported sensitivity of the tensile properties to build orientation, similarly15

entrapped stringer porosity aligned along the build direction was cited as the controlling factor.16
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Figure 9: Tensile behavior of as-fabricated EBM Inconel 718 within the build plane and as a function of

build height at a) L-orientation at room temperature b) L-orientation at 650 ◦C c) T-orientation at room

temperature d) T-orientation at 650 ◦C. Reference wrought Inconel 718 behavior from [37].

After Oblak et al. [42], the relationship between yield stress and γ” volume fraction in Inconel 718 is

given by the relation

∆τ =∝ f
1/2
v (1)

,where peak aged Inconel 718 is comprised of 15% γ” by volume fraction [5]. In the case of Inconel 7181

tested in the as-fabricated state, the size and volume fraction of γ” is spatially dependent and a function2

of prior thermal history due to the decomposition mechanism γ” → δ. Baring the presence of porosity,3

the transverse tensile behavior can be directly correlated to the characteristic combination of γ” and δ.4

Whereas the constitutive response is a composite measure of the under aged, peak aged, and over aged5

microstructures.6

Tabulated in Table 2 are the average tensile property values of Inconel 718 manufactured through7

various AM processes in the reported literature and standards. In conducting comparisons between8

mechanical properties reported for Inconel 718 produced via EBM and other AM methods, care must9
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be taken to understand the reported properties in the context of their respective microstructures. As1

has been extensively reported, the mechanical response of Inconel 718 is sensitive to both grain size,2

grain structure, phase morphology and phase make-up in the wrought form [43,44]. Further, even when3

processed with EBM, Inconel 718 can form different microstructures due to differences in build conditions4

as highlighted by those results reported in [29, 30,37]5

Table 2: Summary of reported tensile properties for Inconel 718 manufactured through additive manufac-

turing at room temperature in the as-fabricated state.

Orientation σy [MPa] σUT [MPa] ǫf [%]

EBM (Current Study) L 925±20 1138±24 15.7±4.3

EBM [29] L 822±25 1060±26 22

EBM [37] L 669 1207 21

SLA [6] L 830 1120 25

SLM [45] L 995±10 1143±5 23±3

SLM [7] L 572 ±44 904 ± 22 19±4

SLM [8] L 849 1126 22.8

SLM [12] L 737 ± 4 1010 ± 20.6 ±2.1

ASTM F42 As-built [46] L 600 920 27

EBM (Current Study) T 894±24 1061±83 11.5±6.9

EBM [29] T 744±44 929±25 5.5

SLM [7] T 643 ±63 991 ± 62 13±6

SLM [12] T 816 ±24 1085±11 19.1±0.7

ASTM F42 As-built [46] T 635 980 27

In reference to the tensile property minimums specified by ASTM F-3055 for as-fabricated Inconel6

718, the EBM material reported here meet the minimum requirements for yield and ultimate strength in7

both the L and T-orientations. However, the ductility fell short of the minimum specifications. However,8

it should be noted that all ductility values reported for AM Inconel 718 in the literature fail to meet the9

ductility criteria of ASTM F-3055 [6–8, 29, 37, 45]. Further, the microstructure of AM Inconel 718 can10

most closely be related to cast Inconel 718 where AMS 5383 requires a minimum ductility of 5%.11

Both Strondl et al. [29] and Unocic et al. [37] reported the as-fabricated tensile properties of EBM12

Inconel 718 having microstructures different than reported here. In both cases the yield strength was13

at least 10% below that measured in this study in the L-orientation. However, Unocic et al. the EBM14
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Inconel 718 which was comprised of large acicular δ needles exhibited a 5% higher ultimate strength.1

Both Amato et al. [6] and Wang et al. [45] have reported on the tensile behavior of Inconel 7182

fabricated through SLM. In their combined works, as-fabricated tensile results for material aligned with3

the build direction fell above and below those reported here. This occurrence can be attributed to the4

formation of the metastable Laves phase upon solidification which limits the room temperature ductility5

of wrought Inconel 718 [47]. In the case of EBM Inconel 718, Kirka et al. [21] reported Laves phase is6

only expected in the last few layers of the build; as a result the impact of the Laves phase upon the7

mechanical properties of EBM Inconel 718 can be considered inconsequential.8

Zhao et al. [48] have shown that utilizing plasma rotating electrode processed powder over gas at-9

omized (GA) powder results in an increase of the overall tensile properties for Inconel 718 in the HT10

condition while using identical laser processing conditions. The increase in the tensile behavior was at-11

tributed to a reduction in the transference of gas entrapped porosity from the GA powder to the SLM12

Inconel material [48]. Similarly in their work on EBM Inconel 718, Sames et al. [11] demonstrated that13

the resultant material was sensitive to the feedstock material. Further, Sames et al. [11] showed that the14

as-fabricated tensile properties are also sensitive to the rate of cool-down EBM Inconel 718 due to the15

associated influences on the precipitation, aging, and decomposition of γ”, γ′, and δ.16

Illustrated in Figure 10a-d is the representative stress-strain response of post-processed EBM Inconel17

718 in both the L and T-orientations in relation to reference wrought Inconel 718. Listed in Table 3 are the18

reported average properties within the literature for Inconel 718 processed through AM and traditional19

routes. Post-processing the EBM Inconel 718 material used in this study was observed to beneficially20

improve the tensile behavior of the material at both 20 and 650 ◦C and in the L and T-orientations over21

that of the corresponding as-fabricated material. Further, the T-orientation, post-processing reduced the22

variability of the ultimate strength and elongation at failure by 4x and 3x respectively in comparison to23

the as-fabricated material. While not typical of Inconel 718, the appearance of early strain softening at24

650◦C in EBM Inconel 718 is not unprecedented in Ni-base superalloys with a texture aligned along the25

[001] in the intermediate temperature range [49, 50].26
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Figure 10: Tensile behavior of post-processed EBM Inconel 718 within the build plane and as a function of

build height at a) L-orientation at room temperature b) L-orientation at 650 ◦C c) T-orientation at room

temperature d) T-orientation at 650 ◦C. Reference wrought Inconel 718 behavior from [37].
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Table 3: Summary of reported tensile properties for Inconel 718 manufactured through AM and traditional

means at room temperature after post-processing.

Orientation σy [MPa] σUT [MPa] ǫf [%]

EBM HIP STA (Current Study) L 1061±16 1266±44 21.1±1.1

EBM HT [29] L 1154±46 1238±25 7

EBM HIP STA [37] L 1034 1151 12.5

SLM STA [45] L 1131±30 1319 ±30 16±6

SLM HSA [8] L 1046 1371 12.3

SLM HT [7] L 1074 ±42 1320 ± 6 19±2

SLM HT1 [12] L 1136 ±16 1357±5 13.6±0.2

ASTM F3055 Post-processed [46] L 920 1240 12

EBM HIP STA (Current Study) T 1035±17 1240±19 21.8±2.4

EBM Heat-treated [29] T 1187±27 1232±16 1.5

SLM HT [7] T 1159 ±32 1377 ± 66 8±6

SLM HT [12] T 1227 ±1 1447±10 10.1±0.6

ASTM F3055 Post-processed [46] T 940 1240 12

AMS 5383 (Cast) – 758 802 5

AMS 5662 (Wrought) – 1034 1241 10

Comparing the post-processed tensile properties reported here to the minimums specified by ASTM1

F3055 for AM Inconel 718, the yield strength and elongation at failure are exceeded for every sample2

tested. However when accounting for material variance, the EBM Inconel 718 in this study falls below3

the ASTM requirement by 20MPa. In comparison to the AMS specification for cast Inconel 718, to which4

the EBM microstructure can most closely be associated, the EBM material exhibits superior properties.5

Similarly, the EBM Inconel 718 performs favorably compared to wrought Inconel 718.6

Only Strondl et al. [29] has reported on the orientation sensitivity of post-processed EBM Inconel 7187

to date. In their work Strondl et al. [29] found post-processing to be beneficial as in this study, however,8

their material exhibited inferior ductility to their as-fabricated material. This can largely be attributed9

to the presence of porosity aligned with the grain boundaries and the lack of a HIP treatment given to the10

material [29]. The behavior of HIP+STA EBM Inconel 718 reported by Unocic et al. [37] showed similar11

improvements in the strength values of EBM Inconel 718. However, Unocic et al. [37] reported the tested12

microstructure as having undergone significant grain growth and potentially impacting the ductility of13
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the material. In comparison to post-processed Inconel 718 manufactured through laser processes, EBM1

Inconel 718 exhibits superior ductility, with the yield strengths being largely similar, however, σUT is2

generally 10 % below that of laser processed Inconel 718. However, a direct comparison of the results3

reported within the literature is difficult due to each being fabricated under different conditions and4

being given unique post-processing steps.5

To adequately optimize the tensile behavior of EBM Inconel 718, investigative studies on the effect6

of post-processing parameters is required. For example, Rao et al. [51] in their investigation of post-7

processing parameters on the tensile properties of Inconel 718 powder compact was most sensitive to the8

supersolvus solutioning temperature. Utilizing solution temperatures in the range of 1000-1200 ◦C were9

observed to maximize the properties of the Inconel 718 powder compact. However, as has been shown10

through comparing reported Inconel 718 results from reported studies, the resultant microstructure and11

tensile behavior is highly sensitive to the conditions under which the material fabricated even when the12

same AM process is used [7, 8, 29, 30, 37, 45]. Further, distinguishing characteristics of AM fabricated13

Inconel 718 such as δ precipitate size and morphology and grain size are not direct predictors of the14

materials performance under tensile loading as can be reasoned from the property summaries in Tables15

2-3.16

4 Conclusions17

Investigated in this work is the effect of Inconel 718 microstructue on the tensile properties of material in18

the as-fabricated and post-processed states. While the results presented are in the context of a specific19

build, the general trends and observations can be considered to hold true for EBM Inconel 718 builds.20

The results presented here can be generalized as follows:21

• EBM Inconel 718 in the as-fabricated state exhibits a spatially dependent microstructure sensitive22

to the height of the build. The spatially dependent microstructure is due to temporal and thermal23

exposure of the Inconel 718 during the build process.24

• Post-processing of EBM Inconel 718 consisted of two steps: 1) HIP treatment to remove porosity25

2) Solution treating and precipitate aging. Post-processing of the EBM Inconel 718 homogenized26

the precipitate structure while retaining the columnar grain structure.27

• As-built EBM Inconel 718 exhibits a tensile property sensitivity to the build height in the T-28

orientation at both 20 and 650 ◦C. Within the L-orientation the material behaves in a uniform29

manner. Variations in ǫf observed in both the L and T-orientation are attributable to the presence30

of porosity in the material.31
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• Post-processing EBM Inconel 718 preferentially enhances the mechanical properties in both di-1

rections and at room temperature and 650 ◦C. Additionally, post-processing decreases the spatial2

variance of the ultimate yield strength and elongation at failure within the T-orientation by factors3

of 4 and 3 respectively.4
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