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A B S T R A C T

With the increasing adoption of laser powder bed fusion (LPBF) for fabricating Inconel 718 alloys, growing 
attention has been directed toward evaluating their operational performance, particularly in relation to me
chanical properties, fatigue behavior, and tribological characteristics. In the present study, dry linear recipro
cating sliding wear tests were conducted to compare the wear behavior of LPBF-processed Inconel 718 with that 
of conventionally processed (CP) Inconel 718. The experiments were performed under different test conditions 
using Al2O3 balls as the counter body. The results indicate that, for both CP and LPBF alloys, the wear rate 
increases with applied load. However, the wear rate does not necessarily increase with frequency, and no clear 
positive correlation was observed. Moreover, the LPBF Inconel 718 alloy exhibited a little higher wear rate than 
its CP counterpart, a difference primarily attributed to variations in internal microstructural characteristics.

1. Introduction

Inconel 718 is widely employed in aerospace, power generation, 
automotive, and other industries owing to its excellent high- 
temperature strength, corrosion resistance, and weldability [1–3]. 
Nevertheless, the complex fabrication process and high production cost 
of this nickel-based superalloy remain critical bottlenecks limiting its 
broader application [4]. For instance, turbine blades with intricate in
ternal cooling channels for jet engines are typically produced through 
precision casting. In this process, a wax model is first used to prepare a 
ceramic mold, into which a large volume of molten superalloy is 
vacuum-cast. The entire cycle is time-consuming, involving homogeni
zation treatments at temperatures near the alloy's melting point [5]. In 
addition, conventional manufacturing routes such as investment casting, 
forging, and machining are often accompanied by severe chemical 
segregation, low material utilization, and yields typically below 50 % 
[6].

As an advanced additive manufacturing technique, laser powder bed 
fusion (LPBF) enables the fabrication of complex geometries with near- 
net-shape precision, making it highly attractive for lightweight, high- 
performance components [7]. Previous studies have demonstrated that 
laser energy density strongly influences the microstructure, mechanical 
performance, and distortion behavior of LPBF-processed Inconel 718 [8,

9]. For example, within the range of 0.1–0.3 J/mm, an energy density of 
0.2 J/mm was reported to yield the lowest porosity and optimal me
chanical properties, including a yield strength of 775 MPa, tensile 
strength of 1055 MPa, and elongation of 29.5 %.

Hilaire et al. [10] further reported that variations in laser processing 
parameters affect defect morphology and melt-pool geometry even 
when relative density exceeds 99.5 %. Fracture surface analysis revealed 
inter-dendritic, intergranular, and inter-melt-pool modes, with 
inter-dendritic cracking attributed to localized stress and brittle Laves 
phase precipitation. Notably, internal gas porosity cannot be entirely 
eliminated through parameter optimization. Consistently, LPBF Inconel 
718 exhibits characteristic microstructural features such as interden
dritic phases and processing-induced defects, which serve as preferential 
crack initiation sites [11]. Although the presence of δ phase does not 
significantly alter axial fatigue behavior compared with wrought data, it 
reduces impact toughness due to crack propagation along δ-decorated 
grain boundaries [12]. Post-processing heat treatments have been 
shown to substantially enhance hardness, tensile strength, and fatigue 
limits by up to 46 %, 41 %, and 27 %, respectively [13].

A broad body of literature has explored the microstructure and me
chanical properties of Ni-based superalloys [14–29]. For example, Deng 
et al. [30] observed that as-built LPBF Inconel 718 develops a fine 
cellular-dendritic microstructure, with Laves phases precipitating in 
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interdendritic regions. EBSD analysis revealed relatively weak textures 
in both vertical and horizontal builds. Vertically built samples exhibited 
lower tensile strength but higher ductility compared with horizontally 
built counterparts, an effect linked to both crystallographic orientation 
and differences in residual stress and dislocation density. Heat treatment 
increased strength but reduced ductility, with the strength disparity 
between vertical and horizontal builds diminishing at elevated treat
ment temperatures due to stress relaxation and defect annihilation. In 
general, AM-induced defects such as porosity and high residual stresses 
compromise the mechanical integrity of LPBF Inconel 718, while opti
mized processing and heat treatment can effectively mitigate these 
shortcomings [31].

Tribological investigations further highlight the complexity of wear 
mechanisms in Inconel 718. For instance, studies of laser-cladded 
coatings reveal a transition from mixed slip to gross slip regimes with 
increasing temperature, where oxidation, abrasion, fatigue, and adhe
sion dominate the wear process [32]. Zahoor et al. [33] demonstrated 
that sliding contact with stainless steel promotes the formation of a 
tribological layer, with the prevailing wear mechanism dependent on 
the counterface material. The article indicates that at a testing frequency 
of 15 Hz, the lowest wear rate occurs at a normal load of 30 N, whereas 
the highest wear rates are observed at 10 N and 50 N. Nevertheless, the 
dependence of wear rate on load at other operating frequencies was not 
explored. Moreover, the engineering relevance of maintaining a con
stant operating frequency of 15 Hz appears to be limited in practical 
applications, which raises concerns regarding the generality of the 
conclusions.

To address this gap, the present study conducted dry sliding wear 
experiments to directly compare the tribological behavior of conven
tionally processed Inconel718 alloy and 718 samples fabricated by laser 
powder bed fusion (LPBF) without subsequent heat treatment. The ef
fects of normal load and sliding frequency on the wear rate, coefficient 
of friction (COF), and worn surface morphology were systematically 
investigated. The results aim to clarify the influence of load and fre
quency on wear behavior and to elucidate the roles of processing route 
and microstructural characteristics in governing the dry sliding wear 
resistance of Inconel 718 alloy.

2. Experimental procedures

Additively manufactured samples of Inconel 718 alloy were made 
using a LPBF machine (AM400, built by Renishaw, UK) Optimized pa
rameters were used during the LPBF process as follows: the laser power 
of 190 W, scanning speed of 600 mm/s, hatch space of 0.04 mm, layer 
thickness of 0.03 mm, layer incremental orientation angle of 67.5◦. The 
Inconel 718 alloy powder used in LPBF is gas-atomized with particle size 
distribution ranging from 10 to 48 μm as shown in Fig. 1(a) and its 
chemical composition is presented in Fig. 1(b).

These samples were produced using machine parameters normally 
for achieving nearly fully dense parts. (Hereinafter referred to as LP 
samples). The conventionally processed Inconel 718 alloy sheet was 

obtained from supplier (Shenzhen Qiyi Metal Materials Co., Ltd. China). 
PM-HIP 718 alloy further processed by hot rolling, conforming to ASTM 
B670 (Hereinafter referred to as CP samples).

All the samples were made or sectioned into 40 mm × 20 mm x 5 mm 
in size for the samples to be perfectly fit into the sample holder of the 
wear tester. All wear samples were ground by SiC grinding papers until 
grit-2400 to achieve an average surface roughness (Ra) of 0.05 μm 
measured using a Taylor Hobson Talysurf 2D-profilometer (see Fig. 2).

The metallographic etchant consisted of 5g CuCl2, 100 mL HCl, and 
100 mL C2H5OH. The etching time was 30 s. After etching, the samples 
were immediately rinsed with clean water, dehydrated with absolute 
ethanol, and then rapidly dried using cold air.

Hardness tests were conducted on these polished samples using a 
Leco LM-800AT microhardness tester using a load of 1 kgf. Hardness 
values were determined to be 270 ± 20Hv for CP samples, 290 ± 20Hv 
for LP samples, based on 10 measurements for each type of samples. A 
commercial Linear Reciprocating Tribometer (Ducom TR-282, USA) was 
used and ball on plate was selected to conduct the dry sliding wear tests. 
Coefficient of friction (COF) was automatically given by the device. 
Tests were conducted using a range of test conditions, as listed in 
Table 1. Duplicate tests were conducted for each condition. The counter 
ball material was Al2O3 and the ball diameter was 10 mm. A 40 mm ×
20 mm x 5 mm sample was used for multiple tests but each wear track 
was sufficiently spaced. After testing, wear volume was estimated. This 
was done by first determining 5 cross sectional profiles along each wear 
track using a stylus profilometer. The cross-sectional profiles were then 
converted to cross sectional areas using ImageJ software. The average 
value of these areas was then multiplied by the track length to yield the 
wear volume of the track. The conventionally used wear rate (Wr) is 
then taken as the wear volume divided by the sliding distance (480 m), 
and the ambient environment is room temperature. The wear rate was 

Fig. 1. (a) particle size distribution and (b) chemical composition of the 718 powders.

Fig. 2. LPBF sample shape and building direction.
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calculated using the equation as follows: 

Wr = ΔS*M/L                                                                               (1)

where Wr is the wear rate (mm 3/m), ΔS is the average value of these 
areas of the tracks (mm2), M is the sliding stroke(10 mm). L is the sliding 
distance (480 m).

After testing and measuring, wear tracks were examined using a 

Table 1 
Sliding wear conditions.

Loads (F N) 10 N 15 N 20 N

Frequency (f) 2 Hz 5 Hz 8 Hz
Sliding stroke 10 mm ​ ​
Sliding distance (cycle) 480 m (thus 24,000 cycles)

Fig. 3. Wr values vs. load at different frequence of 2Hz(a), 5Hz(b), 8Hz(c).
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Hitachi SU-70 field emission scanning electron microscope (FE-SEM) 
with X-ray energy dispersive spectroscopy (EDS).

3. Results

3.1. Tribological properties

Under constant frequencies of 2 Hz, 5 Hz and 8 Hz, the wear rates of 
both LP materials and CP materials increased with the increase in load, 
exhibiting typical load-sensitive wear behavior. As the load increased 
from 10 N to 20 N, the wear rates of both materials significantly rose, 
indicating that a higher normal load would result in greater contact 
stress and a more intense wear reaction, as shown in Fig. 3.

It is worth noting that under the same load conditions, the wear rate 
of LP material is a little higher than that of CP material, and the dif
ference becomes more significant in the high load range. As shown in 
Fig. 3 (c), Especially at 20 N conditions, the wear rate of LP is close to 
0.0092 mm3/m, which is much higher than that of CP at around 0.0069 
mm3/m. Although these average wear rates vary with different loads, 
the error range under different conditions significantly overlap, indi
cating that these differences are not statistically significant. This sug
gests that under the current testing conditions, the load itself does not 
dominate the wear behavior. From a mechanistic perspective, the in
crease in contact temperature under higher loads may promote surface 
oxidation, while the enhanced debris generation can change the contact 
state through the third-body effect. The competition among these 
mechanisms may result in comparable wear rates and overlapping error 
ranges under different loads.

Fig. 4(a) shows that the wear rate keeps increasing as the load in
creases, Fig. 4(b) is observed the lack of a clear correlation between wear 
rate and frequency, it attributed to several interacting mechanisms. At 
higher frequencies, the contact temperature at the sliding interface tends 
to increase, which can promote the formation of a thin oxide layer that 
temporarily protects the surface and reduces direct metal-to-metal 
contact. Additionally, wear debris generated during sliding can accu
mulate in the contact zone, forming a third-body layer that alters the 
effective contact conditions and further instigates wear. These 
competing effects—temperature-induced oxidation and debris-medi
ated—can lead to a non-monotonic relationship between frequency and 
wear rate, explaining the absence of a simple linear trend in our results. 
Similar phenomena have been observed in previous studies on 
Ti–6Al–4V alloy [34] (see Fig. 5).

To further understand the influence of frequency on tribological 
behavior, the coefficient of friction (COF) evolution of LP and CP 

materials was compared under a constant load of 15 N at frequencies of 
2 Hz, 5 Hz, and 8 Hz.

At the lowest frequency of 2 Hz, the LP material rapidly reached a 
stable COF (0.72) with minimal fluctuation, whereas the CP material 
started with a low COF and exhibited a sharp increase at around 200 s, 
eventually stabilizing near 0.78.

When the frequency increased to 5 Hz, both materials showed faster 
stabilization. The LP material maintained a high COF (0.85), while the 
CP material reached a relatively lower COF (0.75) with improved sta
bility compared to the 2 Hz condition. This indicates that moderate 
frequency enhances tribo-film formation and improves frictional con
sistency, especially for CP sample.

At the highest frequency of 8 Hz, both materials exhibited further 
increased COF (0.96 for LP and 0.79 for CP). The high frequency likely 
introduced more energy input at the interface, promoting thermal ef
fects and debris accumulation, which led to higher frictional resistance.

COF of LP sample remained higher across all frequencies, possibly 
due to microstructural inhomogeneity, weak oxide layer formation, or 
unstable tribo-layer characteristics. Increasing frequency leads to faster 
friction stabilization and higher steady-state COFs for both materials, 
while LP sample consistently shows higher COF, implying greater 
interfacial resistance and potential for increased wear under a higher 
load. COFs after 300 s are not shown in the figures, which is due to the 
residual wear debris in the subsequent friction process, oxidation and 
other factors that affect COF.

As shown in Fig. 6, there are significant differences in the widths of 
the track of CP and LP samples under different loads and frequencies.

As shown in Fig. 6(a) and (b), the track width increases with 
increasing applied load for both conditions, which is consistent with the 
classical understanding that higher contact forces promote more severe 
material removal. However, distinct differences can be observed be
tween CP and LP samples. At lower load (10 N), the CP specimens 
exhibit narrower wear tracks, particularly at 5 Hz, suggesting superior 
resistance to wear compared with LP. At intermediate load (15 N), the 
frequency effect becomes more pronounced, with 8 Hz producing 
significantly wider tracks under both conditions, whereas CP samples 
still maintain relatively smaller widths at 2 Hz and 5 Hz. At higher load 
(20 N), the difference between CP and LP diminishes, and the wear track 
widths converge, indicating that the beneficial effect of CP samples 
weakens under heavy loading. Overall, the results demonstrate that CP 
samples are more effective in mitigating wear at low to intermediate 
loads, whereas the advantage disappears when the load is sufficiently 
high.

Moreover, wear sensitivity to frequency is observed under both 

Fig. 4. Wr value without error bars vs. test load (a) and test frequency (b).
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conditions, with higher frequency (8 Hz) consistently associated with 
larger wear track widths, which can be seen from Fig. 6(c) and (d), the 
increased error bars at 8 Hz, particularly under 20 N, suggest higher 
variability in wear response, possibly due to localized temperature ef
fects or unstable contact conditions. the results indicate that both load 
and frequency interactively influence the wear performance, with fre
quency having a nonlinear impact at higher loads.

3.2. Worn surface morphology

Fig. 7 presents the SEM images (200 × ) of worn surfaces for CP and 
LP materials, respectively, under identical wear conditions. In Fig. 7(a)– 
(c) (e), the CP sample exhibits well-aligned grooves parallel to the wear 
direction, indicating dominant shear-induced plastic deformation dur
ing sliding. The surface appears relatively smooth, with signs of material 
tearing or delamination, suggesting a stable abrasive wear mechanism.

In contrast, the LP sample Fig. 7(b)–(d) (f) show significantly rougher 
surface, with diminished directional wear features and the presence of 
irregular particles, debris accumulation, and surface protrusions. This 
morphology implies a more complex wear process involving not only 
plastic flow but also localized brittle fracture and potential thermal ef
fects. Some regions exhibit melted-and-re-solidified textures, likely 
attributed to microstructural changes induced by laser powder bed 
fusion processing, which may have altered the wear resistance and 
response of the surface layer.

LP material, revealing severe surface fragmentation and large-scale 
debris. The appearance of plate-like debris and re-solidified remnants 

suggests that under extended or high-load conditions, the LP surface 
layer may undergo crack initiation and propagation due to brittleness or 
residual thermal stresses, leading to a wear mechanism dominated by 
spalling and material removal.

CP material tends to experience stable, plasticity-controlled wear, 
while LP material exhibits a more aggressive wear behavior involving a 
combination of plastic flow, cracking, and thermal-induced fragmenta
tion, resulting in more severe surface degradation.

The images from the high magnification SEM clearly show the 
obvious damage features on the surface, which highlight different wear 
mechanisms. In Fig. 8(a) and(b), a significant pit appears on the surface. 
Under the action of external load, due to the interatomic bonding, local 
connection points will form at the contact points of the micro- 
convexities on the surface. With the continuous relative motion, these 
connection points will bear shear stress, which may exceed the cohesive 
strength of the material. Therefore, the material on one surface may 
transfer to another surface or be completely stripped by the abrasive 
material, forming a typical adhesive wear mechanism (see Fig. 9).

As for Fig. 8(a), next to the pit, there are multiple micro-cracks 
extending in different directions. These cracks indicate fatigue damage 
caused by stress, which may be exacerbated by repeated mechanical 
loading or thermal cycling, thereby accelerating the generation and 
expansion of cracks starting from the edge of the pit. Morphology in
dicates that the main wear mechanism is driven by mechanical stress 
and material layering.

In contrast, in Fig. 8(b), a clear pit is also shown, but no cracks are 
present. Instead, many small holes can be observed on the entire surface, 

Fig. 5. COF values vs. the time in the first 300 s at 15 N load for different frequence: (a) 2Hz, (b) 5Hz, (c) 8Hz and (d)COF after stabilization.
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especially near the pit area. These pores may be due to the retention of 
gas during the processing of the LP sample or the uneven microstructure. 
During the LPBF processing, because of the high energy density heating 
and sudden cooling, the material contracts and thus forms voids. Unlike 
the image in Fig. 8(a), the formation of cracks is more widespread in the 
first image, while the damage here seems to be related to material pores. 
The presence of pores may weaken the integrity of the structure, 
accelerate the wear of the material [10], and exhibit a higher wear rate, 
in addition to presenting the typical adhesive wear, and showing the 
defects of the structure itself.

Although both images show adhesive wear, the main degradation 
patterns are different: the first mode is characterized by crack-assisted 
mechanical wear, while the second mode is possibly related to pores. 
This contrast highlights the importance of underlying microscopic 
structural features that play a key role in the evolution of material wear, 
such as residual stress, pore size and distribution, etc.

3.3. Mechanism and discussion

During the wear process, both the surface layer and sub-surface layer 
undergo plastic deformation. Under repeated cyclic loading, strain ac
cumulates on the surface and sub-surface of the specimen, leading to the 
formation of furrows as the primary manifestation of wear. Under the 
influence of cyclic loading induced by the applied load, cracks initiate 

and propagate within the wear layer, ultimately resulting in the 
detachment of wear debris. The mechanical properties of the material, 
including hardness, toughness, and work hardening behavior, signifi
cantly influence the extent of abrasive wear [35–37].

When the specimen undergoes abrasive wear, abrasive particles are 
pressed into the wear surface under compressive stress and displaced 
forward under shear stress, thereby forming furrows. Simultaneously, 
cutting action generates wear debris that separates from the surface. If 
the wear layer exhibits good plasticity, abrasive particles create furrows 
by displacing the worn material to the sides and front of the groove. The 
material on the furrow edges experiences severe plastic deformation, 
leading to delamination. A portion of the wear debris detaches from the 
surface, while another accumulates on the sides and front of the furrow 
due to the intense plastic deformation, contributing to the generation of 
wear debris. Certain microscopic asperities come into real contact, 
resulting in localized bonding between the two surfaces. During relative 
motion, these cold-welded regions are sheared apart, and during this 
tearing process, material may transfer from one surface to the other or 
be directly removed, leading to adhesive wear as seen in Fig. 8.

Both CP and LP materials exhibit minor oxidation as evidenced by 
EDS analysis, possibly formed by oxidation due to localized flash tem
peratures during friction [38]. The porous surface of LP sample increases 
the chance of contact with oxygen, thereby leading to more oxidation, as 
shows in Tables 2 and 3.

Fig. 6. Average measured width and standard deviation values plotted as a function of (a,b) test load and (c,d) test frequency.
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In the case of the CP sample, fatigue wear cracks form on both the 
surface and sub-surface under cyclic loading, as illustrated in Fig. 8(a). 
Fatigue crack initiation is typically preceded by a latent period. In the 
early stages of wear, the surface undergoes work hardening due to 
plastic deformation without the formation of micro-cracks, and the sub- 
surface remains largely unaffected. With continued cyclic loading, 
cracks begin to nucleate and propagate under the influence of the fric
tion pair. If the applied load exceeds the material's fatigue limit, fatigue 
spalling may occur; however, this phenomenon was not observed in the 
current experiment, likely due to the limited duration of the friction 
process.

For LP materials, a greater amount of wear debris is generated during 
the friction process, indicating a higher prevalence of both abrasion and 
adhesion wear mechanisms. The presence of crystalline defects along 
the build direction, as observed in SEM images Fig. 8(b), contributes to 
an increased wear rate. Higher hardness and thus higher strength of the 

alloy has resulted in a litter deformation zone, and lower ductility of the 
LP 718 alloy allows has a higher amount of fracture and wear loss as well 
[34].

Existing literatures indicate that after hot rolling, the surface and 
central regions of the 718 alloy exhibit differences in microstructure and 
mechanical properties [39,40] (see Fig. 10). The surface, subjected to 
higher deformation and faster cooling, tends to have finer grains, 
whereas the center, experiencing relatively lower deformation and 
slower cooling, develops slightly coarser grains. Some literatures have 
studied the crystal size and structural orientation of the heat rolling 
processed 718 alloy [41,42], the microstructure of the alloy is domi
nated by equiaxed grains [43], it should be noted that in this paper, the 
sliding direction of dry friction is consistent with the hot rolling direc
tion as showed in Fig. 11(a). To make the expression more vivid, the 
grain size of the surface and the center parts of the material of CP 718 
have been marked, in fact, this distinction does not exist because the 

Fig. 7. Comparison of SEM images of CP and LP materials at 5Hz under different Loads (a) and (b)10 N; (c) and (d)15 N; (e) and (f)20 N.

Z. Hu and Z.W. Chen                                                                                                                                                                                                                          Journal of Materials Research and Technology 41 (2026) 2523–2533 

2529 



surface of the material has been removed. Fig. 11(b) indicates that the 
sliding direction is perpendicular to the build direction of the LP 
material.

However, in LP 718 specimens, it is possible to observe the typical 
columnar grains along the build direction (Z) with rod elongated shaped 
grains, in XZ and YZ planes, it is possible to observe equiaxed grains [8], 
these chips form flocculent structures under the cyclic loads, which 

might be related to the detachment of columnar crystals.
The wear rate of LP sample is highest when the wear direction is 

perpendicular to the build direction, as illustrated in Table 4, Anan
dakrishnan V [44] pointed out that the load is the major factor, which 
predominantly influenced the wear rate, followed by the sliding speed 
and the built direction. Different build directions will lead to differences 
in mechanical properties, orientation dependence of mechanical 

Fig. 8. High magnification SEM images of CP (a) and LP(b)samples at 5HZ under15 N.

Fig. 9. SEM images of the CP sample worn surface with EDS map at 15 N and 5HZ.

Table 2 
Weight % in different area of CP sample.

O Al Si Ti Cr Mn Fe Co Ni Nb Mo

1 13.03 3.64 0.12 0.71 15.76 0.08 16.31 0.05 43.21 4.73 2.35
2 0.00 0.71 0.13 0.84 18.77 0.00 19.59 0.03 51.91 5.30 2.71
3 28.78 2.35 0.07 0.57 11.42 0.07 19.92 0.01 32.15 3.42 0.86

Table 3 
Weight % in different area of LP sample.

O Al Si Ti Cr Mn Fe Co Ni Nb Mo

1 26.60 2.40 0.10 0.76 12.68 0.16 13.52 0.14 37.07 4.43 2.14
2 0.00 0.57 0.11 0.99 18.02 0.00 18.73 0.04 52.74 5.98 2.81
3 32.11 2.41 0.07 0.55 12.08 0.11 12.32 0.00 34.52 3.87 1.96
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properties of the as-manufactured LP 718 are mainly attributed to the 
different amount of residual stress and dislocations accumulated in the 
cellular-dendrite [16], as showed in Table 5.

However, study on the Wear of LPBF processed 316 Stainless Steel 
shows that COF and wear rate seems not to be influenced much by build 
direction [45], which shows uncertainty of build direction on wear loss. 
Since investigating the effects of build direction on the wear rate of LP 
material is out of the scope of the present study, future work on 
exploring the exact effects on LP 718 alloy of tailoring texture is needed. 
After hot rolling, there will be no obvious columnar crystals in CP ma
terial, since the columnar crystals in the as-cast state will be broken and 
transformed into recrystallized equiaxed crystals as we have mentioned 
above, however, the LP material that has not undergone any heat 
treatment is more prone to detachment under the action of frictional 
shear force due to defects and dislocations on the columnar crystals or 
dendritic crystals.

To better reveal the internal microstructural features of the material, 
the samples were subjected to etching. After metallographic etching, the 
microstructures were examined using a scanning electron microscope at 
a magnification of 3000 × , as showed in Fig. 12.

The LP 718 alloy exhibits pronounced preferentially etched bands 
with a strong directional feature, indicating a higher degree of micro
structural heterogeneity. In contrast, the CP 718 alloy shows a more 
homogeneous etching response, suggesting a finer and more uniform 
microstructure.

Although fabricating Inconel 718 alloys by LPBF with exceptional 
wear resistance directly presents considerable challenges, it remains a 
promising and exciting area of ongoing research.

Fig. 10. SEM images of the LP sample worn surface with EDS map at 15 N and 5HZ.

Fig. 11. schematic diagram showing the difference in wear rate in CP(a) and LP(b) materials.

Table 4 
Build direction effect vs. wear rate of LP sample from literature [44].

S. 
No.

Load 
(N)

Build 
orientation 
(Deg)

Sliding 
velocity(m/s)

Wear rate 
(mm3/m)

S/N 
ratio

1 10 0 1 0.0003963 68.0393
2 10 45 2 0.0003249 69.7662
3 10 90 3 0.0009942 60.0507
4 20 0 2 0.0008913 60.9999
5 20 45 3 0.0010967 59.1979
6 20 90 1 0.0009944 60.0486
7 30 0 3 0.0019456 54.2188
8 30 45 1 0.0012667 57.9462
9 30 90 2 0.0018022 54.8840

Table 5 
Built direction vs. mechanical properties of LPBF 718 from literature [16].

Build direction Yield strength 
(MP)

Ultimate tensile strength 
(MP)

elongation 
(%)

Horizontally 
built

790 1080 31

Vertically built 610 990 36
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4. Conclusions

In this study, dry sliding wear tests were conducted on CP 718 and LP 
718 alloy with Al2O3 counter balls at 2Hz, 5Hz and 8 Hz under 10 N,15 N 
and 20 N loads. The conclusions can be drawn as follows. 

(1) Under identical working conditions, the wear rate of the LP ma
terial is a little higher than that of the CP material. After the 
friction process stabilizes, the coefficient of friction (COF) of the 
LP material also remains higher than that of the CP material 
during the initial 300 s.

(2) Both the CP and LP materials showed a clear increase in wear rate 
with increasing load, while no consistent trend was observed with 
respect to the experimental frequency. This can be explained by 
the competing contributions of multiple wear mechanisms oper
ating under different frequency conditions.

(3) Microstructural analysis indicated that abrasive and adhesive 
wear, accompanied by slight oxidation, were the primary mech
anisms on the worn surfaces of both CP and LP materials, the 
dominant causes of friction failure may vary, but the mechanisms 
are similar.

(4) The CP material exhibited limited delamination and good plas
ticity. The thickness of the plastically deformed layer decreased 
gradually with increasing load, while the debris quantity 
remained relatively low. By contrast, under higher loads, the LP 
material showed minimal delamination but a larger accumula
tion of debris. Brittle detachment of cellular-dendritic or 
columnar crystals led to flocculent structures, suggesting that 
oxidation and adhesive wear dominated the wear behavior of LP 
materials.
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