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This study investigates the effect of ultrasonic impact treatment (UIT) on the surface 

structure, microhardness, and tribological behavior of L-605 superalloy. The surface of the 

samples was impacted by a high-frequency (20 kHz) spherical tungsten carbide tool for 

one, two, three, and five passes, using a feed rate of 0.08 mm/min, vibration amplitude of 

28 %, and static pressure of 0.1 MPa. Results showed that UIT significantly deformed the 

surface microstructure and enhanced surface microhardness, primarily due to work 

hardening, strain-induced martensitic transformation, and ultrafine grain formation. A 

single UIT pass notably improved wear resistance and reduced the friction coefficient. 

Compared to the annealed alloy, the one-pass UITed samples showed wear rate reductions 

of 74%, 70%, 68%, and 64% under loads of 5, 10, 25, and 75 N, respectively. The average 

friction coefficient also dropped by up to 80% at 10 N and 74% at 75 N. Additional UIT 

passes resulted in marginal microhardness improvement, likely due to strain hardening 

saturation in the surface layers. 
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1. Introduction 

L-605, a heat-resistant Co-based superalloy, exhibits 

excellent mechanical properties, outstanding corrosion 

resistance, and good biocompatibility. These attributes 

make it a widely used material in military applications, 

gas turbines, surgical implants, and heart stents [1, 2]. 

However, its practical use is often challenged by surface-
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related issues such as wear, corrosion and fatigue, which 

can lead to premature component failure and significant 

human and financial losses. These degradation 

phenomena typically originate at the surface and are 

strongly influenced by the material's surface properties. 

To address these challenges, various surface 

modification techniques, such as chemical and 
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electrochemical treatments, ion implantation, and laser 

processing, have been developed to enhance surface 

performance [3, 4].  

L-605 is known for undergoing strain-induced phase 

transformation and can be strengthened through cold 

working [5]. As such, surface severe plastic deformation 

(S2PD) processes are promising approaches for 

improving the surface mechanical properties of this 

alloy. Numerous studies have explored the effect of 

S2PD methods on the surface characteristics of Co-based 

alloys; including peening-based techniques [6] and 

various types of burnishing processes [7]. Another 

emerging group of S2PD techniques involves the use of 

ultrasound waves, such as ultrasonic peening treatment 

(UPT), ultrasonic shot peening (USP) and ultrasonic 

impact treatment (UIT) [8-10]. These methods have 

recently attracted growing attention from researchers.  

Among them, UIT stands out as a simple, safe, and 

efficient process. In UIT, a transducer converts electrical 

energy into high-frequency mechanical vibrations, 

which induce severe plastic deformation in the surface 

layers of the material. This localized deformation 

modifies the surface microstructure and enhances 

mechanical properties [5, 11]. The positive impacts of 

UIT on the surface microstructure and properties of 

alloys have been widely reported. For instance, Ansarian 

et al. [12], found that UIT increased surface hardness, 

promoted compressive residual stress, and enhanced the 

tribological behavior of laser powder bed fused (L-

PBFed) commercially pure titanium (CP-Ti). Similarly, 

Karimi et al. [13] reported improved wear and friction 

performance in 1.7225 steel treated with UIT. The 

technique has also shown promising results in enhancing 

the tribological behavior of additively-manufactured 

CoCrMo alloys [14]. Lesyk et al. [15] compared several 

S2PD processes, including shot peening, barrel finishing, 

USP, and UIT, on L-PBFed Inconel 718, and found that 

UIT resulted in the most significant increase in surface 

hardness, up to 50%. Pennin et al. [16] highlighted UIT’s 

grain-refining effect on the surface microstructure of 

CP-Ti. Wang et al. [17] demonstrated enhanced in Ti-

6Al-4V alloy produced by laser metal deposition after 

layer-by-layer UIT. Their study reported that the yield 

strength and ultimate tensile strength were improved by 

about 41% and 37 %, respectively, along with a 

transition from ductile to brittle fracture behavior. This 

was attributed to curved grain boundaries (nanostructure 

formation, and Hall-petch strengthening mechanisms. 

Amanov et al. investigated the ultrasonic nanocrystal 

surface modification (UNSM) process on the 316L 

stainless steel observing a reduction in wear rate from 

4.2×10-4 to 3.3×10-4 mm3/Nm due to a shift from 

adhesive to abrasive wear mechanisms [18]. In another 

study, UNSM was shown to enhance the wear resistance 

of an additively manufactured CoCrMo alloy tested 

against AISI 5100 bearing steel balls, with the wear rate 

decreasing from 5.47×10-12 to 1.24×10-12 mm3/Nm 

following ultrasonic treatment [19]. 

Despite the proven effectiveness of UIT in 

modifying surface microstructure and enhancing the 

mechanical properties of various engineering alloys, a 

review of the literature reveals that limited attention has 

been given to its effect on the tribological performance 

of the L-605 superalloy. Therefore, the present study 

aims to investigate the influence of UIT pass number on 

the tribological properties of the L-605 superalloy.  

 

2. Experimental Procedure 

L-605 alloy sheets were fabricated by first melting the 

primary ingots in a vacuum induction melting (VIM) 

furnace, followed by electro-slag remelting (ESR). The 

remelted ingots were then hot rolled and subjected to 

solution annealing at 1180 °C, for two hours, followed 

by water quenching. The chemical composition of the 

alloy sheets, determined via atomic emission 

spectrometry, is presented in Table 1. 

 

Table 1. Chemical composition of L605 alloy (wt.%) 
Co Cr W Ni Fe 

Base 19.46 14.1 10.14 3.67 
Mn Si C P S 
1.07 0.18 0.06 0.008 0.001 

 

Primary samples, approximately 30 mm in length, 30 

mm in width, and 7 mm in thickness were prepared by 

wire electrical discharge machining. Prior to UIT, the 

samples were annealed at 1200 °C for 0.5 hours in a 



Tribology Characteristics of Ultrasonic Impact Treated Co-Based L-605 Superalloy                                                                39 
 

IJMF, Iranian Journal of Materials Forming, Volume 12, Number 1                     January 2025 

vacuum furnace and subsequently quenched to room 

temperature using argon gas. The annealed samples were 

then manually polished with 1200-grit SiC abrasive 

paper to ensure a consistent surface finish. UIT was 

performed using an MPA-3kW ultrasonic generator. The 

experimental setup for the UIT process is illustrated in 

Fig. 1(a-b). The main components of the UIT system 

included a piezoelectric transducer, a booster (used to 

amplify ultrasonic vibrations), an ultrasonic generator, 

and a horn (for transmitting the intensified vibrations to 

the tool). A spherically tipped tungsten carbide–cobalt 

(WC–Co) tool with a diameter of 10 mm was mounted 

at the end of the horn. An air compressor provided the 

necessary static load during the UIT process. 

High-frequency ultrasonic vibration (20 kHz) was 

applied under a fixed static pressure of approximately 

0.1 MPa, resulting in significant surface deformation of 

the samples, as illustrated in Fig. 1(c). The UIT process 

was carried out at room temperature with a spindle speed 

of 45 rpm, a feed rate of 0.08 mm.rev−1, and tool 

vibration amplitudes of 10 %, 28 %, and 50 %. 

Treatments were performed with one, two, three, and 

five passes. Based on preliminary testing, a vibration 

amplitude of 28 % was identified as optimal and was 

used for the subsequent experiments. Additional details 

regarding the UIT process can be found in [20]. 

Standard metallographic procedures were followed 

for surface preparation of experimental samples. The 

prepared surfaces were chemically etched for 40 seconds 

using a solution consisting of 20 mL HCL-1 mL H2O2. 

Microstructure analysis was conducted using an Examet 

Union 81892 OSK optical microscope (OM). To further 

examine the morphology and chemical composition of 

worn surfaces, a MIRA3 TESCAN scanning electron 

microscope (SEM) equipped with an energy-dispersive 

spectroscopy (EDS) detector was employed. High-

resolution transmission electron microscopy (HRTEM) 

was also performed using an TECNAI F20 microscope 

equipped with a field emission gun operating at 200 kV. 

Microhardness measurements were conducted using 

a SHAAB Model MS microhardness tester, following 

ASTM E384 standards. An applied load of 100 g and a 

dwell time of 10 seconds were used for all 

measurements. Nanoindentation tests were performed 

using Hysitron TriboScope® Nanomechanical 

instrument with a calibrated Berkovich diamond 

indenter. The tests were conducted under a peak load of 

7,000 μN and a dwell time of 10 seconds, following 

calibration procedures outlined in the instrument’s user 

manual. X-ray diffraction (XRD) analysis was 

performed using a copper cathode lamp with Kα1 

radiation (wavelength = 1.54060 Å). The scanning range 

was set to 2 = 0.02, with a scan time of 0.8 seconds per 

step. Room temperature sliding wear tests were 

conducted using a TR-20 DUCOM tribometer in a pin-

on-disk configuration. Tests were performed over a 

sliding distance of 1000 m at a constant sliding speed of 

0.2 m/s under applied normal loads of 5, 10, 25, and 75 

N. Cubic flat-end pins with dimensions of 655 mm 

were utilized against an alumina disk. Prior to each test, 

the samples were ultrasonically cleaned in acetone.

 

 
Fig. 1. (a) Schematic diagram of the UIT configuration setup, (b) experimental apparatus used for performing UIT, and (c) 

schematic close-up view of the tool tip illustrating its interaction with the sample surface during the treatment process.
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The wear rate was calculated as the mass of material 

removed divided by the total sliding distance, while 

the specific wear rate was defined as the wear mass loss 

per unit distance per unit load. 

 

3. Results and Discussion 

3.1. Effect of the UIT on the surface microstructure of 

L-605 alloy 

The optical micrograph of the annealed L-605 alloy is 

shown in Fig. 2(a), revealing a typical equiaxed grain 

structure. The corresponding X-ray diffraction (XRD) 

pattern of the annealed sample is presented in Fig. 2(b). 

Several distinct peaks appear at diffraction angles of 

approximately 44, 51, 75, and 91, corresponding to 

the (111), (200), (220), and (311) crystallographic 

planes, respectively. These peaks are indicative of a 

face-centered cubic (FCC) crystal structure and are 

consistent with standard diffraction data for L-605 alloy 

reported in the literature [21]. 

The initial microstructure of the L-605 alloy consists 

of austenite matrix with a FCC crystal structure, 

featuring annealing twins (indicated by arrows in Fig. 

2(a)). Image analysis revealed that the average grain size 

of the annealed sample is approximately 150±52 μm. It 

is noteworthy that while the L-605 alloy possesses an 

FCC crystal structure at high temperatures and a 

hexagonal close-packed (HCP) at low temperatures, the 

FCC to HCP transformation during cooling is kinetically 

sluggish. As a result, the FCC phase remains quasi-stable 

in the alloy’s microstructure after cooling.  

Fig. 3(a-c) shows the cross-sectional microstructures 

of samples subjected to one, three and five passes of 

UIT, respectively.

 

 
Fig. 2. (a) Optical micrograph showing the microstructure of the L-605 alloy in the annealed condition, and (b) corresponding X-

ray diffraction (XRD) pattern confirming the FCC crystal structure. 
 

 
Fig. 3. (a–c) Optical micrographs of L-605 alloy after one, three, and five passes of UIT, respectively, (d, e) higher magnification 
FESEM images of the one-pass UITed sample showing the microstructures of zone 1 (severely plastically deformed, SPD layer) 

and zone 2 (plastically deformed, PD layer), respectively. Zone 3 corresponds to the undeformed base metal.



Tribology Characteristics of Ultrasonic Impact Treated Co-Based L-605 Superalloy                                                                41 
 

IJMF, Iranian Journal of Materials Forming, Volume 12, Number 1                     January 2025 

In all treated samples, two distinct regions are visible 

in the surface and near surface zones, and the thickness 

of these regions with the number of UIT passes. The 

microstructure of the one-pass UITed sample (Fig. 3(a)) 

exhibits a surface layer of severe plastic deformation 

(SPD) approximately 80 μm thick, followed by a 

plastically-deformed (PD) layer extending to a depth of 

about 180 μm. Increasing the UIT passes to three 

(Fig. 3(b)) results in a thicker SPD layer (120 μm) and 

PD layer (250 μm). In the five-pass UITed sample (Fig. 

3(c)) the structural modification extends to a total depth 

exceeding 600 μm with two well-defined zones clearly 

distinguishable. 

In the first zone (surface layer), SPD results in 

intense material flow, such that distinct grain boundaries 

are no longer visible. This observation is further 

confirmed by the high-magnification FESEM image of 

the SPD layer shown in Fig. 3(d). The microstructure of 

the PD layer, presented in Fig. 3(e), reveals a 

Widmanstätten-like structure characterized by a network 

of intersecting linear features. This is consistent with 

observations reported in previous studies [22, 23]. 

Transmission electron microscopy (TEM) analysis 

indicates that these Widmanstätten lines correspond to 

stacking faults, which appear as thin, planar defects in 

the structure band (Fig. 4(a)). Furthermore, the 

intersections of these stacking faults exhibit a locally 

disordered atomic arrangement, as clearly seen in Fig. 

4(b). It is generally accepted that such intersecting 

features arise from the activation of secondary slip 

system, where dislocations interact with stacking fault 

planes or twin intersections, leading to the formation of 

the observed network structure [7]. 

In Co-based alloys, the presence of striations is 

generally associated with the formation of -martensite 

phase [5]. Comparing the XRD patterns of the annealed 

and one-pass UITed samples (Fig. 2(b)) reveals the 

emergence of additional peaks at diffraction angles of 

approximately 41, 47, 62, and 83 which correspond 

to an HCP phase. Concurrently, a reductionin the 

intensity of the original FCC peaks is observed. As a 

result, the structure of UITed samples consists of a 

mixture of FCC and HCP phases. This phase 

transformation is attributed to the strain-induced 

conversion of the FCC phase to HCP, suggesting that the 

UIT process promotes martensitic transformation. 

Knezevic et al. [24] have previously reported the 

intersection and merging of stacking faults as a 

mechanism for FCC-to-HCP transformation in the L-

605 alloy. Similarly, Tawancy and colleagues [25] 

confirmed through TEM analysis, the formation of 

mechanical twins and HCP phase in L-605 alloy 

subjected to 20% cold work. 

 

3.2. Effect of UIT on the surface microhardness of L-

605 alloy 

Fig. 5 presents the microhardness profiles measured at 

various depth beneath the surface of the UIT-processed 

L-605 alloy. For reference, the microhardness of the 

annealed sample is also included. It is evident that the 

application of UIT significantly increased the surface 

microhardness of the L-605 alloy and the microhardness 

remains 400 HV₀.₁ to a depth of approximately 700 μm 

below the treated surface.

 

 
Fig. 4. TEM micrographs showing: (a) Widmanstätten lines and (b) stacking faults intersection.
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Fig. 5. In-depth microhardness profiles of the L-605 alloy 

in the annealed (as-received) and UITed conditions. 

 

The improvement in surface microhardness of the 

UITed L-605 samples can be attributed to three primary 

mechanisms: work hardening (dislocation hardening), 

martensitic transformation, and grain refinement (Hall-

Petch strengthening). Within the top ~100 μm of the 

treated surface, the dominant hardening mechanisms are 

believed to be the formation of deformation twins and 

the intersection of stacking faults [5]. However, the 

accumulation of stacking faults and an increase in 

dislocation density appear to be the primary contributors 

to work hardening. Knezevic et al. reported that work 

hardening in L-605 alloy predominantly results from a 

density of stacking faults within grains and planar slip, 

without the formation of deformation twins. This 

behavior is attributed to the alloy’s low stacking fault 

energy [2, 24] which increases the spacing between 

dislocation nucleation sites and hinders dislocation 

cross-slip and climb. In agreement with the XRD results 

(Fig. 2(b)), the formation of ultrafine grains (with a 

crystallite size of about 15 nm in the three-pass UITed 

sample) and the appearance of -martensite (HCP phase) 

also contribute significantly to the increased hardness. 

The semi-coherent interface of martensite plates acts as 

strong barriers to dislocations motion, thus enhancing 

the overall strengthening effect [26]. 

Notably, the initial UIT passes (one and two) have 

the most pronounced effect on surface microhardness. 

However, further increasing the number of passes (up to 

five), shows a diminishing return, likely due to saturation 

of strain hardening in the surface layers. That is, while 

deeper layers continue to undergo deformation, the 

surface microhardness plateaus. As shown in previous 

studies [5], excessive strains accumulation can 

eventually exceed the fracture strain leading to the 

formation of surface microcracks. 

 

3.3. Effect of UIT on the tribological properties of L-

605 alloy 

Fig. 6(a) shows the variation of wear rate for both 

annealed and UITed samples under different applied 

loads. Due to the formation of microcracks in the five-

pass UITed sample, wear testing was not performed on 

this condition. As seen in Fig. 6(a), the wear rate of the 

annealed sample increases steadily with applied load, 

indicating a direct relationship between contact stress 

and material loss. In contrast, the specific wear rate (Fig. 

6(b)) of the annealed sample shows a decreasing trend 

with increasing load, suggesting a shift in the wear 

mechanism. This behavior likely results from sliding-

induced work hardening, which enhances the surface's 

resistance to further material removal under higher loads 

[24]. Regardless of the applied load, the first pass of the 

UIT significantly affects the wear behavior of the alloy. 

For any given applied load, the wear rate of the one-pass 

UITed sample is, on average, 70% lower than that of the 

annealed sample.

 

 
Fig. 6. Variation of (a) wear rate and (b) specific wear rate of the L-605 samples against the applied load.
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However, increasing the number of UIT passes 

further negatively impacts wear resistance. Specifically, 

the wear rate of the three-pass UITed sample is about 

81%, 66%, 58%, and 43% higher than that of the one-

pass UITed sample under the applied loads of 5, 10, 25, 

and 75 N, respectively. This behavior aligns with the 

surface microhardness results. 

The microscopic images of the worn surfaces of the 

annealed sample under the applied loads of 5, 25 and 75 

N are presented in Fig. 7. Delaminated craters and 

abrasion grooves are clearly visible on the worn surface 

of all samples. As the applied load increases, the extent 

of surface damages also increases. However, in line with 

the specific wear rate results (Fig. 6(b)), the amount of 

surface damages at 75 N is less than expected. This 

discrepancy is likely attributed to substrate work 

hardening. The EDS analysis of the worn surfaces is 

presented in Table 2 and Fig. 8. The presence of 

substantial oxygen in the worn surface composition 

suggests the formation of a tribolayer enriched with 

oxides.

 

 
Fig. 7. SEM images of the worn surface of the annealed L-605 alloy after wear testing under applied loads of (a) 5 N, (b) 25 N, and 

(c) 75 N. The sliding direction (SD) is indicated by the arrow. 
 

 
Fig. 8. EDS analyses of the marked areas in Fig. 7: (a) zone A, (b) zone B, (c) zone C, and (d) zone D. 
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Table 2. EDS analyses (in wt. %) of the different zones shown in Fig. 7 
Fe Mn Al Ni W Cr Co O  

3.04 1.03 1.38 8.14 15.43 15.24 40.71 15.03 Zone A 
2.68 0.94 1.79 7.89 18.78 14.28 38.07 19.59 Zone B 
2.93 1.14 0.57 8.19 16.25 14.82 39.43 16.66 Zone C 
9.08 1.10 1.94 2.33 39.74 9.48 12.23 24.11 Zone D 

During sliding wear, physicochemical processes 

such as mechanical mixing or alloying of transported 

materials (i.e., wear particles) and their chemical 

reactions with the environment result in the formation of 

a tribolayer, an oxide layer rich in oxygen [27, 28]. 

Additionally, the repeated stresses imposed on surfaces 

during sliding contacts can lead to "exo electron 

emission" releasing electrons from the surfaces and 

thereby promoting tribochemical reactions and oxide 

formation [29]. 

The mechanism of tribolayer and its decisive role in 

the tribological performance of engineering alloys have 

been extensively documented [28, 30]. Once formed, 

this layer protects the wear surface from direct contact 

and/or adhesion of asperities. Furthermore, due to its 

high oxide content and porous nature, the presence of a 

tribolayer can significantly reduce the material’s 

coefficient of friction [31]. Its effectiveness, however, 

depends heavily on its physical and chemical properties, 

such as thickness, compactness, smoothness, and 

chemical composition [31].  

A relatively thick, compact, and smooth oxide-rich 

tribolayer can significantly improve wear resistance. 

However, researchers have shown that the strength of the 

subsurface layers plays a crucial role in supporting this 

tribolayer, as the layer's mechanical integrity relies on 

that support [27, 31, 32]. The higher the resistance of the 

substrate to friction-induced strain, the more stable the 

tribolayer will be. Conversely, if the strength of the 

subsurface layers decreases due to factors such as 

elevated surface temperature, fracture of reinforcing 

phases, subsurface cracking, or phase transformations, 

the deformation in this region can compromise tribolayer 

stability, promoting its delamination. Therefore, the 

craters observed on the worn surface of the annealed 

sample likely indicate tribolayer delamination as one of 

the primary wear mechanisms in this alloy. These craters 

likely form due to the relatively low strength of the 

substrate, which, under shear stresses from sliding wear, 

undergoes plastic deformation and loses its ability to 

support the tribolayer. Notably, tribolayer delamination 

begins with the nucleation of cracks in the subsurface 

area, typically within the tribolayer, and progressive via 

crack propagation parallel to the surface. These cracks 

are often initiated by stress concentration from friction-

induced strains and tend to nucleate from defects such as 

porosities or weak interfaces around second phase 

particles embedded in the tribolayer. Increasing the 

applied load heightens the likelihood of crack initiation 

and propagation within the matrix. However, both prior 

studies and current findings indicate that while cracks 

may initiate, the tribolayer remains generally stable 

without complete delamination into the substrate. 

Instead, cracks often reach the surface and lead to the 

separation of material in the form of sheet-like particles 

[33]. 

In addition to the delaminated craters, numerous 

abrasion grooves are also evident on the worn surfaces. 

These are mainly from the result of three-body abrasion, 

caused by abrasive particles trapped between the sliding 

surfaces, or two-body abrasion, resulting from the 

interaction between the work-hardened asperities of the 

pin and hard asperities of the alumina disk [33]. 

Therefore, the dominant wear mechanisms in the 

annealed sample are abrasive wear and tribolayer 

delamination. According to the EDS analysis of points C 

and D in Figs. 7(c-d) and the corresponding data Table 2 

and Fig. 8, even under high applied loads (75 N), 

delamination and abrasion remain largely confined to the 

tribolayer, with no evidence of severe wear or complete 

removal of the tribolayer from the surface. 

The worn surface morphology of the one-pass UITed 

sample under the applied loads of 5, 25 and 75 N is 

shown in Fig. 9, and the corresponding EDS analyses of 

different surface regions are presented in Table 3. As 

shown, and consistent with the wear rate results in Fig. 
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6(a), the first pass of the UIT has significantly improved 

the surface quality of the pin, resulted in a well-

compacted, protective and relatively smooth oxide-rich 

tribolayer. Regardless of the applied load, the amount of 

surface damage is considerably lower compared to the 

annealed sample (Fig. 7). Based on the worn surface 

morphology and EDS analyses (Table 3), the dominant 

wear mechanism of the one-pass UITed sample appear 

to be mild abrasive wear and slight delamination of the 

tribolayer. The positive impact of the UIT on the wear 

behavior of engineering alloys has been previously 

reported by other researchers. Another notable feature of 

the worn surface of the one-pass UITed sample is the low 

concentration of Al in its tribolayer (Table 3 and Fig. 

10), compared to the annealed sample (Table 2 and Fig. 

8). The formation of the tribolayer is a dynamic process 

that begins with the onset of sliding and continues 

throughout the process. In other words, the tribolayer is 

constantly being formed and removed from the surface. 

Any factor that increases the rate of layer formation over 

enhances its stability, improving the wear properties. It 

appears that the increased substrate hardness of the one-

pass UITed sample (Fig. 5) strengthens its ability to 

support the tribolayer, limiting the direct (destructive) 

contact between the sample's metallic surface and the 

alumina counterface.

 

 
Fig. 9. SEM images showing the worn surfaces of one-pass UITed sample under applied loads of (a) 5 N, (b) 25 N, and (c) 75 N. 

The sliding direction is indicated by the arrow on the micrographs. 
 
 

 
Fig. 10. EDS analysis of the marked areas on Fig. 9: (a) zone A and (b) zone B. 

 
 

Table 3. EDS analyses of zones C and D shown on Fig. 9 (in wt. %) 
Fe Mn Al Ni W Cr Co O  

4.13 3.03 0.17 6.26 9.75 16.08 32.39 28.19 Zone C 
5.11 4.4 0.4 6.97 25.43 17.29 19.23 21.17 Zone D 
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The positive impact of the first UIT pass on the wear 

properties of the L-605 alloy can be examined from 

several perspectives. As shown in Fig. 5, the first pass of 

UIT significantly increases surface hardness. Before the 

tribolayer forms (and separates the contacting surfaces) 

an increase in microhardness improves the asperities 

resistance to plastic deformation, reducing the likelihood 

of adhesion and junction growth at the contact points. 

This decreases the adhesion component of the friction 

and, consequently, the growth of surface temperature 

minimizing the substrate thermal softening (and its 

subsequent consequences). After the formation of the 

tribolayer, increasing the substrate hardness (or 

equivalently increasing its resistance against the plastic 

deformation) improves the tribolayer stability thereby 

increases the wear resistance. 

Investigating the variation of the wear rate against 

the Vickers microhardness, nanohardness, elastic index 

(elastic strain to fracture), and plastic index (material 

resistance to plastic deformation) at the different applied 

loads (Figs. 11(a) to 11(c)) also depicts the good 

relationship between the observed trend in the alloy wear 

and the strength parameters of the material. The 

parameter H/Er indicates the resistance of the material 

against the wear damage (the wear resistance of a 

material is also related to its resistance to elastic strain at 

the nano scale fracture) and H3/Er
2 refers to the material 

ability to resist the wear phenomenon [34, 35]. These 

parameters are widely used to define the wear resistance 

of materials [34-36]. As observed, after a significant 

increase in the wear resistance of the one-pass UITed 

sample, the onset of hardness saturation and/or the 

formation of surface microcracks likely destabilizes the 

tribolayer, negatively affecting the wear resistance of the 

two-, three- and five-pass UITed samples. 

The effect of the UIT on the average friction 

coefficient (AFC) of L-605 alloy in sliding wear under 

the different applied loads (5, 10, 25 and 75 N) is shown 

in Fig. 12. As can be seen, regardless of the applied load, 

performing the UIT up to one pass causes a significant 

reduction in the AFC. Under the applied loads of 10 and 

75 N, the AFC of one-pass UITed sample decreases by 

about 80 and 74 %, respectively. However, a further 

increase in the number of UIT passes causes an increase 

in the AFC. In addition, the higher the applied load is, 

the higher the AFC value which can be attributed to the 

enhancement of the two adhesive components and the 

plastic deformation (abrasion) of the friction coefficient. 

Therefore, a good conformance exists between the 

friction and wear properties of the alloy. The variations 

of the friction coefficient of the annealed and one-pass 

UITed samples as a function of the sliding distance at the 

applied loads of 10, 25, and 75 N are shown in Fig. 13.

  

 
Fig. 11. Variation of the wear rate of annealed and UITed samples against the number of passes and different applied loads 
compared to (a) the alloy microhardness, (b) the plasticity index/elasticity index parameters, and (c) the alloy nanohardness.
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Fig. 12. Friction coefficient diagrams of the annealed and 

UITed samples against pass number. 
 

As seen, after an initial running-in stage in which the 

friction coefficient increases suddenly, the friction 

coefficient of all samples enters a steady state phase. The 

emergence of the running-in period is attributed to the 

interaction of surface asperities, junction growth 

(increasing the real contact area), three-body abrasive 

wear caused by the interaction of abrasive particles 

between the sliding surfaces, and work hardening of the 

surfaces [37, 38]. 

After passing the running-in, the alloys show a more 

stable frictional behavior. The friction coefficient of the 

annealed sample is higher than 0.3 (at the three examined 

loads). The amplitude of the friction coefficient 

fluctuations is also significant. Energy-intensive 

processes like tribolayer delamination and plastic 

deformation (surface ploughing due to two- or three-

body wear or sub-layer flow) primarily regulate the 

steady-state sliding friction behavior, nucleation and 

propagation of surface/sub-surface microcracks, 

fragmentation of sub-surface phases, etc. Accordingly, 

at a given applied load, the fluctuations in the friction 

coefficient and the higher friction coefficient of the 

annealed alloy can be attributed to the relative instability 

of the tribolayer formed on its wear surface (Fig. 7). 

Applying the UIT in the first pass causes a significant 

reduction in the friction coefficient and the amplitude of 

its fluctuations (Figs. 13(d-f)) which is probably related 

to the presence of a stable and protective tribolayer on 

the wear surface (Fig. 9) whose presence, on the one 

hand, reduces the possibility of direct contact (adhesive 

wear) between the surface asperities and, on the other 

hand, reduces the shear strength of the friction pair 

interface according to the Eq. (1) [2]: 

 

𝜇 =
1

ට𝛼[(
𝜏଴
𝜏௜
)ଶ − 1]

 
(1) 

 

Where is the coefficient of friction, α is a constant, 

and o and i are the bulk and interface shear strengths, 

respectively. It is evident that the tribolayer shear 

strength (i) and the friction coefficient are inversely 

related. Thus, tribolayer creation is probably going to 

lower the AFC.

 

 
Fig. 13. Friction coefficient diagrams of the annealed sample (a) 10 N, (b) 25 N, (c) 75 N, and the one-pass UITed sample (d) 10 N, 

(e) 25 N, and (f) 75 N.
  



48                                                                                                                  R. Nemati, R. Taghiabadi, M. Saghafi Yazdi & S. Amini 
 

January 2025                                                                           IJMF, Iranian Journal of Materials Forming, Volume 12, Number 1 

4. Conclusions 

1) Application of ultrasonic impact treatment (UIT) 

significantly deforms the surface regions of the L-

605 alloy up to a depth of approximately 600 µm 

(after five passes). In addition, UIT induces a phase 

transformation in the alloy’s crystal structure from 

FCC (austenite) to HCP (ε-martensite). 

2) UIT increases the surface microhardness of the L-

605 alloy from 315 HV to over 630 HV within the 

top 50 μm. Moreover, hardness values exceeding 400 

HV are recorded up to a depth of approximately 700 

μm. Although microhardness improves with 

increasing passes, the rate of strain accumulation, 

eventually reaching a saturation point.  

3) UIT enhances the wear resistance of L605 alloy. 

Under applied loads of 5, 10, 25 and 75 N, the wear 

rate of the one-pass UITed sample is, on average, 

about 70 % lower than that of the annealed alloy. 

Furthermore, UIT process reduces the friction 

coefficients of samples indicate that UIT reduces the 

friction coefficient by up to 50 %, lowering it from 

0.34 in the annealed state to approximately 0.17-0.23 

in UITed samples.  

4) While the first UIT pass substantially improves 

wear resistance, subsequent passes (two, three, and 

five) may lead to hardness saturation and/or surface 

microcrack formation. These factors could 

destabilize the tribolayer and negatively impact wear 

resistance. 

5) Localized surface enhancement of annealed L-605 

biomedical components via UIT, a cost-effective, 

simple, and efficient severe surface plastic 

deformation (S2PD) technique, can significantly 

reduce implant wear and improve their longevity in 

biomedical applications, while also minimizing 

manufacturing costs. 
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