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Friction and Wear Mechanism of Unlubricated 304L 
Austenitic Stainless Steel at Room Temperature

CHEN Guoqing, WEI Yanhui, LI Shan, ZHOU Wenlong
(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116085, China)

Abstract: To explore wear mechanism of stainless steel used in nuclear pump, the wear properties and 
the worn surface characteristics of unlubricated 304L austenitic stainless steel on itself were investigated in air 
at room temperature. The experimental results demonstrated that the wear rate of the material decreased with 
the increase of the wear time. The friction coeffi cient fl uctuated severely when the applied load was 120 N. At 
120 N the wear rate was much higher than that of the applied load of 70 N. At 70 N the wear rate did not show 
much difference from that of 30 N. The wear mechanism was adhesive and abrasive wear under different load at 
the initial stage of the wear test. Then, the main wear mechanism changed with the wearing time and the applied 
load. 
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1  Introduction
 

AISI 304L austenitic stainless steels are widely 
used in nuclear industry because of their high strength 
and corrosion resistance. In nuclear pump components, 
many friction pairs are the same austenitic stainless 
steel. It has important practical significance to 
investigate the wear properties of 304 L austenitic 
stainless steel on itself in order to insure the service 
life of nuclear pump components. The previous work 
had studied the wear properties of AISI 304 stainless 
steel, which had the similar wear properties with the 
304 L. The phase transformation of austenite (γ) to 
martensite (M) of 304 austenitic stainless steel was 
found in the literatures[1-9]. M. Hua[10] and others found 
that the wear rate decreased with the increasing load 
and sliding speed. The wear coeffi cient and weight loss 
decreased with increasing humidity. A benefi cial effect 
of grain refi ning was also shown with respect to large 
grain steel in that the finer grain steel produced less 
initial weight loss[11]. It seemed that different mating 
materials was likely to give rise to completely inverse 
friction behaviors of the SUS 304 stainless steel[10], but 

the friction and wear of 304L austenitic stainless steel 
mating material on itself have been reported rarely.

The wear properties of 304L  austenitic stainless 
steel mating material on itself and the evolution of wear 
mechanism were researched in detail.

2  Experimental 

2.1  Materials
AISI 304 stainless steel samples were used as 

the substrate. The chemical composition is shown in 
Table 1. The specimens were etched in 10% oxalic 
solution by electrolysis for revealing the detail features 
of microstructure. The microstructure was austenite 
with a few twins by a MEF-4A type optical microscope 
(Fig.1). An MV-1000B microhardness tester with an 
applied load of 300 g and loading time of 15 s was used 
to measure the Vickers microhardness of the specimen. 
The average value was 162.1 HV.
2.2  Procedure

A MMW-1A type wear-testing machine was 
employed to evaluate wear resistance of austenitic 
stainless steel samples. The rubbing-pairs were the 
ring with diameter of 28 mm and thickness of 10 mm, 
as well as the disc with diameter of 31.7 mm and 
thickness of 10 mm. The average surface roughness 
of the specimens was 0.023 μm determined by a 
surface profilometer of  Newview5022 after abrading 
with 1500 grit SiC papers. Before and after each test, 
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the specimens were ultrasonically cleaned 30 min in 
acetone solution, then dried 30 min in drying oven. 
Tribological tests were performed with a sliding 
velocity of 60 r/min and the load of 30, 70 and 120 N 
at room temperature, respectively.

The worn surface were examined with a JSM-
5600LV scanning electron microscope (SEM). The 
transformed M  from γ on the worn surface and in the 
subsurface layer was detected by a D/MAX-2400 X-ray 
diffractmeter (XRD)  and optical microscope.

3  Results and discussion

3.1  Microstructue and phase analysis

Fig.2 is the metallograph of friction-induced 
transformation of austenite to martensite beneath the 

wear trace of 304L after the wear test. Fig.3 and Fig.4 
show X-ray diffraction patterns of  worn surface and 
wear particles of 304L stainless steel, respectively. 
The presence of the martensite peaks are observed in 
Fig. 3 and Fig. 4. It was obviously that the existence 
of martensitic transformed from austenite on the worn 
surface after wear test.

The effect of the stress and the strain during the 
wearing test made Ms much higher than its nominal 
number, which were benefi cial to transformation from  
austenite to martensite. Slip bands, twinning and grain 
boundaries were easy to induce stress concetration in 
plastic deformation of metastable austenite, which was 
positive to the martensite nucleation. The additional 
energy of metastable austenite was given by the 
external force that increased the mechanical driving 
force from austenite to martensite. Stress-induced 
martensite was observed in the near-surface of the worn 
material (Fig.2). Refi ned grain was observed on worn 
surface layers in the study of Hua and Wei[10], but it was 
not found in this study. 
3.2  Friction and wear properties

Friction coefficient as a function of the sliding 
time for wear test 180 min under different load are 
shown in Figs.5-7, which shows the wear loss and wear 
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rate as a function of the sliding time. 
At the initial stage of the wear test, there were 

lots of asperities on the wear surface of specimens, 
which made the real contact area of the wear-pairs 
much smaller than its nominal counterpart. The contact 
pressure was relatively higher than its theoretical 
counterpart, so that the plastic deformation easily 
occurred on the asperities. It was easily known that the 
wear coeffi cient (Fig. 5) and wear loss were relatively 
higher at the initial stage of the wear test (Fig. 6). 

In order to display and comparison clearly, the 
friction coefficient curves of 70 N and 120 N were 
plotted by shifting 0.5 and 1 upwards respectively 
in Fig. 4. With the advance of wear test, the wear 
coefficient tended to be stabilized in a small range 
(Fig.5) and the weight loss and wear rate were 
obviously samller (Figs.6-7), which could be attributed 
to the follows: the formation of work-hardening layer 
on the worn surface; the transformation from  austenite 
to martensite; the debris on the wearing surface, which 
detached from the substrate. The debris can break up 
to suffi ciently small sizes and oxidized rapidly because 
of the friction heat. The oxidized particles, which were 
agglomerated to be a lubricated layer[12], could protect 
the surface against subsequent wear loss.

As can be seen in Fig.7, the wear rate of 120 N 
was almost twice than that of 70 N. The wear rate of 70 
N did not show significant difference from that of 30 
N. Compared with 30 N load, 70 N had the seriously 

strain-hardening, the higher residual compressive 
stress[13] and the higher phase transformation from 
austenite to martensite[1]. The wear rate of 120 N was 
relatively higher than that of 70 N and 30 N loads, 
though it had the similar performance as 70 N. The 
reasons could be concluded as follows. When the 
applied load was 120 N, the crack initiated easily at the 
interface between the austenite and the harder friction-
induced martensite. And the fatigue delamination were 
pulled out from the parent material surface as shown 
in Fig. 8. But this phenomenon was not found at 70 N 
and 30 N. The formation of the harder martensite worn 
debris may subsequently accelerate the wear rate.

Fig. 9 shows the relationship of microhardness 
and the distance away from the worn surface at 30, 
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70 and 120 N for different time. Because of plastic 
deformation and stress-induced martensite duing 
wear test, the unworn area revealed lower hardness 
than the worn area. Because of the higher amount of 
martensite and higher plastic deformation at higher 
loads, the hardness of deformed area increased with 
the increasing of the applied loads[14,15]. In the worn 
surface, the thickness of martensite transformation 
layer was only about 40 μm as shown in Fig.2. The 
microhardness of the worn surface without martensite 
transformation only decreased slightly. Therefore, the 
dominant factor of the increasing microhardness of the 
worn surface was the plastic deformation.

Results of microhardness versus distance showed 
that the thickness of plastically deformed area did not 
relate to the amount of applied load and wear time. The 
reasons were as follows: the higher load, the higher 
possibility of the wear lost duing wear test; more heat 
generated at contacting areas with the increasing of the 
applied load because of the low thermal conductivity of 
304L stainless steel. The enhanced temperature at the 
contact area and low thermal conductivity of austenitic 
stainless steel resulted in the heat accumulation. The 
accumulated heat and subsequent stress relief process 
reduced the microhardness of austenite and martensite 
phases, which was consistent with the results obtained 
by Morteza Zandrahimi[1].
3.3  Wear mechanism

SEM images of worn surface of 304L stainless 
steel at 30, 70 and 120 N are shown in Figs.10-12, 
which showed serious damage on the surface of 
304L austenitic stainless steel. At the initial stage of 
experiment, plastic deformation easily occurred on 
asperities of specimens’ surface, which made the atoms 
of two counterparts’ surface be very close to each other, 
so the adhesion wear occurred. The particles with 
higher hardness detached from deformed asperities 
acted as hard sliders and produced grooves. As can be 
seen in Figs.10(a)-12(a), there was the plough on the 

wear surface with lots of metallic particles in them. 
In the initial experiment at 30, 70 and 120 N, the 
dominated wear mechanism was adhesive wear. The 
plough of 120 N was relatively wider than that of the 
30 and 70 N. 

At 30 N for the wear test of 30 and 90 min, the 
adhesive occurred and abrasive ploughing appeared 
on the worn surface resulted from the hard abrading 
particles. The wear mechanism was adhesive and 
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abrasive wear as shown in Figs.10(b)-10(c), whereas 
adhesive wear was very obvious with typical cloud-like 
structure. 

Fig.10(d) shows that the adhesive wear for the 
180 min was not significant than that of the 30 and 
90 min. The main reason was the oxidized particles 
as lubricated layer at the interface of counterparts 
by friction heat[16]. The mixed wear mechanism was 
abrasive, adhesive and oxidation wear. Figs.11(b)-11(c) 
showed the plastic fl ow wear of the worn surface at 70 
N for 30 and 90 min. The main wear mechanism was 
adhesive. There were lots of pittings in the plough of 
the worn surface for 180 min(Fig. 11(d)).The mixed 
wear mechanism was abrasive, adhesive, oxidation 
wear and pitting corrosion. At the higer load of 120 
N for 30 min, the adhesive wear was the dominant 
mechanism (Fig. 12(b)). For 90 min, the plough was 
relatively wider than that of 30 and 70 N. The abrasive 
and adhesive wear were the main mechanism as shown 
in Fig.12(c). For 180 min, the fatigue cracks and 
fatigue delamination were shown on the worn surface 
in Fig.12(d). The mixed wear mechanism was abrasive, 
adhesive, oxidation and fatigue wear. 

4  Conclusions

a) Austenite transformed to martensite beneath 
wear trace during the wear of 304L  austenitic stainless 
steel mating material on itself. 

b) Because of the plastic hardening, phase 
transformation strengthening and oxidized wear 
particles, the wear rate of the material decreased with 
the increasing of the wear time. At 70 N, the wear loss 
and wear rate were much lower than that of 120 N. 
With advancing of experiment, the wear rate of 70 N 
had not signifi cant difference from that of 30 N.

c) The wear mechanism was adhesive and 
abrasive wear under different loads at initial stage, then 
the main wear mechanism changed with the time and 
load. Under wear test of 30 N for 30 and 90 min, the 
wear mechanism was adhesive and abrasive wear; for 
180 min, the wear mechanism was adhesive, abrasive 
and oxidation wear. Under wear test of 70 N for 30 
and 90 min, the wear main mechanism was adhesive  
wear; for 180 min, the wear mechanism was adhesive, 
abrasive, oxidation wear and pitting corrosion. Under 
wear test of 120 N for 30 min, the wear mechanism was 
adhesive wear; for 90 min, the main wear mechanism 
were adhesive and  abrasive wear; for 180 min, the 
wear mechanism was adhesive, abrasive, oxidation and 

fatigue wear. 
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