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The wear behavior of a UNS S32304 duplex stainless steel was evaluated using a micro-abrasive wear test with 
fixed-ball configuration. Hot tensile tests were carried out with different strain engineering and strain rates. The 
resultant microstructures were examined in terms of ferrite, austenite and nitride fraction, hardness and 
microstructural texture. The sample treated with the highest elongation and strain rate exhibited the highest 
wear resistance for the transversal direction. Samples treated with low strain rate did not exhibit a wear behavior 
dependent on texture. The condition with highest ferrite and nitride fraction had the lowest wear resistance. 
Grooving was the main wear mechanism. 
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1. Introduction 

Duplex stainless steels (DSS) are widely used in 
applications where high mechanical strength and high 
corrosion resistance are required, such as in chemical, 
pulp and paper, nuclear and, oil and gas industries [1]. 
Besides, in oil and gas exploitation, sand particles can 
travel along with the fluid, leading to erosion and micro-
abrasion. The wear resistance of those steels is highly 
affected by its microstructure, which typically consists of 
approximately equal amounts of ferrite and austenite. 
However, during welding and other heat treatments, 
ferrite-austenite ratio is altered and undesirable 
secondary phases, such as sigma phase and nitrides, can 
form [2]. In this work, microstructure and rolling 
direction effect on the micro-abrasion wear resistance of 
UNS S32304 duplex stainless steel was investigated. 
Thermomechanical treatments were carried out with 
different engineering strain (𝜀𝑒𝑛𝑔) and strain rate (𝜀̇) in 
order to produce microstructures with different ferrite-
austenite ratio, nitride fraction, grain size and hardness. 

2. Methods 

UNS S32304 lean duplex stainless steel sheet was cold-
rolled and annealed. Hot tensile test was done in a 
Gleeble-3800® thermomechanical simulator in 
LNNano/Cenpem-Campinas-Brazil. Thermomechanical 
treatments were performed at 700°C with a heating rate 
of 35°C/min for 60 min, using two different strain rates 
along the rolling direction, 𝜀̇ = 0.001 and 𝜀̇ = 0.01, and 
two engineering strains, 𝜀𝑒𝑛𝑔 = 0.04 and 𝜀𝑒𝑛𝑔 = 0.06. 
Micro-abrasion tests were carried out in the fixed ball 
configuration using a AISI 52100 martensitic stainless 
steel in a PLINT TE-66 (Phoenix Tribology, Kingsclere, 
UK) equipment. The tests were performed with a total 
sliding distance of 31.4 m, speed of 20 rpm and normal 
load 0.3 N.  The abrasive slurries were prepared using 
SiO2 with a mean particle size of 5.5 µm and distilled 
water, with concentration of 0.1 g/cm³ and a drop rate of 
12 drops/min. Tests were done longitudinal and 
transversal to rolling/tensile direction. Microstructures 
were characterized using an optical microscopy (OM) 
and scanning electron microscopy (SEM). Ferrite, 

austenite and nitride fraction and, grain size were 
determined by quantitative metallography. Vickers 
hardness tests were done using 1 kgf. Wear mechanisms 
were analyzed by SEM and profilometry techniques. 
Electron back-scattered diffraction technique (EBSD) 
was used to evaluate microstructural texture. 

3. Results  

Table 01 shows ferrite and nitride fraction, hardness and 
sample codes. Fig.01 shows wear coefficient. 𝜀̇ 𝜀𝑒𝑛𝑔 %Ferrite %Nitride HV1 

Tag 
name 

- - 58.8 ± 2.0 - 261.8 ± 4.0 CR 

0.01 0.04 60.2 ± 3.3 0.36 ± 0.04 236.0 ± 2.5 T001004 

0.1 0.04 70.6 ± 3.3 0.53 ± 0.13 252.0 ± 3.2 T01004 

0.01 0.06 56.6 ± 4.1 0.34 ± 0.06 262.2 ± 3.3 T001006 

0.1 0.06 59.5 ± 2.6 0.28 ± 0.07 258.2 ± 3.1 T01006 

 
Figure 1: Wear coefficient for each condition. 

4. Discussion 

Ferrite and austenite fractions are similar for all 
conditions, except for T01004 which also had the highest 
mass loss (40% higher), ferrite fraction and nitride 
fraction. When the hot deformation was done in a low 
strain rate (𝜀̇ = 0.01), no effect of microstructural texture 
on the wear resistance. However, when the strain rate was 
increased, the texture has a relevant role, specially for 
T01006, which had the highest elongation and wear 
resistance, favoring the wear resistance transversal to 
rolling direction. Besides T01006 had the lowest nitride 
fraction. The main wear mechanism was grooving. 
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