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Fig.1 Cross-sectional microstructures of CP-Zr: (a) SMAT and
(b) SMAT+HT
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Fig.2 TEM images of the top surface for SMATed CP-Zr before (a, b) and after (c, d) HT
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Fig.3 Residual stress distribution along different depths
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Table 1 Characteristic parameters of residual stress for
SMATed CP-Zr before and after HT
Treatment process ogs/MPa oy s/MPa Zw/um Zo/um
SMAT -466.5 -695.5 186 334
SMAT+HT -84.7 -148.8 54 115
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Fig.4 Fatigue S-N curves of SMATed CP-Zr before and after HT
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Fig.6  Fatigue fracture morphologies of crack source for CP-Zr: (a) SMAT, (b) untreated, and (c) SAMT+HT
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Effect of Heat Treatment on Fatigue Properties of Surface Nanocrystallized
Commercial Pure Zirconium

Zhang Conghui, Li Fengbo, Wang Yaomian
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Commercially pure zirconium was strengthened by surface mechanical attraction treatment (SMAT) to refine grains on the
surface and induce the compressive residual stress. Then, heat treatment was conducted to release the residual stress while retaining
the refined microstructure. The surface microstructures were examined by optical microscope (OM) and transmission electron microscope
(TEM). Residual stresses at different depths were measured by X-ray diffraction method. Fatigue properties were evaluated by a four-point
bending fatigue test. The morphology of the fracture surface was observed by scanning electron microscope (SEM). And influence
mechanism on fatigue properties was analyzed. Based on the experiment, it can be found that the deformation layer with a depth of 150
um forms after SMAT. The average grain size of the surface is refined to 35 nm. And a residual stress field with a depth of 334 pm and a
maximum stress of —695.5 MPa can be obtained. After heat treatment, the depth of residual stress field decreases to 115 pm and the
maximum stress declines to —148.8 MPa. It is found that the residual compressive stress can improve the fatigue limit and affect the
location of crack source significantly. The fatigue limit of SMATed samples increases by 23% compared with that of the untreated samples.
After heat treatment, the fatigue limit of SMATed sample increases by 13% compared to that of the samples without SMAT.

Key words: pure zirconium; fatigue property; heat treatment; residual compressive stress; grain refinement

Corresponding author: Zhang Conghui, Ph. D., Professor, School of Metallurgical Engineering, Xi’an University of Architecture and
Technology, Xi’an 710055, P. R. China, Tel: 0086-29-82201862, E-mail: jiandazhang2010@hotmail.com



