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Table 1 Chemical composition of Zr-4 alloy («/%)
Element Sn Fe Cr Zr
Content 1.55 0.22 0.085 Bal.
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Fig.1 Microstructure of annealed Zr-4 alloy
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Fig.2 Sketch of tensile samples of Zr-4 (Unit: mm): (a) bulk

sample and (b) thin film sample of NG/UFG layer
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Fig.3 Cross-section morphologies of the Zr-4 alloy after SMRT with different process parameters: (a) 8 passes and a,=20 um;

(b) 8 passes and ap,=40 um; (c) 8 passes and a,=60 um; (d) 4 passes and a,=40 pm,; () 6 passes and a,=40 um,; (f) 10

passes and a,=40 pm
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Fig.4 Cross-section SEM morphology of the Zr-4 alloy sample after the SMRT (8 passes and a,=40 pm)
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Fig.5 TEM images, the grain size distributions and corresponding the SAED pattern of different depth of SMRTed Zr-4 alloy: (a) depth

of 30~70 um; (b) the grain size distribution at depth of 30~70 pm; (c) depth of 70~110 pm; (d) the grain size distribution at

depth of 70~110 um; (e) depth of 110~150 pm; (f) depth of 300~340 um; (g) schematic illustration of twinning B and matrix A

in Fig.5f; (h) coarse grain in matrix
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Fig.6 Schematic illustration of the distribution of the gradient

microstructure by SMRT
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Fig.7 Curves of microhardness with the increasing depth from
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rent passes; (b) 8 passes, and different a, value
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Fig.8 Tensile engineering stress-strain curves of SMRTed and

CG Zr-4 alloy
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Fig.9 SEM images of fracture surfaces of Zr-4 alloy with different microstructure characteristics: (a) SNC Zr-4 alloy,

(b) NG/UFG Zr-4 alloy, (c) amplification of area A in Fig.9b, and (d) CG Zr-4 alloy
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Effect of SMRT on Microstructure and Mechanical Properties of Zr-4 Alloy

Xin Chao, Xu Wei, Sun Qiaoyan, Xiao Lin, Sun Jun
(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The microstructure and mechanical properties of as-annealed Zr-4 alloy subjected to surface mechanical rolling treatment
(SMRT) were investigated. The effect of rolling passes and rolling depth per pass on the thicknesses of NG (nano grain)/UFG (ultrafine
grain) layer and deformed layer in the SMRTed Zr-4 alloy were studied. The optimized process parameters are 8 passes and depth of 40
um per pass. A gradient microstructure consisting of a NG/UFG layer of 100 pum in thickness, a deformed layer of 300 um in thicknesses
and a CG (coarse grain) layer are produced in the SMRTed Zr-4 alloy from the treated surface to the matrix. The microhardness on surface
significantly increases due to SMRT. The yield stress and ultimate tensile strength of SMRTed Zr-4 alloy are 352 and 600 MPa, increased
by 7% and 9%, respectively. And the elongation is slightly reduced. The yield strength 362 MPa calculated by the rule-of-mixture is
similar to the experimental value.

Key words: Zr-4 alloy; surface nanocrystallization; mechanical properties; surface mechanical rolling treatment (SMRT)
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