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In this study, a combination of in-situ scanning electron microscopy (SEM) and electron backscattering
diffraction (EBSD) was employed to investigate the tensile deformation behavior of Zr-4 alloy at room tem-
perature. Slip trace analysis shows that the prismatic <a> slip is activated at the initial stage of deformation,
while other slip modes are also activated with strain increasing. In-Grain Misorientation Axis (IGMA) analysis
demonstrates a significant increase in the probability of non-prismatic slip in non-basal textured grains. In terms

of twinning behavior, when the twin nucleation critical stress is lower than the global applied stress, slip-
independent twins could form at lower strain. When the twin nucleation critical stress is higher than the
global applied stress, slip-assisted twins could form due to the high local strain caused by the adjacent grains.

1. Introduction

Zirconium and zirconium alloys are widely used in nuclear reactor
cladding materials and core structural materials due to their low thermal
neutron absorption cross-sectional area, high thermal conductivity,
excellent machinability and resistance to neutron irradiation, as well as
good corrosion resistance [1-3].The most common Zr-4 alloys for pro-
duction applications contain hcp a-Zr and some second phase particles
at room temperature. The hcp structure is less symmetric than the fec
structure, and the activated slip systems are limited and not uniformly
distributed. a-Zr has an axial ratio of ¢c/a = 1.593 (< ideal c/a of 1.633)
[4]. And the stacking fault energy (SFE) of the prismatic <a> slip is
smaller than that of the basal <a> slip, so the most preferred slip system
of a-Zr is the {10—10}< 11-20 > prismatic <a> slip [5]. Other preva-
lent slip systems in o-Zr alloys include: {0001}< 11-20 > basal
<a> slip, {10-11})< 11-20 > pyramidal <a> slip,
{10-11}< 11-23 > pyramidal 1% <c+a> slip and
{11-22}< 11-23 > pyramidal ond <ct+a> slip [6-9]. The
<a> dislocations can only provide 4 independent slip systems, so the
pyramidal <c+a> dislocations need to be activated to satisfy Von Mises
criterion [10]. In addition to the dislocation slip, twinning is also one of
the important deformation modes in zirconium alloys, which usually
happens at low temperatures and high strain rates [11]. There are four
common deformation twins in o-Zr alloys: {10—12}< 1-101 > and

* Corresponding authors.

{11-21}< 11-26 > extension twins rotates the c-axis by 85.22°and
34.84°, respectively. {11-22}< 11-23 > and
{-1101}< 10-12 > compression twins reoriented 64.22°and 57.05°,
respectively [12-14]. Hence, formation of deformation twins may cause
large lattice rotations and change the crystalline texture of zirconium
alloys.

Many researchers have studied the slip and twinning behavior of
zirconium alloys during plastic deformation. Tenckhoff et al. [15]
studied the plastic deformation behavior during the rolling of poly-
crystalline zirconium plates. The results showed that {11—22} twins
nucleated commonly in grains with an angle of 0-50° between the c-axis
of the grains and ND, and {10—12} twins produced abundantly at an
angle of 50-90°, whereas {11—21} twins and prismatic <a> slips were
activated in all grain orientations. Juan et al.[16] investigated the
plastic deformation behavior of strongly basal plane texture high-purity
zirconium under various conditions by combination of experimental and
simulation methods. It has been found that when compression direction
perpendicular to the c-axis of most grains, the deformation was coor-
dinated by a combination of mainly {10—12} primary twins, {11-22}
double twins, and prismatic slip. Knezevic et al. [11] adopted a com-
bination of compression experiments and multi-scale polycrystal
modeling to find that the predominant compression twin type for
polycrystalline zirconium deformation at temperatures higher than
673 K would change from {1122} twins to {10—11} twins. Rodriguez
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