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A fixed laser beam heat source was used to re-melt Zr-based crystalline and amorphous alloys. Four hardness re-
gions are found in the amorphous sample along the radial direction of the spot treated by laser beam, whereas
two hardness regions are found in the crystalline sample. Results indicate that the hardness of the crystalline
phase is lower than that of the amorphous phase. The hardness of the amorphous phase increases with reducing
free volume and nanoholes.
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1. Introduction

In the early 1990s, Zr-based amorphous alloy systems were found to
have the largest glass-forming ability in the alloy body department.
Zr-based amorphous alloys do not contain noble metals and have excel-
lent mechanical, physical, and chemical properties. However, poor plas-
ticity in normal conditions makes Zr-based amorphous alloys prone to
brittle fracture. By contrast, Zr-based crystalline alloys have good plas-
ticity but relatively low hardness and poor resistance to abrasion.
Thus, decrystallization of Zr-based crystalline alloy surfaces would be
an effective method to obtain an ideal material. The traditional heat
treatment can achieve the whole crystallization, but it is difficult to
reach the local crystallization [1,2]. So it is impossible to keep amor-
phous surface, while the other parts are crystallized by heat treatment.
Laser [3-8] is a high energy density power, which has been used for ma-
terial processing, such as laser welding, laser cladding, and laser heat
treatment. Laser heat treatment is a kind of surface heat treatment tech-
nology, i.e., achieves surface heat treatment by heating metal material's
surface using laser beam. Due to rapid heating and cooling which pro-
vides favorable conditions for the formation of amorphous phase,
laser heat treatment is a useful method for the surface decrystallization
of Zr-based crystalline alloys. The potential advantages of laser heat
treatment also include small distortion, and high speed processing abil-
ity to treat the localized spot and approach inaccessible areas. Through
laser heat treatment, microstructures, forming ability, and mechanical
properties of the surface of alloys can be significantly improved [8].
Whereas only few works have focused on the theoretical basis. In this
article, the hardness and free volume distributions of amorphous and
crystalline samples treated by laser beam were studied to provide a
theoretical basis for laser treating Zr-based crystalline alloy surfaces.
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2. Experimental procedure

An ingot of Zr4q 5Tii38NijoCuyz5Be,s s composition was prepared
by arc melting the mixings of pure Zr, Ti, Ni, Cu, Be (99.99 mass%)
metal under a Ti-gettered Ar atmosphere, and two metallic glass
blocks(MGB) with 20 mm length, 20 mm width and 5 mm thickness
were made by copper mold casting [9]. One MGB was made to crys-
tallization by heat treatment at 730 K. Then, the two MGBs were
treated in an Ar protection environment by laser beam with 2 mm
diameter which is sent by the cross-flow continuous CO, laser with
10.6 um fixed wavelength. The microscopic structure was ascertained
by micro-focused XRD with CuKa radiation, and mechanical proper-
ties were researched by nanoindentation experiment.

3. Calculation

Finite element method [10,11] was used to simulate the laser surface
melting process with super high heating and cooling rates. This process
was conducted to understand better the formation mechanism of the
gradient structure of the laser-treated samples. A model of laser pro-
cessing was first established using ANSYS. ANSYS is a kind of advanced
Computer Aided Engineering tool. Corresponding to the real experi-
ment conditions and process, the center of the upper surface of the
specimen with 20 mm length, 20 mm width, and 5 mm thickness
was loaded by heat flux at a power density of 255 W/mm? in the
process of calculation. Heat flux was loaded into a 2 mm diameter circle
region of the Gauss distribution. That is, the center power density was
the largest, and the power density decreased with increasing radial
distance. The bottom surface established an ideal contact with the
half-infinite iron, whereas the other surfaces, except the loading region,
dissipated heat by heat radiation. This model was last loaded by heat
flux for 0.1 s and cooled for 5 s. Temperature distribution was then sim-
ulated. The temperature change obtained from the temperature field
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simulation was used as the boundary condition to enable stress change
to be calculated.

4. Results

A laser beam-treated amorphous sample was polished carefully to
smoothen the surface. The sample was then etched by an aqueous so-
lution containing 50 ml HCl, 50 ml H,SO,4, and 100 ml H,0 to observe
the surface morphology under an optical microscope. Three distinct
regions were observed [Fig. 1(a)]. As shown in Fig. 1(b), two distinct
regions were observed in the crystalline sample under the same pro-
cessing conditions.

In Fig. 1(a), the three regions along the radial direction of the spot
treated by the laser beam are the amorphous center region ((3), crystal-
lizing orbicular region (@), and amorphous peripheral region (). The
two regions in Fig. 1(b) are the amorphous center region (@) and crys-
talline peripheral region (). This conclusion was obtained through
micro-focused XRD, as shown in Fig. 1(c). Regions (D, 3, and @ are
amorphous, whereas regions @ and (3 are crystalline. The corrosion
phenomena of regions D, 3), and @ are relatively weak, whereas those
of @ and (3 are stronger. This result verifies that the corrosion resistance
of the amorphous phase is higher than that of the crystalline phase with
the same composition.

The temperature change at every point in the model can be obtained
through finite element simulation. Fig. 2(a) shows the time-temperature
curves of the nine points distributed from the center to the radial direc-
tion of the spot. These points can achieve higher temperature with de-
creasing radial distance. Thus, in the amorphous sample, the points
of the region with the highest temperature are larger than the solidifica-
tion temperature Ty, (T>Ty,), Which can be called the re-melting zone
(ie, region @ in Fig. 1). Tg<T<Ty, can be called the heat-affected zone
(i.e., region @ and the region of region D near region @). T<T, can be
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Fig. 1. (a) and (b) are optical micrographs with acid corrosion of amorphous and crys-
talline samples, respectively. (c) Micro-focused XRD results. The results indicate that
@, ®, and @ are amorphous regions; @ and (3 are crystalline regions.
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Fig. 2. (a) Time-temperature curves of the nine points distributed from the center of the
spot along the radial direction. The distances indicate the radial distance of the corre-
sponding points from the center of the spot. Three dash lines indicate the solidification
temperature (T,), crystallization temperature (Tyx) and glass transition temperature
(Tg), respectively. (b) and (c) are radial hardness distributions of amorphous and crystal-
line samples, respectively. The other curve in (b) shows the radial distribution of RFV. The
dash lines are the boundaries of the different hardness regions.

called the substrate region (i.e., region (D except the region near region
@). The heat-affected zone can be divided into two parts, namely, region
@ (Tx<T<Ty) and the region of region D near region @ (Ty<T<Ty).
Based on the simulation results of the crystalline sample, T>T,;, can be
called the re-melting zone (ie., region @), and T<T,, can be called
the crystalline region (i.e., region (3). The radial hardness variation of
the two samples was measured through nanoindentation experiments,
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