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Abstract Laser surface remelting experiments on
Zn-2.7 wt.%Cu hyperperitectic alloy were performed
by using a SkW CW CO, laser at beam scanning
velocities ranging between 6 and 1,207 mm/s. With the
increase of the growth rate, the microstructures of
Zn-2.7 wt.% Cu alloy changed from planar interface to
lamellar structures, cellular structures, and finally to
high velocity absolute stability (HVAS) planar inter-
face at a growth rate of 349 mm/s. The critical growth
rate for the transformation from lamellar structure to
cells was about 96 mm/s. Quantitative measurement
was preformed to reveal the relationship between the
average lamellar spacing and the corresponding growth
rate, and the results are in excellent agreement with
the prediction of the TMK eutectic model.
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Introduction

Solidification is one of the most important processing
routes for many materials, especially metals and
alloys. Solidification microstructures depend on many
parameters, especially on growth rate, local temper-
ature gradient and material composition. As the
peritectic reaction is present in many technologically
important material systems, microstructure evolution
of peritectic alloys has attracted a lot of attentions
over the past three decades. Experimental and theo-
retical studies on peritectic alloys at low or medium
growth rate have been performed [1-6] and several
new morphologies, such as lamellar structures, low
speed banded structures etc., have been observed.
However, until now, there have been few experiments
on the microstructure selection of peritectic alloy
under rapid unidirectional solidification and ultra-high
temperature gradient conditions, especially near the
absolutely stability. The understanding on the micro-
structure evolution under such conditions is still very
poor.

During laser surface remelting, temperature gradi-
ent in the molten pool can be extremely high, and
unidirectional solidification can be achieved at very
high growth rate if processing parameters are properly
controlled [7]. The growth rate can be simply deter-
mined [8] and the local temperature gradient can also
be calculated numerically [9].

In the present paper, systematic experimental
research on laser rapid unidirectional solidification of
Zn-2.7 wt.%Cu hyperperitectic alloy has been carried
out by using laser surface remelting technique. The main
purpose of the present study is to investigate the
microstructure evolution of 2.7 wt.% Cu hyperperitectic
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alloy under the condition of rapid solidification and ul-
tra-high temperature gradient conditions.

Experimental

Zn-2.7 wt.% Cu alloy specimens with the square of
14 mm and the length of 92 mm were prepared by
melting pure 99.995% Zn and pure 99.9999% Cu under
Ar atmosphere in an induction furnace and then cut
into samples of 6 mm X 12 mm X 30 mm used for laser
remelting experiments. All the samples were ground
on 500 grit SiC paper and thoroughly cleaned in ace-
tone in order to reduce the reflectivity for the laser
beam and obtain a similar surface quality for each one.
In addition, the alloy composition of the samples
measured by Electron Probe Microanalysis (EPMA)
was between 2.63 and 2.75 wt.%Cu. The binary phase
diagram of Zn-rich Zn—Cu alloys is shown in Fig. 1.
All laser surface remelting experiments were carried
out by using on a Rofin-Sinar 850 5 kW CW CO, laser
at various scanning velocities between 6 mm/s and
1,207 mm/s by employing a uniform straight-line
motion mechanism with a hover guide track. The hover
guide track is a kind of track which provides a resis-
tance-free condition for samples moving on it by using
air suspension technique. The laser beam was focused
on a spot of 0.5 mm in the diameter and had a power
density of 1.0 x 10° W/em?. A continuous flow of He
(10 L/min) was blown onto the melting zone to prevent
heavy oxidation during the laser treatment. In order to
protect the operators from Zinc poisoning, a gas
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Fig. 1 Binary phase diagram of Zn-rich Zn—Cu alloys [10]
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extractor with a filter was placed near the samples.
Longitudinal and transverse cross sections of the
samples were cut and microstructures were analyzed
by optical microscope and SEM technique. In addition,
the average composition in the molten pool was mea-
sured by EPMA. The results of EPMA showed that the
average concentration of Cu in the molten pool slightly
decreased from 3.05 wt.% to 2.80 wt.% with the in-
crease of scanning velocities from 6 mm/s to 1,204 mm/
s. Local growth velocity V, could be simply related to
the scanning velocity V, via the relationship
Vs = Vicost [8], where 6 is the acute angle between the
direction of V}, and V. In this paper, the angle 0 was
measured by a sampling method similar to the one
adopted by Pan [11] and us [12], as illustrated in Fig. 2.

Results
Typical microstructures

Optical micrograph of the laser molten pool at a
scanning velocity of 10 mm/s was shown in Fig. 3. It
can be seen that the typical microstructure of the
substrate is the dendrite and the average grain size is
larger than 100 pum. Four typical microstructures were
identified in the laser molten pools of the
Zn-2.7 wt.%Cu alloy at scanning velocities ranging
from 6 mm/s to 1,207 mm/s. With the increase of
growth rate, the microstructures of Zn-2.7 wt.%Cu
alloy changed from featureless structures to lamellar
structures, cellular structures, and finally to absolute
stability planar interface structures. The SEM micro-
graphs (secondary electron mode) of the aforemen-
tioned typical microstructures were shown in Fig. 4.
The black arrows in the top of the figures indicate the
direction of scanning velocity, V,. A narrow band
consists of featureless structures can be seen at the
bottom of the molten pool (The narrow band “A” in

Cutting line

Laser beam

Melting pool

Fig. 2 Schematic diagram of cutting specimens
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Fig. 3 Optical micrograph of the laser molten pool at a scanning
velocity of 10 mm/s

Fig. 4a), which resulted from the planar interface
growth of n phase at low growth rate and extremely
high temperature gradient. As the remelting time in
the bottom of laser molten pool is transitory, partially
remelted as-cast ¢ dendrites can be observed on the
edge of laser molten pool. The lamellar structure,
which consists of gray (n phase) and black layers
(¢ phase) is found to grow originally from the
featureless structures and then protrude into the
remelted zone, as shown in Fig. 4a. This structure is
similar to the structure found in the Bridgman sam-
ples grown at velocities ranging from 2.0 mm/s to
6.4 mm/s for the same alloy [13]. It can be clearly
seen that the growth direction of the lamellar struc-
tures does not gradually change with increasing dis-
tance from the bottom, but almost keeps constant

Fig. 4 Typical
microstructures from
longitudinal cross section of
Zn-2.7%Cu alloy under
different solidified velocities
of (a) Vs = 4.4 mm/s, (b)

Vs = 24.0 mm/s, (c)

Vs ~ 96.5 mm/s, (d)

Vs ~ 349.0 mm/s, respectively

within a considerably wide area. It is well known that
the direction of local temperature gradient in the
molten pool changes gradually with the increase of
the distance from the bottom of the molten pool [14].
This result indicates that the growth direction of the
growing lamellar structures is mainly determined by
the preferred crystal orientation rather than the heat
flow direction. With the increase of growth rate, the
lamellar structure became more regular (Fig. 4b).
When the scanning velocity reached about 96.0 mm/s,
the lamellar structure transformed into an irregular
structure with larger width and shallower grooves, as
shown in Fig. 4c. In our previous paper [12], this
structure was identified as thin cellular structure of #
phase. That is to say, lamellar-cellular transition was
observed and the experimentally determined critical
velocity was about 96.0 mm/s. As the growth rate is
increased further to a certain value, cells in the molten
pool disappeared (as shown in Fig. 4d). Comparing
them with the cells in the same section (longitudinal) at
relatively low growth rate (see Fig. 4c), one can clearly
find that the cell boundaries completely disappeared
and a fully cell-free microstructure was obtained.

Lamellar spacing

Lamellar spacing was measured on polished and
etched sections perpendicular to the growth direction.
Figure 5 gives the average lamellar spacing, i, maxi-
mum spacing, Amay, and minimum spacing, Ay, Some
experimental laws can be obtained as follows:
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Fig. 5 Relationship of lamellar spacing to solidification rate Vi
given by experimental method

(1) There existed a distribution range in primary
spacing under rapid solidification conditions. The
effect of the growth rate on the ratio of the
maximum spacing to the minimum spacing was
unremarkable.

(2) The average lamellar spacing (1) of lamellar
structures decreased from 3.4 pm to 1.5 um with
increasing growth rate from 3.6 mm/s to 65.2 mm/
s, and then increased to 1.9 pm with growth rate
increasing to 91.1 mm/s.

(3) Nonlinear regression analysis of the experimental
results gave the relationship between A and Vi as

V12 =0.00384V 4 200.14 (1)

where the R? was 0.80197.

Discussion
Calculation of IRF

The phase and pattern selection during solidification
depends on alloy composition and solidification condi-
tions. There are a lot of nonlinear coupling factors which
should be treated, if one tries to give a completely
quantitative description of pattern and phase selection of
peritectic alloy during solidification. It should be a dif-
ficult task for a technical reason. However, in many
cases, the application of the maximum interface tem-
perature criterion to the constrained growth leads to
quite satisfactory results. Generally, during directional
solidification, because of the similarity of crystal lattice
and lattice constant, the nucleation undercooling for one
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phase nucleated in the other phase is quite small. It is
believed that the phase or the pattern with a higher
interface temperature is more stable in kinetics and will
be dominant in the final microstructure [15]. In our
experiments, unidirectional solidification was achieved
by using laser surface remelting technique and the
nucleation process generally can be ignored during
solidification (epitaxial growth). So the maximum inter-
face temperature criterion was employed to predict the
microstructure evolution of the Zn-2.7 wt.%Cu alloy
during laser surface remelting. In order to determine the
dominant growing interface, the growth temperatures of
all possible phases and growth patterns have been cal-
culated. These interface temperatures, which are func-
tions of growth rate and temperature gradient for a given
alloy, are called interface response functions (IRF). The
relevant growth patterns in this paper are plane front
structures, cells/dendrites and lamellar structures.

Single phase plane front growth

With assuming linear attachment kinetics and dilute
solutions, the growth temperature of a single phase
planar front was given by ref. [16-18]

Tp(Vs) = Ty + Cimy — (R Tt/ ASt) Vs / Ve (2)
_ ke + aoVs/Di

kv=7 + Vs /D; G)

= Lokl In(ke/k)] W

1—k

where T; is the melting temperature of the pure
component, C| = Cylky is the concentration of the
liquid at the interface, R, is the gas constant, AS; is the
molar entropy of fusion, and Vc is the limit of
crystallization, which has an upper bound equal to the
velocity of sound. In an equilibrium state, 7T}, corre-
sponds to the solidus temperature for the initial
composition, C.

Cellular/dendritic growth

The IRF of both # and ¢ cellular structures have been
calculated by using Lin Xin’s self-consistent numerical
model for single-phase solidification represented in our
previous papers [19, 20]. This numerical model
extended the Hunt-Lu cellular/dendritic growth
numerical model [21] and was further developed to
describe the complete morphology evolution from the
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constitutional under cooling limit (CUL) to the abso-
lute stability limit (ASL) during unidirectional solidi-
fication. This numerical model can be described as
follows.

With considering an axisymmetric interface shape
and neglecting the effect of convection, we set a
moving coordinate system fixed to the experimental
sample in a directional solidification system. The
temperature field is assumed to be linear for the
reason that usually the solidification latent heat is
small and the heat conductivity is large. Then the
temperature field is defined as

T, =To+ Gtz (5)

where Tj is the liquidus temperature for the mean
composition of the bulk alloy composition Cy, Gr is
the imposed temperature gradient at the interface, z
is the axial position in a coordinate system moving
at the pulling velocity V, and this coordinate system is
referred to as the gradient coordinate system.
The solute distribution in the liquid and solid is
determined by the following diffusion equations
corresponding to the above moving coordinates,
respectively:

oCL  oC
2 ocL _ oL
DLV2CL + V) B2 5 (6)
dCs  9Cs
DsV? =
sV°Cs + Vy 9z o (7)

where Cp, Cg are the solute concentration for liquid
and solid, respectively, and Dy, Dg are the solute dif-
fusivity for liquid and solid, respectively. The solute
concentrations for the liquid and the solid should also
satisfy the following far field conditions:

Cp = Cp, at z — 400 (8)
%CZ‘S:O,atZH—oo 9)

At the interface:

Csi = kvClLi (10)

Valky — 1)Cpi = DL@ _p %6

—— 11
on S on (11)

where V, is the growth velocity in the normal direction.

The temperature field and the concentration field at
the interface must satisfy the Gibbs-Thomson equation

1 1 Va
TiToer(CLiCQ)F((R—lJrR—Z) *7 (12)

where ¢ = l1-a,cos(nf), 0 is the angle between the
interfacial normal and the dendrite growth direction, n
is the rotational symmetry degree of the alloy crystal
lattice, o, is the anisotropic coefficient, I is the Gibbs-
Thomson coefficient, R; and R, are the main curvature
radii at the interface, u = VcASH/(R,T;) is the kinetic
coefficient.

By employing the cell/dendrite shape calculated by
the Hunt-Lu model as a initial interface shape, the
diffusion Egs. (5) ~ (12) are solved by the finite-dif-
ference method through control volume integration
discretization. A self-consistent interface shape can be
obtained by coupling the temperature field with the
solute field along the solid/liquid interface through
Eq. (12). Based on the fact that the dendritic arrays in
directional solidification usually have a hexagonal
structure of axial symmetry, only a symmetry unit of a
dendrite has been taken into consideration in the
numerical calculation, which is half of the dendrite
unit. The model has included composition distribution
information in both liquid and solid phases and
some major morphological factors, such as tip und-
ercooling, tip radius, primary spacing, stable shape of
the dendrite etc.

Lamellar structures

Perepezko [22] suggested that a metastable eutectic
reaction might be exposed if undercooling was suffi-
cient in some alloys. The subsequent experiments
performed by Liu [23] and us [12, 13] have identified
the transformation from a peritectic to metastable
eutectic reaction as the inherent reason for the for-
mation of lamellar structures in peritectic alloy. That
is to say, the lamellar structure in peritectic alloy is a
kind of metastable eutectic structure. So the TMK
eutectic model for high growth rate [24] has been
employed to calculate IRF of the lamellar structure.
The parameters used for the calculation are listed in
Table 1.

IRF

Figure 6a shows the IRF of both cell/dendrite of the ¢
and u phases and lamellar structures in Zn-2.7Cu
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Table 1 Parameters for Zn-
Cu diagram and

thermophysical data of the

Parameters Symbol Value Reference
Melting point of Zn Tzn 692.73 K [25]
Melting point of Cu Tcu 1358.02 K [25]

phases involved solidification
procedure

tie-line®

Difference in composition between the end of the eutectic C’

2.47 wt. %

Gibbs-Thompson coefficient of ¢ phase T, 11x107 Km [26]
Gibbs-Thompson coefficient of # phase r, 11x107 Km [26]
Volume fraction of ¢ phase® F 0.18

Nonequilibrium liquidus slope of ¢ phase® m, 18 K/wt.%Zn
Nonequilibrium liquidus slope of 1 phase® m, —0.5 K/wt.%Zn
Equilibrium distribution coefficient of ¢ phase k. 0.65 [25]
Equilibrium distribution coefficient of 5 phase (corrected)  k, 0.62 [26]

Diffusion coefficient in liquid

Diffusion coefficient in solid

Dy 2.04 x 107 m*  [25]

S
Dy 1.59 x 1072 m% [27]
S

Peritectic temperature T, 698.14 K [26]
Liquid composition at peritectic reaction G 1.7 wt.%Cu [26]
Composition in primary ¢ at peretectic reaction C. 11.7 wt.%Cu [25]
Composition in peritectic # at peretectic reaction C, 2.75 wt.%Cu [25]
Equilibrium liquidus slope of ¢ phase m, -17.1 K/ [25]
wt.%Zn
®Acquired from metastable Equilibrium liquidus slope of # phase m, —3.\349 0i(/z X [25]
. . /0
phase diagram [12] Limit of crystallization of & phase Ve, 4304 mis 28]
@Measured by Quantimet Limit of crystallization of 1 phase Ve, 4243 m/s [28]

500 Image Analysis System

hyperperitectic alloy when they solidify independently.
A magnified view of the intersectant section in the
dashed rectangle in Fig. 6a is also shown in Fig. 6b. In
addition, the temperature gradient G is a typical value
calculated with a semi-analytic model established by
Liu et al. [9], and it has no significant effect on the IRF
within the velocity range discussed in this paper. At
low growth rate, the interface temperature of planar
interface of the u phase is the highest one. With the
increase of the solidification rate, the planar interface
of the 5 phase is unstable and the interface tempera-
ture of lamellar structures becomes higher than that of
the n phase. With the further increase of the solidifi-
cation rate, the interface temperature of lamellar
structures decreases gradually and becomes lower than
that of cellular/dendritic structures of the » phase at a
solidification rate of about 40 mm/s. It means that
cellular/dendritic structures of the n phase will replace
lamellar structures in the final microstructure at this
solidification rate.

Transition from lamellar structure to thin cells

Several literatures have reported the microstructures
transition from cells to lamellar structures, i.e.,
metastable eutectic structures, in Bridgman samples
of the present alloys at solidification velocity in the
order of 1 mm/s [29, 30]. With considering the

@ Springer

symmetry of the microstructure evolution, there may
exist a transition opposite to the aforementioned one,
i.e., a transition from lamellar structures to cells, at a
comparatively higher solidification rate. But this
microstructure transition has never been observed
before. However, in the present experiment, the
lamellar structure changes to the thin cellular struc-
ture of n phase at a solidification rate of about
96.0 mm/s. It indicates that the microstructure tran-
sition from lamellar structure to cells has occurred. As
shown in Fig. 6b, the interface temperature of
lamellar structures becomes lower than that of cellu-
lar/dendritic structures of 5 phase at a solidification
rate of about 40.0 mm/s. According to the maximum
interface temperature criterion, the system selects
high-speed cellular/dendritic growth of n phase above
this solidification rate. One should note that the
experimentally determined value for this transition is
about 2.15 times of that predicted by the maximum
interface temperature criterion. We mainly attribute
this difference to the following aspects: differences
between the actual metastable eutectic growth and
the ideal eutectic growth assumed in the TMK
eutectic model, uncertainties of thermophysical
parameters acquired from the metastable phase dia-
gram, and a kinetic requirement of the microstructure
transition. As a transition of microstructure, the
lamellar-cell transition needs some kind of driving
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Fig. 6 IRF of the two phases in solidification of Zn-2.7 wt.%Cu
alloy under temperature gradient of 5 x 10° K/m: (a) IRF of
planar or cell/dendrite of the two phases (b) a magnification of
the intersectant section in the dashed rectangle in (a)

force, i.e., the new pattern should be more kinetically
preponderant than the primary one. But when
the maximum interface temperature criterion is
employed, we obey the implied rule that the pattern
transition will occur when the two patterns are equal
in the interface temperature.

Dependence of lamellar spacing on growth rate

The average lamellar spacing (1) of metastable eutectic
structures has been calculated by using the TMK
eutectic model. The regression analysis of calculated
values gives the relationship between Z and Vi as
Vi = 0.00786V; + 217.5, of which the R is 0.99980,
as illustrated in Fig. 7. The experimental results are
also illustrated in Fig. 5, which are in excellent agree-
ment with the calculated values. It indicates that the
TMK eutectic model can excellently predict the
lamellar spacing of metastable eutectic structures in

® Measured 1 /
—— Regression of measured 2 7
T Regression of TMK model ,//
I
E
= L
>
<
107 e e
10° 10 10°

Solidification rate, um/s

Fig. 7 Relationship of /1 to Vs given by experimental measure-
ment and calculational method with the TMK eutectic model,
respectively

the peritectic alloy under ultrahigh temperature
gradient and rapid solidification conditions.

The high speed absolute stability (HVAS)

Mullins and Sekerka [31, 32] first performed the
rigorous linear kinetic stability analysis on the planar
liquid-solid interface for a dilute binary system and low
Peclet number. With their efforts, the famous M-S
theory was presented in 1964, which predicted the
probability of the high velocity absolute stability
(HVAS). According to the M-S interface stability
theory, the critical condition for HVAS is given by,

Vo = AToDy /k.T (13)

where k., ', Dy and AT are the equilibrium partition
coefficient, the Gibbs-Thomson coefficient, the solute
diffusion coefficient and the freezing range of the alloy,
respectively. For a peritectic alloy, before determining
this critical velocity, we should first determine which
phase is the leading phase under the local solidification
condition. According to Fig. 6a, the interface temper-
ature of the n phase is higher than that of the ¢ phase
within the whole velocity range, so the theoretical
critical velocities for the HVAS of Zn-2.7 wt.%Cu al-
loy can be calculated and the calculated value is
6.38 x 10! mm/s. Attention must be given to that the
experimentally determined critical velocity,
3.49 x 10> mm/s (as shown in Fig. 4d), is about 5.5
times of that predicted by M-S theory. In some litera-
tures, this kind of difference was often attributed to the
effect of the possible impurity elements and the
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uncertainties of the thermophysical parameters
[33-37]. In fact, the nonlinear instability of the planar
interface is another important reason for it.

In order to investigate the nonlinear instability of
the planar interface and the dynamic bifurcation of the
cellular-planar transition, an approach similar to the
one adopted by Wu et al. [38] was employed. When a
sinusoidal ripple perturbs the planar interface, the
perturbed interface equation is

z = ¢(x,t) = (¢) sin wx (14)

where J(¢) is the amplitude of sinusoidal wave, w = 27/1
is the frequency, and Z is the wavelength, respectively.
The equations of the changed concentration and
temperature field are

C(x,z,t) = Co+ G‘SD {1 —exp (—%Zﬂ

. (15)
+ (b — G¢)dsinwxexp (—o*z)
G'D, |4
T (x,z,t) = To + th [l—ex (——,Szﬂ
(x,2,8) =Ty V. A (16)
+ (a' — G")dsinwx exp (—wpz)
e e (57)
T(x,z,t) =Ty + 1—exp|—
ez =Tt P\UDa’ (17)

+ (a — G)osin wx exp (—wmz)

where C(x, z, ) is the instantaneous concentration of
solute in the liquid phase, Cy is the liquid phase solute
concentration at the unperturbed planar interface
(0 =0), T(x, z, t) and T’ (x, z, t) are the instantaneous
temperature in the liquid phase and in the solid phase,
respectively, Ty is the temperature of the unperturbed
planar interface, G¢ is the concentration gradient of
solute in the liquid phase at the unperturbed planar
interface, D is the diffusion coefficient of solute in the
liquid phase, D’y, and Dy, are the thermal diffusivity of
the solid and liquid phase, respectively, G’ and G are
the temperature gradient in the solid and liquid at the
unperturbed planar interface, respectively, and

1
1% Vi\? ’
o = i + (i) + w? (18)
v ViE 5
/ S S
= _— 1
0 = 2Dy, <2D:h> o (19)
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1
2

_ Vs
2Dy,

Wth (20)

Vs i + o’
2Dy,

Under rapid solidification conditions, we neglect the
difference between the thermal diffusivity of the solid
and liquid phase and let Gt = (ksG' +k.G)/
(2(ks + k1)), where kg and kp are the thermal con-
ductivity of the solid and liquid phase, respectively.
After derivation, an implicit expression of the critical
solidification velocity for the cellular-planar transition
has been obtained:

Coc(kV - 1)Vc

Dky
Veky
— (GT+FQ)2) . <1+m) =0

F(V.)=m
(1)

It means that when V< V. the interface is cell
mode and when Vi > V. it is the planar interface. Since
the frequency of the perturbation, w, which can cause
instability to a planar interface, covers a wide range.
The so-called maximum amplification frequency, @pax,
which makes the increasing rate of the amplitude of
perturbation a maximum, was employed. It was
obtained by numerically analyzing the M-S linear
equation. The results showed that w,,x is a function of
V. Substituting wpax into Eq. (21) and numerically
solving this equation, we can get the critical velocity
under a typical value of G in the laser molten pool [9],
5 x 10° K/m, and the value of V. is 1.09 x 10> mmy/s,
which shows a much better agreement with the
experimentally obtained critical velocity of 3.49 x
10> mm/s than that predicted by M-S theory.

Generally speaking, the uncertainty of the metasta-
ble phase diagram which was employed in the calcula-
tion of the IRF, the impurities in the alloys and the
dissimilarities between the perfect conditions supposed
the theory models and the virtual conditions should be
involved in the reasons for this difference. However, as
the predicted values are always smaller than the
experimental ones, we held the view point that the
characteristics of phase and microstructure transfor-
mation are the primary reason. Qualitatively speaking,
the highest temperature criterion, M-S theory and the
nonlinear analysis are all based on the assumption that
the solidification process is under the steady-state
condition. But in the laser surface resolidification
experiments, the velocity of the interface increases
from 0 to the maximum and convection also exists in the
molten pool. These factors make the local solidification
condition change continuously, i.e., the solidifica-
tion process is under an unsteady state condition.
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Consequently, all the phase and microstructure trans-
formation occur in the unsteady state condition; the
bifurcation behavior of the system must be different
with that predicted by the nonlinear analysis.

Conclusions

Laser surface remelting experiments of a Zn-2.7
wt.% Cu peritectic alloy were performed ona 5 kW CW
CO;, laser with scanning velocities varying from 6 mm/s
to 1,207 mm/s. It is found that the microstructures of
Zn-2.7 wt.%Cu alloy change from planar interface
structures to lamellar structures, cellular structures and
finally to absolute stability planar interface with the
increase of the growth rate. The critical velocity for
lamellar-cellular transition is 96.0 mm/s, which is in a
reasonable agreement with that predicted by the high-
est interface growth temperature criterion.

The lamellar spacing, Z, of lamellar structures
decreased from 3.4 um to 1.5 um with the increase of
the growth rate from 3.6 mm/s to 65.2 mm/s, and then
increased to 1.9 um while the growth rate increasing to
91.1 mm/s. TMK eutectic model was employed to
predict lamellar spacing and the results showed an
excellent agreement with the experimentally observed
lamellar spacing.

The critical velocity for high velocity absolute sta-
bility was evaluated by using a nonlinear stability cri-
terion of the planar interface, and a much better
agreement with the experimental value was achieved.
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