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Abstract: The hexagonal to orthorhombic (HO) transformation from f-NizSn, (hexagonal) phase to a-NizSny
(orthorhombic) phase was confirmed in directionally solidified Sn—Ni peritectic alloys. It is shown that the
remelting/resolidification process which is caused by both the temperature gradient zone melting (TGZM) and
Gibbs—Thomson (G—T) effects can take place on secondary dendrites. Besides, the intersection angle between the
primary dendrite stem and secondary branch (6) is found to increase from 7/3 to /2 as the solidification proceeds. This
is the morphological feature of the HO transformation, which can change the diffusion distance of the remelting/
resolidification process. Thus, a diffusion-based analytical model is established to describe this process through the
specific surface area (Sy) of dendrites. The theoretical prediction demonstrates that the remelting/resolidification
process is restricted when the HO transformation occurs during peritectic solidification. In addition, the slope of the
prediction curves is changed, indicating the variation of the local remelting/resolidification rates.

Key words: directional solidification; dendritic solidification; peritectic microstructures; Gibbs—Thomson effect;
temperature gradient zone melting; HO transformation

different [8—11]. Thus, remelting/ resolidification

1 Introduction

The secondary dendrite arm is considered to be
the most visually prominent feature of dendritic
structures [1—7]. It has been confirmed in numerous
works that different kinds of diffusion-controlled
remelting/resolidification processes could take
place on secondary dendrite arm in the mushy
zone [8—20]. The most familiar one of these
remelting/resolidification processes is coarsening
process by Gibbs—Thomson (G-T) effect [8—11].
During dendritic solidification, the G—T effect
can induce capillary-driven diffusion between
neighboring secondary branches whose radii are

processes on the thinner/thicker secondary dendrite
arms can be witnessed, which can influence the
following mechanical properties of structures [8,9].
In addition, there always exists a melt concentration
gradient by imposed temperature gradient during
directional solidification [12,13]. Thus, solute
diffusion can also be induced by this melt
concentration, and the remelting/resolidification
process by this melt concentration occurs [14—16].
This process is always assumed to be controlled
by the temperature gradient zone melting
(TGZM) [17-19], and it is also called dendrite
migration in some literatures [14—18].

Although the analyses on the remelting/
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resolidification process have been carried out in a
number of studies discussed above, the role of the
diffusionless phase transitions in this remelting/
resolidification process has long been neglected.
During past decades, more attention has been paid
on the diffusionless phase transitions [20—22].
Among them, the hexagonal-orthorhombic (HO)
transformation [20,21] appears to be common in a
series of alloy systems like Ti—AI-Nb alloy [22].
The only research which correlated the HO
transformation with coarsening process confirmed
the influence of the HO transformation [23].

In recent decades, the dendrite growth of many
industrially important peritectic alloys featured by
peritectic reaction L+o—f has been witnessed, like
Fe—Ni, Ti—Al and Cu—Sn [24—26]. The restriction
of the coarsening process by the G—T effect was
confirmed during peritectic solidification [27].
Besides, the TGZM effect has been proven to not
only reduce the interdendritic microsegregation [28]
but also accelerate the remelting/resolidification
process [29]. Thus, the previous analysis on
dendrite growth during peritectic solidification has
demonstrated its particularity originated from
peritectic reaction. However, the influence of the
HO transformation has less been analyzed during
peritectic solidification. It has been confirmed
that a HO transformation from pS-NizSn, phase
(hexagonal) to a'-NizSn, phase (orthorhombic)
occurred during solidification of Sn—Ni peritectic
system [30—32]. So, the occurrence of this HO
transformation in Sn—Ni peritectic alloy should be
clarified. Besides, the dendrite morphology can be
changed if the HO transformation happens, which
will lead to the variation of the diffusion distance
for both effects. To better understand the diffusion-
controlled remelting/resolidification process in
peritectic system in the presence of the HO
transformation, the present work aims to describe
this process in a Sn—30at.%Ni peritectic alloy.
The superiority of specific surface (Sy) [8] as
compared with other parameters such as 1, in
characterizing the dendritic structure has been
confirmed [8,33—35]. Thus, remelting/resolidification
process will be described through Sy in this study.

In the present work, the experimental
observation on the morphology features of the
TGZM eftect, the G—T effect and the HO phase
transformation will be given first. Then, the
diffusion-controlled analytical theory on the

remelting/resolidification process in consideration
of the HO phase transformation will be proposed.
After that, the influence of the HO phase
transformation on this remelting/resolidification
process in a Sn—Ni peritectic alloy will be clarified
through the examination on both the theoretical
prediction and experimental results.

2 Experimental

The as-cast Sn—30at.%Ni alloy was obtained
through induction melting method using nickel and
tin with purity of 99.9%. Then, the rods of 3 mm in
diameter and 110 mm in length were cut from the
ingot. The rod was firstly placed into a Al,Os tube,
and the temperature of the rod was raised to
1150 °C. When the rod was completely melted, the
sample was kept stationary in the Bridgman-type
furnace for 30 min. After that, the directional
growth of the rods was performed at different
growth velocities: 5, 10, 20 and 40 pm/s. Finally,
the tube was quenched into liquid Ga—In—Sn alloy
when the growth distance was 50 mm. The
temperature gradient close to the solid/liquid
interface could be deduced from PtRh30—PtRh6
temperature profiles, which was approximately
42 K/mm. The samples longitudinally
sectioned, polished for further analysis by scanning
electron microscopy (SEM (Quanta—200)).

The surface area per unit volume Sy was
measured in different transverse sections of the rod
by Sy=S/V=XI/£A [8]. Here, the total area of the
dendrites in the transverse section S was obtained
by successively polishing down through a dendrite
and measuring the length of its peripheral contour /,
in each step. The dendrite volume V' was measured
by V=XA-d, where A is the area of the dendrites on
the transverse section and d is the polish depth. The
values of / and A were measured using image
analysis software Olycia 3.0.

Wwere

3 Results

The Sn—30at.%Ni alloy experiences three
reactions in equilibrium solidification [31]:
(1) T1=960 °C: L—NiszSny; (2) Tp=798°C: L +
NizSn, — Ni38n4; (3) Te=231.15 OC, L — NizSny+
Sn. The typical dendrite morphology of the
Sn—30at.%Ni alloy is shown in Fig. 1. According
to the EDS result, the dark grey phase represents
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Fig. 1 Microstructures of directionally solidified Sn—30at.%Ni peritectic alloys at quenched solid/liquid interface (a—c)
and peritectic interface (d—f): (a, d) 5 um/s; (b, €) 20 um/s; (c, f) 40 pm/s

the primary NizSn, phase, and the light grey one is
the peritectic Ni3Sny phase. The white phase is the
remaining liquid phase [28,33]. The different radii
of the neighboring secondary dendrite arms can be
found, indicating the existence of the G—T effect.
Furthermore, the examination on Figs. 1(d—f)
shows that peritectic NizSns4 phase only encloses the
higher edge of the secondary branch, which can be
confirmed to be characteristic of the TGZM effect
during peritectic solidification [15,29]. Thus, how
can the TGZM and G-T effects influence the
dendrite morphology should be illuminated.
Besides, it is noteworthy from Fig. 1 that the
intersection angle (¢) between the primary dendrite
stem and secondary branch from it gradually
increases from about 71/3 to nearly n/2 as directional
solidification proceeds. Although this phenomenon
can be found in every growth velocity, it is most
obvious at the lowest growth velocity of 5 pm/s in
Fig. 1(a). Since the growth conditions of each
controlled directional solidification experiment are
steady, whether the variation of 8 with solidification

time occurs should be investigated. Owing to the
reason that there exists no difference in the
morphologies of the primary NizSn, and peritectic
Ni3Sny phases, the interesting variation of 8 cannot
be related to peritectic reaction. Therefore, the
possible reason for the variation of 6 with
solidification time should be attributed to the phase
transformation of primary Ni3Sn, phase. According
to the available crystal structure data of this Ni3Sn,
phase [30—32], Ni3Sn; high-temperature phase has
hexagonal structure, and Ni3Sn, low-temperature
phase has orthorhombic structure [32].

If the solid phase has a hexagonal structure,
the secondary branch of it always has 6 of n/3. In
addition, 6 is m/2 for a solid phase which has a
orthorhombic structure. Thus, it can be concluded
that the different structures of NizSn, phase at
different positions (temperatures) can lead to the
variation in 6. Furthermore, it should be noted that
since the growth velocities in this work are not
high, the peritectic transformation can be clearly
observed. However, the peritectic solidification
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might be obviously restricted in the case of higher
cooling rates and/or deeper undercooling due to
solute trapping, solute drag, etc. [27].

The remelting/resolidification processes by
the capillary driven G—T effect [8—11] and the
temperature gradient induced TGZM effect [14—20]
have been confirmed to be closely related to the
dendrite morphology. This indicates that this
process is influenced by the morphology of
secondary branch. The distance between the
neighbouring secondary branches is the actual
diffusion distance for both effects. The variation of
6 with solidification time by the HO phase
transformation can result in the change in both the
morphology of secondary dendrite arm and the
distance between neighbouring secondary branches.
Thus, HO phase transformation undoubtedly
plays important role in remelting/resolidification
process.

4 Discussion

4.1 Analytical model

The schematic representation of dendrite
morphology is illustrated in Fig. 2, and the different
radii at different local positions of dendrite structure
are given. It can be found from Fig. 2 that five radii
are mentioned here: the radius of the primary stem
R, the tip radius of secondary branch R,, the root
radius of secondary branch Ry, and the root radii
of the concave necks, R3, and R4. In this work, the
temperatures of the different parts of the dendrite
structures are also given. The definitions of these
temperatures in this work when 8 equals to m/2 are
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Fig. 2 Schematic presentation of dendrite morphology to
identify different radii at different local positions

Fig. 3 Definitions of temperatures at different locations
of secondary dendrite arms in the present work: (a) 6=m/2;
(b) 6<n/2

given in Fig.3(a), and the definitions of these
temperatures when 6 is smaller than /2 are shown
in Fig. 3(b). If the HO transformation occurs, the
situation is more complex. As shown in Fig. 3(b),
T) and 7T, are the temperatures at the back/front
edges of the tip of thicker ones.

4.2 Comparison between influence of TGZM and
G—T effects

Since both the TGZM and G-T effects play
significant roles in the remelting/resolidification
process, the relative importance between them
should be illuminated first. By comparing with the
previous coarsening models [8—11], a thinner
secondary branch is assumed to be located between
two thicker ones in Figs.4—7. The intersection
angle on this thinner secondary branch is defined to
be smaller than 7/2. This distribution of the thicker
and thinner secondary branch is reasonable since
the influences of these two effects on the thinner
secondary branch are not always the same. The
TGZM effect leads to the remelting/ resolidification

o 4 C
s
]
]
'
1
' 1
: TGZM effect
:
'
o A s e "W W
]
]
:
'
]
: C
—p
J 9

Fig. 4 Illustration of comparison between influence of
TGZM and G-T effects on remelting/resolidification
process at tip of secondary dendrite arm in Stage I during
directional solidification of peritectic alloy
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Fig. 5 Illustration of comparison between influence of
TGZM and G-T effects on remelting/resolidification
process at tip of secondary dendrite arm in Stage II
during directional solidification of peritectic alloy
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Fig. 6 Illustration of comparison between influence of
TGZM and G-T effects on remelting/resolidification
process at tip of secondary dendrite arm in Stage III

during directional solidification of peritectic alloy
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Fig. 7 Illustration of comparison between influence of
TGZM and G-T effects on remelting/resolidification

process at tip of secondary dendrite arm in Stage IV
during directional solidification of peritectic alloy

process at the back/front edges. However, the
remelting process induced by the G—T effect occurs
at both the back and front edges of the thinner
secondary branch. Thus, the proposed morphology

is appropriate. Furthermore, the solute fluxes
induced by both effects are assumed to be
independent.

Based on the experimental results, as shown in
Figs. 4-7, the remelting/resolidification process
consists of four stages. In Fig. 4, only primary o
phase participates in Stage I above 7p. From the
A—A view in Fig. 4, the circles represent the tips of
these secondary branches in their radial direction.
The straight lines in Fig. 4 are the liquidus of a
phase. Here, the black line (electronic version)
shows the equilibrium liquidus line when the
curvature undercooling is not taken into account.
When the curvature undercooling [9] is taken into
consideration, the red (blue) line is the liquidus line
if the radius is R (R:). Figure 4 clearly shows that
the melt difference AC by the TGZM effect is larger
than that by the G—T effect at both 7r; and Tr». This
indicates that the G—T effect is less important as
compared with the TGZM effect on both edges. As
a matter of fact, the real AC on the front edge is the
difference between AC by both effects at Tri.
Simultaneously, the real AC on the back edge is the
sum of AC by both effects at Tr». Therefore, the real
AC at Tro is larger than that at Tr;.

Stage Il initiates when the temperature is
below Tp, and only peritectic § phase is considered
in this stage. Figure 5 confirms that the melt
difference AC by the G—T effect is still smaller than
that by the TGZM effect at both 7r; and 7r.. This
indicates that the TGZM effect is more important
than the G—T effect on both edges in Stage II. Since
it has been confirmed [30] that the remelting
velocity at Tr, was larger than the resolidification
velocity at Tri, R» gradually decreases. Furthermore,
the § phase at Tgr> should completely remelt first,
and then as shown in Fig. 6, Stage III takes place.
In this case, peritectic f phase appears at 7," and
primary o phase appears at Tr2. The dashed lines in
Fig. 6 represent the liquidus lines of primary «
phase below Tp, and they are assumed to be the
extension of the oblique straight lines above 7p. As
mentioned above, the remelting velocity at Tr» is
larger than the resolidification velocity at Tri.
Therefore, Stage III is finished when the f phase at
T|" completely remelts. In this case, as displayed in
Fig. 7, peritectic § phase appears at 7" and primary
o phase appears at Tri. The whole remelting/
resolidification process is finished when this thinner
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secondary branch finally disappears.

4.3 Analytical model on tip radius of secondary
arm
4.3.1 Stage 1
As shown in Fig. 2, the undercooling due to
curvature effect is [11]

AT, =T L N P (1a)
Rroot R3 R2

Thus, while the actual temperature at the root
of the thinner secondary branch is lower than that in
equilibrium condition, the actual temperature at the
tip is higher than it. It can be obtained from Fig. 4:

=T, +mice - L (1b)
R
T =T, +m{ G + T Lot (Ic)
Rroot R3 R2

where I” is the Gibbs—Thomson coefficient; m" is

the liquidus slope of primary o phase; CI“’T‘” and
C"m are the melt concentrations at 7" and Twi,

respectively.
Since a temperature gradient is imposed on the
interdendritic liquid layer, it can be obtained that:

T =Ty, +GLg, 2

where G is the temperature gradient during
directional solidification.
It can be obtained from Egs. (1) and (2) that:

Ca’TRl _C“Il” — r 1 _L _L_l _%
: : m‘|\R,,, R ) R, R| mf

Toot
3)
Based on Fick’s First Law, the solute diffusion
flux between 7;” and Tr; can be expressed as

T o,
Ca’ RL_ 0
1 1
JI_DL—_

Ra

e
ml LRa Rroot R3 RZ R

“4)
where Dy is the solute diffusion coefficient of melt.
And for a small displacement dR>at 7,”, there is
dr,

dt

J,=ClM(1-k,) (5)

TRI

Ji=h (6)

dR,

DL
dt

Ty mlaclajTR] (l_ka)LRa

1 1 1 1
{Fﬂ&mtﬂ‘z‘ﬂ*%} @

Ly, =L, +(R, —R)cos@

Similarly, at the back edge, there is
dR,

dt

— DL .
Ty my'C}' o (1 —k, )LRb

1 1 1 1
etk o

Lyy =L, +(R—R,)cos®

where C*'®land C{"'* are melt concentrations at
Tri and Tro, respectively. The relation between

T T, .
Cla’ Rl and Cla’ R2 is

o o G
Cpfn — e :_a'(ZRz) ©)
m
| _1fdr| |k )
dt Stage I 2 dt Try dt Tx»

The comparison between Egs. (7a) and (8a)
shows that the remelting velocity at T, is smaller
than the resolidification velocity at 7r;. This seems
to be contradictory to the previous analysis in
Section 4.2, and this can be attributed to the
complex morphology of the secondary branch.
Although the solute diffusion between neighbouring
secondary dendrite can lead to remelting of the tip
of the thinner secondary branch, the diffusion
between the tip and root of the same secondary
branch plays a more important role according to our
analysis. As a matter of fact, Fig. 1 shows the
gradual increase of the tip radius of the thinner
secondary branch. Furthermore, it can also be found
that the solute concentration difference AC by the
G—T effect at the tip of secondary branch is smaller
as compared with that at the root of secondary
branch. This is consistent with the fact that the
difference in radius between the tip of the thinner
secondary branch and its neighboring thicker ones
is smaller than that at the root of the thinner
secondary branch. As illustrated in Egs. (7a) and
(8a), the dependence of R, on the root radius Ryoot
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shows that the variation of R, during the
remelting/resolidification process should also be
identified.
4.3.2 Stage II

As shown in Fig. 5, resolidification velocity at

Tri canbe given as
R, _ Dy .
defp mfCP (1-ky) Ly,

1 1 11
oz )i o

Ly, =L, +(R, —R)cos&

The remelting velocity of § phase at Tr> can be
given by

dRz _ Dy .
dt |, mfCle (1-ky) Ly,

I 1) 11
fﬂ?ﬂ?ﬂ“} 12

Ly =L, +(R—R,)cos®

where mlﬂ is the liquidus slope of peritectic S

phase, Clﬁ’TR‘ and Clﬁ’T“2 are the melt
concentrations at 7r; and Trs, respectively. The
relation between C/™0 and CP' s

G
CPI _ P =_ﬁ'(2R2) (13)
my
Ryl 1R ARy (14)
de Stage II 2\ dr Try de Tra

Similar to Stage I, as the remelting velocity
at Tr is larger than the resolidification velocity at
Tri, B phase previously formed at 7r» remelts
completely, and then Stage III initiates.

4.3.3 Stage III
As exhibited in Fig. 6, it can be obtained that

dRz _ Dy .
m{ CP (1= ky ) Ly,

dt Tm__
i 1 1) 1 1
rH———]————}rGLRa (15)
L Rroot R3 RZ R

Ly, =L, +(R, —R)cos@

where C]ﬁ xi is the melt concentration at Tki.
At Tro, one has

” ,T”
T, =Ty +m{Cl"

T, =T, +m!C"™ + T P 1)t 1
R R,) R, R

Toot
(16b)
Since a temperature gradient is imposed on the
interdendritic liquid layer, it can be obtained that

T, =T, +GLy, (16¢)

It can be obtained from Egs. (16a) and (16c)
that

: |
cPr —cfle = _ﬁ[(mlﬂ
my

1 1 1 1
FHRW‘EJ‘R—;E}GL%] ("

Similarly to Eq. (5), at the temperature ranging

—my )(CLP -C ) +

from Tra to T4, there is

CﬁJz” _ C]“’TRz

J=D (18)

b

By applying a mass balance at the a/liquid
interface, there is

' T
Pl e dR,

J=D C%Tr2 _ oLIr2
Y Ly dr ( : “ )
(19)
From Egs.(18) and (19), the remelting
velocity of o phase at Tk is
dr, | _ Dy .
e ly,, — mfCle Ly (k, ~1)
1 1 1 1
—_— —GLy, +
l: [Rroot R3 RZ R] o (20)
(mlﬂ —my )(CLP _Clajm )}
Lyy =Ly +(R—R,)cos8

The relation between CI'B Tri i Eq. (15a) and
cpre s

—Tx, _TP —Txs —

B a
m m

1 1 G
(TP_Tkl)(_ﬁ__aJ__a'(sz) (21)
mpm m

Cla’TRZ _ Clﬁ’TR] — TP
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dR,

dt

dR,

dt

_ 1] dR,
2| de

TRZ}

Stage 111 Txy

4.3.3 Stage IV

(22)

In this case, the resolidification velocity of

peritectic § phase at Tr; in Stage [V is
dr, | _ Dy _
de |TRI mlaclﬁ’TR] (l_kﬂ)l‘k"j

I

' -

my’ )(CLP - Clﬂ’TRl ) +

1 1 I 1
-

Ly, =L, +(R, —R)cos®

The remelting velocity of S phase at Tr> is

Ly, =L, +(R—R,)cos 8
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Here, the relation between Clﬂ Tr1 and Clﬁ Trz

is

C],B,TRI —Clﬁ’Tkz :%(2]{2) (25)
m

ARl _1[dR| | dR, (26)

dr StagelV 2( dr Tri d Tr>

4.4 Dependence of & on solidification time

To better understand the influence of the HO
phase transformation on remelting/resolidification
process, the dependence of & on solidification time
is given in Fig. 8. Besides, according to above
analysis, the dependence of cos 8 on solidification
time which is closely related to the remelting/
resolidification velocity is also presented in Fig. 9.
Examination on Figs. 8 and 9 confirms the clear
dependence of both 6 and cos 8 on solidification
time at each growth velocity. Besides, the influence
of the growth velocity on € and cos 6 can also be
found. On the one hand, the initial value of the
angle (6p) in the vicinity of the tip of primary
dendrite stem increases with increasing growth
velocity: from 69° at 5 um/s to 83° at 40 um/s. On
the other hand, the range of 8 and cos @ gradually

(b)
90 -
-
at . "
. . . . ngm .
80 I . n (I |
]
70
60 1 1 1 1 1
0 50 100 150 200 250 300
Solidification time/s
(d)
90 [ ] - (] ]
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I
80
70
60 ! L .
0 40 80 120 160

Solidification time/s

Fig. 8 Dependence of intersection angle (¢) on solidification time at different growth velocities: (a) 5 um/s; (b) 10 um/s;

(c) 20 pm/s; (d) 40 pm/s
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Fig. 9 Dependence of cos 8 on solidification time at different growth velocities: (a) 5 um/s; (b) 10 um/s; (¢) 20 pm/s;

(d) 40 pm/s

decreases as the growth velocity increases. The
dependence of both 8 and cos @ on the growth
velocity can be attributed to the driving force of
the HO phase transformation [21-26], which
isaccelerated by the larger undercooling at larger
growth velocity. Furthermore, the ever-changing
image of @ throughout the directional solidification
process is seen before it reaches m/2. Thus, it
can be inferred from the expressions of the
remelting/resolidification rates that the real
remelting/resolidification process keeps varying as
directional solidification proceeds.

4.5 Influence of 0 on remelting/resolidification
process

As discussed above, the secondary dendrite
arms are not strictly perpendicular to the primary
dendrite stems after the HO phase transformation.
The variation of & by the HO phase transformation
definitely changes the diffusion distances of
remelting/resolidification process by both the
TGZM and G-T effects. Taking Stage I for example,
according to Eq. (7b), the diffusion distance of the
resolidification process on the front edge of the tip

of the thinner secondary branch (Lr,) increases with
the increase of 6 (w/3<6<m/2). As a result, the
resolidification rate gradually decreases. Similarly,
it can be found through Eq. (8b) that the diffusion
distance of the remelting process on the back edge
(Lry) also increases simultaneously with the
increase of 6, leading to the decrease of the
remelting rate as directional solidification proceeds.
In a word, the remelting/resolidification process is
restricted if the HO phase transformation occurs
during solidification.

To better display the influence of the HO phase
transformation on the remelting/resolidification
process, the theoretical prediction through the
present model in which the HO phase
transformation is not taken into consideration
(6=n/2) is presented in Fig. 10. The calculation
procedures have been shown in detail in a previous
work [35]. The dependence of cosé on
solidification time is given through the polynomial
approximation of experimental results. Besides, the
present theoretical prediction when the HO
phase transformation is considered is compared
with the experimental measurement in Fig. 11. The
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comparison between Figs.10 and 11 shows the
gradual decrease of the remelting/resolidification
rates during directional solidification. This means
that the remelting/resolidification process is
underestimated in previous researches [15,30] if the
HO phase transformation is neglected. In addition,
the present theoretical prediction also shows the
gradual decrease of the slope of the prediction
curves during solidification. This further confirms
the restriction on this process in the presence of the
HO transformation, proving the wvalidity and
reliability of the present model.

Based on the analyses above, four different
reasons are involved during the remelting/
resolidification process in Sn—Ni peritectic system:
the G—T effect, TGZM effect, peritectic reaction
and the HO phase transformation. Since their
influences are different, even contradictory, their
combined influences are more complex. Although
the G-T effect is retarded during peritectic
solidification, the combined influences of both
effects and peritectic reaction in turn accelerate the
coarsening process [30]. The influence of the HO
phase transformation mainly lies in changing the
morphology of secondary dendrite arm, thus
altering the solute diffusion within liquid layers
between secondary branches.

5 Conclusions

(1) The intersection angle between the primary
dendrite stem and secondary branch (6) is observed
to increase from n/3 to w/2, which is confirmed to
be the morphology feature of the HO phase
transformation from £-Ni3Sn, phase (hexagonal) to
o.-Ni3Sn; phase (orthorhombic).

(2) A diffusion-based analytical model is
established to describe remelting/resolidification
process in the presence of the HO phase
transformation. The theoretical prediction confirms
that this process is restricted by the HO phase
transformation during peritectic solidification since
it can change the diffusion distance.

(3) The present theoretical prediction shows
that the slope of the prediction curves always
changes since 6 continues varying during the
remelting/resolidification process.
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NAE-ERFHETEXEREE Sn-Ni BEEaET
R R R LRI RN

3 OMy 12 A3, EFP A2 K U xFA! O &, EHM!

1. ZMKE MR SRR, 22N 7300005
2. HRIMVE RS VSR E B, PET 7530005
3. Hilvt&HERE, %40 730000

1 . 7EE &R Sn—Ni &SR KIS H-IEA A, BIE B-NisSnz (7577)M o-NizSna2 (IE )M IEEAE .
TR, TRBE LR A iR RE B X IBAA(TGZM) 5 75 45 i -7 AR (G-T) %N 5 A i E i/ BT 72 . Bbat,
—RBOR T 5 RSB I S (0) B [ FEREAT /3 R 2, XL NANTT—IE T A ST, I etk
AR AP R B B . DR, R SE YRR M SRR, EAA/ P R B A 1 BRI RSy ) AT R AE
TR TN B, Bt ] 2 HR R AR 7S T — 1B 7 AR S AT M S e FE . 4, TR 2R R R AR N R B B
K /TR R o) J e e A AR
XA EUBEE AR mEAYl AR AR IR X ks HO AHAR
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