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[ Abstract] A new concept of undercooling heredity is developed to evaluate the undercooling ability in a nom catalytic

nucleation coated mould, where alloy melts were highly undercooled previously. Before the heredity experiment a nom

catalytic nucleation composite glass-lined coating ( B-F) was prepared on the inner surface of mould and the Cu,, Ni;, alloy

was selected to perform undercooling experiment in the B- F nom catalytic coating mould . Its ratio of undercooling heredity

was 0.76 . The results prove that the B- F coating is an ideal nom catalytic media for purified Cu,, Nis, alloy melts due to its

small contact angle between the melt and coating layer. Considering that various microstructures form under different un-

dercoolings , two critical undercoolings, A T, and A T, , and their corresponding microstructures of Cu;, Niy, alloy are well

defined . Moreover, it is found that the manned trigging solidification in the normr catalytic coating mould could be used to

get directional undercooling dendrite structure while the melt undercooling is larger than the critical undercooling A T, .
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1 INTRODUCTION

Through composite purification of physical and
che mical method, a stable undercooling can be ob-
tained in the Cu- Ni melt!! 731, As for the highly un-
dercooled melt, it could stay in its state when the
te mperature is higher than the undercooling te mpera-
ture corresponding to nucleating . If pouring the puri-
fied melt into a nomcatalytic coated mould at that
time , its undercooling should be partly or completely
retained *!.
undercooling heredity of the undercooled melt solidi-
fied in a coated mould, and the ratio of the highest
undercooling obtained in the coating to the primitive
undercooling after purification is defined as the hered-
ity rate of undercooled melt in the coated mould. Un-
der different undercoolings, rapid solidification of
highly undercooled melt, which could be realized in

The re mained undercooling is called the

the undercooled melt by manned triggering , can di-
rectly prepare rapidly solidified bulk materials with
excellent physical, chemical and mechanical proper
ties! 3]
bulk alloy melt is only limited to the basic research of

. However, the rapid solidification process of

microstructure evolution in a quartz glass crucible or
under the condition of levitation melting. How to
prepare bulk materials rapidly solidified by means of
undercooling is not discussed yet up to now , there are
two difficulties influencing its development: one is
that the basic knowledge about undercooling heredity

is very limited, the other is that there is no effective
and cheap way explored to prepare a non-catalytic nu-
cleation coating mould 4 ¢!

composite glass-lined coating mould was successfully

. Here a B-F nomr catalytic

prepared by the solgel, then the Cuyy Nijy melt was
chosen to perform the undercooling heredity experi
ment in the B-F coating mould, and the microstruc
tural evolution of the undercooled Cu;, Nis, alloy melt
in the coated mould was syste matically analyzed .

2 EXPERI MENTAL

2.1 Preparation of B F coating mould

The glassdust, SiO,, with a granularity less
than 88 pm and a purity higher than 99 .8 % ( mass
fraction) , and silicasol composed of 28 % SiO,( mass
fraction) , 0.3 % of Na, O and H,O were selected to
prepare the substrate coating layer B on the invest-
ment casting mould. The composition formula was
150 g quartz glassdust and 28 mL silicasol . The sub-
strate layer was prepared after sintering at 1 173 K for
30 min.

In order to form a nomcatalytic layer on the
mould, another thin film coating F has to be covered
on the substrate layer B. The preparation process of
layer F is as follows!! ). At first , a precursor solution
which composed of 4 H,O, 4 C;H;OH, 0.1 HCl with
a purity of 37 % and 1 SiCO-( C,Hs),( mole ratio)
was heat treated at 333 K for 180 min to prepare the
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F-sol by reactions of hydrolyzing-condensation. After
the mould B was immersed in the F-sol solution for
about 5 ~10s, then the re mained liquid sol from the
mould was poured toleave a thin sol film on the inner
surface of B-coating .

For the purpose of improving the surface proper
ty of the coated layer B, the heat treatment is also
scheduled . After aging at ambient te mperature for 24
h, the thin sol film was heated from a mbient te mper-
ature to 333 K at a rate of 5 K/ min in a furnace and
kept at 333 K for 2 h. Then rose the te mperature
from 333 Kto 673 K at a rate of 4 K/ min and held at
673 K for 30 min. At last cooled it down in the fur
nace and formed an F-coating layer .

The above- mentioned processes were repeated for
six times to get a relatively thick layer of coating . Af-
ter that the mould was heat treated at 1173 Kfor1 h
in order to form a glass-lined coating .

A Rigaku X ray diffraction meter with a source
of CuK, was adopted to analyze the crystalline struc
ture of the B-F coating .

2.2 Undercooling heredity of alloy melt solidified
in B F mould

The undercooling experiments were performed in
a high-frequency induction heater. The high purity
nickel (99 .987 %) and copper (99.95 %) with a
mass fraction being composition of Cu;y Nizo (10 g)
was melted in situ in a quartz glass crucible , and the
melt was covered by the molten glass with an effort to
achieve large undercooling. The purification process
was given in Ref .[1].

The cooling curves of the alloy melts were mea-
sured by an infrared pyrometer with a response time 1
ms , and relatively accuracy 5 K ( Fig.1) . The abso
lute temperature was calibrated by a
PtRh30- Pt Rh6 thermocouple .

During the undercooling experiment , the purifi-

standard

cation agent, glass, (granularity 2 ~4 mm) and alloy

Fig.1 Sche matic of undercooling
heredity experimental setup
1 —Vacuum chamber; 2 —Quartz rod ; 3 —Fused slag ; 4 — Melt ;
5 —Quartz crucible ; 6 —Shell mold; 7 —Aluminous refractory ;
8 —Fused slag ; 9 —Induction coils ; 10 —Quartz tube ;
11 —Observing hole ; 12 —Infrared pyrometry

particles were previously set in the crucible before the
undercooling experiment . Then the vacuum chamber
was evacuated to 1 .33 x 10 * Pa and the alloy was
heated to 1 637 K and degassed for 2 min, after that
the melt was superheated to 1 823 ~1 873 K and held
at the temperature for 1 min, repeated the above
heating and cooling process in sequences again. Fol-
lowed by two cooling-solidificatior melting-superheat-
ing cycles . Then the alloy melt was dropped into the
norr catalytic coated mould, which was placed at the
bottom of quartz glass crucible , superheated to 1 773
K and held for 30s. At last the melt was cooled down
to the ambient temperature. Various solidification
structures at different undercoolings were obtained by
trigger nucleation in the liquid Ga-In alloy placed at
the bottom of the mould.

3 RESULTS

X ray diffraction analysis was performed to iden-
tify the structure of the B-F coating. Its Xray
diffraction spectra are shown in Fig .2 . It shows that
B F coating belongs to a quartz glass .

| (B
Na)

20 30 40 50 60 70
28/(")

Fig.2 XRD spectra of B-F coating
(a) —B-coating; (b) —F-coating

The undercooling heredity of melt in the B-F
coated mould amounts to 0 .76 . Solidification struc
tures at different undercoolings are shown in Fig .3 .

4 DISCUSSION

4.1 Nomcatalytic nucleation of B F coating

The nucleation inhibition of alloy melt in a coat-
ed mould can be described by the wetting angle ( )
between the coating and melt according to the crystal
lattice misfit model!”). Then the heterogeneous nu-
cleation rate ( I;) of the alloy melt on the surface of
B-F coating proposed by the classical nucleation theo

ry[g] , could be expressed as

102! 16T f(0) @

Is = 7( T) T 3kT AGY (1)
where  0is the liquid/solid interfacial energy, T is
the nucleation te mperature , k is the Boltzmann con-

€Xp

stant, A G, is Gibbs free energy difference between
the solid and liquid phases , and 7( T) is the viscosity
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Fig.3 Microstructures of Cu,,Niy, alloy melt at different undercoolings
(a) —Dendrite, A T =20 K; (b) —Granular grain, A T=71 K; (¢) —Undercooling dendrite, AT =187 K

of the melt!®!,

a(T) =10 *exp[3 34 T/(T- TY] (2)

where T is the liquidus te mperature of the melt,
and Tg is the glass transition te mperature of the melt
could be calculated from following equation[g] :
T, = 0.25[ (1 -G) Tn(Ni) + G Tp(Cu)] (3)
G is alloy composition, T, ( Ni), T,( Cu)
are melting te mperatures of pure nickel and copper,
respectively .

where

(2 +cosd) (1 - cosb)?

£C0) = 7’ (4)
AHAT
AG, = —F— (5)
T,
where A Hyis the latent heat, AT =( T, - T) is

the nucleation undercooling .

When the B-F coating loses its effects and trig-
gers alloy melt to nucleate , the critical condition for
nucleation is

I« te S =1 (6)
where t is nucleation time, S is the neighboring
area between melt and coating .

The relationship between the wetting angle and
undercooling is plotted in Fig.4 and the thermody-
namics parameters of the alloy melt used for calcula

300
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Fig .4 Relationship of wetting angel with
undercooling of melts

tion are given in Table 1 . Fig .4 shows that the corre-
sponding wetting angle " between the alloy melt and
B-F coating is 66 .6° for an undercooling 260 K,
which was obtained by molten glass purification in

1231 It is more smaller than the

Cu Ni alloy mel
wetting angle 0. ; between quartz glass and melt,
158° . Therefore, the B-F coating is an ideal nomr

catalytic coating for the purifying Cu;y Nij, alloy

melts .
Table 1 Thermodynamic parameters of
Cuyq Nijq a110y[ 10}
o A H; Oc. . Ty Tu(Ni) T, (Cu) S t

/(J*m %) /(T*m ) /() /K /K / K / m? /s

0.374 2.062x10° 158 1510 1728 1357.5 0.4x10 ° 60

4.2 Microstructure

Within the achieved range of undercooling , so-
lidification microstructure could be classified as three
categories : highly branched dendrite structure , when
AT < AT,; granular crystal structure, when A T} <
AT < AT,; and highly undercooled directionally so-
lidified dendrites, when A T > A T,(as shown in Fig.
3) . Two critical undercoolings were marked out as,
AT, =38 Kand AT, =120 K. The calculation result
of the rapid dendritic growth model in undercooled
melt proposed by Boettinger, Coriel and Trevidil'!]
shows that the dendrite tip radius lays in the mini-
mum range (about 1 .35 x10° 7 m) , the recalescence
superheat in rapid solidification lays in the maximum
range (about 49 .8 K) and the composition difference
between the liquid and solute is relatively high
(8.16 % Ni, mole fraction) with increasing under
cooling within the range of AT < AT <AT,. As a
result dendrite re melting took place widely and turned
to be the crowded fine dendrite structure under effects
of the large composition deference and high super
heat . Then it leads to the formation of the granular
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crystal ( Fig.3(b)) . When the undercooling is larger
than A T,, thermal undercooling is higher than the
solute undercooling in front of the dendrite. Solute
diffusion was replaced by heat diffusion to control the
dendrite growth process. Therefore, the higher the
undercooling and the higher the thermal undercool-
ing , the more convenient for dissipating of the latent
of dendrite tip in the growth process. Once a nucleus
separates from the melt, dendrites will grow into the
undercooled liquid rapidly, consequently leading to
the formation of the fine directional dendrite. Fur
thermore , recalescence superheat (less than 27 K)
and the composition difference with a nickel content
between 7.62 % ~ 3 .29 % ( mole fraction) between
liquid and solid decrease notably with increasing the
undercooling. Then the fraction of dendritic re melt-
ing in recalescence decreases , which results in the for-
mation of directionally solidified dendrite structure in
rapid solidification process (as shown in Fig.3(c)) .
Therefore , directionally solidified dendrite under neg-
ative te mperature gradient could be obtained in a nomr
catalytic coated mould by means of manned triggering
solidification by the undercooling above A T,, which
provides a new way for preparing high performance of

(1121 It has been shown that the me-

new materials
chanical property of the material prepared by this
method is several times higher than that of materials
condi-

obtained wunder conventional solidification

tionl! 31

5 CONCLUSIONS

1) A composite glass-lined B-F coating is suc-
cessfully prepared and proved to be an effective nomr
catalytic nucleation coating mould in the undercooling
experiment of Cu;gNisg alloy melt .

2) A new concept of undercooling heredity is de-
veloped to evaluate the undercooling of alloy melt so-
lidified in a B- F coated mould and that of the Cu,, Nis,
alloy melt amounts to 0.76 .

3) Microstructure evolution of the undercooled
Cuyy Ni3, alloy melt at different undercoolings is sys-

te matically studied, and a directionally solidified
structure can be achieved when the melt with an un-
dercooling larger than the critical undercooling , A T, .

[ REFERENCES]

[1] GUO Xue-feng. Amorphous coating and solidification
structure selection in the coating of undercooled single
phase alloys [ D]. X{ an: Northwestern Polytechnical
University , 1999 .

[2] Powell GL F. Comment on “undercoolability of copper
bulk samples” [ J]. J Mater Sci Lett, 1991 ,10: 745 -
746 .

[3] Merz C D and Kattamis T Z. Mechanical behavior of
cast single phase alloys solidified from undercooled melts
[J]. Metall Trans A, 1977, 8 A: 295 - 298 .

[4] GUO Xue-feng, LU Yrli and YANG Gencang . High
undercooling and heredity of Cu- Ni- Fe alloys in special
coating materials [ J]. Chinese Journal of Materials Re-
search, (in Chinese) , 1998 ,12(6) : 598 - 603 .

[5] Lux B, Haour G and Mollard F. Dynamic undercooling
of superalloys [ J]. Metall, 1981, 35(12): 1235 -
1239.

[6] Ludvig A, Wagner I, Laakmann J, et al . Undercooling
of superalloy melts: basic of a manufacturing technique
for single-crystal turbine blades [ J]. Mat Sci Eng,
1994, A187(1 ~2):299.

[7] HU Hamgqi. Solidification Processing [ M ]. Beijing:
Mechanical Industry Press, (in Chinese) , 1991 . 51 .

[8] Turnbull D and Mondolfo L F. Hoterogeneous nucle-
ation in the liquid-tosolid transformation in alloys [ J]. J
Chem Phys, 1961 , 221 : 157 - 164 .

[9] Thompson C V and Spaepen F. Homogeneous crystal
nucleation in binary metallic melts [ J]. Acta Metall,
1983, 31(12) : 2021 - 2027 .

[10] Willnecker R, Herlach D M and Feuerbacher B. Evi-
dence of nonequilibrium processes in rapid solidification
of undercooled metals [ J]. Phys Rev Lett, 1989, 62:
2707 - 2710 .

[11] Suzuki M, Piccone T J, Flemings M C, et al. Solidifi-
cation of highly undercooled Fe-P aloys [ J]. Metall
Trans A, 1991, 22A: 2761 - 2768 .

[12] GUO Xuefeng, LU Yrli and YANG Gen-cang . Auto
directional solidification of undercooled Cu Ni- Fe
ternary alloy [ J]. Journal of Xi an University of Tech-
nology, (in Chinese) , 1999 ,15 (1) : 94 - 97.

(Edited by HUANG Jinr song)



