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Abstract

The Influence of the ternary alloying element Cueartectic nucleation in an Al-10 wt.%Si
alloy in unmodified and Sr-modified conditions wstsidied. Cu additions had a relatively
minor effect on the unmodified eutectic nucleatfoegquency. In Sr-modified Al-Si alloys
where the nucleation frequency of the eutecticngrés very low compared to the unmodified
alloys, the addition of Cu significantly increasy@ nucleation frequency. Further increases
in the Cu concentration resulted in a continuoagsease in the number of eutectic grains and
an associated decrease in their size. It is praptss constitutional supercooling plays an
important role in promoting the nucleation of etiteagyrains ahead of the solidifying

interface especially in the case of Sr-modifiedSAklloys.

Keywords. Eutectic solidification, Aluminium-Silicon alloy3,ernary alloys, Eutectic grain

nucleation

1. Introduction

Aluminium dendrites and AIl-Si eutectic phases dre major microstructural features of
many commercial Al-Si foundry alloys and controltbé microstructure of these phases is an

important step in achieving quality castings.



The influence of solute on primary grain formatiwes been extensively studied [1-8] where
it has been shown that the final grain size foraatipular alloy depends on the alloy
chemistry, nuclei potency and their distributiortlie melt [5]. The Interdependency Theory
links grain formation and nucleant selection of ginenary phase and is helpful for revealing

the mechanisms controlling the grain size of a ¢hr@age of casting alloys [5].

Despite the evidence that the addition of euteniidlifiers such as Sr, Na and Sb influence
the eutectic nucleation frequency, macroscopicugiar and hence casting defect formation
[9-14], the influence of common alloying elementstsas Cu and Mg on eutectic nucleation

and the macroscopic evolution of the eutectic phas@l-Si alloys is unclear.

When Cu is added to the Al-Si alloy, solute is cegd from both of the eutectic constituents.
Due to this solute segregation ahead of the eatedtrface the equilibrium melting point

(liquidus temperature) changes locally from a loalue at the interface towards the higher
liquidus temperature for the alloy. When the acteahperature of the melt is less than the
equilibrium liquidus temperature, the melt in thundary layer is constitutionally

supercooled [15]. The growth restriction factoradcolute (Q) is the measure of how fast this
constitutionally supercooled zone forms ahead ef gblid-liquid interface. In addition to

changes in the equilibrium liquidus temperatureeptbhanges might be expected. These
include variations in the surface tension which cdluence the wetting angle between the
nuclei present in the boundary layer and the naeld, changes to the chemical driving force
for nucleation [16]. As such, significant changas be expected in the nucleation behaviour

of the Al-Si eutectic due to ternary solute segtiega

A deeper understanding of how solute additionsuerite the nucleation pattern of the Al-Si
eutectic would allow for the development of highjeality castings. For example, refinement
in the eutectic grain size through promoting nuateaeither by adding more potent nuclei or
by creating more constitutional supercooling tavaté nuclei [17] is a potential means of

2



controlling the porosity size and distribution in-r8odified Al-Si alloys. Easton et al. [1]
proposed that the presence of a constitutionaligsiooled zone ahead of the primary phase
can promote a wave of nucleation events aheadeointerface. However, the underlying
theory has not been applied to eutectic solidiiicat The present work attempts to
understand the influence of the ternary alloyingmednt Cu on Al-Si eutectic nucleation in
Al-10 wt.% Si alloy. The use of Cu is convenierdnr a theoretical perspective and is also of

practical significance as it is a common alloyihgneent in many commercial casting alloys.

2. Materials and Methods

The experiments were conducted with an Al-10 wti%dsnmercial purity alloy as the high
eutectic volume fraction of this alloy assists metaaphic observation of individual eutectic
grains. Approximately 1 kg of the base alloy (AlSipalong with appropriate amounts of
commercial purity Si and the Al-33 wt.% Cu mastboyawere weighed and melted in a
graphite crucible in an electric resistance furnac&60°C. For Sr-modified alloys, Sr was
added to the melt using an Al-10 wt.% Sr mastearyalin rod form) 20 mins before casting.

The Cu contents range from 1 wt.% Cu to 6 wt.% Cu.

Two stainless steel cups, coated with boron nitvigee preheated at 760°C. Samples were
taken simultaneously by dipping these stainles®l steips into the melt. A type N
thermocouple covered with a stainless steel sleea& lowered into one of the samples to
record the temperature. Approximately half way tigio the eutectic reaction the second
sample was quenched by lowering the stainless stegel into a water bath at room

temperature.

For each alloy a cooling curve and a derivativeveurere plotted. Reaction temperatures
were measured using Tamminen’s method [18]. Thepkmmwere sectioned parallel to the

vertical axis and polished using standard metadiplgic techniques.



Samples were then etched in Keller's reagent (Rl 3ml HCI, 5ml HNQ, 190 ml HO)

for 5 seconds to observe the eutectic Si morphologimg an Olympus AX70 optical

microscope. The area density of polyhedral siliparticles in selected unmodified samples
was measured by taking twenty fields (1400um x u@@pbof each sample and manually
counting the number of polyhedral silicon particlés Sr-modified alloys the number of

eutectic cells was counted manually from a digitacrograph of the quenched sample.

A chemical analysis sample was produced by pougach melt into a chill mould. The
composition was analysed using Inductively Couteabma-Atomic Emission Spectroscopy
(ICP-AES). Due to the limitation of ICP analysis analysing Phosphorous (P) in Al, one
sample of the Al-Si-Cu unmodified series and ong¢hef Al-Si-Cu-Sr-modified series were
analysed using Glow-Discharge Mass SpectroscopyM&D It was found that the P content
in these samples varied between 3-6 ppm. As the &dasy (Al-10Si-commercial purity) was
used for all the alloys presented in this workstmange of P contents is expected to be
representative. Table 1 provides the analysed adancompositions of the experimental

alloys.

The solidification path of the Al-10Si-Cu alloys svabtained from solidification simulations
from Thermo-cal€ software [19] using the assumption of Schiel cdadi& and the

ThermoTech Al-based Alloys Database (TTAL8 Databagsion 8.1) [20].

3. Results

For each alloy composition cooling curves, sevenarographs and macrographs of the
guenched samples were analysed to determine thifisation path and the eutectic grain
nucleation density of each sample. However, onlg@ample micrograph or macrograph is
provided for each sample depending on which methwbles more accurate measurement

and observation of the eutectic grain nucleatiequdency.



Table 2 presents the nucleation temperatures gbriheary Al, Al-Si binary eutectic and Al-
Si-CuAl, ternary eutectic obtained from the cooling curvealgsis of Al-10Si-XCu

unmodified and Sr-modified alloys. In both casd® primary Al and eutectic nucleation
temperatures decreased as the Cu content incred$ed.ternary eutectic nucleation

temperature remained approximately the same.

Unlike the case of primary phase solidificationantifying the eutectic nucleation frequency
is challenging due to the lack of suitable metatigpdic techniques. Especially in the case of
unmodified alloys in which the eutectic nucleatimaquency is very high and the eutectic
solidifies with a non-faceted interface led by cth. In this case, differentiating the
individual eutectic cells on metallographic sampéetions is difficult even in the samples

that were quenched during eutectic solidification.

Research suggests that in the case of unmodiflegsamost of the eutectic cells originate
from a polyhedral silicon particle which itself neates on the AIP particles present as an
impurity phase in the melt [21, 22]. Hence, in umified alloys the number of polyhedral
silicon particles per mof the sample cross-section was used to quanktiéy dutectic
nucleation frequency. Example micrographs of thel@$i-XCu (X=1, 2, 4 and 6 wt.%)
alloys observed in the samples that were quenchedgleutectic solidification are presented
in Figure 1. In all the alloy microstructures almmim dendrites (labelled as 1), eutectic
silicon (labelled as 2) and quenched liquid (ladxtlas 3) can be observed. The morphology

of eutectic Si for all of the Cu addition leveldlmske-like.

In Sr-modified alloys eutectic grains were relalykarge in size and easier to identify after
interrupting solidification by quenching the samgtegure 2 presents the macrographs of the
Al-10Si-Sr-modified alloy with increasing Cu cont¢eation from 0 to 6 wt.%. In the

Al-10Si-350Sr sample with no Cu added (Figure 2(e))eutectic grains are observed in the



bulk of the sample throughout the sampled crossesedost of the nucleation occurred in a
layer adjacent to the mould wall. However, the addiof 1 wt.% Cu to Al-10Si-350Sr alloy
promoted nucleation in the bulk of the sample d®ddutectic nucleation frequency adjacent

to the mould wall decreased.

There is a noticeable increase in the eutectic rugdleation frequency and a concomitant
decrease in the eutectic grain size with furtherdases in Cu content. By observing the
derivative of the thermal analysis cunaesl the quenched microstructures of all the samples
it appears that in unmodified alloys and Sr-modifaé#ioys aluminium dendrites nucleated as
the primary phase followed by Al-Si eutectic forroat The AI-Si-CuA} ternary eutectic
nucleated after the formation of the Al-Si euteeti@ll Cu concentrations for the unmodified

and Sr-modified alloys.

The Al-Si eutectic nucleation frequency in unmaeatifiand Sr-modified alloys was measured
(in unmodified samples, the total number of pottaé Si/nf of the sample was used to

determine the nucleation frequency of eutectic avhiilthe Sr-modified alloys, eutectic grains
were counted from the macrographs of the quenchegles) and the area density of eutectic

grains in all samples is given in Table 3.

4. Discussion

The results clearly show that the addition of CancAl-Si binary alloy significantly changes
the eutectic nucleation frequency. The area derdditgutectic grains in unmodified and
Sr-modified alloy samples are plotted against the ddntent (in wt.%) and presented in
Figure 3, in general it can be observed that theatiac nucleation frequency increased with

an increase in the Cu concentration in both unmextiind Sr-modified alloys.



The ternary Cu segregates ahead of the eutectictigqterface during Al-Si eutectic
solidification as the partition coefficient of Ca 5i is approximately zero (which indicates

that most of the Cu gets rejected as the silictidifes) and that of Cu in Al is 0.17.

Easton et al. [1] proposed that the presence anatitutionally supercooled zone ahead of
the primary phase can promote a wave of nucleatvents ahead of the interface. The
growth restriction factor of a solute (Q) deternsirreow effectively a particular solute can
create a constitutionally supercooled zone aheatieofolid-liquid interface which is given
by the following equation:

Q=mC, (k-1) (1)
where m is the gradient of the liquidus line, Cthis concentration of the solute and k is the
partition coefficient. The Interdependence thedlyiflentified that the final grain size of the
primary phase is linearly related to the inversghefgrowth restriction factor (Q) of the alloy

described by the following equation:

DAT, 4.6D( C;-C,
= + +Xeq 2
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where, ds is the final grain size, D is diffusion coefficteaf the solute in liquidAT, is

nucleation undercooling, v is interface velocity, i§ the liquid composition at the interface,

L 4 . " - DAT, . :
C, is initial solute addition level and k is partiticoefficient. The termWn is the distance

that a grain has to grow to generate the minimumsitational supercooling equal to the

nucleation undercoolingAT,, required to trigger nucleation of the next graiine second
—k> is the distance between the solid-liquid interfaxfethe previously

nucleated grain to the point where the constit@i@upercooling generated equAlg,. This
term is an indication of the segregation capacityhe solute. The sum of these two terms

represents the size of the nucleation-free zope (R which nucleation is supressed despite



the presence of nuclei. The intercepiy)(of the grain size versus 1/Q graph is the digtanc
between the end of the nucleation-free zonegtand the location of the most potent
nucleant on which the next nucleation event occssuming the number density of
nucleant particles remains constant, (he intercept with the y-axis) will be close tra in

the case of an abundance of potent nuclei suchRasmAhe unmodified alloys.

It has been suggested in the literature that tineeqat of the growth restriction factor can be
applied to eutectic growth [11]. This suggestioneidgsonable since nucleation of the eutectic
occurs independently of the primary Al dendrites. iSis of interest to see in detail if
constitutional supercooling play sa role in inflagmy the nucleation of Al-Si eutectic grains

ahead of the eutectic interface.

Traditionally the calculation of a growth restranti factor (Q) is made by considering the
behavior of a single solute element with respectteingle primary phase (k and m in
Equation 1). In the case of multiple elements sgagieg with respect to this primary phase,
an additive method of calculating Q for primary gharowth can be applied [4]. However,
this differs from the case of segregation of adgyrelement during solidification of a binary
eutectic where each phase will reject the ternalgment differently. As a first
approximation, the average solid-liquid partitiarefficient can be expressed as a weighted
arithmetic mean of individual solid-liquid distribon coefficients. In this case we can apply
Equation 1 by considering the segregation of Cunduthe Al-Si binary eutectic reaction
with Ka.cu (0.17 [23]) and ksi.cy (almost equal to zero) and the volume fractionghef
phases ¥ (0.87) and ¥ (0.13) [24]. This gives a value for the partitionefficient of
Kaisihcu= 0.148. The value of m in Equaton 1 is the slopae binary eutectic valley in the

ternary Al-Si-Cu phase diagram Amjcy = -1.92 [11].

To calculate the grain size it is assumed thattltectic grains are equally distributed in an

area of 625 mmof the sample (approximate cross sectional areahefexperimental
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samples), the radius of a eutectic grain at thes tohimpingement will be/625::'52 mm

(assuming a simple cubic distribution giving a pagkfraction of 0.52 at the time of
impingement and n being the number of eutecticngram the sample cross section). The
calculated eutectic grain size in unmodified andan®dified Al-10Si-XCu alloys is plotted

against 1/Q values for the ternary alloys in Figlre

In the case of the unmodified alloy (as observemnfrFigure 4) the graph shows an
approximately straight line with very low intercgt28 mm) and gradient (0.44 nfi@). A
low slope of the grain size versus 1/Q implies tiegt nucleation free zone is small and
unmodified eutectic is nucleating from a distriloatiof very potent nuclei. A low value for
the intercept (¥) indicates that these nuclei exist in relativedyge numbers, distributed
close to each other. In commercial purity unmodifeloys it is known that there is an
abundance of highly potent nuclei which are tygyc@lP particles, present as an impurity
phase [25, 26]. These particles nucleate polyhegiliebn crystals which subsequently grow
eutectic grains. Based on the literature and tkalt® of this work there is a relatively high
density of AIP particles which have a high nucleaotency. In the presence of these potent
nuclei the constitutional supercooling required farcleation is relatively low, promoting
nucleation of the eutectic grains. Thus, nucleatieadily occurs ahead of the growing
interface of previously nucleated eutectic graind the new eutectic grains do not have to
grow much before triggering more nucleation evettsad of their interface explaining the
much smaller grain size in the Al-Si-XCu unmodif@tbys. Due to this population of potent
nuclei, ternary segregating elements have a relgtismall influence on the eutectic grain

density in the unmodified alloys.

In the Sr-modified alloys, the eutectic grain sieesus 1/Q has a steeper line of best fit with

a higher intercept value (slope = 2.35 mm°C andragpt = 2.19 mm). This provides some



rationale for the role of available solute in etiteaucleation, particularly in the Sr-modified
alloys where nucleation difficulties are expect@d. increase in the gradient and intercept
values implies that the addition of Sr to Al-Siogt decreases the nucleation potency and the
nuclei number density in the melt. It is known thiad addition of eutectic modifiers to Al-Si
alloys significantly decreases the density and moteof the nuclei available for eutectic
grains (Figure 3)During the solidification of Al-Si-Sr-modified alfs AlLSib.Sr nucleates on
the AIP particles well before the nucleation of #eSi eutectic grains, leaving fewer and

less effective nuclei for the nucleation of the3ileutectic [22, 27].

In this case, the minimum constitutional superaapliequired to trigger nucleation on the
most potent nucleant will be much higher compacedrtmodified alloys and the difference
is supported by observations from the cooling camalysis of Al-Si-X unmodified and Sr-
modified alloys. These differences will result imacleation-free zone (the sumfio§t two
terms in Equation 2) that is larger when compacethé unmodified alloy. The larger values
of Xnz Suppress nucleation ahead of the interface irotisieeof the presence of nuclei. As the
potential nuclei are also distributed further freach other (the average distance between the
centre of eutectic grains is 708um in the unmodi#i¢-10Si-1Cu alloy and 5097um in the
Al-10Si-1Cu-350Sr alloy) & (from Equation 2) will be high resulting in a mud&rger

eutectic grain size as observed in the Al-Si-X-Smdrfied alloys.

The above analysis indicates that even though theal@e of Cu with respect to Al-Si
eutectic is lower compared with similar calculagan primary phase solidification Cu still
acts to grain refine the Sr-modified eutectic. Hogre the direct application of the
Interdependence model to predict the eutectic giam may be limited due to the reason that
in the case of unmodified eutectic, the eutecticleates as discrete grains with a higher
nucleation frequency and growth of these grainggeds with a convoluted interface, led by

silicon. The Interdependence model is based ompldngar interface assumption which in the
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case of unmodified Al-Si eutectic is not applicabiowever, in the case of Sr-modified
eutectic the interface growth characteristics rmteof interface morphology and the growth
velocity, have some similarities with aluminium detes. Hence, it is of interest to examine
further the applicability of the Interdependencydeloto predict the eutectic grain size in the

case of Sr-modified eutectic.

The value ofAT, (the minimum constitutional supercooling requiredinitiate nucleation)
was calculated using the difference between nuoleatemperatures of Al-Si eutectic
obtained from the cooling curve analysis and thieaic temperature of Al-Si-XCu-350Sr

alloys as predicted byhermo-cal€ and presented in Table 2.

The interface velocity of the Sr-modified eutedaji@in just after nucleation was calculated

using the equatioW = 0.33 (AT)* [28, 29]. By using the values of the parametesteti in

Table 4, the size of the nucleation-free zogewas calculated using Equation 2.

From Table 4 it can be observed that an increasleeiraddition of Cu decreased the size of
the nucleation-free zone. Due to the increase mstitoitional supercooling, as defined by Q,
ahead of the eutectic grain-liquid interface theesof the nucleation-free zone around
growing grains decreased allowing more nucleati@nts to occur and therefore, the number
of eutectic grains increased resulting in a comithdecrease in the eutectic grain size. The
slope of the x, versus 1/Q curve (Figure 4) was calculated as thB8C for Al-Si-Cu-Sr
modified alloys which is a good approximation whasmpared to the experimental slope
value of 2.35 for these alloys (as shown in FigdiyeThe similarity of the slopes of the
predicted %:, plot and the measured eutectic grain size indictitat the number density of
eutectic nulceant particles that are able to bwatedd does not change significantly with Cu

concentration [30]. This observation may suppogtehrlier suggestion that the AIP particles
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are poisoned by Sr forming a layer o£8ibSr on the AIP particles implies the addition of Cu

does not affect the potency or number density ®ftvailable nucleant particles.

5. Conclusions

. The addition of the ternary alloying element CwatoAl-10Si alloy influences the Al-
Si eutectic nucleation frequency. The constitutiiynsupercooled zone that is created due to
Cu segregation in front of the eutectic interfatyp an important role in promoting further

nucleation ahead of the interface.

. As has been established for primarAl grains, it is proposed that the Al-Si eutectic
grain size is related to the inverse of the allogwgh restriction factor by the empirical

relationship gs= a+b/Q in both unmodified and Sr-modified condigo

. The linear relationship in the case of unmodifildys revealed that in commercial
purity unmodified alloys there is an abundanceaitpt nuclei particles (small value of grain
size 0.28 mm at the intercept of the 1/Q plot) #relundercooling required for nucleation,
ATNn, is relatively low (low slope of the 1/Q plot 644 mniC) promoting nucleation of the
eutectic grains. Hence, the presence of ternamggating Cu has a relatively minor effect on

the (already high) eutectic grain density in unrfiedialloys

. On the other hand, the addition of Sr to Al-Si wdlosignificantly decreases the
density (large intercept value of 2.19 mm) and poyeof the nuclei (steeper slope of 2.35
mm°C) available for nucleating the eutectic grainsug,imore constitutional supercooling is
needed to activate these nuclei resulting in then&tion of a much larger nucleation-free
zone which prevents nucleation on many of the nmublethis case, the presence of ternary
Cu provides constitutional supercooling ahead & é#utectic grain-liquid interface that

decreases the size of the nucleation-free zonendrayrowing grains allowing more

12



nucleation events to occur and therefore, theem isicrease in the number of eutectic grains

with an increase in the level of Cu.
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Figure 1 Micrographs of quenched unmodified samples: Al-1@$i1Cu, (b) 2Cu,
(c) 4 Cu and (d) 6Cu. Aluminium dendrites are l&zkhs 1, eutectic Si is labelled as
2 and quenched liquid is labelled as 3.

Figure 2 Macrographs of quenched Sr-modified samples: AlK{@50Cu, (b) 1Cu,
(c) 2Cu, (d) 4Cu, and (e) 6Cu.

Figure 3 Change in the number of nucleation events in thereodified and (b) Sr-
modified alloys.
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Figure 4 Eutectic grain size versus 1/Q for the additiorCafto the unmodified and
Sr modified Al-10%Si alloy (solid lines). The dashéne is the values of the
nucleation-free zone %, predicted by the sum of the first two terms inaipn 2.
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Table 1 Chemical compositions of the experimental alloys (weight percent) measured by
ICP-AES.

Alloy npminal Si Cu Mg Ni Fe Sr
composition

Al-10S 9.89 <0.01 <0.01 0.01 0.12 <0.001
Al-10Si-1Cu 9.80 0.92 <0.01 0.01 0.11 <0.001
Al-10Si-2Cu 9.43 1.98 <0.01 0.01 0.11 <0.001
Al-10Si-4Cu 9.76 3.93 <0.01 0.01 0.10 <0.001
Al-10Si-6Cu 9.46 5.85 <0.01 0.01 0.11 <0.001
Al-10Si-350Sr 10.0 <0.01 <0.01 0.01 012 0.032
Al-10Si-1Cu-350Sr 989 095 <0.01 0.01 012 0.030
Al-10Si-2Cu-350Sr 9.68 1.90 <0.01 0.01 011 0.030
Al-10Si-4Cu-350Sr 10.20 3.78 <0.01 0.01 0.10 0.037

Al-10Si-6Cu-350Sr 9.78 5.90 <0.01 0.01 0.10 0.036




Table 2 Nucleation temperatures of primary Al, binary aednary eutectics. ,l.a is the
nucleation temperature of the primary Aly.alsi is the nucleation temperature of the Al-Si
eutectic, and Ja.si-cuaiz IS the nucleation temperature of ternary eute&utscript TC indicates
the nucleation temperature of each phase as ieditsfThermo-cal€.

Alloy nominal Thal Toatc °C)  Thasi Thasite Tnarsicuaz  Trarsicua-Tc
composition (°C) (°C) (°C) (°C) (°C)
Al-10Si-1Cu 590 591 576 577 515 525
Al-10Si-2Cu 587 587 566 574 517 525
Al-10Si-4Cu 587 580 570 570 518 525
Al-10Si-6Cu 573 573 566 568 517 525
Al-10Si-1Cu-350Sr 595 591 570 577 519 525
Al-10Si-2Cu-350Sr 586 587 565 574 518 525
Al-10Si-4Cu-350Sr 583 580 562 570 519 525

Al-10Si-6 Cu-350Sr 575 573 556 568 519 525




Table 3 The number of eutectic grains per unit area (na) in Al-10Si-X (X = Cu) unmodified

and Sr-modified alloys.

Nominal alloy Number of eutectic Nominal alloy Number of eutectic
composition grains per unit area  composition grains per unit area
(na.mm?) (Na.mm)
Al-10Si 2.51 Al-10Si-350Sr 0.012
Al-10Si-1Cu 2.54 Al-10Si-1Cu-350Sr 0.048
Al-10Si-2Cu 2.18 Al-10Si-2Cu-350Sr 0.096
Al-10Si-4Cu 573 Al-10Si-4Cu-350Sr 0.081
Al-10Si-6Cu 9.10 Al-10Si-6Cu-350Sr 0.121




Table 4 Parameters of the Al-Si-XCu-350 Sr alloys thatwsed in nucleation free zone

calculation.

Alloy Co c’ k m Q ATn |V D*10°m?/sec | NFZ
nominal | (wt%) | (Wt%) (°C) | (um/sec)| [1] (Lm)
composition

Al-10Si-1Cu | 1 10.6 0.148 | -1.92 1.63 8.2 3.55 2042
Al-10Si-2Cu | 2 135 0.148 | -1.92 3.27 11.8 3.55 100¢
Al-10Si-4Cu | 4 17.4 0.148 | -1.92 6.54 8 16.1 3.55 925
Al-10Si-6Cu | 6 23.3 0.148 | -1.92 9.81 12 26.7 3.55 411
1. Du, Y., et al.Diffusion coefficients of some solutesin fcc and liquid Al: critical

evaluation and correlation. Materials Science and Engineering: A, 208&3(1-2): p.

140-151.
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The influence of the ternary aloying element Cu on the Al-Si eutectic nucleation is
investigated in unmodified and Sr-modified conditions. The highlights from the research are:

Addition of Cu to an Al-10Si alloy influences eutectic nucleation frequency.
The number of eutectic grains increases with an increase in the level of Cu.
Al-Si eutectic grain size is related to the inverse of the ternary aloy Q value.

Constitutional supercooling promotes the nucleation of eutectic grains.



