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Effect of low frequency vibration on macro
and micro structures of LM6 alloys

K. KOCATEPE* C. F. BURDETT

Metallurgy and Engineering Materials Group, Department of Mechanical Engineering,
Strathclyde University, James Weir Building, 75 Montrose Street,

Glasgow G1 1XJ, Scotland

This study summarises research into the effect of low frequency mechanical vibration on
the macro and microstructures of LM®6 [Al-Si 12.30%] alloy. Vibration at varying frequencies
between 15 and 41.7 Hz and amplitudes between 0.125 and 0.5 mm has been applied to
both unmodified and metallic sodium modified LM6 alloys during solidification. The effect
of low frequency vibration on the grain size, shrinkage pipe and eutectic silicon were
analysed using quantitative metallography. The results indicated that

(1) The pipe in the ingot was reduced by vibration with increasing frequency and
amplitude.
(2) Pipe elimination was more effective with increasing time of vibration of the liquid.

(3) Vibration with increasing frequency and amplitude produced grain refinement.
(4) Vibration caused coarsening in the eutectic silicon in unmodified and sodium

modified LM®6 alloy, the extent of which increased with increasing vibration time.
(5) Primary silicon in LM6 alloys was coarsened by vibration.

© 2000 Kluwer Academic Publishers

1. Introduction have reported that modified castings are more prone to
Aluminium-Silicon alloys are one of the most com- microporosity than unmodified castings.

monly utilised foundry alloys because they offer many A review of the literature [20-47] reveals that the ap-
advantages such as excellent castability, high strengthplication of mechanical, sonic and ultrasonic vibration
to-weight ratio, wear and corrosion resistance, pressurkas a number of notable effects such as grain refine-
tightness and good weldability [1-4]. Applications of ment, increased density, degassing, shrinkage, and the
these alloys have included automotive cylinder headsshape, size, and distribution of the second phase. Vibra-
engine blocks, aircraft components and pipe fittingstional energy has been used in many processes within
The mechanical properties of Aluminium-Silicon al- the metallurgical and engineering field’s [20]. Accord-
loys are related to the grain size, and the shape, siz@g to the review by Shuklet al.[21], the application of
and distribution of the discontinuous phase of the castvibration during solidification was first studied in 1868
ings. Coarse grain, eutectic silicon, and cavities all reby Chernov who set a mould of steel into motion by a
duce the tensile strength, the ductility and the impacgentle reciprocal rocking action, which resulted in re-
strength of the alloys. If the macro- and microstructureginement of the primary austenite structure. Following
are controlled, they should have excellent mechanicahis a number of metals and alloys have been treated
properties [5-10]. with vibration during solidification [20—47].

In the foundry, it is possible to improve properties The main effect of vibration on the structure of
of alloys by suitable chemical, physical and mechan-solidifying metals and alloys is the suppression of
ical treatment, applied either in the molten state or atolumnar growth and the formation of small equiaxed
a suitable stage of solidification. In the chemical treat-grains. Aluminium-Silicon castings showed refinement
ment, small amounts of titanium and boron are adde®f grain size when solidified under vibrating conditions
to the melt to obtain grain refinement [11, 12]. How- [20, 22-26]. Pillali [25] applied vibration at a frequency
ever, if residual refiner compounds remain in the castof 12 Hz and amplitude of approximately 10 mm on
ings they produce hard spots. The addition of sodiunsodium modified and unmodified aluminium-silicon al-
or strontium to the melt results in modification due to loys during solidification. He showed that vibration re-
change of eutectic silicon from plate-like to a branchedfined the eutectic silicon in the structure of unmodi-
fibrous form: the tensile strength, ductility and hard-fied alloys. In contrast, eutectic silicon was coarsened
ness of Aluminium-Silicon alloys are improved [6, 7, by vibration in sodium modified alloys. Vibration at
13-17]. However, some recent studies [3, 9, 10, 18, 1950 Hz and an amplitude of 0.5 mm was applied to a
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eutectic aluminium-silicon alloy by Abd-El Azim [23]. Vibration of the complete mould is the most convenient
He concluded that vibration refined the eutectic sili-of all processes influencing solidification. This method
con in unmodified alloys, but coarsened it in sodiumgives good results for low frequency and high ampli-
modified alloys. However, Burburet al. [24] pointed  tude vibrations. But, its effectiveness is limited by the
out that vertical sinusoidal vibration at 50 Hz with a reflection of the energy at the mould casting interface,
maximum amplitude of 5 mm gave coarsened siliconparticularly for ultrasonic frequencies. Moreover, the
needles which became increasingly short and thick ircontraction of the casting causes an air gap between
unmodified aluminium-silicon alloys. Fisher [20] also casting and mould.
explained that the eutectic silicon in Al-8%Siand LM6  The insertion of a probe into the liquid is also a pos-
alloys was coarsened at frequencies of 12 Hz and abovsibility, but, there are a several important aspects that
The object of the present work is to study the effectrequire consideration. A water-cooled probe gives rise
of low frequency mechanical vibration on the macroto shower effects. The wetting of the vibrating probe by
and microstructure of LM6 alloy. Vibration of varying the melt is important to transfer energy. Southgate [30]
frequencies and amplitudes has been applied to bothsed a vibration probe which was electrically heated
unmodified and sodium modified LM6 alloy during in order to transmit the vibration directly to the lig-
solidification. uid metal without passing through any solidifying or
pasty intermediate region, which would have attenu-
ated severely the acoustic waves. The heating of the

2. E i I o : .
xperimental procedure vibration probe also prevented solid metal adhering to

The vertical mode of vibration is the most common
because it has a strong influence on the soIidificatioﬁh(\e/prc.)beI [Z.E]' . f1h Id lied h
of the casting by fragmentation of the growing grains I ertlcad\g] r?tlor][ 0 tte mocl; W?St a(fp 'ﬁ‘_ btlo ﬁ €
[27]. Therefore it has been used successively for purg oys and the freatments used are listed In fabie .
metals and alloys [20, 23, 25, 28, 29]. Horizontal vibra- l\_/lel'qng_of L.MG alloy, the Chem'cal cor_nposmon qf
tion is relatively uncommon. Campbell [27] indicated whichis givenin Table Il was achieved using a graphite-

that oscillatory rotations are suitable only for ingots orfrl;"‘y crulclzlble \I/Ch? Eav?/-ﬂrre? Mborgrindti);ip% fuor réa:\%%e.wli;r
castings having rotational symmetry. This mode is un- ose alloys ch were to be modiiead, v. o

; - : tallic sodium [98.9% purity] was added into the melt
usual in that it can operate most effectively at very low™M€ . . :
frequencies, typically 0.1-10 Hz. at 730C. Grain refinement of LM6 alloy was carried

There are three practicable methods of application o ut by the addition to 'the melt at 730 ‘.Jf 0.5 wt%
vibration:- Foseco Nucleant2, which contains titanium and boron
in the ratio of 6 : 1. Both unmodified and modified LM6
melt were poured into the graphite mould [200 mm
deep with a diameter tapering from 75 mm at the top
to 65 mm at the bottom] in both static and dynamic
conditions. To determine the effect of vibration during
long solidification times the mould was insulated with
TABLE | Application of vibration at different frequencies and ampli- Kaowool: it was vibrated only at a frequency of 41.7 Hz
tudes to the unmodified and modified LM6 alloy with an amplitude of 0.5 mm. Cooling curves were ob-

Angular frequency T, Period tained for both static conditions a_nd for vibration at a
' [Sec] frequency of 41.7 Hz and an amplitude of 0.5 mm [48].

1] vibration of the whole of the mould,
2] vibration of liquid, and
3] electromagnetic induction.

Frequency [Hz]  Amplitude [mm] [Rad/sec]
The volume and depth of the shrinkage pipes in the
417 0.125 solidified ingots were measured. Subsequent section-
0.250 ing of the ingot often did not coincide with the cen-
g'ggg 261.7 0.024 tre line and therefore the pipes shown in the pho-
317 0125 tographs sometimes indicate pipe volume and depth
0.250 which seems to differ from the actual values obtained
0.375 198.9 0.031 by direct measurement.
p1 %510205 Eachingotwas sectioned vertically as near to the cen-
: 0.250 tre line as possible and one of the halves was machined
0.375 136.1 0.046 to a good surface finish for etching in order to examine
0.500 the macrostructure. The grain size of the etched ingots
15.0 0.125 was assessed by a linear counting technique [48]. Nine
0.250 metallographic samples were cut from one of the two
8'23(5) 628 01 halves and they were prepared metallographically for

examination in the optical microscope [48].

TABLE Il Chemical composition of LM6 alloy

Elements wt. Pct.

Alloy Si Mg Cu Fe Mn Ni Zn Pb Sn Ti Al
LM6 12.30 0.05 0.07 0.35 0.14 0.01 0.02 0.01 0.01 0.01 Balance
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The coarseness of the eutectic silicon in the alloy3. Experimental results
was evaluated by measuring the average distance b8:1. Thermal analysis
tween the silicon particles by either the line interceptThe solidification times for the unmodified alloy, vi-
method for flake silicon, or the areal method for fibrousbrated at 41.7 Hz and with an amplitude of 0.5 mm,
silicon. Each value of spacing was measured from thevere reduced by approximately 24% in comparison to
average of twenty-five individual measurements. Thehe static casting.
average inter-particle spacing for the ingot was taken
from nine metallographic samples. The average spacing

[A] is given by, 3.2. Pipe formation

Effect of vibration and grain refinement of the alloy on

A= [i] [L] For flake silicon pipe formation is shown in Figs 1 to 3. Grain refinement

M 0 with Nucleant2 did not affect the volume and depth of

the pipe. The volume of the pipe decreased with in-

A= [i] [i] For fibrous silicon creasing vibration frequency and amplitude. However,

M No vibration at the higher frequencies of 31.7 and 41.7 Hz

required only an amplitude of 0.125 mm to cause a

where, M is the MagnificationNg is the Number of decrease. Vibration at the lower frequencies of 15 and
flakes or fibres counted\is the Area, and. the Length  21.7 Hz did not have a very large effect on the depth
of the intercept line. of pipe, Fig. 3. Vibration of the insulated ingot at a

Figure 1 Ingot section of LM6 alloy. [a] In static condition, [b] Grain refined with nucleant2, [c] Vibrated at 41.7 Hz and 0.5 mm, [d] Vibrated at
41.7 Hz and 0.5 mm and insulated.
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35.00 Itshould be noted that a grain size 0f 0.94 mm was ob-
3270 F i tained by the addition of Nucleant2. Insulation together
3040 f @l . with vibration of the mould at 41.7 Hz and 0.5 mm am-
2810F =n__ O el plitude resulted in fine grains (Fig. 1d) of size 1.67 mm.
25.80 F \""\""\-'?:1\\ ' T

52350} ' Ty -0 3.4. The effect of vibration on silicon

g 21.20¢ IS~ morphology and interparticle spacing

g1es0f | 3 fifhe 3.4.1. Unmodified alloys
1e60f | H-dfigEE The eutectic structure of the alloy in the as cast condi-
14.30 a tion contains relatively coarse silicon flakes embedded
12.00 bt XED i s i in an aluminium matrix, Fig. 5. Some polyhedral and

Amplitude (mm)

Figure 2 Variation of volume of pipe in LM6 alloy as a function of

cuboids of primary silicon can also be seen in the mi-
crostructure. Vibration with increasing frequency and
amplitude coarsened the structure by the separation

vibration. of silicon flakes at branches in the eutectic silicon, in
32.00 unmodified alloys: flake silicon became rounded and
2880 f @ETmesimn g : . thickened, Fig. 6. Interparticle spacing measurements
2se0F o SwL e S in the unmodified alloy also supported the coarsening
2240k IS v S~ o of eutectic silicon under low frequency vibration. The
1920 k S S addition of Nucleant2 to the unmodified alloy caused a
= 16.00 | R NG 25% reduction in the interparticle spacing, Fig. 7. Only
£ Lsok v .- \\\ at frequencies in excess 31.7 Hz and amplitudes in ex-
% 960k — \'\\ Ta cess of 0.375 mm ha_s vibratic_Jn affected the spacing.
S sl { fﬁgggﬁ"“ el 8 The interparticle spacing has increased by a factor of
' UL e oot 35% from 8.17 to 11.07m after vibration at the high-
320 N estintensity, reaching 12.%8n in the insulated mould.
000 = 000 0125 0250 0375 0500 The primary silicon has also coarsened with vibration.

Amplitude (mm)

Figure 3 Variation of depth of pipe in LM6 alloy as a function of vibra-

tion.

3.4.2. Sodium modified alloys
The morphology of the silicon has changed from a plate
to a fibrous form as can be seen in the microstructure

frequency of 41.7 Hz and amplitude of 0.5 mm showedshown in Fig. 8 for the modified alloy. The primary sil-
a 55% reduction in the pipe volume, Fig. 1d.

3.3. Grain structure and size

icon in the microstructure has completely disappeared
due to suppression of the eutectic temperature; the eu-
tectic point has been shifted to higher silicon content

by the decrease of the eutectic temperature. Thus mod-

Thestructureoftheingotintheascastcondition,showrilfication by metallic sodium has caused the alloy to
in Fig. 1a, exhibits coarse equiaxed grains in the CeNpecome slightly hypoeutectic

tre and columnar grains elongate(_j fror_n the chil 20N€ " \/pration of the sodium-modified alloy has caused
towards the centre. The effect of vibration on the grain coarsening of the fibrous eutectic silicon, Fig. 9; the

SIZ€ IS pr_esented in Fig. 4. Vibration at 15 and 2.1'7 Hzinterparticle spacing of fibrous silicon in the alloy has
anificant d . i size took bl h thtalso increased. Fig. 10 shows the effect on the inter-
asignincant decrease in grain size ook piace when thga e spacing of increasing vibration intensity; the

vibration frequency was increased to between 31.7 an ; 0
41.7 Hz and to amplitudes between 0.375 and 0.5 m ean value has increased by a factor of 83% from

grain size decreased from 3.9 mm

to 1.18 mm.

At a frequency of 41.7 Hz and 0.5 mm amplitude thg‘z.lo to 3.85um after vibration at 41.7 Hz and 0.5 mm

amplitude.
The effect of modification due to sodium has almost
disappeared due to oxidisation, in the insulated mould,

4.40 vibrated at a frequency of 41.7 Hz and amplitude of
“0F 0.5 mm. The eutectic silicon in flake form and primary
3.62 ¢ silicon have also appeared in the alloy. Thus vibration
323 F has prevented the fibrous silicon structure forming in

’g 2.84 | the sodium-modified alloy. Vibration of the insulated

~ 245} mould caused 215% increase in spacing.

% 2.06 F

g7t "~ 4. Discussion
1.28 ¢ =4 i 4.1. Pipe formation
0.89 F © [ZA 417z nsuioted Siliconin the aluminium silicon alloys decreases the so-
0.50 s XD i G it lidification contraction from 6.6% for commercial pure

Amplitude (mm)

Figure 4 The grain size of LM6 alloy.
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aluminium to 3.8% for Al-12%Si alloy [1, 32]. Vibra-
tionwith increasing frequency and amplitude decreased
the pipe, Figs 2 and 3.
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Figure 5 The microstructure of LM6 alloy taken from sample>6400).

&

Figure 6 The coarsened eutectic silicon in unmodified LM6 alloy. Vibrated at 41.7 Hz and 0.5 mm. Taken from sampRO9),

13.00 has occurred by detachment of tiny grains or dendrites
12.20 F : on the mould wall, which have moved to the centre
T 140} of ingot, so decreasing the temperature gradient from
@ 1080 - the centre to the outside of the ingot. Irani and Kondic
8 980} [34] explained that the feeding process is controlled
e 9.00f by both the total solidification time and by the tem-
§ 8.20 | perature gradients. The elimination of the pipe by me-
& 740f chanical vibration agrees with the study of Richards
£ se0f and Rostoker [29], and Fisher [20]. Fisher [20] pointed
580 F out that mechanical vibration reduced the solidifica-
5.00 Et : ' : : tion time of Al-Si8% and LM6 alloy. Only one in-
0.000 0.125 0.250 0.375 0.500

Amplitude (mm) vestigator [33] has reported that increasing frequency
between 40 and 50 Hz with an amplitude of 1 mm pro-
Figure 7 Interparticle spacing in unmodified LM6 alloy as a functionof duced a larger shrinkage and made the pipe flatter and
vibration. wider.

Fig. 1c shows a completely equiaxed grain structure
in an ingot produced during vibration at a frequency4.2. Grain refinement
of 41.7 Hz and amplitude of 0.5 mm. The transition Vibration of the alloy during solidification caused grain
of the grain structure from columnar to equiaxed formrefinement, Fig. 4, in agreement with other workers
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Figure 9 The coarsened eutectic silicon in sodium modified LM6 alloy. Vibrated at 41.7 Hz and 0.5 mm. Taken from sary0®B (
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6.30 I |-@ ascast
5.60 F
4.90 F
4.20 F
3.50 F
2.80 F
210 F
1.40 F
0.70 F
0.00

z
Hz
Hz
Hz

Hz, Insuloted

Interparticle Spacing (um)

1 1 1 1 1
0.000 0.125 0.250 0.375 0.500
Amplitude (mm)

tained by Abd-EI-Azim [23]. Unfortunately no quanti-
tative measurements were made in their work. Garlick
and Wallace [22] vibrated Al-12%Si alloy at 60 Hz,
and found grain refinement, but the eutectic cells were
considered to be individuals grains. Richards and Ros-
toker [29] have shown that vibration of Al-4.35%Cu-
1.28%Si alloy at a frequency of 60 Hz and 0.5 mm
amplitude caused a reduction in grain size by as much
as 10: 1. Fisher [20] showed experimentally that a re-
duction in grain size of Al-8%Si alloy with vibration at
a frequency of 29 Hz is approximately 8: 1.

The grain refinement mechanism that occurs under
conditions of low frequency vibration as used in this

Figure 10 Interparticle spacing in sodium modified LM6 alloy asafunc- study can be explained as follows:

tion of vibration.

[20, 22—-24, 29]. Burburet al. [24] found grain re-

1. Flow around dendrite armsThe flow of liquid

finement in LM6 alloy when vibrated at 50 Hz while metal occurs by either laminar or turbulent motion.
grain refinement in Al-12%Si alloy vibrated at a fre- Since, in this study the flow is caused by forces which
quency of 50 Hz and amplitude of 0.2 mm was ob-are approximately simple harmonic, then the maximum
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Reynold’s number [ according to Campbell [27]is  The total solidification time of the alloy was reduced

2ndpfa by vibration. Genders [44] and Fisher [20] also found
Re = that the total solidification time of LM6 and Al-Si8%
) 1 ) alloys was reduced by low frequency vibration.
where d =the diameter of the dendrite arm 15 _
104 m], p =the density of liquid [2.5¢< 10° kgm~3], Fragmented dendrites created by turbulence of the
n=the viscosity of the liquid [1.3 10-3 Nsn2],  liquid, temperature fluctuations, bending stresses and
f =the frequency [Hz]Ja= the amplitude. flow of liquid around dendrite arms, are carried to the

Campbell [27] considered that flow is laminar below Other parts of liquid, in particular to the central region
a Reynold’s number of 10, and turbulent abové,10 of the mould, where they act as nuclei. As this solid
while between these values it is mixed. The Reynold'ds replaced by liquid, the temperature of liquid and the
number used in the present experiment lies betweelfmperature gradients decrease even faster. Therefore,
9.05 and 100.6, and thus the flow of liquid should bethe temperature in the mould drops more rapidly and
mixed. heat will be extracted faster from the mould.

2. Bending stressThe vibration induced movement ~ As the temperature of liquid decreases below the
of the liquid between the solid dendrites subjects thesolidification temperature many small equiaxed crys-
growing dendrites to bending stresses. These dendritddls form everywhere in the casting in agreement with
have very little strength and ductility because the temChalmers [45, 46] “Big Bang” theory. This mechanism
perature is so close to the melting temperature. Frag@!So operates during vibration producing grain refine-
mentation occurs due to impact of the liquid with the Ment. Genders [44] and Fisher [20] also found that the
dendrites, and the small crystals generated by fracturital solidification times of LM6 and Al-8%Si alloys
of the dendrites which will act as nuclei are carried towere reduced by low frequency vibration.
the centre of the casting. At the same time, detached Thegasbubblesintheliquid mightbehave ina“hard”
dendrites will assist in damaging neighbouring armsmanner, because of the surface tension. They have a
In order for these crystals to grow, the centre of thehigh momentum and they can also damage dendrites
melt should be constitutionally undercooled. Many re-l€ading to grain refinement, as explained by Campbell

searchers have suggested this theory of fragmentatidd1]: o _
during vibration [35, 37—41]. Grain refinement can also occur by cavitation, which

3. Increase in temperature fluctuationsn static  @kes place during the negative pressure part of the vi-
casting conditions, thermal convection arises from botiPration cycle [20, 30, 47, 49]. The growth of the cavities
temperature differences in the melt and pouring moin one half-period reduces the temperature in the cavity
mentum, both of which produce density instabilities SO that crystal nucleation can occur in this region when
which cause fluid motion [36]. However, the motion of the temperature drop is sufficient. During the second
liquid under mechanical vibration is much stronger, andalf-period, as a result of compression of the cavities
increases these temperature fluctuations. Since remelff1€ crystal can be torn off the cavity surface and the
ing at the necks of dendrite arms may occur, and sinc8Urge wave carries the nuclei into the melt. If the cav-
the many small dendrites are carried to other parts of ligities do not grow, they usually collapse on the positive
uid by convection currents, the temperature gradientgressure of the cycle, generating large local pressures.
decrease even faster and the melt temperature droa‘gns cavitation collapse results in a refinement through
more rapidly. Thus fine dendrites act as a nuclei fordispersion of solid particles that act as heterogeneous
equiaxed grain formation. The remelting mechanism iguclei, through the remaining liquid [30, 37, 47].
also supported by the result of Jackson [¢0fl. who In conclusion grain refinement in LM6 alloy seems
found that a “washing” of liquid on growing crystallites t0 be operated by many mechanisms, but fragmenta-
or dendrites caused remelting at the neck of dendrite§0n is one of the most important under low frequency
and the detachment of many crystals. vibration.

4. Showering of dendritesthe movement of liquid
during vibration disturbs the surface of the ingot as ex-
plained above, so that the dendrites that are attachetl3. The effect of vibration on silicon

to the liquid surface will be dispersed into the liquid. morphology and interparticle spacing
These detached dendrites impinge on each otherandon in unmodified and sodium modified
those still attached to the wall, causing further exten- alloy

sive dendrite damage, and consequently grain refinevibration mainly caused coarsening of the eutectic sili-
ment occurs. Therefore, this “showering mechanism’con in both unmodified and modified alloy. In the un-
is also responsible for grain refinement and contributiormodified aluminium-silicon alloys, eutectic silicon is
to the formation of equiaxed grains. The shower effectshe faceted phase and grows ahead of the aluminium
earlier suggested by Balandin and Yakovlev [42], andat the eutectic temperature. The movement of liquid
then Southin [43] showed experimentally that vibrationaround growing silicon flakes, resulting from the vi-
of many pure metals and alloys in a mould at 50 Hz,bration induced bending stress causes fracture in the
resulted in grain refinement produced by “showering”silicon, which has a very little strength. The broken
of dendrites. silicon flakes “swim” to other parts of the liquid, and
5. Reduction of solidification tim&€ooling curvesof ~ during this travel, become increasingly thickened and
the alloy were obtained during solidification and vibra- broadened, Fig. 6. The silicon in the microstructure of
tion atafrequency of 41.7 Hz and amplitude of 0.5 mm.the unmodified ingot that was insulated and vibrated at
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41.7 Hz and 0.5 mm has the largest size because of thébration at the highest frequencies and amplitudes pro-

long solidification time.

duced large holes on the top of the ingot. Pipe elimina-

Coarsening of the eutectic silicon depends on intention was more effective with increased vibration time.

sity of vibration and also on the solidification rate and

[2] Vibration with increasing frequency and ampli-

the presence of large silicon particles are evidence fotude had a grain refining effect. The grain size was re-
the increase of the silicon diffusivity in the liquid by duced by about52% by vibrationat41.7 Hzand 0.5 mm

vibration.

amplitude. However the grain size with Nucleant2 was

In sodium or strontium modified eutectic aluminium- decreased by a factor 76%.

silicon alloys growth occurs with a more or less planar

[3] The microstructures observed and the measure-

solid-liquid interface [50]. The silicon is not a leading ment of the interparticle spacing in unmodified and
phase into the liquid for the growth of eutectic. Thus, sodium modified alloy suggest:

fragmentation cannot be effective in these alloys un-
der low frequency vibration. The growth of silicon in
sodium modified alloys proceeds after the initial nu-
cleation event, sodium inhibiting nucleation build up
at the growth front [14, 51, 52], and preventing the
silicon growth front producing a fibrous structure. Low
frequency vibration might disturb the solid-liquid inter-
face of silicon, and as a consequence silicon attachment
to the silicon sites is encouraged and hence a coarser
structure develops. This effect is more dominant when
the intensity and duration of vibration increased.
Abd-EI-Azim[23] obtained arefinementin the eutec-
ticsiliconin Al-12%Si alloy when vibrated at frequency
of 50 Hz and amplitude of 0.5 mm, and explained that
the silicon flakes become short and fine, and appear
in groups of radiating form whereas the cuboids of
primary silicon disappear. The eutectic silicon in the
sodium-modified alloy was coarsened with increasing
intensity of vibration. In contrast, strontium modified
alloy showed a refinement of the eutectic silicon with
vibration. Burbureet al.[24] has shown that silicon nee-
dles become short and thick with an increase in vibra-
tion amplitude at a frequency 50 Hz. Fragmentation of

a] Vibration caused coarsening in the eutectic sil-
icon in both the unmodified and the sodium modified
alloy, but that considerable coarsening occurred with
vibration at higher frequencies and amplitudes.

b] Coarsening increased with an increasing vibra-
tion time of liquid: the interparticle spacing in both
unmodified and modified alloy was increased by vi-
bration. However, vibration of the insulated ingot at
a frequency of 41.7 Hz and an amplitude of 0.5 mm
produced high interparticle spacing as can be seenin
Figs 7and 10, because the insulated ingot has alonger
solidification time and vibration time of liquid than
the un-insulated ingot.

c] Primary silicon was coarsened by vibration.

d] Vibration gave a considerable improvement,
i.e., a decrease in the grain size and the pipe vol-
ume, but produced coarse eutectic silicon in LM6
alloy. Coarse eutectic silicon decreases the mechan-
ical properties. Therefore, vibration at frequencies
up to 41.7 Hz and amplitudes up to 0.5 mm should
not be used for castings of LM6 alloy.

silicon flakes and increased diffusion rate was given foReferences
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