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Eutectic reaction and microstructural
characteristics of Al (Li)-Mg,Si alloys
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Thermal analysis, directional solidification and metallographic techniques were applied to
investigate the pseudobinary eutectic reaction process and the microstructural
characteristics of Al(Li)-Mg,Si alloys. It was demonstrated that the eutectic reaction curve
for L & Al(Li) + Mg,Si in the Al(Li)-Mg-Si system moves to the Al-rich corner with the
increase of Li additions. The pseudobinary eutectic point with the highest melting
temperature and null temperature range of solidification (AT) and the ternary eutectic point
for L < AIl(Li) + Mg,Si + Si all move towards the Si-rich direction. Li additions widen the
range of yielding binary eutectic of Al(Li)-Mg,Si and depress the appearing of ternary
eutectic efficiently. Al(Li)-Mg,Si eutectic alloys have the best aligned structure when the
directional solidification occurs with a AT =0. The Mg,Si phase has a diversity of
morphologies such as rod-like, crossed and rooftop-like. These various morphologies has
the same preferred growth direction, i.e. [100]. © 2001 Kluwer Academic Publishers

1. Introduction AT =0 will be traced to optimize the solidification
It is well known that aluminum-lithium alloys are suit- structures.
able for weight-critical applications. Lithium additions
to aluminum give the greatest reduction in density and
increase in elastic modulus per wt % of all known alloy- 2. Experimental procedure
ing elements. Lithium is one of the few elements with Alloy ingots were prepared by melting pure Al, Mg
substantial solubility in solid aluminum (4.2 wt % in and Si with purity above 99.99% in an electric resis-
binary aluminum-lithium alloy) [1]. The intermetallic tance furnace under the protection of LiCl flux. Smith’s
compound MgSi also becomes increasingly attractive thermal analyses method [7] which is sensitive to the
as a reinforcing phase in Al-matrix alloys and compos-range of the phase transition was applied to measure
ites because of its high melting point, low density andthe value ofAT under the protection of high-purity he-
high strength [2, 3]. lium. Fig. 1 shows a schematic thermal analyses curve
A pseudobinary eutectic reaction exists betweernwith this method. The whole experimental dala A T)
phases Al and MgSi with volume fraction of 14.2 at% were taken from the heating curve, and the data taken
Mg,Si phase, which satisfies the regularity of the nor-from the cooling curve are only for reference.
mal commercial nonfaceted-faceted eutectic alloys. Directional solidification was performed by an
Studies on the eutectic reaction and microstructuraélectron-beam zone melting technique using aring elec-
characteristics of the Al-MgBi eutectic have been re- tron gun as heater working in a vacuum-e10~3 Pa
ported [4, 5], which declared its possibility of being de- which provides a comparatively narrow melting zone
veloped as a potential directionally solidified eutecticand a rather constant temperature gradient. Specimens
composite. Since Li has little reactivity with compound for directional solidification were placed in a graphite
Mg.Si [6], mechanical properties of the Al-M§i eu-  tube with a inner size o8 x 110 mm and were nat-
tectic could be improved further when the Al matrix urally cooled. The temperature gradient ahead of the
is strengthened by Li addition. However, the compo-solid-liquid interface in the melt was measured to be
sition of the eutectic reaction in the phase diagran6.3x 10° °C/m.
changes and its morphology has different character- Investigation on the microstructures was carried out
istics in this case. In this work, we present the resuiton Neophot-21 optical microscope and S-4200 scan-
of a study on L& Al(Li) + Mg2Si eutectic reaction ning electron microscope, and philips-420 transmission
with different Li additions by thermal analyses and electron microscope was used to analyze orientation of
metallographic techniques. The eutectic points wher¢he phases.
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(3) The ternary eutectic point dor L < Al(Li) +
Mg,Si+ Si moves towards the Si-rich direction;

(4) Liadditions cause widening of the range between
points M and N which correspond to two critical
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Figure 1 Schematic diagram of process for thermal analyses.
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3. Results @)
3.1. Thermal analyses for the eutectic curve %
Series of Al-MgSi alloys with nil, 1.0wt %, 2.0wt% 5
and 3.0 wt % Li additions were prepared, and then ther' s 600
mal analyses and metallographic analyses were carrie &, AT0
out upon these alloys. Based on the thermal and me'g

allographic analyses results the effect of Li additions= 570
on the pseudobinary eutectic reaction is illustrated ir o(AD+M,Si
the phase diagrams of Ai-rich corner in the Al-Mg-Si
system. As can be seen in Fig. 2. The eutectic reac g4k
tioncurve G (i =0, 1, 2, 3, which corresponds to nil,

o(AD+M,Si

L1 | | I !

1.0 Wt%, 2.0 wt% and 3.0 wt% Li additions, respec- 0 5 10 15 20 0 5 10 15 20 25
tively) has the following variation with the increase of Al MgSi(at-%) Al  Mg,Si(at-%)
Li additions:

Figure 3 Schematic diagrams of pseudobinary eutectic reaction along
A-B and Al+ Mg,Si lines which is shown in Fig. 2a. The eutectic re-

(1) The eutectic curveGnoves towards the Al-rich : , \ ' ,
action defined by A-B line which passes poigtes a null temperature

corner, . . . range of solidification AT = 0) as showing in Fig. 3a. Such diagrams,
(2) The eUt_e(ft'C p.omt i_eat which AT =0 MOVES  the only Al(Li)-MgSi pseudobinary eutectic reaction with =0 for
towards the Si-rich direction; each Li addition, also can be obtained from Fig. 2b—d.
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Figure 2 Projection of the eutectic curves where the two liquidus surfaces of primary Al(Li) ansBMge intersected in Al(Li)-Mg-Si system
showing the effect of Li additions on the pseudobinary eutectic; (a) nil Li; (b) 1.0 wt%Li; (c) 2.0 wt%Li; (d) 3.0 wt%Li.
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points where L& Al(Li) +MgoSi+Si and L& diagrams of pseudobinary eutectic reaction along A-B
Al(Li) +Mg,Si+ MgsAlg ternary eutectic transition and AH-Mg,Silinesin Fig. 2a. Itis clear that the eutec-
occur, respectively. Binary AI(L-Mg,Si eutectic tic reaction defined by A-B line which passes poigt e
structure without Al(Li) or MgSi dendrites could be has a null temperature range of solidificatiad{ = 0).
obtained if the composition is selected between points In order to clarify the eutectic solidification fea-
M; and N along the eutectic reaction curve. ture in Al(Li)+Mg,Si system we present the melting
temperaturd,, and temperature range of solidification
Among these factors, (2), (3) and (4) are of high po-AT for each component on the eutectic curvgsrC
tential application value. Moving of points and ¢ in  Fig. 4. For a simple description of this relation in two
the direction of increasing of Si content and decreasdimensional coordinate, we take the composition ratio
ing of Mg content satisfies the requirement on indus-of Mg and Si Cug/Cs;i) of each point on the Gurves
trial alloys. Widening of the gap between,Mnd N  to be the content axis. It can be seen clearly from Fig. 4
in Fig. 2 caused by additions of Li will suppress the that for each Li addition, there exists a pointa the
appearance of ternary eutectics in a wider compositiorutectic reaction curve whe®T =0, and the melt-
range. Ternary eutectic that has a lower melting teming temperaturél,, is the highest. When the compo-
perature in an alloy tends to concentrate at the graisition of the alloy deviates from point,dts AT does
boundary in a casting at the latest stage of solidificationnot equal zero and the melting temperature decreases,
which will impair its mechanical properties at medium which is unfavorable to its solidification structure and
and high temperature. Fig. 3 presents two schematithe resultant properties. For alloys witil =0 there
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Figure 4 Measurement results on the melting temperalyr@nd the temperature range of solidificatiai of various points on the eutectic curves

for different Li additions; (a) nil Li; (b) 1.0 wt%Li; (c) 2.0 wt%Li; (d) 3.0 wt%Li. The composition ratio of Mg and Si is taken as the content axis.
EachCyg/Cs; value corresponds to one composition on the eutectic cyres C
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is no primary phase formed and the resultant structuraligned composite structure of this eutectic readily. Al-
is uniform. This is of considerable importance, espedoys with composition on points Mand N have the
cially in the case of preparing a directional solidified largest temperature range of solidification. Poinise
eutectic composite material of this system. Only wherthe ternary eutectic point where the solidification range
the solidification is carried out at a constant temperaequals zero too. The melting temperature of the eutectic
ture the solid-liquid interface have the highest stabil-alloys decreases with the increase of Li additions, but
ity during directional solidification to result in a well the variation is small.
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Figure 5 Several typical freely solidified structures of Al(Li)-M8i alloys; (a) hypoeutectic; (b) hypereutectic; (c) binary eutectic; (d) containing
little ternary eutectic; (e) ternary eutectic.

1572



3.2. Microstructural characteristics curve G, respectively. A perfect binary eutectic struc-
Various structures can be obtained when the composture as shown in Fig. 5¢ appears if the composition is
tion of the alloys falls in different areas in Fig. 2. A selected betweenMnd N points on the eutectic curve
mixed structure of the eutectic and the dendritic Al(Li) C;. A three-phases structure of Al(LH) Mg.Si+ Si

or Mg,Si as shown in Fig. 5a and 5b will be produced if starts to appear together with the Al(H)Mg,Si binary
composition of the alloys is below or above the eutecticeutectic structure as shown in Fig. 5d when the alloy
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Figure 6 Typical structures of directionally solidified Al(Li)-Mgpi alloys and the electron diffraction analyses of phase3itg(a) Well-

aligned longitudinal structures; (b) Well-aligned transversal structures; (c) cellular longitudinal structures; (d) cellular transvetsedsstru
(e) electron diffraction analyses of phase }8gof various morphologies in (b).
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composition is on the Si-rich side of point; Mlong the
eutectic curve € The structure consists of ternary eu-
tectic, Al(Li) + Mg,Si+ Si, as shown in Fig. 5e when
the alloy composition is at poinf eAnalogously, sim-
ilar analyses can be made upon alloys to the Mg-rich
direction, and the difference is that the ternary eutec-
tic is that of Al(Li) + Mg,Si+ MgsAlg. Alloys of these
compositions are of poor industrial application values
due to excess Mg.

As shown in Fig. 4, alloys with compositiorn &re of
high importance because only on these poixits=0,
and the resultant eutectic structure is highly uniform.
This s critical to the preparation of the directionally cast
or directionally solidified composite materials since a
stable solid-liquid interface and a highly aligned al- 540 | | | |
loy structure during directional solidification can be 0
achieved only wheA T is small. A cellular or random 5 10 15 20 25
structure instead of a well aligned structure will appear Al(Li) Mg,Si(at-%)
if AT is rather large. Fig. 6 illustrates the longitudinal @)
and transversal structures of well aligned and cellular
eutectic Al(Li)+ Mg,Si after directional solidification.
As can be seen from Fig. 6b, The Mg phase has
a diversity of morphologies such as rod-like, crossec
and rooftop-like. However, these different morpholo-
gies have the same crystallization direction which ha:
been demonstrated to be [100] by electron diffractior
analyses in this work (Fig. 6e).
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4. Discussion

Shift of the binary eutectic curve to the Al-rich cor- ;

ner and that of the eutectic point to the Si-rich direction

caused by Li additions can be considered interms of th

changing of the liquidus surface as shown schematicl

in Fig. 7. Element Li has little reactivity with phase

Mg,Si [6] and Li additions will depress the liquidus

temperature for Al(Li) solid solution to be below the

melting temperature of pure aluminum. It can be con-

sidered that position of the liquidus surface for phaseAl(Li)

Mg, Si will not change with Li content but that for phase 0 P 10 15 20 25

Al(Li) move downwards with the increase of Li content Siat-%)

(Fig. 7a), which will lead to the moving of the pseudobi- )

nary eutectic curve Qo the Al-rich corner. The eutec-

tic temperature also decreases simultaneously with thégure 7 Schematic drawings of the effect of Li additions in Al(Li)-

increases of Li additions. Mgz Si system: (a) additions of Li shift the pseudobinary eutectic curve to
On an isothermal section of AI(L)-Mg-Si system, e ATeh diseronanireree o cuccteienperure O sadons

points of the |IqUId surface for primary Al and M@_I direction through modification of liquid surface for primary Al: the upper

were represented by two separated parabolds (Fig. 7grawing, scheme of the influence of Li on the poipéiere parabolds

Both parabolds approach each other on a isothermaeet each other on an isothermal section; the lower drawing, scheme of

section as temperature decreases and meet at a pOW'Ft influence qf Lion eutect'ic curve C o'b.tained by reference of Fig..2a

which defines the eutectic point.€The Li addition and d.Th_e sol!(_i curves—without Li additions; the dotted curves—with

. . 3.0 wt%Li addition.

influences not only the position of the parabolds that

causes the decreaselgtemperature but also the shape

ofthe parabolds. The Liaddition can dramatically move Diversification of the morphology of phase kgj af-

the binary eutectic point of Al-Si to the Si-rich derec- ter directional solidification can be interpreted in terms

tion [8] which is caused by the modification of liquid of the morphology of the primary crystal of M§i.

surface for primary Al. A similar modification of liquid Literature [9] demonstrated that in Al-M§i alloys

surface for primary Al is expected in Al-Si-Mg system there exist primary crystals of M&i having an octahe-

with the addition of Li which causes the change fromdral shape as shown in Fig. 8a. Analyses manifest that

of C; curves and shift of pointjeo Si-rich direction. the octahedral primary crystal of M§i is enclosed by

A schematic description of influence of Li addition on {111} faces and its preferred growth direction is [100].

the position of ¢ curves and iepoint is presented in  The preferred growth direction of directionally solidi-

Fig. 7b. fied Mg, Si is the same as that of the primary crystal,
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‘ l arrangement of these three morphologies as shown in
| <100> <100> Fig. 6b depend on the diffusion of the components and
‘ the interfacial energy between eutectic phases, which
ensure that the inter-phase spacirig the same every-
where, because the solidification ratand the eutectic
spacing. shall satisfy the equation?V = const. for a
{111} {111} certain eutectic system [10].

5. Conclusions
] .. (1) The eutectic reaction curve for thes Al(Li) +
(1) (ii) Mg,Si in the Al(Li)-Mg-Si system moves to the Al-rich
(@) corner with the increase of Li additions. The pseudobi-
nary eutectic point with the highest melting tempera-
ture and null temperature range of solidification, and
the ternary eutectic point for & Al(Li) + Mg2Si+ Si
both move to the Si-rich direction. Li additions widen
the range of yielding the binary eutectic of Al(lD
Mg,Si and depress the appearing of ternary eutectics.
(2) Al(Li) +Mg,Si eutectic alloys have the best
directional solidification result when the temperature
range solidification equals zero. ¥§j phase has a di-
) (i) (iii) versity of morphologies such as rod-like, crossed and
(b) rooftop-like, which has the same preferred growth di-

rection i.e. [100].
Figure 8 Schematic drawing of (a) primary crystal of Mgj having

an octahedral shape; (b) analyses on the forming mechanism of phase

Mg.Si of various morphologies.
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