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Experimental study of the Be-Si phase diagram
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Wang et al. [1] reported that minor addition of Be in the
as-cast Al-11Si-0.3Mg alloy (wt.%) causes faster precip-
itation and more heat effect of metastable ' than the
alloy without addition of Be and considerably increases
the peak hardness achieved during as-cast aging. Both Yin
et al. [2] and Yie et al. [3] have found that the addition of
Be into commercial Al alloys, such as Al-4.93Si-1.4Fe-
0.63Mg-1.45Cu [2] and Al-11.1Si-1.03Fe-0.08Ti alloys
[3], is beneficial for the transformation of the needle-
shaped iron-rich phase into the Chinese scripts. It is gen-
erally believed that the needle-shaped iron-rich phase is
harmful to the strength and ductility of materials. The
influence of Be addition on the quasicrystal-forming abil-
ity in Al-based alloys, such as alloys in the Al-Cu—Fe
and Al-Mn systems, has been investigated [4]. It was
found that Be addition modified the icosahedral phase
(i-phase) formation mechanism from peritectic reaction
to primary solidification and resulted in the increase of
the volume fraction for the i-phase [4]. In addition, the
substitution of Al by Be was found to reduce signifi-
cantly the critical Mn content and cooling rate neces-
sary for the formation of i-phase [4]. Chen et al. [5]
demonstrated that the partial substitution of Al by Si
in AlgoMny (at.%) binary alloy completely suppresses
the formation of a pentagonal quasicrystalline T-phase
and drastically modifies the microstructure of the i-phase.
Consequently, knowledge of the phase diagram and ther-
modynamic properties in the Be—Si system is of funda-
mental importance for guiding the design and processing
of Al-based quasi-crystal materials and multi-component
commercial Al alloys.

The phase relationship in the Be—Si system has been
subjected to several investigations [6—10]. This binary
phase diagram was shown to be a simple eutectic one.
Masing and Dahl [6] are responsible for the major con-
tribution to the establishment of the Be-Si phase dia-
gram. By means of thermal analysis technique, they [6]
measured the phase transition temperatures for four bi-
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nary alloys with starting materials of purity 99% Be
and 99.95% Si. The eutectic point was determined to
be 1090 °C and 33.42 at.% Si [6]. Following the same
method, Gelles and Pickett [7] measured the phase
transition temperatures for two binary Be-rich alloys (0.5
and 2.5 at.% Si). According to the thermal effect signals
on heating [7], the eutectic temperature is 1073 &+ 8 °C.
The mutual solid solubilities between Be and Si were
investigated by several groups of authors [8—10]. Using
X-ray diffraction (XRD) technique, Sloman [8] reported
that there is nearly no solid solubility of Si in Be. Em-
ploying XRD and metallographic methods, Hindle and
Slattery [9] found that the solid solubility of Be in (Si)
is less than 0.008 at.%. Using electron probe microanaly-
sis (EPMA) technique, Kleykamp [10] recently reported
that the solubility of Si in (Be) at 690 °C is 0.006 at.%
Si, confirming the previous findings [8]. Based on mainly
the experimental data published in 1929 and the limited
experimental data [7], Okamoto and Tanner [11] assessed
the eutectic point to be at 1090 £ 10 °C and 36 + 3 at.%
Si. In the binary phase diagrams compiled by Massalski
[12], the Be-Si phase diagram is redrawn from the one
assessed by Hansen and Anderko [13]. The present work
aims at establishing an accurate Be—Si phase diagram by
means of XRD, differential thermal analysis (DTA) meth-
ods, supplemented by microstructure observations.

The starting materials used in the present work are
99.8% purity Be pieces (Northwest Institute for Non-
ferrous Metal Research, Xi’an, China) and 99.9999% pu-
rity Si pieces (Johnson Matthey Company, MA 01835,
USA). In addition to pure Be and Si, six binary alloys
with the weight of about 1.5 g were prepared by arc melt-
ing Be and Si pieces under 99.99% purity argon atmo-
sphere. Table I lists the compositions of the alloys. No
chemical analysis for the alloys was performed since the
weight losses during arc-melting were generally less than
1 mass%. The as-cast alloys were sealed in evacuated
silica tubes under vacuum of 103 bar, and annealed at
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TABLE I Summary of the phases for the samples in the Be—Si system
annealed at 1050 °C for 7 days, and phase transition temperatures measured
subsequently by DTA

Transition

temperature
No at.% Si Phase? (oK
1 0 (Be) 1251, 1285
2 10 (Be)+(Si) 1086, 1381
3 20 (Be)+(Si) 1085, 1347
4 50 (Be)+(Si) 1085, 1300
5 70 (Be)+(Si) 1084, 1206
6 80 (Be)+(Si) 1085, 1163
7 90 (Be)+(Si) 1085, 1204
8 100 (Si) 1414

2The phase is identified with XRD, metallography, and SEM/EDX
methods.
YObtained on heating with a heating rate of 5 K/min.

1050 £ 1 °C for 7 days, and then water-quenched. Heat
treatment was performed by using a high-temperature dif-
fusion furnace (type L-45-1-135, QingDao, China).

A high-temperature DTA apparatus (STA 409 PC, Net-
zsch, Germany) was used to measure phase transition tem-
peratures. Both the sample holder and reference material
are Al,O3. Solid pieces with weights of about 40—-80 mg
were taken from the annealed samples. The measurement
was carried out between room temperature and 1450 °C
with a heating and cooling rate of 5 K/min in argon at-
mosphere. The temperature was measured with Pt—Pt/Rh
thermocouples and calibrated to the melting temperatures
of Al (660.32 °C), Au (1064.18 °C), and Si (1413.85 °C).
The accuracy of the temperature measurement was es-
timated to be & 2 °C. The onset of the first DTA peak
corresponds to the invariant reaction temperature, and the
liquidus temperature is taken to be the peak maximum
of the second DTA peak. The phase transition tempera-

tures were taken from the heating curves since reactions
between samples and Al,O3 crucible material could not
be completely excluded and supercooling phenomenon
usually accompanies solidification.

The phase identification was made by means of XRD
(Rigaku D/max2550VB, Japan) using Cu K« radiation
with Ge as an internal standard. Lattice parameters were
calculated by using the program JADE [14].

The microstructure observation was performed with
optical microscopy (Leica DMLP, Wetzlar, Germany)
and scanning electron microscopy(SEM) (JSM-5600LYV,
Japan Electron Optics Laboratory, Japan) with energy
dispersive X-ray analysis (EDX).

Table I summarizes the phases identified by XRD, opti-
cal microscopy, and SEM/EDX techniques along with the
phase transition temperatures resulting from DTA mea-
surements. The lattice parameters of («¢Be) and (Si) cal-
culated from the binary alloys match closely those for
the pure elements [15]. Thus, binary solubilities in these
phases are presumably negligible. This confirms the pre-
vious findings [8—10].

The back scattering images for representative samples
(60 at.% Si and 80 at.% Si) are presented in Figs. 1 and 2,
respectively. As shown in Fig. 1, the alloy Beg 4Sip ¢ in as-
cast state shows the existence of a eutectic structure and
primary (Si) phase. Fig. 2 clearly indicates the (¢Be) and
(Si) phases for the alloy Beg,Sigg annealed at 1050 °C
for 7 days.

In these excellently reproducible measurements, the
general features of the previously established Be—Si phase
diagram [6—10] are confirmed. However, the quantitative
data need to be revised and an amendment of the phase
diagram published in recent handbooks [11, 12] is neces-
sary.

Based on the experimental data mainly from the present
work, the revised Be—Si phase diagram is presented in

Figure I Back scattering image of as-cast Beo 4Sig ¢ (atomic fraction) alloy.
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Figure 2 Back scattering image of Beg 2Sip g (atomic fraction) alloy annealed at 1050 °C for 7 days.
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Figure 3 Revised Be-Si phase diagram compared with the experimental
data of present and previous studies. The mutual solid solubilities were
found to be below the XRD detection limit in agreement with the reported
0.006 at.% Si in (Be) at 690 °C [8,10] and a limit of less than 0.008 at.%
Be in (Si) [9].

Fig. 3 along with the literature values. In view of the
virtually zero solubility of Si in (Be), the invariant reac-
tion among liquid, («Be), and (BBe) is assumed to be of
degenerated feature: («Be) = (8Be), L at 1254 °C.

The eutectic point is located at 1085 + 2 °C and
33.5 at.% Si. This eutectic point agrees reasonably
with the previously accepted value, 1090 °C and 36
4 3 at.% Si [11], but for the liquidus line noticeable
discrepancies are observed for the present results and the
earlier data [6]. The present experimental results are con-
sidered preferable on the grounds that (I) high purity of
starting materials are used and the metal pieces have been
burnished in order to remove oxide from the surface, (II)
the samples are annealed at 1050 °C for 7 days, just below
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the eutectic temperature in order to reach equilibrium, and
(IIT) the experimental results from different experimental
methods are consistent with each other.

The presently obtained Be—Si phase diagram is ex-

pected to substitute for the currently accepted version
[11, 12].
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