Pseudo-binary phase diagram for Zr-based in situ

3 phase composites

S.Y. Lee¥

Department of Materials Science and Engineering, lowa State University, Ames, lowa 50011

C.P. Kim

Department of Materials Science, California Institute of Technology, Pasadena, California 91125

J.D. Almer and U. Lienert

Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois 60439

E. Ustundag

Department of Materials Science and Engineering, lowa State University, Ames, lowa 50011

W.L. Johnson

Department of Materials Science, California Institute of Technology, Pasadena, California 91125

(Received 17 June 2006; accepted 31 October 2006)

The pseudo-binary (quasi-equilibrium) phase diagram for Zr-based bulk metallic
glasses with crystalline in situ precipitates (3 phase) has been constructed from
high-temperature phase information and chemical composition analysis. The phase
evolution was detected in situ by high-energy synchrotron x-ray diffraction followed
by Rietveld analysis of the data for volume fraction estimation. The phase diagram
delineates phase fields and allows the control of phase fractions. Combined with
related previous work by the authors, this diagram offers a unique opportunity to
control both the morphology and volume of the dendritic 3 phase precipitates to

enhance the properties of the composites.

. INTRODUCTION

Bulk metallic glasses (BMGs) are attractive structural
materials due to their unique mechanical properties such
as high elastic strain (about 2%) and high strength
(around 2 GPa).'™* However, most BMGs experience
sudden failure during unconstrained loading at room
temperature, which weakens their potential for load-
bearing applications. This lack of ductility in BMGs has
been addressed by the development of particulate, wire,
and in situ composites with considerable improvement of
toughness.” ™' Among these, the most promising are the
in situ composites in which the second phase develops
via chemical portioning during the cooling process. The
first in situ BMG composite was developed by Kim
etal. in 1999 and is called the “P phase composite” be-
cause the body-centered cubic (bcc) crystalline precipi-
tate is reminiscent of the [ allotrope of both Zr and
Ti.'''® The overall composition of the composite is
Zrse ,Ti 5 sNbs (Cug oNis ¢Be;, s, while the composi-
tions of the amorphous matrix and the 3 phase are
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Zr447T115 5Nb, ;Cuy sNig | Beyg g and Zryy oTiye 5
Nb,(0Cu, ¢Nig o, respectively.'* As this composite was
discovered while searching for new Zr-based BMG al-
loys, its matrix composition is very similar to that of
Vitreloy 1 (Zr,, ,Ti;53Cu;, sNigoBe,, 5), one of the
most successful BMG alloys.

Recent efforts have been devoted to the improvement
of the 3 phase composite’s performance resulting in a
new composition of Zrse ,Ti;; 3Nb, sCug oNis (Bey, s.
The new composite exhibits increased AT (i.e., the dif-
ference between crystallization temperature 7, and glass
transition temperature T,), which improves stability, and
has higher toughness compared to the first 3 phase com-
posite. The present study used the new composite.

The (3 phase BMG composites offer a unique oppor-
tunity to control their mechanical properties by manipu-
lating their microstructure, namely the volume fraction,
morphology, and size of the precipitates. To develop
processing routines that will yield desired microstruc-
tures, a phase diagram with composition and temperature
information is needed. While the ternary phase diagram
of this BMG system was known for room temperature
(Fig. 1),"> no information existed for higher tempera-
tures, especially about the evolution of the (3 phase dur-
ing cooling. The present study successfully monitored
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The preceding discussion demonstrated how one can
use a processing map such as Fig. 6 to control the frac-
tion of the B phase precipitates in these composites.
Another important aspect of microstructural control in-
volves the dendrite size. This was investigated in detail
previously by Lee,'” who showed that, by a judicious
choice of processing conditions, it is possible to vary the
dendrite size between 0.4 and 14 pm. As Figs. 5 and 6
demonstrate, the 3 phase volume fraction will be gov-
erned by the lever rule between compositions M and B.
However, at a given point of temperature and composi-
tion, one can suppress dendrite growth with enhanced
nucleation rate. For example, if the material is held
around 600-700 °C at the composition of x = 0.28 in
Fig. 6, it is highly possible to obtain a finer dendritic
composite. Additional research is underway to develop
more detailed processing conditions that add further ki-
netics information to Fig. 6, especially for dendrite size
control, but the present processing map can be consid-
ered a good starting point.

IV. SUMMARY

One of the most promising BMG composites (with
dendritic crystalline precipitates—the [3 phase) was inves-
tigated to construct its pseudo-binary (quasi-equilibrium)
phase diagram. Chemical analysis was combined with in
situ XRD data as a function of temperature to determine
the stability limits of the (3 phase, and the lever rule was
used to quantify its volume fraction. The diagram was
complemented with kinetics data that include the cooling
rate effects yielding a processing map for 3 phase com-
posites. This map then becomes a powerful tool to con-
trol the microstructure of the composites (i.e., f phase
dendrite size, morphology and volume fraction) so that
their mechanical properties can be enhanced.
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