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The effect of pressure on the crystallization behavior of metallic glasg?RE€AIsB,Ga alloy

with a wide supercooled liquid region has been investigatedirbysitu high-pressure and
high-temperature x-ray diffraction measurements using synchrotron radiation. In the pressure range
from O to 2.4 GPa, the crystallization temperaturg, increases with pressung, having a slope of

30 K/GPa while a minimum i, was detected in the range from 2.4 to 3.9 GPa. With a further
increase of, T, is independent op. The T, vs p behavior can be qualitatively explained by the
suppression of atomic mobility and changes of the Gibbs free energy of various phases with
pressure. ©2000 American Institute of Physid$s0021-897€00)01902-2

Recently, Inoueet al! found that Fe—ALP-C—B-Ga AT=T,—Ty=55K. In situ high-pressure and high-
alloys have wide supercooled liquid regions and good softemperature energy-dispersive x-ray diffracticBDXRD)
magnetic properties. The large glass forming ability of thismeasurements were performed using synchrotron radiation
alloy system enables the formation of bulk glassy samplegy the MAX80 station at HASYLAB in Hamburg, Germany.
with diameters up to 1 mm by slow cooling. Such samplestach run consists of isothermal room-temperature compres-
have a coercive force down to 12.7 A/m and a saturatiorsjon followed by isobaric heating to high temperature. The
magnetization up to 1.07 T, promising future use as a neVpressurep, of the sample<6 GPa is calculated from the
soft magnetic materidl However, the magnetic properties of |attice constant of NaCl using the Decker equation of date.
metallic glasses are highly sensitive to small amounts ofn addition, we have also carried out room-temperature com-
crystalline material. Thus, the danger of using them WithOUTpression EDXRD measurements up to 35 GPa using a
detailed knowledge of their crystallization process cannot bgiamond-anvil cell by the F3 station at HASYLAB. A pres-
overstressed. In general, metallic glasses possess a few pg[e transmitting medium of 4:1 methanol:ethanol solution
cent of free volume. The crystallization of metallic glasses isyas used. The actual pressure was calculated from the wave-
accompanied by a densification of about a few perée”t-length shift of the ruby line using the nonlinear pressure
Thus, one might expect that external pressure would accekcale of Maoet al® For crystalline phase identification stan-
erate the crystallization process since the metallic glass cagyq x-ray powder diffraction using Gtie radiation as well
be densified by the applied pressure. In this work we reporgs \ssbauer spectroscopy measurements at ambient tem-
the pressure effect on the crystallization for a Fe-based M&serature and pressure were performed in the samples which
tallic glass alloy with a wide supercooled liquid region. were isochronally annealed in a vacuum ok 30~°Pa at

Fe,P1,CeAlsB,Ga, ribbons with a width of about 10 \aious temperatures for 1 h.

mm and a thickness of about 2tm were prepared by the A jarge number of EDXRD patterns of the metallic glass
melt-spinning technique. Thermal analysis was performed ifyere recorded at pressures ranging from 0 to approximately
a Perkin-ElImer DSC 7 differential scanning calorimeterss gpa at room temperature. Up to a pressure of approxi-
(DSO at a heating rate of 40 K/min under a flow of purified mately 35 GPa, no crystalline phase was observed. The po-
argon. It was found that the glass transition temperature igjtion of the main peak was found to increase with pressure.
Ty=743K, the crystallization temperatureTg=798K and  Thjs means that the correspondidgpacing decreases with
pressure. If one assumes that the density of the amorphous
dElectronic mail: jlang@fysik.dtu.dk alloy is proportional to H®, one can estimate the ratio of the
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FIG. 1. Compression data of the @,;,CsAlsB,Ga metallic glass at room FIG. 3. Crystallization temperature of_theﬁléllCeAl sB,Ga metallic glass
temperature. The solid curve is calculated from the Birch equation of state2S & function of pressure. The solid line is a guide for the eye.

volume at a given pressure fo that at zero pressuretallized samples at various pressures is essential. Due to the
V(p)/V(0), of the metallic glass, as shown in Fig. 1. The poor resolution in the EDXRD measurements and the fact

I tio d tonicallv with At that several phases exist in the crystallized samples, we first
volume ratio decreases monotonically with pressure. apéttempt to identify the crystalline phases in samples annealed
proxmgtely 35 GPa, the metallic glass has contract_ed pYn vacuum by using standard x-ray powder diffraction
approximately 10%. The pres;ure-volume dgta shown in Fi XRD) and Mdssbauer spectroscoglS) at ambient tem-
iti;:g/ eTEstzee(?g-er;gsﬁfeenbmtkedmf dEITL?S Bigc?osgga?gnbgperature and pressure. Figure 4 exemplifies an XRD pattern
265+'1O GPa wrﬁch is much larger than that for body- and a MS spectrum of a sample annealed at 823 K. Three
cent_ered-cubi,c bee iron. 176 GPal crystalline phases were identified from the XRD and MS

Figure 2 exemplifies, EDXRD pétterns recorded for Crys_measurements In the annealed samples. Theylarephase
tallized samples at various pressures. The phassA2, (markedA1l) with a NisP-like tetragonal structutg (space

) ) . group: 14 having lattice constants 0A=8.93A andc
and A3, will be explained below. Figure 3 shows the crys- —441A and a composition close to ), where M

tallization temperature, which was estimated from EDXRDstands for P, C, Al, B, and Ga element2) a phasdmarked

patterns recorded by increasing temperature with a stepsiz&z) with a Fe(NiN),-like cubic structur® (space group:
m3m) having a lattice constant ai=3.78 A and a com-

of about 10 K as a function of pressure. It is clearly seen thab
the applied pressure strongly affects the crystallization tem-
perature of the Fe-based metallic glass, and that the behavior

of T, vs p differs in various pressure ranges. From 0 to 2.4
GPa,T, increases with pressure, having a slope of 30 K/GPa. At
This value is larger than those reported for metallic glasses j (@)
with no wide supercooled liquid range, wherErl, /dp =
~0-20K/GP&*In the range from 2.4 to 3.9 GPa, a mini- <
mum in T, was detected at a pressure of 3.2 GPa. With a > Al A/‘
further increase of pressure, tfig is independent of the g 1
external pressure. In order to understand these differences in @ ﬂ
the T, vs p behavior, crystalline phase identification in crys- £ Al I ‘ A1
0 L “12. . - E—
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FIG. 2. Energy-dispersive x-ray diffraction patterns recorded for crystal-FIG. 4. (a) X-ray powder diffraction pattern antb) Mossbauer spectrum
lized samples at various pressures. NotatidtisA2, andA3 refer to three  recorded at 295 K for the sample annealed at 823 K in a vacuum of 3
crystalline phases. Some diffraction peaks of boron nitride originating fromx 107 Pa for 1 h. NotationsA1, A2, and A3 refer to three crystalline
the sample holder are marked by BN. phases. The solid lines i) are fitting curves.
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position close to F¢M),; and(3) a phasémarkedA3) with ~ Tx. With increasing pressure, the amountA8 phase in-
a Fey(CB)g-like cubic structur® (space group:Fm3m) creases so that the crystallization process of the sample again
having a lattice constant ci=10.6 A and a composition involves a three-phase eutectic reactibpincreases accord-
close to Fgs(M)4. From the XRD and MS investigations of ingly with pressure in the range from 3.2 to 3.9 GPa. At still
samples annealed at various temperatures, it is found that ttégher pressureé>3.9 GPa, a remarkable enhancement of
crystallization process of the metallic glass Fe-based alloy ithe A3 phase is found in the crystallized samples while the
vacuum is characteristic of a three-phase eutectic reactiofielative amount ofA2 phase decreases and thé phase
Second, we compared tiespacings of the three phases with remains almost unchanged. Hence, two competing effects
the EDXRD data and found that the diffraction peaks in the(the second and third pressure effggield a saturated crys-
EDXRD patterns recorded from the crystallized samples untallization temperature within the pressure range from 3.9 to
der various pressures can be attributed to the three crystallife2 GPa.
phases. The relative amounts of the three phases could be In conclusion, the effect of pressure on the crystalliza-
different in crystallized samples at various pressures. tion processes of the metallic glass;fR%,CsAlsB,Ga; alloy

In general, applied pressure on metallic glasses mighWi'[h a wide supercooled liquid region has been investigated
have three effects. The first effect is densification, whichPy in situ high-pressure and high-temperature x-ray diffrac-
reduces the free volume in the glass by pressure. This effeion measurements using synchrotron radiation. It was found
could favor the crystallization process because crystallizatiothat the external pressure can strongly influence the crystal-
of metallic glasses involves densification. The second effedization temperature of the metallic glass. The behavior,of
is suppression of atomic mobility at high pressures, whichvs p is mainly governed by the suppression of atomic mobil-
reduces the atomic diffusion in metallic glasses. At least foity and changes in relative Gibbs free energy of various
eutectic or primary crystallization processes this effect rephases with pressure. The densification effect induced by
tards crystallization since atomic diffusion is required forpressure only plays a minor role in the crystallization behav-
these crystallization processes. The third effect is due téor of this alloy.
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