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Characteristics of microstructure and glass transition
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The glass transition and the microstructural characteristics of 5676 0eCUg 2Nig 19 100- xAlx
(10=x=16) bulk metallic glasseBMG) are investigated as function of Al content. It is found that

the Al content has strong effects on the glass transition, microstructure, and properties of the alloy.
The marked increase of the Debye temperature and shear modulus with increasing Al content
indicates that the different Al incorporations result in microstructural change in atomic short range
of the BMG. The increase of the glass transition temperature with the increase Al content is
consistent with the large variation of properties with increase of Al content. The change of the
microstructure of the glass-forming alloy is responsible for the change of the properties00®
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The recent discovery of bulk metallic glass@&MGs) is  as the homogeneity of the rod was ascertained with XRD and
significant for both fundamental and practical reasbrs. high-resolution transmission electron microscdpyXRD
Zr—Ti—Cu—Ni-Al bulk metallic glass-forming alloys belong measurements were performed using a Siemens D5000 dif-
to the new families of BMGs that have been found to exhibitfractometer with Cuk radiation. Thermal properties were
exceptional glass-forming abilit§fGFA) and unique physical studied by DSC performed in a Perkin-Elmer DSC-7 under
properties. However, the formation mechanism of glass anflowing purified argon at a heating rate of 10 K/min. The
the glass transition are still a physical challefigéhe excel-  densityp was measured by the Archimedian principle. Ultra-
lent GFA of an alloy is usually explained by the confusedsonic measurement was carried out in a MATEC 6600 ultra-
principle/ However, it is found that the GFA is also strongly sonic system with a 10 MHz frequency and a measuring
dependent on some constituents. In Zr—Ti—Cu—Ni—Al al-sensitivity is 0.5 ns. The details about the experiments are
loys; Al and Ti play a critical role in the formation of the given in Ref. 9. The shear moduli and the Debye tem-
BMG,? but not much information exists on the effects of Al peratureg, can be calculated from the longitudinal velocity
on the microstructure and the properties of the BMG. Acous, and transverse velocity,.*
tic properties are particularly sensitive to the microstructure  Figure 1 shows the XRD curves obtained from the cross-
of a solid, and the BMG is in a suitable form for measure-section slice cut from the middle part of cylinder of the as-
ments of elastic wave propagation. The structure and propeast (Z soTio.06CU 2Nig 19 100-xAlx (X=10, 12, 14.3, and
erties as well as the relation between them for the BMG car16) alloys. The broad and diffuse diffraction maxima without
be investigated by the ultrasonic method: The determina-  sharp crystalline diffraction peaks indicate that the alloys are
tion of the acoustic velocities with the change of Al incorpo- almost single amorphous phase. Figure 2 presents the corre-
ration can provide useful information on the microstructuralsponding DSC traces of the (ZsTig.06ClUy.2Nig 19 100 xAl
characteristics of the BMG. In this letter, the effects of Al BMGs. All the DSC traces exhibit the obvious endothermic
incorporation(Al content varies from 10 to 16 at.pon the  characteristic of a glass transition followed by an exothermic
microstructure, glass transition, and properties of thecrystallization peak. The glass transition temperatilige
(Zro.seTin.0eClUy 2 Nig 19 100- xAl alloys were investigated by and crystallization temperatur€, of the BMGs increase
acoustic and density measurements, x-ray diffractiRD), from 657 to 697 K, 751 to 793 K with Al increasing from 10
and differential scanning calorimetfpSC). It is found that  to 16 at. %, respectively. This demonstrates that the thermal
a slight change in Al incorporation results in local structuralstability of the BMG is improved with increasing Al content.
change, which results in a much higher glass transition temA large supercooled liquid regiomT, (AT,=T,—T,) is
perature, a denser atomic packing, and a marked increase fafund for these BMGs, and the values &T, are all above
shear modulus and Debye temperature of the BMG. 85 K. An unusual phenomenon is thB§ increases by 40 K

(Zro.s59T10.06CUp.2NI0.19100-xAlx  (10sx=<16) BMGs  for 6 at. % Al variation. In generall4 is not sensitive to the
were prepared by arc-melting a mixture of pure metals incomposition change of an alloy; for examplg, shows only
purified argon atmosphere, that is then sucked directly into aninor difference with composition change for the ZrTiCu-
water-cooled copper mold to form cylinders of 5 mm in di- NiBe BMG.2® It might be expected that the increasg
ameter and 80 mm in length. The amorphous nature as wethainly resulting from the addition of Al is due to the differ-
ent binding strength of ZTi)—Cu(Ni) and Zr(Ti)—Al, which
dAuthor to whom correspondence should be addressed; electronic maii.S represented by the more negative heat of mixing of Zr-Al

whw@aphy.iphy.ac.cn (—45 kJ/mo) compared to Zr—Cu(—24 kJ/mo).** The
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TABLE I. The thermal parameters obtained by DSC at a heating rate of 10
K/min and properties for as-cast (kT ¢.06CU 2Nig 19 100-xAlx BMGs.

Alcontent T, T, v p nx102 @p G
at.% (K) (K) (km/9 (km/s (g/cn?) (molen?) (K) (GPa
10 657 751 4.777 2155 6.749 922 2789 313
12 681 770 4.825 2232 6.696 929 287.8 33.4
143 689 786 4.890 2.269 6.593 9.30 2909 339
16 697 793 4.845 2319 6.553 9.35 296.4 352
20 20 80 80 the relative changes of G and 6p for the
20 (Zrg 50T 0eCUy 2 Nig 19 90Al10 BMG corresponding to its

fully crystallized statgannealed at 873 K for 1)hare only
FIG. 1. The XRD patterns of as-cast (4gTio.0éCl 2Ni0.19100-xAlx allOys. 7% and 2.5%, respectively, even though the relative change
of n (1.45% between the glassy and crystallized states is
similar to that induced by Al incorporation. Al, like Be in the
change of the atomic configuration on a short-range scalgrTiCuNiBe glass-forming alloy systef,plays an impor-
originates mainly from the change in the chemical shorttant role in the formation of the BMG. Like Al, Be has a
range order by the dissolution of Al. The other effect of Al on jarge negative heat of mixing with Zr69 kJ/mo) and Ti
the thermal stability is the effect of atomic size, in which the (—48 kJ/mo).** However, the change of Be content in ZrTi-
addition of the middle atomic size of Al in Zr-Ti—-Cu- CuNiBe BMGs does not significantly change the glass tran-
Ni—Al alloys leads to an increase of the packing density insjtion, G and 6y .2%*2 The present result indicates that more
the amorphous solid and in the supercooled ligdid. and more Al incorporation results in a very large change of
The density and the acoustic velocities were measured tgroperties, and the average atomic strength of the alloys with
study the microstructural change with increasing Al contenthigher Al content is greatly enhancéd.

The values op, v, andvs of the BMGs are listed in Table To make clear what factors lead to the large change of
I. The number of the atoms in unit voluntecan be calcu- the G and 6y, the acoustic velocites of the
lated byn= p/A, whereA is the average atomic weight. The (Zr, .5Ti, 0éClp »Nig 1985 Al 143 BMG were measuredn

G and 6 values, which can provide important information sjtu under applied pressure. The corresponding pressure de-
about the microstructural characteristics of a solid, are detependences o8, 6y, andn of the BMG are shown in Fig. 4.
mined by acoustic measurements. The relative change ofhe investigation shows tha and 6, increase with the
AYIYo=(Y=Y)/Yo (Y=n,G,0p,Tq;Yo is anormal value increase in atomic packing density resulting from pressure,
for the BMG with 10 at. % of Al is shown in Fig. 3n, G, put the relative changes & and 6, corresponding to 0.4%
¢p . andT4 monotonically increase with increasing Al con- change ofn are only about 1.2% and 0.5%, respectively.
tent. It can be clearly seen from Fig. 3 that a small increasg€omparing the BMGs with increasing Al content from

of n leads to larger relative changes®f 6p, andT,. The  14.3% to 16%the change of is 0.5%, the relative changes
relative increase afiis 1.4% when Al content increases from of G (3.8% and 6 (1.9% are much larger than that result-

10 to 16 at. %. The increase means that the atomic packingig from pressure with similan variation. The results indi-
becomes denser with increasing Al content in the BMG. The:ate that the increase@ and 6y, induced by the incorpora-
relative increase o5 and dp when Al content increases to

16 at.% are 12.4% and 6.4%, respectively. In comparison,
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FIG. 3. The relative change &fY/Yo=(Y—Y)/Yo (Y=n, G, 6p, Tq, Yo
FIG. 2. DSC curves of the (gEgTig0sClUyoNig139100-xAlx BMG with a is a normal value for the BMG with 10 at. % of Alipon Al content for the
heating rate of 10 K/min. (Zro59Ti0.06C W 2Ni0.19 100-xAlx BMG.
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indicate that the increase in Al content stabilizes the short-
121 o G o! | range structure more than the density of the atomic packing.
100 & @ ..' i Hence, the higher increases the valuefgfresulting from
—_— D . the slighter Al content. Accordingly, the energy needed to
§ 08F A n .0. 1 change the energy state is larger, and the glass transition
° o shifts to higher temperatures with increasing Al content.
2 06} .o' . | In conclusion, the glass transition, thermal stability, the
z o4l .‘. .:A:: ] Debye temperature, and shear_ modulus of ZrT_iCuNiAI
o llllll‘ BMGs exhibit marked changes with small changes in the Al
02t o* -.llll - content. The results indicate that the microstructure in the
‘::0“ short-range of the BMG is very sensitive to the Al content. A
00[ » i slightly higher Al content results in the microstructural
00 01 02 03 o4 05 change, which leads to a significantly higher glass transition
Pressure (Gpa) temperature, a denser atomic packing, and a marked increase

of the shear modulus and the Debye temperature of the

FIG. 4. The relative change afY/Yo=(Y—Y)/Yo (Y=n, G, 6, Yoisa BMG.
normal value for the BMG at ambient pressungoon pressure for the ] ]
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