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Wide supercooled liquid region and soft magnetic properties
of Feg5Co-Ni;Zry_1oNb (or Ta)y_10B29 amorphous alloys

A. Inoue, H. Koshiba,® T. Zhang, and A. Makino®
Institute for Materials Research, Tohoku University, Sendai 980-77, Japan

(Received 10 June 1997; accepted for publication 31 October) 1997

An amorphous phase with a wide supercooled liquid region before crystallization was formed in
FessCo;NizZrig-yMByy (M=Nb or Ta, x=0-10at. % alloys by melt spinning. The glass
transition temperatureT() and crystallization temperaturd ) increase by the dissolution of 2%

M and the degree of the increase is largerTor leading to maximumAT,(=T,—Tg) of 85 K at

2% Nb and 87 K at 2% Ta which are larger by about 20 K than the largest value for newly
developed FefAl, Ga)—(P,C,B,S} amorphous alloys. The crystallization of the Nb-containing
alloys occurs through two stages of amorpho@m)—Am’+a-Fe+ y-Fet+FegNbgBig
—a-Fety-Fet+FeNbgBg+FeZr in the range less than about 6% Nb and Awmm’

+ y-Fe—y-Fe+Co3Nb,Bs+NigNb in the range above 8% Nb. The change in the crystallization
process with Nb content seems to reflect the easy precipitatigiefby the increase in the number

of Fe—Nb pairs with weaker bonding nature as compared with the Fe—Zr pairs. The best soft
magnetic properties were obtained at 2% Nb or 8% Ta. The saturation magnetization, coercive
force, effective permeability at 1 kHz, and saturated magnetostriction in the annealed state for 300
s at 800 K are, respectively, 0.96 T, 2.0 A/m, 19 100, ang 10 ° for the 10% Zr alloy, 0.75 T,

1.1 A/m, 25 000, and 12 10" © for the 2% Nb alloy, and 0.85 T, 1.5 A/m 17 400, and<1#0™ © for

the 8% Ta alloy. The Curie temperature is 531 K for the 2% Nb alloy and 538 K for the 8% Ta alloy.
The success in synthesizing the new amorphous alloys with the wide supercooled liquid region and
good soft magnetic properties is promising for future development as soft magnetic bulk amorphous
alloys. © 1998 American Institute of Physid$§0021-897@8)03204-6

I. INTRODUCTION ing among their elements. Based on the three empirical rules,
. . we have searched for new Fe-based amorphous alloys with a
The search for an amorphous alloy with a wide supery,iqer supercooled liquid region before crystallization. As a
cooled liquid region before crystallization is important be- result, we have found that amorphous alloys with laAge,
cause the existence of the supercooled liquid region implieg,) es reaching about 90 K are formed in multicomponent
the high thermal stability of the supercooled liquid agai”St(Fe,Co,N)—Zr—Bzo and Fe{Co,Ni)—(Zr,Nb)—B?1?22 sys.
crystallization. It is generally known that the high thermal ;oo Besides, the new Fe-based amorphous alloys also ex-
stability _enables the fabrication of a bulk amorphous alloy by}t good soft magnetic properties combined with low satu-
conventional casting processes. AHS ?u”( amorphou%_:;llloy%ted magnetostriction and are expected to develop as a new
in Ln-Al-TM,> 8Mg—Lp—TM, . Zr-Al=TM, type of soft magnetic material which is different from con-
Zr—(Ti,Nb,Pd—AI-TM, Z{l—szl—TM—Be, Pq_CU_N'_léO ventional Fe—Si—B and Co—Fe—Si—B amorphous alf3y8.
and Fe<Al,Ga)—(P,C,B,S)"™ (Ln=lanthanide metal, TM  1pis article is intended to present the compositional depen-
=transition metalsystems exhibit a wide supercooled liquid yonce of T . T,, AT,, crystallization behavior and
region exceeding 50 K. The temperature interval of the SUpagnetic p?roperties for EgCONi-Zre (NbBy and
percooled liquid region defined by the difference betweerFeg,GCo;Nthlo,XTaXBZO amorphous alloys and to investi-
glass transition temperaturg{) and crystallization tempera- gate the reason for the appearance of the wide supercooled

ture (Ty), AT,(=T,—Tg) has been reported to reach 98 K jia,ig region for the new Fe-based amorphous alloys.
for the Ln-based alloy, 61 K for the Mg-based alloys, 127

K3 for the Zr-based alloys, 98 K for the Pd-based alloys,
and 61 K for the Fe-based alloys. There is a clear tendency- EXPERIMENTAL PROCEDURE
for glass-forming ability to increase with increasidgr, . Multicomponent alloys with composition

The above-described bulk amorphous alloys always satisfq g Ni-Zr.. .Nb.B and FeCoNi-Zr- .TaB
the following three empirical rulé& ' for achievement of w?asfe 07ex;mli?1;e>;j bxmzothe presesf (Ztud7y 1ot;é<cg<jszeo the

large glass-fo.rming ability i.e.(1) muIticomponenF a!lpy Fes.Co,Ni,Zr,iB,, amorphous alloy had the widest super-
systems consisting of more than three eleme@ssignifi-  qqeq liquid region before crystallization. Their master in-
cantly different atomic size ratios above about 12% amongqts were prepared by arc melting the mixture of pure Fe
the main constituent elements, af® negative heats of mix- Co, Ni, Zr, Nb, and Ta metals and pure B crystal in an argon
atmosphere. The alloy compositions represent the nominal
dpermanent address: Alps Electric Co. Ltd., Nagaoka 940, Japan. atomic percentage of the mixture. Rapidly solidified ribbons
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FIG. 1. X-ray diffraction patterns of melt-spun §€0,Ni;Zr;q_,Nb,B, FIG. 2. X-ray diffraction patterns of melt-spun §g€0,Ni;Zrq_,Ta By (X
(x=0, 2, 4, 6, 8, and 10 at. %alloys. =0, 2, 4, 6, 8, and 10 at. Yalloys.

with a cross section of 0.021.0 mnf were prepared by melt . . .
L . . systems and no diffraction peak corresponding to a crystal-
spinning the master ingots in an argon atmosphere. Th

. . ne phase is seen for all the alloys. The x-ray diffraction data
amorphous nature was examined by x-ray diffractometry and_
L : indicate clearly that these melt-spun alloys are composed of
transmission electron microscopyEM). The alloy compo-

nents of the as-quenched alloys were determined by electr an amorphous phase without crystallinity. Figure 3 shows

probe microanalysi§EPMA). Thermal stability associated CES:% ;:ur;r/eé g fa;réelomaetlt;gr%r;r p;ﬁrf) rsNéii)gg_)ilt\lizxthobe
with glass transition, supercooled liquid region, and Crystal'notice,d ,thf;lt é\ distinct glas;s transition followea by a wide
lization was examined at a heating rate of 0.67 K/s by dif- '

ferential scanning calorimetffDSC). The crystallized struc- ?gr?eezcgce):‘zcrje“grugtarlﬁg;ino’nIsfogbaslle[[\r/lzdall?o tf;e éﬁ?sﬁ)g;?}:re
ture was examined by high-resolution TEM linked with 9 Y ys. 9

. ; . . that more than two exothermic peaks are seen on the DSC
nanobeam electron diffraction pattern, energy dispersive x-

ray spectroscopyEDXS), and electron energy loss spectros- curves, the crystallization appears to take place thro_ug_h mul-
copy (EELS) Magnetiza{tion at room temperature was mea-tlple stages. The second exothermlg p_eak is more distinct for
sured in a haximum applied field of 1260 kA/m with a the 8 and 10 at .% Nb alloys. The similar feature in the glass
o ) transition, supercooled liquid, and multiple-stage crystalliza-
vibrating sample magnetomet@¢SM). Coercive force was fion is also recognized on the DSC curves of the
measured with a I-H loop tracer. Permeability was evaluate?L&‘)(iCO?'\li7ZrlO .TaB, alloys as shown in Fig. 4. Based on
o e 250 s oy sl DSC cives h gass transiion emperai e
onset temperature of the first-stage crystallization p&gk, (

terminal capacitance method. Curie temperature was detezra'nd the temperature interval of supercooled liquid region

g;(ragx?nz:é(;rna%);t;l% the I-T curve in the constant Co”pl'”g(A_szTx—Tg) for the Fe—Co—Ni—Zr—Nb—B and Fe—_Co—
' Ni—Zr—Ta—B amorphous alloys were plotted as a function of

Nb or Ta content in Fig. 5. Thg; andT, are 814 and 887 K,
respectively, for the 0% Nb alloy, increase by the dissolution

Figures 1 and 2 show x-ray diffraction patternsof Nb or Ta, show maximum values of 828 and 913 K,
of the melt-spun  FRRCoNi;Zrq_4Nb,B,y and respectively, for the 2—4% Nb alloys and 827 and 914 K,
FesCoNizZrg TaB,y (x=0, 2, 4, 6, 8, and 10 at Y@al-  respectively, for the 2—4% Ta alloys and then decrease sig-
loys, respectively. Only a broad peak is seen at a wavenificantly with further increasing Nb or Ta content. The de-
vector (K,=4 sin ¢/\) of about 30.2 nm? for both alloy  gree of the increase is larger fy, than forT,, leading to

Ill. RESULTS
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FIG. 3. Differential scanning calorimetric curves of the amorphousFIG. 4. Differential scanning calorimetric curves of the amorphous
FeeCoNi;Zrq \Nb,B,g (x=0, 2, 4, 6, 8, and 10 at. Valloys. FeseCoNi-ZrTaBy (x=0, 2, 4, 6, 8, and 10 at. Yalloys.

the increase ilA T, from 73 K for the 0% Nb alloy to 85 K and no appreciable peak of Ze& is observed. It is therefore
for the 2% Nb alloy and 87 K for the 2% Ta alloy. Here, it is said that the crystallization of the Fe—Co—Ni—Zr—Nb-B al-
important to point out that the Ego,Ni-Nb;B,, and loys containing less than 6 at .% Nb also takes place through
FessCoNi; Tay B,y amorphous alloys also exhibit the glass two stages of amorphodsamorphous+ a-Fet+ y-FetFeyg
transition and supercooled liquid region, though the decreasidbgB,s— a-Fet+ y-Fet+Fe;gNbgB g+ FeZr. The distinct in-
in T, causes smalleAT, values of 45-57 K. crease in the second-stage crystallization peak around 6—8
With the aim of clarifying the reason for the change inat.% Nb on the DSC curves reflects the change in the
the crystallization behavior around 7% Nb or Ta, x-ray dif- second-stage crystalline phase from,Zeto Co;Nb,Bg
fraction patterns of the EgCo;Ni;Zr5_4Nb,Bsg (x=2, 4,8,  +NigNb.
and 10 at.% alloys heated for 600 s at temperatures just  Here, it is important to examine the distribution of Co
above the first and the second exothermic peaks are shown &nd Ni elements in each constituent phase because the simul-
Fig. 6. The x-ray diffraction patterns were identified to con-taneous addition is effective for the further extension of the
sist of a-Fe, y-Fe, FegNbgB1g, and FgZr phases for the 2 supercooled liquid region. Figure 8 shows the high-
and 4% Nb alloys heated to 1040 K just above the secondesolution TEM (a), nanobeam electron diffraction pattern
exothermic peak, a-Fe phase for the 8 and 10% Nb alloys (b) taken from the region D and the nanobeam EDX profiles,
heated to 883 K corresponding to the temperature just abovg—f) taken from the regions A, B, C, and D, respectively, of
the first exothermic peak, angFe, CaNb,Bs;, and NgNb  the FeggCo;Ni;,ZrgNb,B,g alloy heated to 920 K correspond-
phases for the 8 and 10% Nb alloys heated to 1028 to 104ing to the temperature just above the first exothermic peak.
K just above the second exothermic peak. In order to exambistinct fringe contrast is seen in the grains A, B, and C,
ine the crystalline phase in the first crystallization stage fowhile the D region consists only of a modulated contrast.
the FegCo;Ni;Zriq_4Nb,B,, alloys containing less than 6 The electron diffraction pattern B shows a halo-like ring,
at. % Nb, the x-ray diffraction patterns of the 2% Nb- andindicating that the region D is composed of an amorphous
4% Nb-containing alloys annealed for 600 s at 920 K arephase. It is clearly seen that the Co and Ni elements are
shown in Fig. 7, together with the data of the alloys annealedlissolved into all the constituent phases. From the nanobeam
at 1040 K. The annealing temperatures of 920 and 1040 DX and EELS analyses, the A, B, and C are analyzed to be
correspond to those just above the first and second exothere,NbgBg, a-Fe, and FgZr, respectively. Besides, the Co
mic peaks, respectively. The x-ray diffraction peaks of bothand Ni contents appear to be the highest in th&ZFphase.
alloys are identified to be-Fe, y-Fe, and FgNbgB,g phases Consequently, their crystalline phases can be expressed as
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FIG. 5. Changes in the glass transition temperatligd,(onset temperature

of crystallization {Ty), and temperature interval of supercooled liquid region 20/ deg
(AT,=T,—Tg) as a function of Nb or Ta content for the amorphous ‘ _
FeseCo;Ni-Zryo «Nb,B,o and FegCo;Ni-Zry, Ta B, alloys. FIG. 6. X-ray diffraction patterns of the amorphous

FeseCo;Ni;ZrigNb,Byg (x=2, 4, 8, and 10 at. ¥alloys annealed for 600
s at the temperatures just above the exothermic peaks.

(Fe,Co,N);¢NbgB1s, a-(Fe,Co,N), and(Fe,Co,N),Zr. How-
ever, the Fe content is much higher and hence the feature of
their crystalline phases seems to be fully expressed even ljause an increase in the precipitation tendency ofytie
the simple chemical formula such as;f¢bgBs, a-Fe, and phase. This presumption also implies that the crystalline
FeZr. structure does not always reach an equilibrium state in the

Similar crystallization behavior is also recognized for Fe;gCo;Ni;Zr,TagB,, alloy containing the high-melting tem-
the FggCo;Ni;Zrio_,TaB,g amorphous alloys, as identified perature elements.
for the x-ray diffraction patterns shown in Fig. 9. The crys- Judging from the dafa on the negative heat of mixing
tallization behavior takes place in the processes ofor the atomic pairs among the constituent elements, it is
amorphous»amorphous + a-Fe+y-Fet+FeB—a-Fety-Fe  thought that the bonding force is considerably smaller for the
+FeB+FeZr for the alloys containing less than Fe—Nb and Fe—Ta pairs than for the other atomic pairs. The
about 7 at.% Ta and amorphedamorphous- - smaller bonding nature of Fe—Nb and Fe—Ta pairs is thought
Fe—y-Fet+FeB+Niz;B+NigTa for the alloys above 8 at.% to allow the generation of isolated Fe—Fe bonding pairs,
Ta. Here, one can notice that the fully crystallized phases arleading to the change in the first-stage crystalline structure
composed of the Ni-rich and Ta-poor phases, in spite ofrom a-Fe+y-Fet+FegNbgB,g to y-Fe for the alloys con-
nearly the same concentrations of Ni and Ta. In order tdaining more than 8% Nkor Ta). A more detailed discussion
confirm the dissolution of Ta element into the amorphouson this point will be given in the next section. The DSC
phase, the EPMA profiles of the amorphouscurves shown in Figs. 3 and 4 are believed to be the first
FessCoNi-Zrig_ TaB,y (x=2, 4, 8, and 10 at .%alloys are  evidence for the appearance of the wide supercooled liquid
shown in Fig. 10. The intensity of the crystalline Ta peaksregion above 45 K in the amorphous alloys where the crys-
increases steadily with increasing nominal Ta content. Thigallization occurs with two distinct stages and the tempera-
result indicates that the Ta element is surely dissolved intéure interval of the two exothermic peaks is as large as about
the amorphous phase in spite of its high melting temperaturel50 K.
The absence of the Ta-rich compound may be due to the Figure 11 shows hysteresis I-H loops of the
dissolution of a large amount of Ta into theFe phase. That FegCo;Ni;Zr,o_«Nb,B,g amorphous alloys subjected to an-
is, the diffusivity of Ta at the crystallization temperature is nealing for 300 s at 800 K just beloW,. It is seen that the
too low to form an equilibrium compound with high Ta con- replacement of Zr by Nb causes a decreadg from 0.96 T
centrations. The dissolution of a large amount of Ta seems tat 0% Nb to 0.61 T at 10% Nb through 0.75 T at 2 at. % Nb,
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FesgCo;Ni;Zrio-«Nb,B,o (x=2 and 4 at. %alloys annealed for 600 s at 920

K. The data of the alloys annealed for 600 s at 1040 K are also shown for . . . . )
comparison. FIG. 8. High-resolution TEM imagég), nanobeam electron diffraction pat-

tern (b) taken from the region D, and nanobeam EDX and EELS profiles
(c—f) taken from the regions A, B, C and D i), respectively, for the
amorphous RgCo;Ni;ZrgNb,B,, alloy annealed for 600 s at 1040 K.

while theH, shows low values of 1.1-2.0 A/m and does not

have appreciable compositional dependence. Although the

total content of Fe and Co elements remains constanisthe change inT, as a function of Ta is slightly different from
decreases by 0.21 T only by the addition of 2% Nb. Thethat for the Nb-containing alloy. That is, tHE, decreases
change inl g with Nb content seems to reflect the change insignificantly to 503 K at 2% Ta and then increases gradually
Curie temperatureT;). The hysteresis |-H loops for the in the Ta content range up to 6 at .% and significantly to 538
FessCo;NizZrio-xTaB,o amorphous alloys shown in Fig. 12 K at 8% Ta. The compositional dependenceTgffor these
also show similar change with Ta content. Tiedecreases alloy series is analogous to that foy and hence an alloy
gradually from 0.96 to 0.71 T in the range up to 6% Ta anddesign leading to the increase T is concluded to be an
increases to 0.85 T at 8% Ta, while thk keeps the low effective method for an increase Ig. From the composi-
values of 2.0-2.7 A/m in the whole Ta content range. Figureional dependence of the thermal stability of the supercooled
13 shows changes in effective permeabilify,] at 1 kHz  liquid and the magnetic properties, it is concluded that the
and saturated magnetostrictiorh,) as a function of FegCo/Ni;Zrig 4M,Bo; (M=Nb or Tg amorphous alloys
Nb or Ta content for the EgCo;Ni;Zrio-«NbByy and  containing 2% Nb or 8% Ta have the combination of large
FessCo;NizZrip-xTaB,o amorphous alloys in as quenched glass-forming ability and good soft magnetic properties.
and anneale300 s, 800 K states, together with the data of
I andH.. It is seen that théd. and u. are significantly
improved by the annealing treatment, though no distinc
changes ing and \, are recognized. The maximupa, for It was shown in Figs. 3 and 4 that the replacement of Zr
the annealed samples reaches 25 000 at 2% Nb and 16 7008t 2—4% Nb(or Ta) causes the significant extension of the
8% Ta. The compositions showing the maximwypvalues  supercooled liquid region before crystallization by the in-
agree with those forlg. The A, is in the range of 7 crease inT, exceeding the degree of the increasd jnas a
X10 °-12x108 for the Nb-containing alloys and 12 function of Nb or Ta content. It is to be noticed that the
x10°°-15x10°® for the Ta-containing alloys, being largestAT, values of 85 K at 2% Nb and 87 K at 2% Ta are
slightly lower for the former alloys. Figure 14 shows changelarger by about 20 K than the largest valéé K for Fe—<Al,

in T. as a function of Nb or Ta content for the Ga—Nb—P,C,B,S) system?® in Fe-based amorphous alloys
FesCoNizZrg_Nb,B,y, and  FeggCoNizZrg_,TaB,y  reported-hitherto. The significant increaseAi, allows us
amorphous alloys subjected to annealing for 300 s at 800 Ko expect that the new Fe—Co—-Ni—Zr—Nb—-B and Fe—Co-
The T, decreases monotonously from 594 to 447 K withNi—Zr—Ta—B alloys have a large glass-forming ability which
increasing Nb content from O to 10% Nb. However, theenables the production of bulk amorphous alloys with diam-

{V. DISCUSSION
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FIG. 11. Hysteresis I-H loops of the amorphousgEe;Ni;Zr,;_Nb,Bsg
alloys annealed for 300 s at 800 K.
wide supercooled liquid region of 73%Kfor the Fe—Co—

Ni—Zr—B alloys without Nb or Ta is due to the satisfaction
of the three empirical rules for the achievement of large
glass-forming ability, namely1) a multi-component system
consisting of more than three constituent eleme(#s sig-
nificantly different atomic size ratios above about 12%
among the three main constituent elements, as is evidenced
from the change ZrFe>Co=Ni>B’ and(3) large negative
heats of mixing among the main constituent elements, as is

eters above several millimeters by the copper mold castin§Videnced from the predicted negative enthalpies of mixing
process. Consequently, it is important to discuss the reasdf 37—72 kJ/molatom for Fe—Zr, Co—Zr, and Ni-Zr pairs,
for the significant extension of the supercooled liquid region35—-38 kJ/molatom for Fe-B, Co-B, and Ni-B pairs and
before crystallization by the addition of 2—4% Nar Ta). It 102 kJ/mol atom for the Zr-B pair. The addition of an

has previously been pointed out that the appearance of trPPropriate amoun2—4 at. % of Nb or Ta is expected to
cause an enhancement of the degree of the satisfaction of the

three empirical rules. That is, the atomic size changes more

20/ deg

FIG. 9. X-ray  diffraction patterns of the amorphous
FeeCo/NizZrq TaBy, (X=2, 4, 8, and 10 at. ¥alloys annealed for 600 s
at the temperatures just above the exothermic peaks.

t] x= b x4
= = c
; E i T T ] T T 1 T T T T ]
£ € Fe 10 | FessCosNiyZr)o wTayB,, © ]
hed ~ [ 800K,300s annealing Y 1
2z 2 ] J
2 ] ] — X=0 4
E SiTa g S el %2 J
= Ta| = 5 4
Fe Fe 05 - -1
02 03 04 o065 06 07 08 02 03 04 05 06 07 08 E F 4
Wave Length / nm Wave Length / nm g s ]
'E‘ 0.0 |
g |
2 3
—. = E
t ] x=s t | x=10 8 f ]
= = Ta - g o
= = Fe ]
) B 0.5 -
g g = o5t i
5 Fe = - Fa
) n | & [ £
g NiFe Ta 8 a0 g R
=] C Zr g L H Magnetic Field, H/Am™" 4
F°Z'T, Jﬁ« Fe Fe AU R P N TP R BEPU SRR R B
02 03 04 05 06 07 08 02 03 04 05 06 07 08 -500 -400 -300 -200 -100 0 100 200 300 400 500
Wave Length / nm Wave Length / nm Magnetic Field, HkAm™

FIG. 10. Electron probe microanalygiEPMA) profiles of the as-quenched FIG. 12. Hysteresis |-H loops of the amorphousggEe;Ni;Zrio_TaByg
amorphous RgCo;Ni;ZrioNb,Bsy (Xx=2, 4, 8, and 10 at. Yaalloys. alloys annealed for 300 s at 800 K.
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FIG. 13. Changes in saturation magnetizatiog),( coercive force ),

permeability at 1/kHz 4.) and saturated magnetostrictiong] as a func-

tion of Nb or Ta content for the amorphoussgeo;Ni;Zr,,_,Nb,B,, and
FeseCoNizZryg ,TaByg alloys in as-quenched and anneaf860 s, 800 K
states.

continuously in the order of 2(Nb (or Ta>Fe>Co
=Ni>B?’ and additional atomic pairs of Fe—Nior Ta),
Co—Nb(or Ta), Ni-=Nb (or Ta), and Nb(or Ta)—B with large

Inoue et al. 1973
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FIG. 14. Changes inT. with Nb or Ta content for the amorphous
FeseCo;Ni;Zrig-Nb,B,y and FggCo;Ni;Zry, ,TaBy alloys annealed for
300 s at 800 K.

V. SUMMARY

With the aim of searching for a new amorphous alloy
with a wide supercooled liquid region before crystallization
and good soft magnetic properties, the compositional depen-
dence ofTy, T,, AT,, crystallization behavior and mag-
netic properties was examined for the alloy series of
FeseCorNizZrio- xNb B2 and FegCoNizZrig—TaBsg (X
=0-10 at. %. The results obtained are summarized as fol-
lows.

(1) The glass transition and subsequent supercooled lig-
uid region were observed in the temperature range before

negative heats of mixing generate for the Nb- or Ta-crystallization for all the alloys. Th&y andT, are 814 and
containing alloys. The increase in the degree of the satisfa@87 K, respectively, for the 10% Zr alloy, increase by the
tion of the three empirical rules may be the reason for theaddition of Nb or Ta and show maximum values of 828 and
extension of the supercooled liquid region before crystalliza913 K, respectively, for the 2—4% Nb alloys and 827 and
tion by the addition of 2—4% Nior Ta). However, the pre- 914 K, respectively, for the 2—4% Ta alloys. The degree of
dicted heat of mixing is 23—45 kJ/mol atom for the Fe—Nb,the increase i, as a function of Nb or Ta content is larger
Co-Nb and Ni—Nb pairs, 22—-44 kJ/mol atom for the Fe—Tathan that forTg, leading to the maximum T, of 85 K for
Co-Ta, and Ni—Ta pairs, 79 kJ/mol atom for the Nb—B pair,the 2% Nb alloy and 87 K for the 2% Ta alloy. These values
and 78 kJ/mol atom for the Ta—B p&iThese heats of mix- are larger by about 20 K than the largest value for Fe-based
ing for the atomic pairs containing Nb or Ta element areamorphous alloys reported hitherto.

considerably smaller than those for the corresponding Fe—Zr, (2) The crystallization of the Nijor Ta)-containing al-
Co-Zr, Ni—Zr, and Zr—B pairs. The weaker bonding natureloys takes place through two stages of amorph®s)

of the main Fe—Nb or Fe—Ta atomic pair seems to result ir-Am’ + a-Fe+FegNbgB1 g(Am+ a-Fe+ y-Fet+FeB) — a-Fe
the decrease iAT, for the alloys containing more than 8 + y-Fet+FegNbgB;g+FeZr(a-Fet+y-FetFeB+FeZr) for

at. % Nb(or Ta), accompanying the change in the primary the alloys containing less than about 6% Nbr Ta)
precipitation from a-Fet+y-Fet+FeeNbgBgs (a-Fet+y-Fe  and Am—Am’+y-Fe+Co;Nb,Bs+NigNb (or y-Fe+FeB
+FeB) to y-Fe. This change indicates the importance of the+NizB+NigTa) for the alloys containing more than 8% Nb
attractive bonding nature among the constituent elements fdor Ta). The temperature interval of the two exothermic
the achievement of the wide supercooled liquid region befor@eaks is as large as about 150 K for the 8 and 10%(dtb
crystallization, in addition to the significantly different Ta) alloys. It is to be noticed that the wide supercooled liquid
atomic size ratios. region above 50 K appears even for the alloys with the dis-
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