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The influence of rare-earth metals on glass-forming ability and
crystallization of CoFeSiBNb amorphous alloys
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In present work amorphous alloys CosgFe;sSisB1oNbs—R (R = Nd, Sm, Tb, Yb) were obtained by planar flow
casting in the form of ribbons with 3—5mm wide and 35—45um thickness. It was found that crystallization process
goes into two stages and depends on the used rare-earth addition and its content in the alloy by differential thermal
analysis method. Glass-forming ability criteria were calculated. It is shown that paramagnetic Curie temperature of
alloys in liquid state can be used as their a-priori criterion of glass-forming ability.
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Introduction

Bulk metallic glasses are objects with unique mechanical,
magnetic, and corrosion properties [1]. These materials have
already found industrial application. Specifically, amorphous
rods based on cobalt and iron are used as new highly
sensitive sensors [2-4]. However, the applicability of Co-
based bulk metallic glasses (BMG) is limited by their
relatively poor glass-forming ability. Therefore, the issue of
enhancement of their glass-forming ability remains topical.

New BMG have recently been produced in the shape
of rods 5.5mm in diameter with the following com-
positions:  CossFexBay_xSig—xNbg (x =0-2) [5] and
(Coj—xFex)esB21.9Sis 1Nbs (x = 0.1—0.5) [6]. According to
the authors of these studies, these metal glasses have excel-
lent magnetic properties (the saturation magnetization is as
high as 0.49—091T at a coercive force of 0.71—1.58 A/m,
and the effective permeability is (2.21—3.25) - 10* at 1kHz
in a field of 1A/m). In addition, these cobalt-based
BMG are characterized by high values of fracture strength
(4250—4450 MPa) and plastic strain (0.6—1.3%) [5-7].
Our earlier studies have revealed [8,9] that the glass-
forming ability of cobalt-based alloys may be enhanced by
introducing minor quantities of addition elements satisfying
the conditions formulated by A. Inoue [1]. The use of other
addition elements for enhancing the glass-forming ability of
Co- and Fe-based alloys has been discussed in [10,11].

In present study, we added 1 and 2at.% of rare-earth
metals (REMS) Nd, Sm, Tb, Yb to the CosgFer5SisB19Nby
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base composition, examined the crystallization of amor-
phous ribbons by differential thermal analysis (DTA),
and calculated the criteria of glass-forming ability of the
indicated alloys.

1. Experimental procedure

Alloys of the CoggFersSiaB1oNbs composition (master
alloy, MA) and with small additions of rare-earth metals
(Nd, Sm, Tb, Yb) were produced by remelting of initial
components in an induction furnace at 1900 K for half an
hour in argon atmosphere.

Amorphous ribbons with a width of 3—5mm and a
thickness of 37—40 um were obtained by planar flow casting
method in controlled argon atmosphere after preparatory
overheating of alloys to 1700—1723K in the induction
furnace and subsequent injection to a rotating water-cooled
copper whell. Samples were prepared in the shape of
ribbons to facilitate the measurement of their electrical
resistance and DTA.

The structure of samples was analyzed by X-ray diffrac-
tion using a Bruker D8 Advance (CuKea radiation) diffrac-
tometer. The crystallization kinetic of amorphous alloys was
examined by DTA using a PerkinElmer DTA-7 setup at a
heating rate of 10 K/min. Aluminum oxide Al,O3 was used
as a reference sample. The setup was calibrated in advance
to the melting points of pure aluminum and gold. The error
of temperature determination was +1K.
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2. Results and discussion

The XRD patterns of MA and alloys in the shape of
ribbons with added rare-earth metals are presented in Fig. 1.

It can be seen that all the obtained samples are X-ray
amorphous. It was found that the XRD patterns for the
samples with neodymium and ytterbium (1at%) lack a
prepeak located to the left of the primary peak. The same is
true for amorphous alloys containing 2 at.% of terbium and
ytterbium. The magnitude of the prepeak is the greatest
in the alloy with terbium. Alloys with samarium do not
have such features. The presence of a prepeak may be
indicative both of medium-range ordering in alloys and
of the occurrence of microregions enriched in one of the
components (i.e., of the microheterogeneity of alloys).
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Figure 1. Diffraction  patterns of  amorphous

CO43F€25Si4B19Nb4—REM ribbons (REM:Nd, Sm, Tb, Yb)
a are base composition (MA) and alloys containing 1at.% REM;
b are alloys containing 2 at.% REM. The curves are shifted along
the vertical axis for clarity.
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Figure 2. DTA curves of the CosgFesSisB19Nbys amorphous alloy
measured at different heating rates. Characteristic temperatures Tx
(temperature of the onset of crystallization), Tp (peak tempera-
ture), Ts (solidus), and T. (liquidus) are indicated with arrows.
Numbers correspond to the magnitude of vertical shift of curves.

Table 1. Characteristic temperatures of the CoFeSiBNb—REM

alloys

Alloy Tx1, K| Tx2, K | Ts, K T, K
CO43F€25Si4B19Nb4—MA 825+1 — 1280 £+ 11414 £+ 1
MA +1at.% Nd 841 + 11025 +£1{1301 £1|1398 + 1
MA +2at.% Nd 858 £ 1| 994+ 1(1316 +1|1410 £ 1
MA + lat% Sm 833+1 — 1299 £ 1{1394 + 1
MA +2at.% Sm 839+ 1 - 1298 £1{1394 + 1
MA +1at% Tb 830+ 1 - 1298 £1{1390 £+ 1
MA +2at.% Tb 846 + 1|1038 £ 1{1301 £1|1393 + 1
MA +1at.% Yb 831 £ 11047 £1[1296 +1|1402 £ 1
MA +2at.% Yb 837 £1{1042 £ 1(1294 +1|1391 £ 1

The crystallization kinetic of amorphous samples was
examined by DTA. The curves for the master alloy measured
at different heating rates are shown in Fig. 2.

It was found that the base composition features one
exothermic reaction in transition from amorphous state
to the crystalline one. The process of melting of the
base composition occupies a wide temperature interval and
involves two endothermic reactions.

The DTA curves for alloys with REM additions are
presented in Fig. 3.

It was found that DTA patterns feature one or two
exothermic peaks (depending on the REM used). The
studied compositions did not reveal glass-transition temper-
atures (Tg). At the same time, REM additions narrow down
the temperature interval of melting T| — Ts in the studied
alloys (this interval for the base composition is 134K).
The characteristic temperatures for the studied alloys are
presented in Table 1.

The phase composition of fully crystallized samples
was as follows (for the base composition): FCC cobalt
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Figure 3. DTA curves of the CossFessSisBigNbs—REM alloys
obtained at a heating rate of 10 K/min. a are alloys containing
lat% REM; b are alloys containing 2at% REM. Numbers
correspond to the magnitude of vertical shift of curves.

and BCC Co—Fe solution (microregions with different
concentration) — 52%; oxides (primarily Fe;2CoggO4
and COO) — 13%; complex (F63C03B2, Fe3Si().4B0_6) and
simple (Co;B, Fe;B) borides — 29%; metastable phase
23:6 (pr1mar11y C011.2Feg_ng2B6) — 6%.

When rare-earth metals are added, the content percentage
of the Co—Fe phase increases significantly (up to 65%),
while the content percentage of oxides and borides de-
creases considerably (4 and 20%, respectively). In addition,
REM borides were found in alloys with neodymium and
ytterbium and in the alloy with 2% of terbium. Apparently,
these borides are produced at temperatures of the second
peak in the DTA patterns.

The characteristic temperatures determined experimen-
tally provide an opportunity to calculate certain criteria
of glass-forming ability of the studied alloys. A large
number of such criteria are known. Since glass-transition
temperature Tg was not established in our experiments,
we have chosen those criteria that do not include it:
ATL = T|_ — Tx [12], a = Tx/TL [13,14], and w3 = (TL(TL +

Table 2. Criteria of glass-forming
CO48F625 Si4B19Nb4—REM alloys

ability of the

Alloy ATL, K [12]]a [13,14]|w; [15]]6, K [16]
C048F6258i4B19Nb4—MA 589 0.58 6.52 740
MA + 1at% Nd 557 0.60 6.68 780
MA +2at% Nd 551 0.61 6.76 800
MA + 1at.% Sm 561 0.60 6.64 800
MA +2at.% Sm 556 0.60 6.68 840
MA +1at% Tb 560 0.60 6.64 760
MA +2at.% Tb 547 0.61 6.74 770
MA +1at% Yb 571 0.59 6.60 760
MA +2at% Yb 555 0.60 6.68 780

+Tx))/(Tx(TL — Tx)) [15]. The results of calculation of the
indicated criteria of glass-forming ability are presented in
Table 2.

It should be noted that the existing criteria do not have
a predictive ability. One first needs to produce an alloy in
an amorphous state, then determine accurately the charac-
teristic temperatures, and only then it becomes possible to
calculate the criteria of glass-forming ability. However, the
obtained data allow us to conclude that criterion AT, is the
most informative of the three calculated ones (it changes
significantly after the introduction of addition elements) and
that the addition producing a significant increase in Tx is the
most efficient. Criteria @ and w; do not represent clearly the
differences between alloys.

Earlier, we have formulated the hypothesis of a-priori
determination of glass-forming ability of alloys prone to
amorphization based on the examination of their magnetic
properties in liquid state and the calculation of paramagnetic
Curie temperature (0) [8,16]. Temperature 0 is essentially
an exchange integral (i.e., it characterizes the strength of the
interatomic interaction in melts). If an addition element pro-
duces an increase in 0, it stabilizes the melt structure and in-
terferes with crystallization (i.e., enhances the glass-forming
ability). It was hypothesized in [16] that neodymium and
samarium are the best addition elements for enhancing
the glass-forming ability of the CosgFer5SisB19Nbs—REM
alloys. The results presented above verify this hypothesis:
amorphous alloys with neodymium and samarium are
characterized by a more uniform distribution of elements
over the volume and elevated temperatures of cristallization
onset.

Conclusion

DTA studies of the CoygFeysSigBigNbys—REM amor-
phous alloys demonstrated that all REMs increase the
temperature of the onset of crystallization. The calculated
criteria of glass-forming ability and data on the paramagnetic
Curie temperature allow us to conclude that the hypothesis
of applicability of this temperature as a-priori criterion of
glass-forming ability was verified.
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