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Atomic structure and thermal behavior of Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and 8) metallic

glasses with good soft magnetic properties have been investigated by high-energy synchrotron

X-ray diffraction and differential scanning calorimeter, respectively. It has been shown that the

extension of the supercooled liquid region first increases and reaches a large value of 95 K and sub-

sequently decreases as a function of Y content. Analysis of the structure factors and pair correla-

tion functions in the reciprocal-space and real-space have indicated that the addition of Y

noticeably changes the atomic structure and reduces the degree of the medium-range order.

Magnetic measurements have implied that the introduction of Y enhances both saturation magnet-

ization and Curie temperatures of the ribbons, while keeping their coercivity very small. The

underlying mechanisms for changes in the atomic structure, improving the thermal stability and

magnetic properties upon Y addition have been discussed. VC 2014 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4901266]

I. INTRODUCTION

Metallic glasses (MGs) exhibit promising physical and

mechanical properties compared to their crystalline counter-

parts.1,2 They can show a super high strength, large elastic

limit, good wear and corrosion resistance, and excellent soft

magnetic properties.1–3 It is known that many properties of

such materials strongly depend on their electronic and atomic

structural features such as the bonding nature among the con-

stituent elements and the degree of the ordering over the

short-range or medium-range scales.3 One of the important

methods to improve the glass forming ability (GFA), thermal

stability and properties of MGs is microalloying or changing

the chemical composition through a minor addition of some

elements.4 The microalloying can result in formation of the

glassy structure with a higher packing density and new local

atomic configurations with strong interactions, which can

improve the GFA and thermal stability.4 On the other hand,

the microalloying can influence the bonding nature, which

affects the local ordering, elastic constants, and in some cases

makes the glassy structure heterogeneous which altogether

improve the mechanical properties of the MGs.4–7

Co-based MGs are well-known alloys owing to their

excellent soft magnetic properties, e.g., very small magnetic

coercivity, high magnetic permeability, and moderate satura-

tion polarization.8–10 Such properties make them as an ideal

candidate for some applications like magnetic sensors, memo-

ries, and power devices.10,11 It has been demonstrated that the

increase of metalloid content especially B up to about 30 at. %

can enhance their thermal stability, electrical resistivity, and

mechanical properties.8,12,13 For instance, Inoue et al.14 discov-

ered 2 mm Co43Fe20Ta5.5B31.5 glassy rods with very high frac-

ture strength of about 5 GPa and maximum permeability of

550 000. Recently, we have found that the increase of Ta up to

8 at. % results in formation of the Co40Fe22Ta8B30 MGs with a

significantly better thermal stability but almost the same mag-

netic properties as the well-known Co43Fe20Ta5.5B31.5 MG.15

Moreover, the Co40Fe22Ta8B30 bulk glassy alloy with 10 mm

diameter indicating ultrahigh hardness, excellent thermal sta-

bility, and soft magnetic properties has been fabricated by

powder metallurgy method.16 It would be possible that thermal

stability and magnetic properties of the Co40Fe22Ta8B30 MG

can be further improved by microalloying through (partial)

substitution of Ta with another element. In the current

research, Y was selected as substituting atom owing to its

larger atomic radii (180 pm (Ref. 17)) compared to other con-

stituent elements and its large negative heat of mixing with B

and Co.18 We expected that the addition of Y can produce new

atomic pairs and enhances the sequential variations in the

atomic size, which results in a denser topological configuration

of atoms in the glassy phase and consequently a better thermal

stability. As a result, Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and

8) glassy ribbons were produced and their atomic structure,

thermal stability, and magnetic properties were investigated.

II. EXPERIMENTAL PROCEDURE

The master alloys with nominal compositions Co40Fe22

Ta8-xYxB30 (at. %) (x¼ 0, 2.5, 4, 6, and 8) were prepared by

arc-melting of the pure Co (99.9%), Fe (99.9%), Ta (99.9%),

a)Author to whom correspondence should be addressed. Electronic mail:

amirtaghvaei@gmail.com
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Y (99%), and crystalline B (99%) under a Ti-gettered argon

atmosphere. The obtained ingots were remelted at least three

times to improve their homogeneity. Glassy ribbons were

obtained under an argon flow by a single-roller B€uhler melt-

spinner on a copper wheel at 41 m/s tangential wheel velocity.

The phase analysis of the ribbons was carried out by

X-ray diffraction (XRD) in reflection geometry, using Co Ka

radiation (k¼ 0.17889 nm) and in transmission geometry,

using a monochromatic high-energy synchrotron radiation

(k¼ 0.0123984 nm) of 100 keV, at the P07 beam line of

PETRA III electron storage ring (DESY, Hamburg,

Germany). The illumination of the ribbons at room tempera-

ture was carried out for 20 s using an incident beam

collimated properly with a cross-section of 1� 1 mm2. A

2-dimensional (2D) detector (Perkin Elmer 1621) placed

orthogonal to the X-ray beam was used to record the XRD

patterns. The distance of 60 cm was selected between sample

and detector in order to achieve the large wave vectors q
(q ¼ 4p sin h

k ) up to 180 nm�1. The 2D XRD patterns were inte-

grated to the q-space, using FIT2D software package.19 The

elastically scattered intensities were obtained by PDFgetX2

software20 from the integrated data after performing the dif-

ferent corrections described elsewhere.16 The total structure

factors, S(q), of the as-cast ribbons were calculated from

their elastically scattered intensities according to the Faber-

Ziman method.21 The reduced pair correlation functions,

G(r), of the as-quenched ribbons were determined from the

Fourier transform of S(q) as

G rð Þ ¼ 2

p

ðqmax

qmin

q S qð Þ � 1
� �

sin qrð Þdq: (1)

The thermal behavior of the ribbons was evaluated by a dif-

ferential scanning calorimeter (DSC, NETZSCH 404) at a

constant heating rate of 20 K/min under flow of a purified

Ar. The Hysteresis curves and saturation magnetization of

the ribbons were measured by a vibrating sample magnetom-

eter (VSM). The coercivity was determined by a Foerster

Coercimat under a magnetic field sufficient for saturating the

ribbons. The thermomagnetic behavior and Curie tempera-

ture of the ribbons were recorded by a Faraday magnetome-

ter at a constant heating rate of 10 K/min. The measurement

errors are within 61.5 K for the DSC and Curie temperature,

60.1 A/m for coercivity, and 60.5 Am2/kg for saturation

magnetization.

III. RESULT AND DISCUSSIONS

A. Thermal behavior

The XRD patterns of the as-quenched Co40Fe22Ta8-

xYxB30 ribbons are shown in Fig. 1. Formation of only broad

halo pattern without any appreciable Bragg peak for each com-

position reveals that the prepared ribbons have a fully glassy

structure and addition of Y element does not induce any crys-

tallization. Figure 2 shows the DSC plots of the as-cast

Co40Fe22Ta8-xYxB30 ribbons measured at a constant heating

rate of 20 K/min. All the compositions except the Ta free alloy

(x¼ 8) indicate a distinct endothermic peak corresponding to

the glass transition temperature, Tg, followed by a supercooled

liquid region (SLR), DTx (DTx¼ Tx1–Tg, that Tx is the crystalli-

zation temperature, measured as the onset of the first exother-

mic event). According to Fig. 2, the crystallization in Y free

alloy (x¼ 0) proceeds through three stages of exothermic reac-

tions. However, by addition of Y, the second and third exother-

mic events become weaker and the crystallization takes place

through almost a single sharp exothermic peak. The thermal

parameters of the as-quenched ribbons are listed in Table I.

From this table, it is observed that by addition of Y, the Tg pro-

gressively decreases, while the Tx1 is first enhanced and

reaches a maximum value of 984 K for x¼ 2.5 and subse-

quently decreases. It is seen that the glassy alloy with x¼ 2.5

exhibits a largest DTx of 95 K and consequently the highest

thermal stability among other compositions investigated in the

present work.

In order to identify the phases formed during crystalliza-

tion, the ribbons were heated isochronally up to the end of

primary crystallization peak and subsequently cooled down

to room temperature. Figure 3 shows the XRD patterns of

the partially devitrified Co40Fe22Ta8-xYxB30 ribbons. For the

Y free alloy, dominant phase is the (Co,Fe)21Ta2B6 with a

face-centered cubic (FCC) structure.8 In addition, small

FIG. 1. The XRD patterns of the Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and

8) glassy ribbons measured in a reflection mode using Co Ka radiation.

FIG. 2. The DSC plots of the Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and 8)

glassy ribbons measured at a constant heating rate of 20 K/min.

184904-2 Taghvaei et al. J. Appl. Phys. 116, 184904 (2014)
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amount of the (Co,Fe)3B2 phase forms near the end of the

first crystallization event.22 The (Co,Fe)21Ta2B6 phase has

the Cr23C6 prototype structure with the Fm3m space group

and a large lattice parameter of 1.055 nm, which contains

116 atoms in each unit cell.23 By introduction of 2.5 at. % Y,

the (Co,Fe)21(Ta,Y)2B6 phase appears after heating above

the first crystallization event. The participation of Y in the

complex boride phase can be found from a small shifting in

the position of the (Co,Fe)21Ta2B6 peaks to the lower angles

(see Fig. 3) owing to the increased lattice parameter of this

phase. In the Cr23C6 prototype structure, it has been shown

that the transition or rare-earth elements with large atomic

radii such as Ta and Y prefer to occupy the 8c sites, while

Fe/Co atoms occupy 4a, 32f, and 48h sites.24,25 Adding more

Y (x> 2.5) is responsible for formation of the Co3YB2 com-

pound besides the (Co,Fe)21(Ta,Y)2B6 phase and the fraction

of the former phase enhances with increasing Y (see Fig. 3).

For the alloy with x¼ 6, a new phase corresponding to the a-

(Fe,Co) solid solution precipitates. For x¼ 8, the amorphous

phase transforms in an eutectic mode to a mixture of

Co3YB2, (Fe,Co) and tetragonal (Co,Fe)2B phases after crys-

tallization. According to Fig. 3, it is obvious that the fraction

of the complex (Co,Fe)21(Ta,Y)2B6 phase reduces with

increasing Y and the Ta free composition does not show any

boride compound with the Cr23C6 structure. It has been sug-

gested that the presence of some elements such as Nb or Ta

in Fe-based or Co-based glasses plays a crucial role in for-

mation of borides with the Cr23C6 structure.8,26

Formation of the complex FCC (Co,Fe)21(Ta,Y)2B6 phase

upon primary crystallization is correlated with high thermal

stability in the present glassy alloys. Due to a complex crystal

structure and a large number of atoms in the unit cell of the

(Co,Fe)21(Ta,Y)2B6 phase, its precipitation requires long-range

rearrangements of the constituent elements especially when

there is a significant difference between the atomic structure of

the glassy phase and the precipitating crystals. It is known that

the metal-metalloid type glassy alloys usually have a network-

like short-range order (SRO), which is fundamentally different

with respect to the crystals with Cr23C6 structure.27,28 Since Y

has a largest atomic radii (180 pm) among the constituents in

this alloying system, small addition of Y can give rise to a

more consecutive change in the atomic size in the order of

Y>Ta>Co>Fe>B. Furthermore, Y has a large negative

heat of mixing with B (�50 kJ/mol) and Co (�22 kJ/mol) and

small mixing enthalpy with Fe (�1 kJ/mol).18 Hence, a minor

addition of Y results in formation of an amorphous phase with

a larger thermal stability due to a high packing density and

new local atomic configurations with strong interactions,

which can dramatically suppress the diffusivity of the ele-

ments. Poon et al. have suggested that the large (L) and small

(S) atoms can form strong L-S percolating network or rein-

forced "backbone" in the amorphous structure.29 In the current

alloying system, due to a large negative heat of mixing

between the large Y or Ta and small B atoms, strong Y-B and

Ta-B percolating networks can be created. It has been shown

that in the (Co,Fe)21Ta2B6 structure, the Ta atoms located in

8c sites have the largest interatomic spacing with B atoms

(0.3737 nm), which occupy the 24 e site and consequently the

Ta-B bond is absent.23,30 As Y atoms are also located in the 8c
site, the absence of the Y-B bond is expectable in the

(Co,Fe)21(Ta,Y)2B6 phase. Hence, formation of the

(Co,Fe)21(Ta,Y)2B6 phase upon devitrification needs breaking

strong Y-B and Ta-B pairs in the glassy structure before long-

range diffusion of Y and Ta atoms with small diffusivity,

which contributes to a large thermal stability of the present

glassy alloys.

According to Table I, excessive addition of Y (x> 2.5)

decreases the thermal stability of the ribbons probably due to

decreased fraction of the (Co,Fe)21(Ta,Y)2B6 phase and for-

mation of less complex phases such as Co3YB2, (Co,Fe), and

(Co,Fe)2B, which can be precipitated easier. The decrease in

Tg upon increasing the Y fraction (see Table I) can be corre-

lated with the changes occurred in the bonding nature and

atomic interactions. The mixing enthalpies between Ta and

Co, Fe, and B are �24, �15, and �54 kJ/mol, respectively.18

These values are larger than the mentioned mixing enthalpies

between Y and other constituents in the present alloying sys-

tem. This means that a large Y addition results in formation

of an amorphous structure with weaker atomic interactions

and consequently there is a lower activation barrier against

configuration changes of the glass to occur, causing a

decrease in Tg.31,32

TABLE I. Thermal stability parameters and magnetic properties of the

Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and 8) glassy ribbons. Tg is the glass

transition temperature, Tx1 is the onset of the first crystallization tempera-

ture, DTx is the extension of the supercooled liquid region, Ms is the satura-

tion magnetization, Tc is the Curie temperature, and Hc is the coercivity.

Atomic

fraction, x

Tg

(K)

Tx1

(K)

DTx¼Tx1

� Tg (K)

Ms

(Am2/kg)

Tc

(K)

Hc

(A/m) References

0 893 967 74 42.4 412 0.8 16

2.5 889 984 95 45.5 420 0.7 Present study

4 885 972 87 53.7 462 0.8 Present study

6 880 934 54 54.3 466 0.9 Present study

8 … 923 … 63.6 488 1.1 Present study

FIG. 3. The XRD patterns (Co Ka radiation) of the partially crystallized

Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and 8) ribbons obtained by isochronal

annealing up to the end of their primary crystallization event and subse-

quently cooled down to room temperature.

184904-3 Taghvaei et al. J. Appl. Phys. 116, 184904 (2014)
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B. Atomic structure

Figure 4 shows the total structure factors S(q) of the

as-quenched Co40Fe22Ta8-xYxB30 glassy ribbons. It can be

seen that all patterns indicate prominent oscillations up to

q� 160 nm�1. Furthermore, addition of Y affects the shape

and position of the diffuse peaks in the entire q range, indicat-

ing the changes in atomic structure of the glassy phase.

According to Fig. 4, the second diffuse peak of S(q) for the Y

free alloy has a strong shoulder around q¼ 60 nm�1 and the

intensity of this shoulder decreases progressively by addition

of Y. Moreover, the Ta free alloy exhibits a shoulder on the

third peak of the S(q) around q¼ 70 nm�1, which is not

appearing for the Ta bearing alloys. The vanishing of the

shoulder of the second S(q) peak was observed by partial

replacement of Fe with lanthanide elements such as Sm, Tb,

and Dy in the Fe70Co10B20 amorphous alloy.33 It is known

that the presence of shoulder on the second diffuse peak of

S(q) is an evidence for a certain structural ordering in the

amorphous phase.33 The characteristic shoulder can be absent

even for non-magnetic amorphous alloys like Pt-Ni-P,34 Pt-

P,35 and La-Al-Ni.36 Hence, the partial replacement of Ta

with Y may increase the extent of the disorder in the

Co40Fe22Ta8-xYxB30 glassy ribbons.

Besides the shape, addition of Y can affect the position of

the diffraction maxima. Figure 5 shows the variation in posi-

tions of the first diffuse maxima (q1) and the second one (q2)

of S(q) as a function of Y content. Those positions were deter-

mined by fitting the top of the S(q) peaks to the pseudo-Voigt

function. It is observed that q1 decreases continuously by

introduction of Y, however, q2 indicates a reverse behavior

and it increases upon Y addition. As mentioned above, addi-

tion of Y affects the local ordering of the amorphous phase. It

is known that the diffuse maxima of S(q) with large q values

determine the SRO constructed by solute-centered quasi-

equivalent clusters.37–39 On the other hands, the low-q part of

S(q) characterizes the packing and connection of the quasi-

equivalent clusters or the medium-range order (MRO).37–39

As inferred from Fig. 4, the observed changes in position and

shape of the diffuse maxima particularly for the first and sec-

ond peaks, can manifest that changes occurred in the MRO.

The structural evolution of the Co40Fe22Ta8-xYxB30 glassy

ribbons can be further investigated in the real-space by calcu-

lating the reduced pair correlation functions G(r) according to

Eq. (1). Figure 6 plots the G(r) of the Co40Fe22Ta8-xYxB30

glassy ribbons. It is obvious that the Y addition induces signifi-

cant changes in shape and intensity of the G(r) peaks in the

short-range and medium-range atomic correlations. As the fig-

ure shows, the Y free alloy indicates pronounced oscillations

up to r � 1.6 nm, demonstrating a high degree of MRO.

However, addition of Y decreases noticeably the intensity of

G(r) peaks in the medium-range scale, which results in a faster

decay of oscillations and decreasing the corresponding correla-

tion length (Fig. 7). In other words, the degree of the MRO

decreases in the Y bearing glassy alloys, in a good agreement

with the reciprocal-space results (Fig. 4). Furthermore, the

splitting of the second G(r) peak can be observed in each com-

position. It is obvious that the intensity of the right shoulder of

the second G(r) increases by introduction of Y. This effect

implies that the atoms prefer to place at larger distances in the

second near-neighbor shell, probably because of large atomic

radii of Y compared to other elements.

FIG. 4. The XRD total structure factors S(q) of the Co40Fe22Ta8-xYxB30

(x¼ 0, 2.5, 4, 6, and 8) glassy ribbons.

FIG. 5. Variations in positions of the first diffuse maxima (q1) and the sec-

ond one (q2) of the structure factors S(q) as a function of Y content.

FIG. 6. The reduced pair correlation functions G(r) of the Co40Fe22Ta8-x

YxB30 (x¼ 0, 2.5, 4, 6, and 8) glassy ribbons.

184904-4 Taghvaei et al. J. Appl. Phys. 116, 184904 (2014)
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Figure 8 depicts the evolution of G(r) in the range of the

first coordination shell of the Co40Fe22Ta8-xYxB30 glassy rib-

bons. In addition, the inter-atomic bond lengths, calculated

from sum of the Goldschmidt’s radii, are presented. All the

plots indicate a pre-peak at r � 0.21 nm, due to formation of

(Co,Fe)-B pairs in the glassy structure. It should be empha-

sized that the contributions of Fe and Co atoms are indistin-

guishable owing to their similar atomic radii. According to

the type and concentration of the constituent elements, it can

be inferred that the maximum of the first G(r) peak in all

compositions dominantly consists of (Co,Fe)-(Co,Fe) pairs.

In the 5 component alloys containing both Y and Ta, there

are 15 overlapping atomic pairs in the first coordination

shell. It is worth to note that with only one total atomic pair

density distribution function, it is not possible to distinguish

all of partial atomic pair correlations. The overlapping of the

atomic pairs results in a non-asymmetric first G(r) peak and

appearance of a strong right-hand shoulder, particularly for

Ta free alloy, as can be seen in Fig. 8. Besides the significant

changes in the shape of the main G(r) peak, addition of Y

changes the position of its maximum. According to Fig. 9,

the position of the maximum of the first G(r) peak decreases

almost linearly with increasing the Y fraction. This may

imply that the (Co,Fe)-(Co,Fe) pair separation decreases by

Y addition and it approaches the theoretical (Co,Fe)-(Co,Fe)

bond length (0.25 nm), obtained as a sum of atomic radii. It

is worth to note that a similar contraction of the dominant

inter-atomic distance happens for Fe-Fe atomic pairs in the

Fe70Co10B20 glasses upon partial replacement of the Fe

atoms with some lanthanide elements.33

It is known that the building blocks or SRO in MGs can

be identified as the Kasper-type (quasi-equivalent) solute-

centered coordination polyhedra.39 The type of such polyhe-

dral is controlled by the effective atomic size ratio between

the solute and solvent atoms, R*.39 With decreasing R*, the

preferred polyhedral type changes from the Frank–Kasper

type (for R*> 1.2) to the icosahedral type (R*< 0.902), then

to the bi-capped square Archimedean antiprism (BSAP) type

(R*< 0.835) and finally to the tri-capped trigonal prism

(TTP) type (R*< 0.732).39 In the current alloying system,

the R* between B as the main solute atom and Co as the sol-

vent atom is 0.69. Hence, it is anticipated that the chemical

SRO in the Co40Fe22Ta8-xYxB30 glassy ribbons is probably

made of B-centered TTP polyhedra. It has been shown that

B-centered-TTP polyhedra with a Voronoi index of

h0; 3; 6; 0i is the dominant polyhedra in the SRO of the

Co43Fe20Ta5.5B31.5 MG, which has a similar composition to

the glassy alloys in this work.40 The TTP polyhedra in

metal-metalloid type MGs are the ideal blocks for construct-

ing the network-like MRO.40 Formation of the network-like

structure can be correlated not only to the necessity of dense

packing but also to the chemical interactions and the direc-

tionality of the covalent bonds in metal-metalloid pairs.40

For the Co43Fe20Ta5.5B31.5 MG, it has been shown that the

B-centered network-like MRO can be built through the con-

nection of the TTP polyhedra via vertex-, edge-, face-, and

intercross-shared atoms and all four kinds of component ele-

ments can serve as glue atoms.40 A minor introduction of the

glue elements with very large atomic radii like Y can distort

FIG. 7. Evolution of the correlation length for the Co40Fe22Ta8-xYxB30

(x¼ 0, 2.5, 4, 6, and 8) glassy ribbons with respect to Y fraction.

FIG. 8. The reduced pair correlation functions G(r) of the Co40Fe22Ta8-x

YxB30 (x¼ 0, 2.5, 4, 6, and 8) glassy ribbons depicted in the range of the

first coordination shell.

FIG. 9. Variations in position for the first peak of the pair correlation func-

tions G(r) of the Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5, 4, 6, and 8) glassy ribbons

as a function of Y fraction.
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the TTP polyhedra and slightly change their arrangement.

On the other hand, the excessive addition of Y could intro-

duce large internal strains and hence break the network-like

structure and consequently decrease the degree of such MRO

(see Figs. 6 and 7). A continuous decrease of thermal stabil-

ity upon addition of Y beyond 2.5 at. % (Table I) could be

attributed to decrease in the extent of the network-like MRO,

which has a different atomic configuration compared to the

precipitating (Co,Fe)21(Ta,Y)2B6 crystal.

C. Magnetic properties

Figure 10 shows the evolution of the saturation magnet-

ization (normalized) as a function of temperature, measured

at a constant heating rate of 10 K/min. As the figure shows,

the magnetization drops for each sample and passes through

an inflection point attributed to the Curie temperature Tc of

the glassy phase and then it becomes spontaneously zero.

According to Fig. 10, the inflection point moves to higher

temperatures by increasing the Y fraction, which implies

the enhancement of Tc. The Tc of the ribbons were deter-

mined accurately according to the approach proposed by

Herzer,41 through plotting the (Ms)
1/b versus T (b¼ 0.36).

Tc was measured as the temperature in which (Ms)
1/b

deviates from linearity. Table I lists the Tc of the

Co40Fe22Ta8-xYxB30 ribbons. The changes in Tc are corre-

lated with the exchange integral Jex, which depends on the

inter-atomic distances.42 The increase of Tc upon addition

of Y reveals that exchange interactions between the ferro-

magnetic elements become stronger probably due to the

decrease in the (Co,Fe)–(Co,Fe) inter-atomic distance (see

Fig. 9). Furthermore, the variations in Tc after introducing

the Y atoms can be attributed to the changes in the coordi-

nation number of the ferromagnetic elements,42 which

cannot be determined with only one total atomic pair den-

sity distribution function.

Figure 11 depicts the M-H hysteresis loops of the

Co40Fe22Ta8-xYxB30 ribbons. All the glassy ribbons exhibit a

rectangular hysteresis curve, characteristic to soft magnetic

materials. The rectangular tendency is a consequence of high

magnetic permeability and low demagnetizing field, due to

the small thickness of the ribbons compared to their other

dimensions.43 According to Fig. 11 and Table I, it is observed

that the saturation magnetization Ms of the glassy ribbons

increases with a similar trend as found for Tc with addition of

Y. Since Ms also depends on the exchange interactions

between the ferromagnetic elements, it is plausible that it fol-

lows the trend of Tc upon Y addition. Despite the inter-atomic

distance, the significant changes in saturation magnetization

and Curie temperature of these ribbons can originate from dif-

ferent electronic structure of Ta and Y atoms. The number of

valence electrons in Ta and Y is 3 and 1, respectively. Hence,

it is anticipated that the charge transferred to the d bands of

Fe or Co atoms may decrease by introduction of Y atoms and

consequently the ferromagnetic atoms have larger magnetic

moments in compositions with larger Y content. The suppres-

sion of the magnetic moment of the Co atoms in the Co-based

alloys after alloying with non-ferromagnetic transition metals

has been described by Friedel’s virtual-bound-state (VBS)

model.11,44 According to this model, the VBS for the transi-

tions metals with strong perturbing potential (with a valence

difference DZ> 2) could move above the Fermi energy.11

Consequently, the magnetic moment of Co atoms decreases

due to the charge transfer from the VBS of the non-magnetic

transition metals (like Ta and Y) into the d-band of Co based

on the following equation:11

dlCo

dC
¼ � 10þ DZð ÞlB; (2)

where C is the fraction of the non-ferromagnetic atom. It can

be seen that the moment reduction is �6 lB and �4 lB for

addition of Ta and Y, respectively. Hence, the larger mag-

netic moment of Co atoms can also contribute to the

enhancement of the saturation magnetization and Curie tem-

perature of these compositions upon alloying with Y.

Furthermore, the Co40Fe22Ta8-xYxB30 glassy ribbons exhibit

very small coercivity Hc (see Table I), proving their very

good soft magnetic behavior. The small Hc of these ribbons

proves the formation of homogeneous glassy structures with

very small magnetocrystalline anisotropy. In addition, very

low values of Hc could be also attributed to the small stress-

induced anisotropy because of very small magnetostriction
FIG. 10. The thermomagnetic plots of the Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5,

4, 6, and 8) glassy ribbons obtained at a constant heating rate of 10 K/min.

FIG. 11. The M-H hysteresis curves of the Co40Fe22Ta8-xYxB30 (x¼ 0, 2.5,

4, 6, and 8) glassy ribbons.
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coefficient constant, which is in the order of k� 10�7 ppm

for the Co-based glassy alloys.11

According to above results, alloy with x¼ 2.5 due to a

large SLR and very good soft magnetic properties can be

promising for the spark plasma sintering (SPS) or hot press-

ing processes, in order to produce the bulk glassy alloys with

large size and complex shape by consolidation of the glassy

powders in the temperature range of SLR, where the viscos-

ity drops significantly.1

IV. CONCLUSIONS

The influence of Y addition on atomic structure, thermal

stability, and magnetic properties of the Co40Fe22Ta8-xYxB30

MGs was investigated. The results indicated that the addition

of 2.5 at. % Y noticeably improves the thermal stability

through increasing the extension of the SLR, while the exces-

sive alloying by Y deteriorates the thermal stability.

Moreover, addition of Y decreases the degree of the network-

like MRO probably due to the introduction of large internal

strains. The decrease in thermal stability after extra addition

of Y was attributed to the decrease in the extent of network-

like MRO and fraction of the (Co,Fe)21(Ta,Y)2B6 phase

appeared upon primary crystallization. It was shown that the

(Co,Fe)-(Co,Fe) pairs have shorter inter-atomic distance in

the Y bearing alloys. This gives rise to stronger interactions

between the ferromagnetic elements, which results in improv-

ing the saturation magnetization and Curie temperature.
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