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The  phase  diagrams  and  thermodynamic  properties  in  the  Fe–Er  and  B–Er  binary  systems  have been
assessed  by  using  the  CALPHAD  (Calculation  of Phase  Diagrams)  method  on  the  basis  of  the experimental
data  including  the  thermodynamic  properties  and  phase  equilibria.  The  thermodynamic  parameters  of
each  phase  in  the  Fe–Er  and  B–Er binary  systems  were  obtained,  and  an  agreement  between  the  calculated
results  and  experimental  data  was  obtained  in  each  binary  system.  The  isothermal  sections  at different
temperatures  and liquidus  surface  in  the  Fe–B–Er  system  have  been  calculated  based  on  the  binary
hase diagrams
ALPHAD
utectic composition
morphous alloys

thermodynamic  data  assessed  in  the present  work.  In addition,  by considering  that  the  glass  formation
composition  of  amorphous  alloy  is closely  relative  to the  eutectic  point  in corresponding  phase  diagram,
the  investigation  of  glass-forming  ability  (GFA)  in Fe-rich  alloys  in  the Fe–B–Er  liquidus  surface  has
also  been  implemented  in this  work.  The  experimental  result  indicates  that  the GFA  of  a  certain  alloy
is  intimately  relative  to its  location  in the  phase  diagram,  which  proves  that  the  phase  diagram  is  an
efficient  tool  for  the  composition  design  of  Fe-based  amorphous  alloy.
. Introduction

Fe-based amorphous alloys have been paid much attention and
ave been widely used in electrical devices such as transformer
ores due to its excellent magnetic properties, high endurance
gainst cycled impact deformation and high corrosion resistance
1,2]. A great deal of effort has been devoted to predicting Fe-based
morphous alloys composition with good GFA [3–7], however, the
ffective guidance with regard to the composition design of Fe-
ased amorphous alloy has not been reported in multicomponent
ystem. Thus, there is an urgent need to use a scientific approach
o identify potential compositions of amorphous alloys in multi-
omponent system. Recently, the computational thermodynamic
pproach coupled with Turnbull’s deep eutectic criterion [8] is
onsidered to be a typically effective method to design the composi-
ions of amorphous alloys [9–12]. However, it is difficult to exactly
btain the eutectic points in multicomponent system due to the
ack of some binary or ternary thermodynamic data.

The addition of a small amount of rare-earth element, e.g. Ln (Ln

s lanthanides) was found to be an effective method to improve the
FA of Fe-based BMG  [5,6,13–15].  One of the most important func-

ions of rare-earth element is to lower the liquidus temperature of

∗ Corresponding author. Tel.: +86 592 2187888; fax: +86 592 2187966.
E-mail address: lxj@xmu.edu.cn (X.J. Liu).

925-8388/$ – see front matter ©  2011 Published by Elsevier B.V.
oi:10.1016/j.jallcom.2011.08.014
© 2011 Published by Elsevier B.V.

alloy. On the other hand, the significant change of potential precip-
itation by the addition of rare-earth element also plays a positive
role in improving GFA [16]. Ternary Fe-based BMGs represented
by the formulae FeaMbBc are based on two  simple selection rules
[17]: (1) M is an element with atomic radius at least 130% that of
Fe; (2) M possesses a eutectic point with Fe and the M-Fe eutectic
is at the Fe-rich end. The M elements, Sc, Y, Dy, Ho and Er fulfill
the two rules and exhibit BMG  capability at the wide composition
range. The purpose of this work is to investigate the relation-
ship between the GFA of Fe–B–Er alloy and the Fe–B–Er ternary
phase diagram. Recently, the Fe–Er system was thermodynamically
assessed by Zhou et al. [18]. However, the magnetic contribu-
tion to the Gibbs energy in the phases bcc (Fe), fcc (Fe), Fe17Er2,
Fe23Er6, Fe3Er, and Fe2Er was  not considered. The Fe–Er system
is reassessed in the present work. We firstly assessed the ther-
modynamic parameters for the phase diagrams in the Fe–Er and
B–Er binary systems by means of the CALPHAD method, in which
the thermodynamic parameters to describe the Gibbs free energy
of the individual phases are optimized based on the experimental
data of the thermodynamic properties and the phase diagram. Then,
the isothermal sections at different temperatures and liquidus sur-
face of the Fe–B–Er ternary system were calculated based on the

binary thermodynamic data, and the Fe-rich alloys with the eutec-
tic compositions were prepared by a single-roller melt-spinning
technique to clarify the relationship between the GFA and phase
diagram.

dx.doi.org/10.1016/j.jallcom.2011.08.014
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:lxj@xmu.edu.cn
dx.doi.org/10.1016/j.jallcom.2011.08.014
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Table 1
The stable solid phases and the models used in the Fe–Er [39] and B–Er [28] systems.

System Phase Strukturbericht
designation

Prototype Modeling
phase

Used
models

Fe–Er (�Fe) A2 W BCC SSM
(�Fe) A1 CU FCC SSM
(�Fe A2 W BCC SSM
Fe17Er2 – Ni17Th2 (Fe)17(Er)2 SM
Fe23Er6 – Mn23Th6 (Fe)23(Er)6 SM
Fe3Er – – (Fe)3(Er) SM
Fe2Er – Cu2Mg (Fe)2(Er) SM
(Er) A3 Mg  HCP SSM

B–Er  (�B) – �B Rhombohedral SSM
B2Er C32 AlB2 (B)2(Er) SM
B4Er D1 ThB4 (B)4(Er) SM
B12Er D2 UB12 (B)12(Er) SM
B66Er – ThB66 (B)66(Er) SM
(Er) A3 Mg  HCP SSM

Note: SSM, substitutional solution model; SM,  sublattice model.
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Fig. 1. The phase diagram of the Fe–Er system reviewed by Okamoto [22].

.  Experimental information

.1. The Fe–Er system

The Fe–Er system consists of four solid solution phases (hcp (Er), �Fe, �Fe and
Fe  phases) and four intermetallic compounds (Fe17Er2, Fe23Er6, Fe3Er, and Fe2Er
hases). Based on the differential thermal analysis, metallographic methods and
-ray powder diffraction, Buschow and Van der Goot [19] firstly investigated the
hase diagram in the Fe–Er system and reported four intermetallic compounds
Fe17Er2, Fe23Er6, Fe3Er, and Fe2Er phases) and three peritectic reactions: L (10.5 at.%
r)  + �Fe ↔ Fe17Er2 at 1355 ◦C, L (19.1 at.% Er) + Fe3Er ↔ Fe23Er6 at 1330 ◦C, and L
24  at.% Er) + Fe2Er ↔ Fe3Er at 1345 ◦C. Buschow and Van der Goot [19] also reported
he  melting point of Fe2Er to be 1360 ◦C and determined two eutectic reactions: L
16.5 at.% Er) ↔ Fe23Er6 + Fe12Er7 at 1315 ◦C, and L (∼70 at.% Er) ↔ Fe2Er + hcp (Er) at
15 ◦C. The eutectoid reaction of �Fe ↔ �Fe + L at 1385 ◦C was  indicated in Ref. [19].

The phase diagram proposed by Meyer [20] was  similar to that of Ref. [19] except
hat all the melting points of the compounds are lower than those of Ref. [19] by up to
70 ◦C, however, Kolesnikov et al. [21] investigated the Fe–Er system and reported

hat  all the melting points of the compounds are in agreement with the results of Ref.
19].  Based on the reported experimental data, Okamoto [22] compiled the Fe–Er
hase diagram and indicated that the solubility of Er in bcc (Fe) and fcc (Fe) are less
han  1 at.%. The phase diagram of the Fe–Er system reviewed by Okamoto [22] is
hown in Fig. 1.

In addition, the mean values of the critical temperature for magnetic ordering
nd the Bohr magnetic moment of the Fe17Er2, Fe23Er6, Fe3Er and Fe2Er compounds
ere compiled by Buschow [23]. Norgren et al. [24] investigated the standard

nthalpies of formation of the Fe3Er and Fe2Er phase by indirect solution calorimetry
n  liquid aluminum at 727 ◦C.

.2. The B–Er system

The B–Er system consists of two solution phases (hcp (Er) and �B phases) and
our  intermetallic compounds (B2Er, B4Er, B12Er and B66Er phases). The phase dia-
ram is based on the experimental data [25,26], and the liquidus curves were largely
stimated by Spear [27]. The melting point of B4Er phase reported to be 2360 ◦C [25]
as  accepted by Liao and Spear [28] over 2500 ◦C estimated by [26]. The phase
iagram of the B–Er system reviewed by Liao and Spear [28] is shown in Fig. 2.

In addition, Meschel and Kleppa [29] measured the standard enthalpy of forma-
ion of the B2Er phase by direct high-temperature reaction calorimetry at 1200 ◦C.

. Thermodynamic models

Information about stable solid phases and the models used in
he Fe–Er and B–Er binary systems is listed in Table 1.
.1. Solution phases

In the Er–Fe and B–Er binary systems (which are both binary
–B systems), the Gibbs free energies of the liquid, fcc, bcc, hcp and
B / at. %

Fig. 2. The phase diagram of the B–Er system reviewed by Liao and Spear [28].

rhombohedral phases are described by the substitutional solution
model, as follows:

G�
m =

∑
i=A,B

0G�
i

xi + RT
∑
i=A,B

xi ln xi + �EG�
m + �magG�

m, (1)

where 0G�
i

is the Gibbs free energy of the pure component i in the
respective reference state with the � phase, which is taken from the
SGTE pure element database [30]; xi denotes the mole fraction of
component i; R is the gas constant; T is the absolute temperature;
and the term �EG�

m represents the excess Gibbs free energy, which
is expressed in Redlich–Kister polynomial form [31] as:

�EG�
m = xAxB

n∑
m=0

mL�
A,B(xA − xB)m, (2)

iL�
A,B = a + bT, (3)

where iL�
A,B is the binary interaction parameter, and the coefficients

of a and b are constants to be evaluated on the basis of available
experimental data.

�
�magGm is the magnetic contribution to the Gibbs free energy,
which is described by the following equation [32]:

�magG�
m = RT ln(  ̌ + 1)f  (�) (4)
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Table 2
Experimental and calculated invariant reactions in the Fe–Er system.

Invariant reaction Reaction type Composition at.% Er Temperature (◦C) Reference

(�Fe) ↔ (�Fe) + L Eutectoid 1385 [19]
1.67 1.63 8.95 1385 This work

L  + (�Fe) ↔ Fe17Er2 Peritectic 10.5 1355 [19]
10.8  1.9 10.5 1353 This work

L  ↔ Fe17Er2 + Fe23Er6 Eutectic 16.5 10.5 20.7 1315 [19]
17.8  10.5 20.7 1327.5 This work

L  + Fe3Er ↔ Fe23Er6 Peritectic 25 20.7 1330 [19]
19.0  25 20.7 1329.7 This work

L  + Fe2Er ↔ Fe3Er Peritectic 33.3 25 1345 [19]
25.0  33.3 25 1342.7 This work

L  ↔ Fe2Er Congruent 33.3 1360 [19]
3

L  ↔ Fe2Er + (Er) Eutectic ∼70 3
68.7  3
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here � = T/T�
C , T�

C is the Curie temperature of solution for fer-
omagnetic ordering and  ̌ is the Bothr magneton number, the
unction f(�) is formulated by the polynomial of the normalized
emperature, as follows:

 (�) = 1 − [(79�−1/140p) + (474/497)((1/p) − 1)((�3/6) + (�9/135
D

 (�) = (�−5/10) + (�−15/315) + (�−25/1500)
D

for � > 1 (6)

 = 518
1125

+ 11,  692
15,  975

(
1
p

− 1
)

(7)

here p depends on the structure, 0.40 for bcc structure and 0.28
or others.

Since the fcc and bcc phase in Fe–Er system are magnetic phases,
hus the magnetic contribution (�magGfcc

m and �magGbcc
m ) to the

ibbs free energy in these phases was considered in the present
ork.

.2. Stoichiometric intermetallic compounds
The intermetallic compounds of the Fe17Er2, Fe23Er6, Fe3Er,
e2Er, B2Er, B4Er, B12Er and B66Er phases in the Fe–Er and B–Er
inary systems are all treated as stoichiometric phases, because no
eliable experimental data about the homogeneity range of these
3.3  1363 This work
3.3 100 915 [19]
3.3 100 914.9 This work

�15/600))]
for � ≤ 1 (5)

compounds are available. The Gibbs free energy per mole of formula
unit MpErq can be expressed as follows:

GMpErq
M:Er = p0GSER

M + q0GSER
Er + �0GMpErq

f + �magGMpErq
m , (8)

where �0GMpErq
f

indicates the standard Gibbs free energy of forma-
tion of the stoichiometric compound from pure elements, which is
described as:

�0GMpErq
f = a′ + b′T, (9)

where the parameters a′ and b′ are evaluated in the present work.
�magGMpErq

m is magnetic contribution to the Gibbs free energy,
which is expressed in Eqs. (4)–(7),  where  ̌ and T�

C of each inter-
metallic compound are taken from the literature [23].

Since the Fe17Er2, Fe23Er6, Fe3Er and Fe2Er intermetallic com-
pounds are magnetic phases, thus the magnetic contribution
(�magGFepErq

m ) to the Gibbs free energy in these phases was con-
sidered in the present work.

4. Optimized results and discussion

The optimization of the thermodynamic parameters was carried
out by using the PARROT program in the Thermo-Calc software [33],
which can handle various kinds of experimental data. The experi-
mental data of the phase diagram and thermodynamic properties
were used as input to the program. Each piece of selected informa-
tion was given a certain weight based on the importance of the data,

and changed by trial and error during the assessment, until most of
the selected experimental information was  reproduced within the
expected uncertainty limits.

4.1. The Fe–Er system

The calculated Fe–Er phase diagram compared with the exper-
imental data is shown in Fig. 3, and the calculated compositions
and temperatures for the invariant reactions compared with
the selected experimental data are listed in Table 2. It is seen
that the calculated results are in reasonable agreement with the
experimental data [19–21],  except for the temperature of eutec-
tic reaction (L ↔ Fe23Er6 + Fe12Er7), which shows a discrepancy

of 12 ◦C between the calculated results and the experimental
data. A set of complete self-consistent thermodynamic parameters
describing the Gibbs free energy of each phase in the Fe–Er system
is given in Table 3.
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Table 3
Thermodynamic parameters in the Fe–Er system assessed in the present work.

Parameters in each phase (J/mol)
Liquid phase, format (Fe, Er)

0LLiq
Fe,Fr = 55, 725 + 26.972T

1LLiq
Fe,Fr = −6594 + 0.672T

2LLiq
Fe,Fr = 9756 − 8.014T

Bcc phase, format (Fe, Er)
0LBcc

Fe,Fr = 17, 130
Fcc phase, format (Fe, Er)

0LFcc
Fe,Fr = 13, 250

Hcp phase, format (Fe, Er)
0LHcp

Fe,Er = 40,  000
Fe2Er phase, format (Fe)0.667(Er)0.333

�0GFe2Er
f

= −18, 180 + 5.311T

TFe2Er
C = 587, Ref. [23]

ˇFe2Er = 4.85, Ref. [23]
Fe3Er phase, format (Fe)0.75(Er)0.25

�0GFe3Er
f = −15, 460 + 4.655T

TFe3Er
C = 552, Ref. [23]

ˇFe3Er = 3.45, Ref. [23]
Fe17Er2 phase, format (Fe)0.895(Er)0.105

�0GFe17Er2
f

= −10, 581 + 3.985T

TFe17Er2
C = 305, Ref. [23]

ˇFe17Er2 = 17.1, Ref. [23]
Fe23Er6 phase, format (Fe)0.793(Er)0.207

�0GFe23Er6
f

= −14, 010 + 4.431T

TFe23Er6
C = 480, Ref. [23]

ˇFe23Er6 = 32, Ref. [23]
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Fig. 5. Calculated phase diagram of the B–Er system compared with the experimen-
tal  data [28].
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24].

The calculated standard enthalpies of formation at 25 ◦C with
eference states of the �Fe (bcc) and Er (hcp) phases compared
ith the experimental data [23] are presented in Fig. 4. It is seen

hat an agreement is obtained between the calculated results and
he experimental data.

.2. The B–Er system
The calculated B–Er phase diagram compared with the exper-
mental data is shown in Fig. 5, and the calculated compositions
nd temperatures for the invariant reactions compared with the
elected experimental data are listed in Table 4. It is seen that the
Fig. 6. Calculated standard enthalpies of formation at 25 C with reference states of
�B  (rhombohedral) and Er (hcp) in the B–Er system compared with the experimental
data [29].

calculated results are in reasonable agreement with the experi-
mental data [28]. A set of complete self-consistent thermodynamic
parameters describing the Gibbs free energy of each phase in the
B–Er system is given in Table 5.

In addition, the eutectic reactions (L ↔ B66Er + �B and
L ↔ B12Er + B66Er) in Liao’s work [28] cannot be reproduced by
using the present parameters, because the liquidus slope around
the B66Er phase is too steep, which is thermodynamically unlikely
[34]. Based on the present parameters, the calculated temperatures
of the eutectic reactions (L ↔ B66Er + �B and L ↔ B12Er + B66Er) are
above the experimental data [28], which is more acceptable. These

calculated results need to be determined by experiments in the
future.

The calculated standard enthalpies of formation at 25 ◦C with
reference states of the �B (rhombohedral) and Er (hcp) phases are
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Table 4
Special points of the B–Er system.

Invariant reaction Reaction type Composition at.% B Temperature (◦C) Reference

L ↔ (Er) + B2Er Eutectic ∼1.0 0 66.7 1500 [28]
2.9  0 66.7 1497 This work

L  +B4Er ↔ B2Er Peritectic 65 80 66.7 2185 [28]
64.3  80 66.7 2184 This work

L  ↔ B4Er Congruent 80 2360 [28]
80  2360 This work

L  + B4Er ↔ B12Er Peritectic 93.0 80 92.3 2083 [28]
92.5  80 92.3 2083 This work

L  ↔ B12Er + B66Er Eutectic ∼97 92.3 98.5 2015 [28]
96.0  92.3 98.5 2052 This work

L  ↔ B66Er Congruent 98.5 2070 [28]
98.5  2070 This work

L  ↔ B66Er+ �B Eutectic ∼99 98.5 100 2020 [28]
99.2  98.5 100 2067 This work

Table 5
Thermodynamic parameters in the B–Er system assessed in the present work.

Parameters in each phase (J/mol)
Liquid phase, format (B, Er)

0LLiq
B,Er = −80, 742 + 24.399T

1LLiq
B,Er = −60, 000 + 6.6T

2LLiq
B,Er = 16, 500 − 15.0T

3LLiq
B,Er = −3.0T

Hcp phase, format (B, Er)
0LHcp

B,Er = 50, 000
B2Er phase, format (B)0.667(Er)0.333

�0GB2Er
B:Er = −27, 700 + 1.0T

B4Er phase, format (B)0.8(Er)0.2

�0GB4Er
B:Er = −17, 100 − 3.31T

B12Er phase, format (B)0.9231(Er)0.0769

�0GB12Er
B:Er = −6600 − 2.075T

B66Er phase, format (B)0.985(Er)0.015

�0GB66Er
B:Er = −1300 − 0.655T

Table 6
The adopted thermodynamic parameters in the Fe–B [35] system in the present
work.

Parameters in each phase (J/mol)
Liquid phase, format (Fe, B)

0LLiq
Fe,B = −133, 438 + 33.95T

1LLiq
Fe,B = 7771

2LLiq
Fe,B = 29, 739

Bcc phase, format (Fe, B)
0LBcc

Fe,B = −47, 920 + 42.09T
Fcc phase, format (Fe, B)

0LFcc
Fe,B = −58, 211 + 49.9T

Fe2B phase, format (Fe)0.667(B)0.333

�0GFe2B
f

= −26, 261 + 3.466T
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Table 7
The calculated eutectic reactions of the Fe–B–Er system in the Fe-rich region.

No. Reaction type Reaction
tempera-
ture
(◦C)

Composition (at.%)

Fe B Er

E1 L ↔ Fe2B + Fe17Er2 + �Fe 1125.9 80.9 15.2 3.9
E2 L ↔ Fe2B + Fe3Er + Fe23Er6 1107.9 72.6 15.9 11.5
E3 L ↔ Fe2Er + Fe2B + Fe3Er 1108.0 69.2 16.7 14.1
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the Fe–B–Er system is shown in Fig. 9, where there are three eutec-
FeB phase, format (Fe)0.5(B)0.5

�0GFeB
f

= −35, 287 + 5.922T

resented in Fig. 6 with the experimental data [29]. It is seen that
he calculated enthalpy of formation of the B2Er phase is in agree-

ent with the experimental data.

.3. The Fe–B–Er system extended from binary systems

The phase equilibria in the Fe–B–Er ternary system are useful
or the development of new materials. However, no information
bout the phase equilibria and thermodynamic properties in
he Fe–B–Er ternary system has been reported. In this work, the
sothermal sections at different temperatures and liquidus surface
f the Fe–B–Er system were calculated based on the binary ther-

odynamic parameters of the Fe–B [35], Fe–Er and B–Er binary

ystems. The adopted thermodynamic parameters of the Fe–B [35]
ystem are listed in Table 6. Fig. 7 shows the calculated phase
B / at.%

Fig. 7. The calculated phase diagram of the Fe–B system [35].

diagram of the Fe–B system [35]. The calculated isothermal sections
at 500, 900, and 1200 ◦C are shown in Fig. 8. From Fig. 8a and b,
it is found that four three-phase regions of the Liq + Fe2Er + Fe3Er,
Liq + Fe23Er6 + Fe3Er, Liq + Fe23Er6 + Fe17Er2, Liq + Fe17Er2 + FCC
and five two-phase regions of the Liq + Fe3Er, Liq + Fe23Er6,
Liq + Fe17Er2, Liq + Fe2B, Liq + FCC change to another four three-
phase regions of the Fe2B + Fe2Er + Fe3Er, Fe2B + Fe3Er + Fe23Er6,
Fe2B + Fe17Er2 + Fe23Er6, Fe2B + Fe17Er2 + BCC in Fe-rich region.
With the decreasing of temperature, these phase regions remain
unchanged as shown in Fig. 8c. The calculated liquidus surface of
tic reactions in the Fe-rich region, as given in Table 7. Although
the liquidus surface in ternary system is obtained by extrapolating
from binary thermodynamic parameters, this predicted liquidus
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urface gives much useful information for further determination
f the phase equilibria by experiments.

. Study of amorphous alloy in the Fe–B–Er system

One of the earliest and simplest methods for choosing amor-
hous alloy compositions has been to center alloys around deep
utectics [36,37].  From the calculated liquidus surface in the above
ection, it is actually easy to find out the eutectic point and fixed the
osition of possible composition of amorphous alloy. According to
he liquidus surface, the eutectic points of E1, E2 and E3 are selected
or experiments.

The ingots of eutectic compositions in the Fe-rich region were
repared by arc melting with pure metals of 99.9 wt.% Fe, 99.9 wt.%
r and the Fe–17.49 wt.% B alloy in the Ti-gettered argon atmo-
phere. The ingots were remelted at least three times to make its

omposition homogeneous. The amorphous ribbons with thickness
f 30 �m were prepared by a single-roller melt-spinning technique.
he structure of ribbons was examined by X-ray diffraction (XRD)
sing Panalytical X’pert with Cu K� radiation. XRD patterns of
–Er system at (a) 1200 ◦C, (b) 900 ◦C and (c) 500 ◦C.

ribbons are plotted in Fig. 10.  It is seen that the XRD pattern of E1
sample appears some sharp peaks in both sides, which indicates
a structure of full crystallization. The XRD pattern of E2 sample
appears a weak peak only in the back side, which indicates a struc-
ture of partial amorphous. The E3 sample, however, presents a
broad diffraction hump in the XRD pattern of both sides, which
confirms the full amorphous feature.

The distinct results demonstrate that the GFA of E2 and E3 sam-
ples is better than that of E1 sample. The main reasons in the
context of Fe–B–Er phase diagram can be summarized as follows:
(1) the temperatures of eutectic reaction in E2 (1107.9 ◦C) and E3
(1107.8 ◦C) samples are lower than that of E1 sample. Thus, the
samples with lower melting point should have a better GFA [3];
(2) Wu  et al. [38] argued that solid solution has a certain com-
position range, thus, the formation of solid solution phase by the
diffusion of atoms during the melt cooling process is much easier

compared with compounds with strict stoichiometric proportion.
Consequently, when the solid solution phase precipitates as the
primary phase, the alloy has a relatively weak GFA. From Table 6,
the primary phases in E1 sample include solution phase (�Fe).
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Fig. 10. X-ray diffraction pattern of the ribbons.

ompared with E2 and E3 samples which only contain compounds,
1 sample has a stronger tendency to crystallization.

In a word, seeking for the eutectic points by thermodynamic
alculation is an effective method to design the compositions of
e-based amorphous alloys in the multicomponent system.

. Conclusions
The phase diagrams in the Fe–Er and B–Er binary systems were
hermodynamically assessed by considering the experimental data
ncluding phase equilibria and thermodynamic data. A consistent
et of thermodynamic parameters has been optimized and most

[
[
[
[
[

face of the Fe–B–Er system.

of  the experimental information can be satisfactorily reproduced
on the basis of the optimized thermodynamic parameters. In addi-
tion, the liquidus surface of the Fe–B–Er ternary system has been
calculated by means of CALPHAD and the investigation of GFA for
the alloys in the Fe–B–Er liquidus surface proves the significance
of calculated phase diagram in the composition design of Fe-based
amorphous alloy.
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