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Pr-based bulk metallic amorphous (BMA) rods (PrgoNizgAlig) and Al-based amorphous ribbons (Alg7NijoPr3)
have been prepared by using copper mould casting and single roller melt-spun techniques, respectively. Thermal
parameters deduced from differential scanning calorimeter (DSC) indicate that the glass-forming ability (GFA) of
PreoNizoAligp BMA rod is far higher than that of Alg7NijgPrs ribbon. A comparative study about the differences
in structure between the two kinds of glass-forming alloys, superheated viscosity and crystallization are also made.
Compared with the amorphous alloy Alg7NijgPrs, the BMA alloy PrgoNizoAljp shows high thermal stability and
large viscosity, small diffusivity at the same superheated temperatures. The results of x-Ray diffraction (XRD) and
transmission electron microscope (TEM) show the pronounced difference in structure between the two amorphous alloys.
Together with crystallization results, the main structure compositions of the amorphous samples are confirmed. It seems
that the higher the GFA, the more topological type clusters in the Pr-Ni—Al amorphous alloys, the GFAs of the present
glass-forming alloys are closely related to their structures.
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1. Introduction

Amorphous metallic alloys have unique mechan-
ical and physical properties attributed to the atomic
structure of the amorphous phase. Recently, a class
of AI-TM-RM (the TM stands for transition metal,
RM for rare earth metal) ternary amorphous alloys
with a wide range of glass-forming compositions have
attracted much attention due to their excellent spe-
cific strength, large coercive fields, etc.l'=* In this
system, the high cooling rates, above 10° K/s, are
generally required to produce the Al-based amorphous
alloys and the ‘bulk’ Al-based amorphous alloys made
by quenching a liquid, which are only about 140 pum
in thickness up to now. On the contrary, the RM-
based amorphous alloys can be easily made up to 6
mm in diameter by a conventional casting process at
much lower critical cooling rates (<102 K/s). Since
the discovery of amorphous alloys, a number of at-
tempts have been made to understand the mechanism
of amorphization in order to predict alloy composi-
tions with better glass-forming ability (GFA). Inouel!
proposed three empirical rules to find high GFA in

metallic glass-forming systems. Mukherjee et al ©
studied the viscosity and specific volume of Zr-based
bulk metallic glass-forming alloys (BMG) which indi-
cated that the better glass former had high viscosity at
its liquidus temperature and showed a small change in
volume upon crystallization compared with a poorer
glass former. Furthermore, based on the concept of
dense random packing (DRP) of atoms, structures
of amorphous alloys with chemical and topological
atomic short-range order (SRO) and medium-range
order (MRO) of atoms have been studied in order to
understand the mechanism of amorphization details
and magnetic characteristics.l”®! Generally, SRO is in
the range 3-5A while the MRO is in the range 5-
20A.[19-19] Topological complexity and frustration were
given in Ref.[11] as an explanation of suppression crys-
tallization in multicomponent alloys. However, the
intrinsic characters of the different GFA alloys, espe-
cially with the same element compositions have not
been studied yet and further investigations are needed.

In view of the above considerations, it seems
attractive to pursue a comparative study on the
structure, viscosity and crystallization of the ordi-
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nary amorphous alloy Alg7NijgPrs and BMA alloy
PrgoNizgAlyg, which are the same in component ele-
ment but quite different in GFA. In this study, the
structure parameters such as coordination numbers
(N), the nearest interatomic distance ri, the cor-
relation radius of clusters r. etc are calculated and
compared with the continuously heated XRD crys-
tallization data. The diffusion parameters and ap-
parent activation energies (E,) of viscous flows in
Alg7NijgPrs and PrggNizgAlyg melts during solidifi-
cation are also calculated from the viscosity data by
using the modified Stokes—Einstein equation, Arrhe-
nius equation 1219 and Cohen—Grest model.[*6] This
paper clarifies the factors related to the mechanism of
amorphization from a different point of view and offers
important clues to understand the essence of GFA.

2. Experiment

Alloys with nominal atomic percent compositions
of Alg7NijgPrs and PrggNizgAlyg were prepared by
arc melting Al; Ni (both with the purity of no less
than 99.9 wt.%) and Pr (with the purity of no less
than 99.7 wt.%) in titanium-gettered argon atmo-
sphere. AlgyNijgPr3 amorphous ribbons were pro-
duced by the single roller melt-spun technique in an
argon atmosphere. The copper roller was 35 cm of
diameter and typically 20 m/s of circumferential ve-
locity. The ribbons were 2-4 mm in width and 20-30
pm in thickness. Cylindrical specimens of 3 mm in di-
ameter and 80 mm in length were prepared from the
PrgoNizgAlyg pre-alloys ingots by suction casting into
a copper mould and the anneal was carried out in an
evacuated quartz tube.

The temperature-dependent viscosities for the
samples in a liquid state were measured using an oscil-
lating vessel viscometer (RHEOTRONI C VII) during
cooling. The superheating temperature of the melts
ranges from about 400 K to 100 K. At each temper-
ature the melt was allowed to equilibrate for 20 min
before measurement. The samples were placed in a
purified argon atmosphere. The experiments were car-
ried out four to seven times at every temperature and
the measured values were averaged. Schvidkovskii’s
equation'”! was used to calculate the viscosity from
the measured damping data.

Thermal analysis was performed with a Netzsch
DSC 404C calorimeter. All the DSC measurements
were conducted in a flowing (60 cm?®/min) argon gas;
The amorphous state of the cast cylinders was ex-
amined by XRD in a D/Max-rB diffractometer using

Cu-Ka radiation, the scattering angle (260) range is in
5°-100°. The detailed treatment of the scattering in-
tensity measured in arbitrary units has been described
in Refs.[18,19] according to which, the structure fac-
tor S(Q) (Q = (4wsinf/A) is the magnitude of the
scattering vector and A is the wavelength.) then the
pair distribution function (PDF) and radial distribu-
tion function (RDF) can be calculated by program-
ming. The microstructure was further investigated by
a TEM HITACHI-800.

3. Results and discussion

3.1. Amorphous structure of Alg;Ni;(Pr3
ribbon and PrgNiszgAl;,; BMA rod

XRD patterns of
Alg7NijgPrs ribbons and as-cast PrggNiggAlyg rods

Figure 1(a) shows the
each with a diameter of 3 mm. The samples ex-
hibit a series of broad diffraction maximum charac-
teristics of metallic glass with no evidence of a crys-
talline Bragg peaks, indicating the formation of a
single amorphous phase. The total structure factors
of AlgyNijgPr3 amorphous ribbons and PrggNiggAlig
BMA rods at room temperature are shown in Fig.1(b).
For AlgyNijgPr3 amorphous ribbons, a distinct pre-
peak occurs at @Q=10-20nm~!, which is believed to
be a characteristic of MRO in amorphous alloys [20:21]
and the structure size of MRO can be estimated by
the expression Ryro=27/Qpp, where Qpp is the po-
sition of the prepeak.?!] The ratio of the prepeak
area to the total area of the main peak and the pre-
peak in the x-ray intensity curve, Sprepeak/Stotal, I€-
flects the proportion of the structure corresponding to
the prepeak in the matrix. The values of Ryro and
Sprepeak/Stotal are listed in Table 1. For PrgoNizgAlig
BMA rods, no prepeak can be found in Figs.1(a) and
1(b). However, the pronounced structure at higher
angles is a feature for PrggNizggAl;g BMA rod that
is not present in the patterns of AlgyNijgPrs amor-
phous ribbon. This feature can also be seen clearly
from the corresponding RDFs shown in Fig.1(c) and
PDF's shown in Fig.1(d). At higher XRD angles (i.e.
at farther distance from the reference atom), the RDF
and PDF curve swings of PrggNizggAl;g BMA rod are
bigger than those of Alg7NijgPrs amorphous ribbon,
indicating higher packing fraction and larger relative
cluster radius, respectively. The difference in struc-
ture between the two kinds of amorphous alloys will
be thoroughly discussed along with the crystallization
process in Section 3.3.
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Fig.1. (a) XRD patterns and calculated results of structure parameters; (b) total structure factor S(Q); (c) rad-
ical distribution functions (RDF); and (d) pair distribution functions (PDF) of AlgyNijgPrs ribbons and as-cast

PrgoNigpAljg rods each with a diameter of 3 mm.

Table 1. Summary of the amorphous structure parameters: MRO size Ryiro, MRO structure ratio Sprepeak/Stotal s

nearest-neighbour atom distance r1, average atom distance of displacement o, coordination number of nearest-

neighbour atoms N7, relative cluster radius rc and atom number of relative cluster Nc.

Amorphous alloys Ryro/A Sprepeak/Stotal r1/A Ny o/A re/A Nc
Alg7NijgPrs 4.21 0.200 2.680 12.436 0.395 14.031 750.28
PrgoNizpAlig — — 3.398 13.250 0.489 17.421 906.13

The parameters deduced from Figs.1(c) and 1(d)
to evaluate the amorphous structure are mainly
nearest-neighbour atom distance r;, average atom
distance of displacement o, coordination number of
nearest-neighbour atoms Ny, relative cluster radius r,
and atomic number of relative cluster N.. ry is the
position of the first peak on PDF curve and the coor-
dination number V; is the area under the first peak of
RDF curve. o is a parameter to evaluate the degree
of static randomness and thermodynamic vibration of
amorphous structure, which can be calculated from
the peak width of the RDF curve. r. is determined
from the following equation:

> kC?

‘p(?") 7/)0(7’) (1)

po(r)

where p(r) is the atom density function, po(r) is the

average atom density function and k. is 0.01. N, is

the integration of the RDF curve from 0 to r.. All the
structure parameters are listed in Table 1.

As can be seen from Table 1, for the ternary amor-
phous alloys, the nearest-neighbour atom distance 1
calculated is between the interatomic distances of the
two dominant elements (metallic radius (A) for atoms
with coordination number (CN) CN=12, ra;= 1.432,
rni= 1.246, rp,=1.828). The coordination number of
nearest-neighbour atoms N; (12.436) of Alg7NijgPrs
amorphous ribbon is smaller than that (13.250) of
PrgoNizgAl;g BMA rod, indicating PrgoNizgAl;g BMA
alloy has a more condensed structure and higher
packing fraction. The average atom distance of dis-
placement o shows that the amorphous structure of
PreoNiggAlyg is stabler than that of Alg7NijgPrs amor-
phous ribbon and this is also confirmed by the crystal-
lization experiments later. The relative cluster radius
re of PrgoNizgAlig BMA rod is 17.421A, which is much
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bigger than that of AlgyNijoPr3 amorphous ribbon,
and this value has the same magnitude as that of the
SRO structures discovered by Fan et al in Nd—Fe—Al
BMA alloys.[2?]

3.2. Viscosity and diffusivity of super-
heated melts

Figure 2 shows the changes of viscosities of liquid
PrﬁoNigoAllo and A187Ni10PI‘3 as a function of tem-
perature.

6.0 [
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(=]
T

= Alg7NijoPrs
o PrgoNizoAlig
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T T
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Fig.2. Viscosities of PrggNizgAlig and Alg7NijgPrs alloys

with superheating temperatures.
The corrected Arrhenius equation fitting curves are
also given below, which describe the temperature-
dependence of liquid viscosity:??!

n= A exp(Ev/kBT)a A= h/vma (2)

where 7 is the viscosity, kp is the Boltzmann constant,
h is Planck’s constant, T is the absolute temperature,
VU is the flow unit-volume, and E, is the activation
energy that is the energy required to move flow unit-
volume from one balanced position to another one
in melt. The values of vy, and E, for PrgoNisgAlig
and Alg7NijgPr3 are respectively 2.622 x 10726 cm?,
0.0707 eV and 8.576 x 1072%cm?, 0.135 eV. If the
flow unit-volume of PrggNizgAljg liquid is the same
as that of Alg7NijgPrs melt, the activation energy of
PrgoNizgAlyg liquid may be approximately calculated
by the following formula:

UmAl
EvPrE = X EvPra (3)
UmPr

where F,p,g is the activation energy that is the en-
ergy required to move the same unit-volume as that of
AlgyNijgPrs3 liquid (here vy is 8.576 x 1072% cm?).
UmAl, Umpr and Eyp, are the respectively AlgyNijgPrs
flow unit, PrgoNizgAlyg flow unit and PrggNizgAlyg ac-
tivation energy calculated from the formula (2), re-
spectively. Thus the value of E,p,p is 2.312 eV that

is about sixteen times bigger than that of AlgyNiyoPr3.
The atom movement in PrggNizgAlyg is very difficult
compared with that in Alg7NijgPrs.

Sutherland (1905) made a correction in the
Stokes—Einstein equation by using hydrodynamic

theory:[12l

kKT 1+3n/Br
~ 6mnr 1+ 2n/Br

where k is the Boltzmann constant, T is the absolute
temperature, r is the radius of the diffusing particles
and fs is the coefficient of sliding friction between the
diffusing particle and medium, which depends on the
size of the medium. When the diffusing particle is
large in radius, compared with the particles of the
medium, fy equals infinity. When the radius of the
diffusing particle is approximately equal to that of
the medium particles, 85 becomes zero. In the cases
of PrgoNiggAlg and Alg7NijgPrs alloys, G5 is approx-
imately zero, r is assumed to be nearest-neighbour
atom distance 1. Therefore Eq.(4) may be written as

kT

= 5
47’(67’1 ’ ( )
Then inserting Eq.(2) into Eq.(5) yields
—1566.603
DA137N110P1‘3 = 1.665 x 10_11T €xp (#) ’
(6)
—820.932
DPI‘60Ni30A130 = 1.227 x 10712T exXp (T) .

(7)

Diffusivities obtained from Egs.(6) and (7) are shown
in Fig.3 together with diffusivities of pure Al and Ni
for a comparison, which that were predicted by Pro-
topapas et al in 1973. It is obvious that the diffusivi-
ties of AlgyNijgPr3 alloys are much bigger than those
of PrgoNiggAlyg alloys at the same superheating tem-
peratures. Thus high viscosity and correspondingly
low diffusivity of the liquid contribute significantly to

hlgh GFA of PrﬁoNigoAllo.
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Fig.3. Diffusivities of PrggNizgAlip and Alg7NijgPr3 to-
gether with the diffusivities of pure Al and Nil24 for a
comparison at superheating temperatures.
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3.3. Crystallization of Alg;Nij(Pr; rib-
bon and PrgNis;yAl;; BMA rod

Crystallization studies of the metallic glass are
of importance in understanding the amorphous struc-
tures, the mechanism of phase transformations and
the GFA of the alloys.[?! Figure 4 shows the DSC
traces of the PrgoNizgAl;g BMA rods and AlgyNijgPr3
amorphous ribbons at different heating rates of 5, 10,
20, 30 and 50 K/min, respectively. It can be seen that
the crystallization peak shifts toward higher tempera-
tures with the increase of heating rate, indicating the
obvious kinetic behaviour of crystallization.

(b)

J2

:
—
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Fig.4. DSC traces for (a) PrgoNizpAlig BMA rods and (b) Alg7yNijgPr3 amorphous ribbons at different heating

rates from 5 to 50 K/min.

Table 2. Thermal properties deduced from the DSC measurements at a heating rate of 20 K/s, the onset tempera-

tures of crystallization T, onset melting temperatures T, offset melting temperatures T, GFA indicators Tk /T,

and ~, for PregNizgAlip BMA rod and Alg7NijgoPr3 amorphous ribbon. As the glass transition temperatures Ty of

the two alloys cannot be found, Tk is used instead.

Alloys Sample size/mm T« /K Tm/K T1/K Tx/T1 ~
PreoNizoAlig D 3 x 80 541.6 748 784.3 0.690 0.410
Alg7NijoPrs 2 X 0.030 442.1 892 1114 0.397 0.284

If the parameters (listed in Table 2) of Ty crystallization. K is the frequency factor in the

(=T/T1)2% and v ((= Ty/(Ty + T1))" are adopted
to evaluate the GFAs of the two kinds of samples,
the GFA of PrgoNiggAlyg alloys is far larger than that
of Alg7NijgPrs alloys. Further, the crystallization
kinetics of the amorphous alloys is evaluated using

Kissinger’s equation[?” in the following form:

1 T In (2= + Ex (8)
nl—|=I —
o ks Ko ksTy’

where ¢ is the heating rate, Ty denotes the onset

temperature of the glass transition or crystallization,
kg the Boltzmann constant (kg=8.6173585 x 10~5
eV-K™!) and E, the apparent activation energy of

Arrhenius law, that is, Kr = Ky exp(—E/kgT) .
Kissinger plot of Ty is shown in Fig.5. The values
of Fx and Ky of the crystallization obtained from the
Kissinger method are 1.585 eV and 3.765 x 10'? s~}
for PrgoNisgAljg, and 1.287 eV and 5.909 x 10'2s~!
for Alg7NijgPr3. The apparent activation energy E\y
can be interpreted as the additional energy that an
atom must acquire in order to be a part of the ac-
tivated cluster.28] PrgyNizgAl;g BMA rod shows a
higher value of Fy, i.e. its amorphous structure has
the better thermal stability than Alg;NijgPr3 amor-
phous ribbon. This agrees well with the result deduced
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from the structure parameter p mentioned in Section
3.1. Further, the evaluation of the rate constant K is
a way of estimating GFA to some extent.!?®! The crys-
tallization reaction rate constant K, at T is calcu-
lated by using the Arrhenius law from Ky, Ex and Tx.
At a DSC heating rate of 20 K/min, the calculated
rate constants K7, for PrgoNigpAl;g BMA rod and
Alg7Ni oPrs amorphous ribbon are 6.712 x 107 3s~!
and 1.260 x 1072 s!
a smaller K has a better GFA.

respectively. The sample with

» PreoNizoAlio
15.0F
© Alg7NijoPr3
—~
@
X140}
~
~
S
~
¥
g
= 13.0F
12.0 L L
1.8 1.9 2 0 2. 1 2.2 2.3
Tl /103K 1!

Fig.5. The Kissinger plots of Tk of BMG PrgoNizgAlig
and amorphous ribbon Alg7NijgPr3.

In order to shed more light on the amorphous
structure and crystallization of amorphous alloys, the
PrgoNizgAlyg rods and Alg7NijgPrs ribbons, which
each had been heated up to temperatures of dif-
ferent crystallization stages according to their DSC
curves, were investigated by XRD and TEM. Figure
6(a) shows XRD patterns of PrgopNizgAl;g BMA rods
continuously heated to 545 and 660 K. Crystalline
phases formed are indicated by strong peaks repre-
senting hexagonal-Pr crystals, and weak peaks rep-
resenting intermetallics (Pr7Niz, PrNi etc.) at the
first crystallization stage of 545 K. By continuously in-
creasing the temperature to 660 K, crystalline phases
are the same as those at the first stage according
to XRD measurements of the samples continuously
heated. Figure 7 shows TEM images of PrgoNiggAljg
sample continuously heated to 660 K (exceeding the
crystallization peak temperature), a temperature at
which Pr7Niz, PrNi and Pr phases are formed accord-
ing to the selected-area electron diffraction patterns.
This agrees well with the result in Fig.6(a).

* * Pr
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A PrNi

¢ NisAl;Pr
AlzPl‘
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(b) o «-Al
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Fig.6. The x-ray patterns of the BMA rods PrgoNizgAlig (a) and amorphous ribbons Alg7NijoPr3 (b) continuously
heated in the DSC equipment up to the indicated temperature, corresponding to each crystallization stage. The

formed crystalline phases are indexed.

&
580nm

.

Fig.7. TEM bright-field micrographs of (a) PreoNizgAlig continuously heated to 660 K, and corresponding selected-area
electron diffraction patterns of (b) nanosized Pr, (¢) Pr crystals, (d) PrNi intermetallics, (e) Pr7Ni3 intermetallics.
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Figure 6(b) shows XRD patterns of amorphous
Alg7NijgPrs continuously heated to 473 K and 583 K.
Unlike that of the PrgoNizgAlyg sample, fcc-Al crys-
tals is formed at the first stage, however other in-
termetallics, i.e. Al3Ni, AIPr and additional fcc-Al
phases can be detected by XRD and TEM [! only after
the sample has been heated up to 583 K (exceeding the
second crystallization peak temperature). As men-
tioned in Section 3.1, there are obvious differences in
amorphous structure between the two kinds of alloys.
From Fig.6 it can be seen that AlsNi intermetallics
spring up from the prepeak position of AlgyNijgPrs
after crystallization, which results from the strong in-
teractions between Al and Ni atoms. The main peak
of PrgoNizgAl;g BMA rod mostly corresponds to the
Pr—Pr and Pr—Ni type correlations as Pr7yNis, PrNi
and Pr phases spring up from this position by crys-
tallization. Similarly, the main peak of AlgyNijgPrs
amorphous ribbon reflects strong Al-Al type correla-
tions. In order to dig out the structure relationships

between the amorphous alloys and their crystalliza-
tion counterparts, the RDF Gaussian decompositions
of PrggNizgAl;g BMA rod and Alg7NijgPr3 amorphous
ribbon were made.

According to the Einstein liquid model,3% and
the work of Kita et al B and Wang et al,3?
the reduced distribution function [4nrp(r)] and RDF
[4772p(r)] of simple liquid can be reasonably decom-
posed into Gaussian peaks with a separation range
of several angstroms. The Gaussian decompositions
of RDF's of PrggNizpAlig and Alg7NijgPrs amorphous
samples are shown in Fig.8, where the first two peaks
of RDF are decomposed into five and four Gaussian
peaks respectively. The first three Gaussian peaks cor-
responding to the first peak in Fig.1(c) are our con-
cern. The first RDF peak position r; is the nearest-
neighbour atom distance, and the area under the
first RDF peak is coordination number of nearest-
neighbour atoms Nj.

25l (a) 301 (b)
o Experimental curve 4 I o Experimental curve !
20 — Gaussian peaks fitting curve#’ — Gaussian peaks fitting curve i
—=— Gaussian peaks 20k =~ Gaussian peaks i
i
. 15f o 5
Ej rsp % I I
101 0 - 7‘4r’iI
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5F | i . :
: L i “\ . !
..... wetoL % L . : TNV <8 ;
oF iz zaicsececctiocaia | 2 ezl Yt
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Fig.8. Gaussian decompositions of RDF of (a) PreoNizgAlig BMA rod and (b) Alg7NijgPr3 amorphous ribbon.

The decomposition results are listed in Table 3,
the decomposition range for PrggNizgAlyp BMA al-
loy is about 0-7 A and the separation range for
Alg7NijgPrs is 0-5.5 A. The former is larger than
the latter because the nearest-neighbour atom dis-
tance 1 of PrggNizgAl;p BMA rod is bigger than
that of the AlgyNijgPr3 amorphous ribbon. The atom
correlations for different separated Gaussian peaks
are also confirmed according to their peak positions
(r1psT2ps T3p)-
there are two kinds of atom correlations. One is dom-

For AlgyNijgPr3 amorphous ribbon,

inant atom correlations originating from Al-Al (total
73.18%) clusters, which include 16.98% Al-Al chem-
ical order correlations and 56.20% topological order
correlations. The other is AI-Ni chemical order corre-
lation, which corresponds to the Al3Ni intermetallics

of crystallization shown in Fig.6(b). Thus the strong
interaction between Al and Ni atoms or the forceful
intermetallic compound forming inclination may con-
tribute to the existence of Al-Ni chemical order cor-
relations at prepeak and main peak of Alg7NijgPrs
amorphous ribbon. Because of the very low concen-
trations of Pr, it is reasonable to find no separated
Gaussian peaks corresponding to Al-Pr correlations,
notwithstanding there appear several weak peaks in-
dexed as AlPr intermetallics in Fig.6(b). In the case
of PrggNizggAl;g BMA rod, there are mainly three
Pr—Pr, Pr-Ni topo-
logical SRO clusters and Al-Ni—Pr(e.g intermetallics
Al;NisPr) chemical SRO clusters, of which sy of Pr—Pr
atom correlation is the largest (75.00%). As far as the

kinds of atom correlations, i.e.

first peak of RDF is concerned, the fraction of topolog-
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ical type clusters in PrggNiggAl;g BMA rod is about
36.25 percent larger than that of Alg7NijgPrs amor-
phous ribbon. Therefore, it seems that the higher the

GFA, the more topological type clusters in the Pr—
Ni—Al amorphous alloys, on the contrary, the more
chemical order type clusters, the lower the GFA.

Table 3. Gaussian decomposition results of RDF's of PrggNizgAlig BMA rod and AlgyNijgPrs amorphous ribbon,

T1p, T2p, T3p denote the separated peak positions, atom correlations for each separated Gaussian peaks where C'

represents chemical order, T' represents topological order and s; =

area of ith seperated Gaussian peak
total area of the first three Gaussian peaks

100%
Amorphous 1st separated Gaussian peak  2nd separated Gaussian peak 3rd separated Gaussian peak
alloys rip/A  s1/% correlation rap/A  s3/%  correlation  r3p /A s3/% correlation
PrgoNizoAlig 3.04 17.45  Pr-Ni (T) 3.68 75.00 Pr-Pr (T) 3.55 7.55  Al-Ni—Pr(C)
Alg7NijoPr3 2.35 16.98  Al-Al (C) 2.87 56.20 Al-Al (T) 3.45 26.82 Al-Ni (C)

4. Conclusions

In the present study, investigations on struc-
ture, superheated viscosity and crystallization are con-
ducted for PrgoNisgAl;g BMA rods and AlgyNijgPrs
amorphous ribbons, and the relevant parameters and
their relations are also analysed. The main results
obtained are listed as follows.

1) The amorphous structure parameters are
calculated from the XRD data, MRO is 4.21 A
in AlgyNijgPrs amorphous ribbons. The nearest-
neighbour atom distance r1, average atom distance of
displacement p, relative cluster radius r., atomic num-
ber of relative cluster N, and coordination number of
nearest-neighbour atoms N; of PrggNiggAl;g BMA al-
loy are all bigger than those of Alg7NijgPrs.

2) PrgoNigoAl;p BMA rod has a very high GFA.
The result of apparent crystallization energy Ey agree
well with that of the amorphous structure parameter
o, indicating that PrgoNizgAl;g BMA rod has a more
thermal stability than that of Alg7Ni;gPrs amorphous
ribbon.

3) The viscosity of PrggNiggAljg alloy is higher

than that of Alg7NijgPrs at the same superheating
temperature, and the calculated diffusivity is the in-
verse of viscosity in relationship. The normalized
value of Eyp,g is 2.312 eV which is about sixteen times
bigger than that of Alg7NijgPrs. The high viscosity
and relatively low diffusivity contribute significantly
to high GFA of PrggNizgAly alloy.

4) RDF Gaussian decompositions reveal that
there are mainly Pr—Pr, Pr—Ni topological SRO and
Al-Ni-Pr chemical SRO clusters in PrgoNiggAlig
BMA rod. In Alg7NijgPrsz amorphous ribbon, Al-Al
topological and chemical SRO, Al-Ni chemical SRO
and MRO clusters are the main structure composi-
tions, which agrees well with the crystallization result.
The higher the GFAs, the more topological SRO clus-
ters in the Pr-Ni-Al amorphous alloys. The GFAs of
the present glass-forming alloys are closely related to
their structures.
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