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Glass-forming ability of the Ni-B-Sn system

M. BOUDARD, B. ARCONDO, H. SIRKIN
Lab. de Sdlidos Amorfos, Dpto. de Fisica, Faculdad de Ingenieria UBA,
Paseo Colon 850 (1063), Buenos Aires, Argentina

The glass-forming ability (GFA) of the Ni-B-Sn ternary system has been analysed. The addi-

tion of small quantities of tin increases the GFA with relation to the Ni—B binary system. Glass
formation was observed in the nickel-rich corner of the Ni—B-Sn ternary system for a tin con-
tent <15 at %. The difficulty of formation of a ternary compound Ni,,BgSn, (t-phase) seems

to play an important role in the GFA.

1. Introduction

Previous work [1, 2] shows that the addition of tin
increases the glass-forming ability (GFA) of binary
magnesium-based systems, which seems to be related
to the strong associative tendency of tin towards
magnesium. The system NiB presents two ranges of
composition where the amorphous structure can be
obtained by rapid quenching from the melt (a very
narrow range around the eutectic at 18.4 at% in
boron and the region 31-43 at % in boron) [3]. The
idea was to analyse if tin added to this system played a
similar role to that in magnesium-based systems and,
in this case, to set the limits of glass forming composi-
tion range for the Ni-B-Sn system.

Samples belonging to the nickel-rich corner from
the Ni-B—Sn system were studied. This corner pre-
sents a ternary compound with a Cr, W,C, type
structure (D84), with a stoichiometric composition
Ni,,B¢Sn, (t phase). Fig. 1 represents the projection
of the liquidus surface proposed by Stadelmaier and
Jordan [4]. The primary phase field of Ni,B was
replaced by the primary field of NiyB. This equilib-
rium phase was not known at the time of Stadelmaier
and Jordan’s publication.

2. Experimental procedure

Alloys indicated by points A, B, C, D and E in the
ternary diagram (Fig. 1), for which compositions are
shown in Table I, were prepared from high-purity
materials by melting under a flowing argon atmo-
sphere using an induction furnace. Their homogeneity
was checked by metallographic inspection.

Samples in ribbon form were obtained by rapid
quenching by the melt-spinning technique using a
10 cm diameter copper wheel, 5500-6900 r.p.m. rotat-
ing speed, 0.3-038kgcm~™? jet pressures, and
0.3-0.7 mm crucible orifice diameters.

Samples as-cast and as-quenched were observed by
optical microscopy, X-ray diffraction (XRD),
Mossbauer spectroscopy and electron probe micro-
analysis (EPMA). XRD was performed using copper-
and cobalt-filtered radiation with a monochromator
in the emergent beam in the last case. The Méssbauer
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studies were made using a source of SnO;Ba at room
temperature. EPMA was performed in a Cameca SX
50 equipment fitted with a wavelength-dispersive
spectrometer.

The crystallization behaviour of one of the melt-
spun samples (B) was studied by Méssbauer spectro-
scopy and XRD.
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Figure 1 Projection of the liquidus surfaces in the nickel-rich corner
of the Ni-B-Sn ternary system. el, e2, 3, ternary eutectics; A, B, C,
D, E, samples which were studied in the glass-forming composition
range of the Ni~B system.

TABLE I Composition of the samples studied

Sample Composition (at %)
A Nigg By

B Nijg g Bygg Sny g
C Nisz4 Bysy Sng,
D Niy.4 Bao.7 Sng o
E Nigg By Sny,
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3. Results and discussion
3.1. Optical microscopy, XRD and EPMA

on the as-cast samples
Fig. 2 shows the results of optical microscopy and
Table 1T shows the phases identified by XRD. These
results are in accordance with the projection of the
liquidus surface shown in Fig. 1. They confirm the
presence of the equilibrium phase NiyB (Samples A
and B).

Fig. 2a shows the presence of t primary phase,
Ni;B-Ni,,B4Sn, binary eutectic and Ni-Ni,;B¢Sn,—
Ni;B ternary eutectic (point el in Fig. 1) in Sample B.
The presence of the ternary compound Ni,,B4Sn, as
primary grains and as a white phase of the binary
eutectic was checked by EPMA.

Fig. 2b shows the binary eutectic and the ternary
eutectic in Sample B. The presence of nickel in the
ternary eutectic was not detected by XRD. This may

TABLE I1 Phases identified on the XRD powder diagram in the
as-cast material

Sample Phases identified

A Ni + Ni3B

B Ni3B + Ni21B6Sn2
C Ni + Ni21B6Sn2

D Ni21B65n2

E Ni3Sn2 + Ni21B6Sn2

be explained by two facts: diffraction lines correspond-
ing to nickel on the diffraction diagrams practically
coincide with some of the XRD lines corresponding to
1 phase, and the small quantity of nickel phase present
compared to the T phase is not enough to modify the
intensity of the diffraction lines corresponding fo the
ternary compound.
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Figure 2 Optical micrographs of Samples (a) B x 160, (b) B x 1400,
() Cx160,{d) Dx 160, (e) Ex320.



Fig. 2c shows the presence of the Ni, BeSn,
primary grains and Ni-Ni,,B¢Sn, binary eutectic in
Sample C. In this case nickel was detected by altera-
tion of intensity of some of the XRD diffraction lines
corresponding to Ni,;B¢Sn, compound.

Fig. 2d shows Sample D with the stoichiometric
composition of the compound Ni,;B,Sn,. The pres-
ence of a second phase in small quantities (not identi-
fied by XRD) denotes small departures from the ideal
stoichiometric compsition: 6.9 at % in tin [5]. The tin

content in the primary grains of Ni, B4Sn, analysed
by EPMA is approximately 6 at %.

Fig. 2e shows the presence of the binary eutectic
formed by Ni;Sn, and Ni,,;B¢Sn, in Sample E.

3.2. XRD on as-quenched samples

Samples were prepared at two different quenching
rates (ribbons of different average thickness) in order
to compare their GFA. Table III shows the ribbon
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Figure 3 XRD patterns obtained with cobalt radiation in melt-spun samples. (a) 25 pm thick ribbon of Sample A, (b) 15 um thick ribbon of
Sample A, (c) 25 pm thick ribbon of Sample B, (d) 15 um thick ribbon of Sample B, (e) 15 um thick ribbon of Sample C, (f) 15 um thick
ribbon of Sample D, (g) 15 um thick ribbon of Sample E. Identified phases: (¢) Ni3B, (¥) Ni, (®) Ni,,B.Sn,, (M) Ni,Sn,.
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TABLE III Thickness of the ribbons obtained by melt spinning
and main features of the XRD pattern

Sample Average thickness (1) X-ray features®
A 25 c
15 a+t
B 25 a
15 a
C 15 a
D 15 a4t
E 15 c

*a, amorphous structure; t, crystalline structure traces; c, crystalline
structure.

average thickness and the main features of the XRD
patterns obtained with the cobalt source. These pat-
terns are shown in Fig 3.

The presence of a halo in the diffraction patterns
obtained with the cobalt source was used to character-
ize the existence of amorphous structure (Fig. 3b-f). It
can be said that crystalline structure traces are present
when incipient diffraction lines corresponding to pos-
sible phases become observable superimposed on the
halo pattern (Fig. 3b and f).

X-ray analysis performed on Sample A shows a
crystalline structure on the 25 um thick ribbon
(Fig. 3a) and an amorphous structure with traces of
crystalline phases on the 15 um thick ribbon (Fig. 3b).
In the 25 pm crystalline ribbon the equilibrium phases
nickel and Ni;B are present.

Similar studies on Sample B show amorphous
structure on both ribbons (25 pm, Fig. 3c and 15 pm,
Fig. 3d) characterized by a halo pattern centred in
26 = 52.8 ° (cobalt source). Comparing Fig. 3a and b
with Fig. 3¢ and d, it can be concluded that the
addition of tin increases the GFA of the system NiB.

Analysis of Samples C, D and E (15 um thickness)
suggests a glass-forming composition range. XRD
patterns show that the melt-spun Samples C (Fig. 3e)
and D (Fig. 3f) exhibit amorphous structures charac-
terized by a halo pattern centred in 26 = 52.8 ° (Cobalt
source) while the melt-spun Sample E (Fig. 3g) exhibits
crystalline equilibrium phases Ni;Sn, and Ni,,B¢Sn,.
Thus E represents an upper limit to the addition of tin
in order to obtain amorphous phase.

The XRD pattern of melt-spun Sampie E (Fig. 3g)
shows weak lines corresponding to Ni,,B4Sn, phase
and strong lines corresponding to Ni;Sn, phase, while
the pattern of the as-cast Sample E shows intense lines
for both Ni;Sn, and Ni,;BSn,. This remarkable
decrease of relative line intensity in the diffraction
pattern of the melt-spun Sample E, together with the
GFA of Sample D composed mainly of Ni, B¢Sn,,
suggests that the nucleation and growth of Ni,; B¢Sn,
crystal is not easily achieved. This fact may be related
to the complex structure of the boride Ni,,B¢Sn,
which needs the presence of tin atoms in very particu-
lar lattice positions as stabilizing elements [5]. Thus a
glass-forming composition range can be thought of as
extending through the Ni,,B¢Sn, primary phase field
joining the two glass-forming composition ranges of
the binary system. This idea is represented in Fig. 4.
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Figure 4 Presumed glass-forming composition range of the
amorphous structure of the Ni-B-Sn system. (O) Amorphous
samples, (@) crystalline sample.

TABLE IV Mogssbauer parameters of Samples B and D

Sample Isomer shift Quadrupole
IS( £+ 0.02mms™!) splitting
A(+ 002 mms™!)
B melt-spun 1.54 0.62
B melt-spun, annealed 1.54 0.61
at 200°C for 8 h
B melt-spun, annealed  1.53 0.63
at 300°C for 6 h
B melt-spun, annealed  1.51 0.63
at 400°C for 4 h 1.48 —
B as-cast 1.48 —
D as-cast 1.45 —
D melt-spun 1.56 0.67

This behaviour is observed in NiAIB [3] which also
exhibits a T phase Ni,; BcAl,.

3.3. Mdssbauer spectroscopy

As-cast and as-quenched Samples B and D (15 pm
average thickness ribbons) were analysed by
Massbauer spectroscopy. The crystallization behavi-
our of as-quenched Sample B (15 pm thick ribbons)
was also studied by Mdssbauer spectroscopy and
XRD. The results are shown in Table IV, and Figs 5
and 6.

The environment of tin analysed by Mossbauer
spectroscopy in as-cast Samples B and E results, in
both cases, in an absorption spectrum characterized
by a unique line with IS(B) = 1.48 + 0.02 mms ™! and
IS(D) = 1.45 + 0.02 mm s, respectively (Figs 5e and
6a). These spectra are characteristic of the Ni,; B¢Sn,
compound [6].

Both as-quenched Samples B and D exhibiting an
amorphous structure have a tin environment charac-
terized by an electric field gradient corresponding to a
quadrupole splitting of 0.62 and 0.67 mms™!, respect-
ively (Figs 5a and 6b). This local order is very stable as
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Figure 5 Mossbauer spectra in ribbons of Sample B. (a) Melt-spun;
(b) melt-spun, annealed at 200 °C for 8 h; (c) melt-spun, annealed at
300°C for 6 h; (d) melt-spun, annealed at 400 °C for 4 h; (e) as-cast.
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Figure 6 Mossbauer spectra in ribbons of Sample D. (a) As-cast,
(b) melt-spun.

can be seen by the fact that it persists even after
annealing for 6 h up to 300 °C (Fig. 5c). This temper-
ature is higher than the crystallization temperature

(220°C) of ribbon samples of the NiB system with a
composition around the eutectic at 18.4 at % in boron
(71

The spectrum obtained from Sample B annealed at
400 °C for 4 h is best fitted by a quadrupolar splitting
similar to that present in the amorphous state, and a
single line corresponding to the crystalline phase
Ni,,B¢Sn, (Fig. 5d). This evidence of crystalline
Ni, B¢Sn, was verified by XRD; the diffraction pat-
tern on the same sample shows intense lines attribut-
able to Ni;B (with distorted lattice) as the main phase
and weak lines attributable to Ni,;B.Sn,. On the
other hand, the as-cast diffraction pattern of Sample B
shows intense lines corresponding to both Ni,;B and
Ni,;B¢Sn,. This remarkable decrease of the relative
intensity of the t phase in melt-spun samples relative
to as-cast ones suggests that the nucleation and
growth of Ni,;B¢Sn, crystal is not easily achieved
(this suggestion has already been put forward in the
previous section). A two-step crystallization process
seems to take place during annealing, similar to that
observed by Inoue et al. [3]

amorphous — amorphous + Ni;B

— NiyB + Ni,;B¢Sn,

4. Conclusions

The addition of small quantities of tin increases the
GFA of the binary system. Glass formation is ob-
served in the nickel-rich corner of the Ni-B-Sn tern-
ary system for a tin content less than 15 at %. The
glass-forming composition range seems to extend
through the Ni,; B4Sn, primary field joining the two
formation ranges of amorphous phase of the Ni-B
binary system. This fact may be related to the dif-
ficulty of formation of the ternary compound
Ni,;B¢Sn, whose tin environment differs from that
present in the amorphous state.
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