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It has been established that the strip of a rapidly quenched brazing filler metal is in the amorphous state with a uniform
distribution of alloying elements in its width. Temperature ranges of transition of the brazing alloy from the amorphous
to crystalline state have been determined. X-ray examination of phase composition of the rapidly quenched strip in the
initial state and after isothermal annealing has been conducted, the δ-CuTi and γ-CuTi crystalline structures being
identified in the latter case.
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Amorphous metal alloys attract attention of many re-
searchers owing to their unique properties, such as
high mechanical characteristics, corrosion resistance,
electromagnetic indicators, etc. [1].

Application of brazing filler metals in the amor-
phous state opens up new opportunities in the field
of brazing. One of the key advantages of amorphous
brazing filler metals is their chemical homogeneity.
These brazing filler metals provide good wetting of
the base metal surface, feature high capillary activity,
diffusion activity of their components, and uniform
distribution of the latter within the brazing zone, thus
reducing the probability of formation of brittle phases
and providing the optimal strength of brazed joints.
The brazing filler metals are characterised by high
viscosity, this making it possible to manufacture im-
bedded elements of the required size and dispense the
brazing filler metal in fabrication of unique critical
structures applied in different industrial sectors [2].

The purpose of this study was to conduct compara-
tive investigations of structural peculiarities of rapidly
quenched brazing filler metal Ti57Cu47 in the initial
and annealed states, as well as evaluate thermal sta-
bility of its amorphous state in heating.

Alloys produced by rapid cooling of the melt
(quenching) are classed with rapidly quenched alloys.
Structure and properties of the rapidly quenched al-
loys are substantially different from those of the cast
alloys produced by traditional melting methods. De-
pending upon the cooling rate, they may have a highly
dispersed dendritic, microcrystalline, nanocrystalline
or amorphous structure [3].

The method of rapid (1⋅104—1⋅106 °C/s) solidifi-
cation of the melt on the external fast-rotating cooling
disk is most widely applied to produce brazing filler
metals in the amorphous state [4, 5]. Under the pres-
sure of inert gas, the molten metal passes through the

nozzle and gets to the external surface of the rotating
disk, where it solidifies in the form of a thin strip,
which is removed under the effect of centrifugal forces.
Ductile thin amorphous foils (strips) can be produced
even from brittle alloys (eutectic, intermetallic) by
super rapid quenching. When cooled at a high rate,
such systems tend to suppress formation of centres of
the above phases and reach the amorphous state even
in the absence of amorphising agents, such as boron,
silicon, phosphorus, etc.

The rapidly quenched Ti57Cu43 strips, 30—50 μm
thick and about 20 mm wide, were used for investi-
gations. As shown by metallography, the typical struc-
ture of a free surface of the Ti57Cu43 amorphous strip
in contact with air is smooth and mirrored (glassy),
and features the absence of any depression or rough-
ness (Figure 1, a).

The underside of the strip in contact with the disk
surface has irregularities (Figure 1, b) caused by sur-
face geometry of the disk material, its rotation veloc-
ity, etc. Important factors for production of rapidly
quenched strips are temperature of overheating above
the liquidus line of the melt, alloy viscosity, surface
tension and wetting of the disk material with the melt.

It should be noted that rapid quenching of the
melt is accompanied by formation of a temperature
gradient in a direction normal to the strip plane, which
leads to concentration heterogeneity in distribution
of elements through thickness of the strip. As a result,
surface layers adjoining the free side of the strip are
enriched with lighter elements, whereas heavier ele-
ments prevail in surface layers on its contact side [6].
The rapidly quenched strip of the brazing filler metal
under investigation was produced using no chemical
amorphising elements. Investigation of chemical het-
erogeneity in a cross section of the strip showed that
the brazing filler metal components are uniformly dis-
tributed along the scanning line (Figure 2).

Investigations of structural state of the rapidly
quenched brazing filler metal in the initial and an-
nealed states were performed by the radiography
method using diffractometer DRON-3 in MoKα
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tion in the scanning mode at a step of 0.1° in a range
of the main maximum and 0.5° at other distances.
Graphite monochromator was placed at the primary
beam. Modes of the recording equipment were selected
so that they eliminated noise, fluorescent scattering
from a specimen, as well as radiation from the con-
tinuous spectrum with the λ/2 wavelength transmit-
ted by the monochromator crystal.

The method of correction for incoherent scattering,
polarisation, absorption and fluorescent scattering by
a specimen, as well as normalisation of diffraction
curves were standard [7, 8].

It is a known fact that metal glasses give a dif-
fraction pattern similar to that of metal liquids. There-

fore, the experimental design and mathematical tool
of Fourier transformation, which is used to investigate
liquids, were employed to study their structure [7].

Structural factor i(s) and radial atom distribution
function (RADF) were calculated for brazing filler
metal Ti57Cu43. Main structural characteristics, i.e.
position s1, height i(s1), width at half-height (half-
width) Δs1/2 of the first maximum of the structural
factor, position r1 and area A of the fist maximum of
RADF were determined from i(s) and RADF.

Results of X-ray diffraction analysis showed that
the diffraction pattern of composition of the brazing
filler metal was typical [9] of the amorphous state,

Figure 1. Surface of rapidly quenched strip in contact with air (a) and with disk surface (b)

Figure 3. Diffraction curve of amorphous strip Figure 4. Structural factor of amorphous strip

Figure 2. Distribution of titanium (a) and copper (b) in width of rapidly quenched strip (y – quantity of pulses)
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comprising diffusion maxima (Figure 3) with a clearly
defined effect of bifurcation of the second maximum
of i(s) (Figure 4). A bulge can be seen on the right
branch of the first maximum of structural factor i(s)

at s ≈ 3.5 A
o
—1. The RADF curve has asymmetry of the

first maximum and additional maximum in a region

of r ≈ 3.6 A
o
 (Figure 5). This is indicative of the fact

that the first diffraction maximum and the first maxi-
mum of RADF, like in the case of atomic structure of
the melts consisting of two or more components, can
be considered a superposition of several maxima,
which are caused by existence of several types of
atomic groups differing in type of topological and
compositional ordering of atoms [7].

Two exothermic thermal effects and one endother-
mic effect were fixed (Figure 6) in investigation of a
melting temperature range by high-temperature dif-
ferential thermal analysis (in helium atmosphere at a
heating and cooling rate of 80 °C/min).

The presence of the first insignificant exothermic
effect in a temperature range of 460—480 °C proves
the fact of occurrence of structural relaxation, which
decreases the level of quenching stresses in different
microvolumes and precedes solidification. As the tem-
perature is increased, maximal heat release takes place
at 500 °C, this leading to volume solidification of the
alloy and indicating to a relatively low thermal sta-
bility of the amorphous (metal-stable) state of the
rapidly quenched strip. The exothermic effect is absent

in a case of complete structural relaxation [6]. The
endothermic effect takes place with further increase
in temperature, this being indicative of complete melt-
ing of the brazing filler metal. The melt solidifies in
cooling, and only one thermal effect is fixed in the
thermogram. This character of distribution of thermal
effects evidences the presence of the amorphous state
in the rapidly quenched strip.

According to the data of high-temperature differ-
ential thermal analysis, low-temperature isothermal
annealing was carried out in vacuum at a temperature
of 510 °C (and at 400 °C, for comparison) for 1 h.

After annealing, the free surface of the strip had
a wavy geometry (Figure 7, a), rather than a mirrored
(glassy) one, which is characteristic of the initial state.
The underside of the strip in contact with the disk
surface remained almost unchanged (Figure 7).

Low-temperature annealing of amorphous alloys
causes structural relaxation of residual stresses and
leads to reorganisation of their local structure (change
in arrangement of atoms, their ordering) [6]. For ex-
ample, annealing at a low temperature (400 °C) hardly
affects structure of the rapidly quenched strip (Fi-
gure 8, a, b). However, one should note formation of
structural microregions with a blurred interface ap-
pearing between them.

At an annealing temperature increased to 510 °C,
the contrast of microstructure aggravated, and struc-
tural changes became more clearly defined (Figure 8,
c, d). The surface acquired a slightly pronounced cel-
lular structure with broadened boundaries (Figure 8,

Figure 5. RADF curve

Figure 6. Thermogram of rapidly quenched strip of brazing filler
metal Ti57Cu43 in heating (1) and cooling (2)

Figure 7. Strip surface in contact with air (a) and disk surface (b) after isothermal annealing at 510 °C
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c), which is characteristic of the initial stage of de-
composition of the amorphous state. Chemical etching
of the annealed specimen revealed appearance of inter-
faces between individual microvolumes (Figure 8, d).

A typical diffraction pattern of the amorphous state
was observed after annealing of the Ti57Cu43 strip at
400 °C.

On the one hand, this system is characterised by
a complete absence of amorphising non-metals, such
as boron, silicon, etc. But, on the other hand, it be-
longs to the eutectic type with the presence of inter-
metallic compounds.

It is a known fact that the presence of intermetallic
compounds with a complex type of the crystalline
lattice in a system is a key factor of the glass-forming

ability of alloys, which allows achieving the amor-
phous state.

For instance, the glass-forming ability in the Cu—Ti
system is caused by the eutectic character of interac-
tion of glass-forming intermetallic phases, such as
CuTi and CuTi2 [1]. An important feature evidencing
that a given chemical compound of a particular type
has a glass-forming ability is its formation in solidi-
fication from the amorphous state during heating.

These data are in good agreement with the results
of X-ray diffraction analysis of alloy Ti57Cu43, ob-
tained in isothermal annealing in vacuum. For exam-
ple, the δ-CuTi and γ-CuTi2 crystalline structures were
identified in alloy Ti57Cu43 after its transition from
the amorphous state to the crystalline one (Figure 9).

Therefore, when using amorphous brazing filler
metals to produce permanent joints by brazing with
a long heating, its initial stages are characterised by
structural relaxation of the amorphous state with fur-
ther transition into the crystalline one. Brazing is per-
formed with a brazing filler metal in the microcrys-
talline state. Finer investigation methods, including
high-temperature metallography, are required to study
this process in more detail.

Amorphous state of the used brazing filler metal
has a positive effect, first of all, on its practicability.
Owing to high viscosity, small thickness and chemical
homogeneity, the brazing filler metal provides the
high quality of brazing, absence of defects (in the
form of lacks of penetration) and high strength of the
brazed joints. Application of the investigated brazing

Figure 9. X-ray pattern obtained after isothermal annealing of the
brazing filler metal

Figure 8. Strip microstructures after isothermal annealing at 400 (a, b) and 510 (c, d) °C
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filler metal in the amorphous state for brazing of pre-
cipitation-hardened copper alloy of the Glidcop Al—25
grade provided the brazed joints with a tensile
strength of 80—90 % of that of the base metal [10].

It can be concluded from the above-said that rap-
idly quenched brazing filler metal Ti57Cu43 in the form
of a strip is X-ray amorphous. Isothermal annealing
at 510 °C leads to transformation of the alloy from
the amorphous state to the crystalline one, in which
the δ-CuTi and γ-CuTi2 crystalline structures are iden-
tified.
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INFLUENCE OF WORKING DISTANCE
OF WELDING ELECTRON GUN ON WELD GEOMETRY
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Geometry of electron beam penetrations in a wide range of gun to workpiece distances was experimentally studied. A
weak correlation was established between the gun to workpiece distance and penetration depth in thick metals. The
possibility of substantially increasing of working distance without a marked change in the penetration parameters is
attributable to a corresponding decrease of the convergence angle of the beam within the workpiece region.
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No international standard on spatial characteristics of
welding electron beam has been introduced so far,
despite a high interest to the issue of interaction of
beam parameters and weld geometry [1, 2]. Focal spot
dimensions, i.e. beam minimum section in the welded
workpiece plane, are quite often specified in the re-
quirements to welding electron gun. It is believed that
a small spot is the main condition for formation of
deep welds with minimum transverse dimensions of
the cast zone and with simultaneous improvement of
secondary electron image of the welding zone. As the
focal spot dimensions are directly proportional to the
welding gun working distance, many operators are
trying to place it as close as possible to the workpiece,
despite a concurrent increase of the probability of
electric breakdowns in the accelerating gap of the gun,
because of metal vapour and gas penetration from the
weld pool.

At electron beam welding of thin metal (up to
several millimetres), when surface supply of thermal
energy is performed and there is practically no crater
in the weld pool, dimensions of minimum beam section
on the workpiece surface indeed determine the dimen-
sions of the cast zone at other conditions being equal.

However, when the weld forms in the metal of the
thickness of tens and even hundreds of millimetres,
focal spot dimensions proper no longer determine the
cast zone dimensions, and spatial characteristics of
the so-called focal depth of the beam, or, in other
words, its isthmus, along the length of which the
averaged specific energy density in the beam is prac-
tically constant, have a much greater role. The longer
the isthmus, the easier it is to form a weld of maximum
depth with practically parallel side walls. Therefore,
it is correct to state that the angle of inclination of
side walls of the cast zone is largely determined by
the overall configuration of the beam in the isthmus
region.

Experimental study of the geometry of electron
beam penetrations in a broad range of welding gun
working distances, the results of which are discussed
below, has been performed as a stage of preparation
of normative materials on equipment and technology
of electron beam welding.

Experimental procedure and obtained results.
Experiments were performed using ELA-60 power unit
with 60 kV accelerating voltage. Schematic of elec-
tron-optic system is given in Figure 1. The gun is
fitted with tablet LaB6-cathode with radius rcath =
= 1.5 mm, working temperature Tcath = 2000 K. Mid-
dle of non-magnetic gap of the focusing electromag-
netic lens is located at distance a = 120 mm from beam© O.K. NAZARENKO and V.I. ZAGORNIKOV, 2010
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