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The process of argon arc welding of nickel onto titanium with a nonconsumable electrode with feeding of the
nickel filler wire into the liquid metal pool is investigated. The influence of the welding modes on the geomet-
rical parameters of the bead and on the susceptibility of the forming surface layer to crack formation is de-
scribed. The effect of the welding modes on the chemical and phase compositions of the formed surface layer
of titanium nickelide is determined. The chemical and phase compositions of the welded-on layer are shown to
affect its hardness and wear resistance.
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INTRODUCTION

Intermetallic alloys of the Ti — Ni system promise much
in various engineering applications as materials possessing
shape memory, superelasticity, high mechanical properties
and wear resistance [1 —4]. The special tribological proper-
ties of titanium nickelide in combination with high damping
capacity and corrosion and erosion resistance [5 — 8] make it
a good candidate for parts serving in friction assemblies at
elevated temperatures.

Coatings and surface layers based on nitinol are obtained
by various processes, i.e., cladding (explosion, hot isostatic
pressing, SHS technologies), sputtering (gas-plasma, plasma,
detonation), welding-on, deposition from molten salts, depo-
sition from organometallic compounds and from a gas phase,
and various combinations of these methods [9 — 11].

Built-up layers based on intermetallics of the Ti — Ni sys-
tem have been obtained on titanium by the method of dou-
ble-arc cladding with titanium and nickel electrode wires.
The process gives deposited layers based on titanium nicke-
lides of different compositions [10]. However, the difficulties
with control of the process of double-arc surfacing limit its
application. Arc welding with a nonconsumable electrode in
an argon medium with the use of nickel filling wire is an al-
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ternative method to create titanium nickelide surface layers
on titanium.

This method is simple to implement and makes it possi-
ble to obtain deposited layers with a wide range of chemical
and phase compositions, mechanical and operating proper-
ties, because the deposition process can be controlled.

The aim of the present work was to study to process of
argon arc deposition of nickel onto titanium surface using
nickel filling wires and to analyze the structure and the pro-
perties of the surface layer obtained.

METHODS OF STUDY

Sheets from titanium VT1-0 with a thickness of 10 mm
were subjected to argon arc welding with a nonconsumable
electrode and nickel filling wire. The surfacing was con-
ducted in an automatic mode in a specially designed two-co-
ordinate unit [12]. The welding current source was a Svarog
315 P AC/DC invertor apparatus; the process materials were
argon (GOST 10157-2016) and filling wire NP-2 with dia-
meter 1.2 mm. The wire was introduced and fused directly in
the liquid metal pool. Titanium can be surfaced with titanium
nickelide beads with different chemical and phase composi-
tions depending on the volumes of the fused titanium in the
metal pool and of the introduced nickel wire. We used the
following surfacing modes: current intensity /=270 A, de-
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Fig. 1. Macrostructure in cross section (a) and scheme of measure-
ment of geometrical parameters of welding bead (b ).

Fig. 2. Appearance of titanium nickelide beads surfaced on titanium.

position speed ¥, = 0.18 m/min, argon flow rate 10— 12 li-
ters/min. The wire feeding speed (V,,) was varied in the
range of 1 —4 m/min. Control of the feeding speed allowed
us to govern the chemical composition of the surfaced alloys.

The geometrical parameters of the deposited beads were
measured on transverse laps (Fig. 1) using the Universal
Desktop Ruler software after specifying the scale on the pho-
tographs of the samples.

The chemical composition and the microstructure of the
surfaced metal were determined by scanning electron mi-
croscopy using a LEO 1455 VP (ZEISS) microscope with an
INCA Energy-300 x-ray energy spectrometer and an INCA
Wave-500 x-ray wave spectrometer.

The x-ray phase analysis was made using a Bruker D8
Advance Eco x-ray diffractometer with vertical 6 — 0 gonio-
meter. The alloys of the Ni — Ti system were analyzed using
the Bragg—Brentano imaging scheme. The images were ob-
tained in copper anode radiation (A = 1.54060 A). The tube
voltage was 40 kV; the filament current was 25 mA. The
Bragg—Brentano geometry was imaged using a nickel Kp-fil-
ter. The specimens were studied for reflection; the intensity
of the diffraction pattern was detected suing a linear-type po-
sition-sensitive SSD160 detector with 160 channels. The
phases were identified using the Diffrac. EVA software and
the Powder Diffraction File-2 data base (The International
Center for Diffraction Data).
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Fig. 3. Width e, depth of penetration g, and height 4 of surfaced
bead (@) and content of nickel in it (») as a function of the speed of
feeding of filling wire V.

The susceptibility to formation of cracks was assessed in
terms of the number of cracks and detachment of the metal
on the specified surfaced area with length 100 mm.

The surface hardness HRC of the deposited beads was
measured using an HBRV-187.5 stationary universal hard-
ness tester in accordance with the GOST 9013-59 Standard.
The hardness value was averaged after four measurements.

The samples were tested for abrasive wear by friction
against fixed abrasive particles. The relative wear resistance
was calculated by the equation

e=AL /AL, ()

where [ is the linear wear of the standard sample and /| is
the linear wear of the material tested. The material of the
standard was titanium VT1-0.

RESULTS AND DISCUSSION

It has been shown that the tested modes of surfacing of
titanium with Ti — Ni alloys produce beads with steady geo-
metrical parameters (Fig. 2).

The depth of penetration varies within 2.7 — 3.5 mm. The
width of the beads amounts to 13.5 — 15.0 mm, and the rein-
forcement is 0.2 — 2.3 mm. Increase of the speed of feeding
of the filling wire raises the height of the reinforcement and
the width of the beads. The penetration depth decreases with
increase of the speed of feeding of the filling wire (Fig. 3).
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Fig. 4. Titanium — nickel phase diagram [11].

The chemical composition of surfaced beads is deter-
mined mostly by the speed of feeding of the filling wire. The
nickel content varies from 15 to 70% (Fig. 3b) upon varia-
tion of ¥, from 1.0 to 3.5 m/min.

The deposited layer had the following phase composi-
tion: Ti-based o-phase, Ti,Ni, TiNi and TiNi;. When the fill-
ing wire was fed at a speed of 1 m/min, the deposited layer
consisted of a matrix based on an a-phase supersaturated with
nickel to 11.5% and an a(Ti) + Ti,Ni eutectic (Fig. 5a —c¢)
according to the data of the x-ray phase analysis and of the
Ti— Ni phase diagram (Fig. 4) [11]. The supersaturation of
the a-Ti with nickel and the higher concentration of nickel in
the eutectic are explainable by the high rate of cooling of the
fused metal under the surfacing [13].

At V,=1.5—-2.0 m/min, the structure was represented
by a primary Ti,Ni phase with about 36% Ni and an
a(Ti) + Ti,Ni eutectic (Fig. 5d —f). The content of nickel in
the alloys deposited at V,, =2.5 m/min was 46 —48%, and
the structure consisted of two phases, i.e., Ti,Ni and TiNi
(Fig. 5g—1).

At V,,=3.0 m/min, the average content of nickel in the
layer was about 55%. It had a single-phase structure repre-
sented by TiNi nitinol according to the chemical composition
and to the data of the x-ray phase analysis (Fig. 57 and k). In-
crease of the feeding speed to ¥V, =3.5 m/min caused ap-
pearance of phase TiNi; in the deposited layer.

Assessment of the susceptibility of the deposited layer to
formation of cracks in terms of their number in the controlled
region showed that all the beads except for the nitinol-based
ones deposited at the sped ¥, =3.0 m/min had transverse
cracks (see Table 1).

The number of cracks was the highest in the alloys based
on the Ti,Ni phase deposited with the feeding speed of
2.0 m/min (see Table 1). These beads had high brittleness,
and the base metal flaked off during preparation of the laps
and of the samples (Fig. 6).

The hardness of the beads was chiefly determined by
their chemical and phase compositions and varied within
41 - 55 HRC (Fig. 7a).

The growth in the hardness with the increase of V,, from
1.0 to 2.0 m/min was connected with elevation of the content
of the hard Ti,Ni phase in the structure of the deposited
metal. At V,=2.0-2.5m/min and nickel content of
35 —45%, the hardness of the deposited layer was at a level
of 52 — 55 HRC. The dominant phase in the structure of layer
was Ti,Ni.

At V,,=2.0 m/min, the structure of the layer acquired a
TiNi phase, which lowered the hardness of the deposited
metal. At V,,=3.0 m/min, the deposited metal had a virtu-
ally single-phase (TiNi) structure with hardness 45 — 46 HRC,
which matches the data on the hardness of nitinol. Further in-
crease of the speed of feeding of the filling wire caused ap-
pearance of phase TiNi; in the deposited layer and raised its
hardness.

The relative wear resistance of the layer varied within
0.78 —2.2. The minimum values of the relative wear resis-
tance were detected in the deposited layer based on a brittle
intermetallic Ti,Ni phase at V,, ~ 2.0 m/min [9] (Fig. 7b).
The relative wear resistance was the highest at V=
3.0 m/min (Fig. 7b), when the deposited layer had a sin-
gle-phase nitinol-based structure (TiNi). The relative wear
resistance of the beads deposited a V,, >3 m/min decreased
due to formation of a brittle TiNi; phase in their structure.

CONCLUSIONS

1. Arc surfacing with a nonconsumable electrode in an
argon medium with nickel filling wire makes it possible to
form satisfactory-quality beads with steady geometric pa-
rameters on titanium. The phase composition of the depo-
sited intermetallic layer involves a(Ti), Ti,Ni, TiNi, and
TiNi; phases depending on the surfacing mode.

2. The deposited layer based on the TiNi intermetallic
phase has the lowest susceptibility to formation of cracks and
the highest relative wear resistance as compared to the pro-
perties of the layers based on phases Ti,Ni and TiNi;. The
hardness of the layer based on phase TiNi amounts to
45 —46 HRC.
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