Properties of Coatings Manufactured from Titanium Powder
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Abstract—The properties of coatings manufactured from titanium powder are described in this study. Coat-
ings with thicknesses of 100 and 200 um were deposited on a steel substrate using cumulative-detonation
technology. The investigations showed the low porosity of the coatings and the absence of defects at the
boundary with the substrate. Scratch tests of the coatings fixed their high adhesion and cohesion properties.
Corrosion tests showed that the protective properties of the coatings are fairly high in NaCl and low in HCL.
Increasing the thickness of the coatings to (0.2 mm strengthens their protective properties. Nanodispersion
compounds of titanium with iron, oxygen, and carbon that decrease the corrosion resistance of the specimens

in the chlorohydric acid were detected in the coatings.

INTRODUCTION

Titanium alloys are used in aircraft engineering
and, due to their high corrosion resistance, they are
also used in shipbuilding to produce marine screw pro-
pellers, to plate marine and submarine vessels, etc. At
present, the deposition of the coatings from titanium
powder by the cold spray method, HVOF [1—4], and
plasma sputtering of the wire is intensively used [5].
The obtained coatings are porous and have many
defects at the boundary. The coating adhesion was in
the range of 30—50 MPa. The application of nitrogen
as a protection gas was noted to induce local phases
with a hardness of 700—1500 HV. Those phases were
found to contain up to 30 at % nitrogen and 3 at %
oxygen.

This study is aimed at developing a technique for
depositing coatings onto a steel substrate (0.3% C)
using titanium powder and examining the mechanical
and corrosion properties of the coatings.

TECHNOLOGY OF COATING DEPOSITION

A cumulative-detonation sprayer (CDS) [6] and a
titanium powder with a fraction of 10—50 pm (Raymor
Industries Inc. production) were used for coating
deposition. The powder was supplied to the CDS
with nitrogen at 0.7 m?/h at a production velocity of
0.83 kg/h. As a combustion mixture, C;Hg, O,, and
air were used at consumptions of 0.536, 2.303 and
1.466 m3/h, correspondingly. Coatings 100 and
200 pm thick were deposited for the study.

RESULTS AND DISCUSSION

The results of the investigations showed that the
coating is uniform and consists of lamellae caused by
the deformation of the heated and accelerated tita-
nium particles (Fig. 1). An analysis of the boundary of
the coating with the substrate showed that the visible
boundary has no defects (Figs. 1a, 1b]. The hardness
of the transition layer (point 2) is 1500 MPa (point 3)
(Fig. 1c¢). An element-by-element analysis of the coat-
ing composition was performed in regions of hardness
measurements (Table 1). The transition layer (point 2)
contains iron (up to 13 wt %) and oxygen (up to
17 wt %) in addition to titanium.

This region was formed due to the interaction of
the heated titanium, oxygen, and iron (the substrate
material). The local phase and structural analysis of
the cumulative-detonation coating showed that the
intermediate layer between the lamellae of the
deformed titanium particles consists of 30-pm tita-
nium nanocrystallites (solid phases) free from disloca-

Table 1. Element-by-element analysis at points (Fig. 1b)

M -
me;isgéfn | T Wt %/at % | Fewt %/at% | O, wi%/at%
1 99.34/99.43 | 0.66/0.57 —
2 69.35/53.65 | 13.20/8.76 | 17.45/37.59
3 — 100.0/100.0 —
















Table 2. Physicochemical and electrochemical characteristics of gas-thermal titanium coating and steel

Coating thickness on the substrate

Medium Steel Coating without
100 um 200 um the substrate
Corrosion velocity. Method of polarization resistance, vv/year
3% NaCl 0.085 0.587 0.652 0.05
3% HCI 3.4 12.07 8.81 0.5

Corrosion velocity. Mass-metric method, mm/year

3% NaCl; 0.18 0.0055 — —
3% HC1 10.0 Coating has separated — —
Corrosion potential after 1 h
3% NaCl; —0.685 —0.451 —0.467 0.182
3% HCl —0.467 —0.521 —0.499 —0.469
CONCLUSIONS REFERENCES

The cumulative-detonation technology makes it
possible to apply high quality titanium coatings on the
steel substrate. The coating consists of the deformed
titanium particles with the intermediate layers of the
titanium oxide and carbide with a nanocrystalline
structure. This coating is thin, dense and with a good
substrate adhesion. The corrosive resistance of the
coating in HC1 (3%) is low, which results from the sol-
ubility of the nanodisperse compounds of titanium
with iron, oxygen, and carbon and a porosity of up to
1%. The corrosive resistance of the coating in NaCl is
fairly high. One variant of increasing the corrosive
resistance of the coating is the decrease of its oxida-
tion, an increase in the thickness of the coating to 0.3—
0.4 mm, and closing the pores by their impregnation.
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