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Introduction

Currently, the greatest potential for innovation in surface 
engineering technologies is provided by thermal spraying 
techniques. These include a group of processes that allows 
deposition of the particulate material in a molten, thermopla-
stic or solid state on the substrate to form a coating. The spe-
cial possibilities of depositing coatings with new properties 
are created by cold gas spraying, where the adverse effect 
of heat on the coating material has been eliminated. Spray-
ing with cold gas was the result of experiments conducted 
by a team of prof. A. Papyrina at the Institute of Theory and 
Applied Mechanics in Novosibirsk. The process involves he-
ating up to 1100 °C of compressed gas to 7 MPa and then 
directing it to the DeLavala nozzle. In the divergent part of the 
nozzle, the gas accelerates to supersonic velocity (2÷4 Ma).  
The above mentioned technique enables the application of 
metal and cermet coatings with unique properties [1÷3].  
The coatings are deposited only using the kinetic energy of 
the gas stream. The main advantages of cold gas sprayed co-
atings are high purity and excellent physical properties, which 
creates many new possibilities for unconventional applica-
tions. The range of materials used in the cold gas spraying 
process includes pure metals (Cu, Ag, Al, Sn, Zn, Ni, Ta, Ti), 
alloys and cermets. This spraying method allows the depo-
sition of not only coatings, but it can also be used in incre-
mental technologies [4÷6]. The paper presents the results of 
research on cold gas-sprayed titanium structure in the Surfa-
ce Engineering Laboratory of Centre for Laser Technologies 
of Metals of Kielce University of Technology, where a robotic 
system for cold gas spraying Impact Innovation 5/8 is loca-
ted (Fig. 1). The possibilities of using cold gas spraying in 
incremental technologies have been shown.  
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Research methodology 

The titanium structure (understood as a macroscopic spa-
tial creation) with a diameter of ø55.5 mm was sprayed with 
cold gas on a sleeve with a diameter of ø25 made of Al 7075 
alloy (Fig. 2). The purchased non-spheroidal titanium powder 
with granulation of -65+15 μm was used. The microstructure 
analysis of the sprayed coating and its linear analysis were 
performed using the Jeol JSM 7100F scanning microscope 
and the ISIS 300 Oxford microprobe (EDS). Phase analysis of 
the powder and titanium structure was performed using a Bru- 
ker D8 Discover diffractometer (Co Kα radiation). The tests 
of mechanical properties were carried out using the method  
of indentation using the Nanove’s system with Berkovich  

Fig. 1. High-pressure cold gas spraying system – Impact Innovation 5/8
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Abstract

Cold spraying is new technology which allows to obtain coatings with properties which 
are unobtainable by previously used thermal spray methods. This technology can be also 
used in the area of additive manufacturing. The article presents findings of microstructure 
and mechanical properties of cold-sprayed titanium structures on Al 7075 aluminum alloy.
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Fig. 3. Morphology of Ti powder (a) and metallographic specimen 
of grains (b)

Fig. 2. Titanium structure sprayed with cold gas

Fig. 4. Titanium microstructure sprayed with cold gas: a) 100x,  
b) 10000x

Figure 5 presents the results of the phase composition te-
sting of the titanium powder used and the cold gas sprayed 
structure. Both the powder and the sprayed structure consist 
only of pure titanium. During the spraying process, no che-
mical reactions took place, which would create new phases  
in the structure being sprayed.

indenter and a load of 40 mN (Olivier-Pharr method). 49 me-
asurements were carried out in a square area with 240 μm 
side (40 μm stroke) in the center of the sprayed structure.

Research results and discussion 

The morphology of Ti grains and their etched metallogra-
phic specimen is shown in Figure 3.

Irregular shape of Ti powder grains is visible, which is simi-
lar to polyhedral. There is a significant variation in grain size, 
which results from the use of HDH (hydrogenation-dehydro-
genation) for its production (Fig. 3a). On the etched metallo-
graphic specimen of the powder grains, their small porosity 
is visible (Fig. 3b). 

Cold gas sprayed titanium microstructure is shown in Fi-
gure 4. The sprayed titanium grains, despite their irregular 
shape and considerable size differentiation, created a very 
high density coating, and the particles deformed under the 
impact strongly adhere to each other (Fig. 4a). At high ma-
gnification, small pores are visible at the border of deformed 
powder grains (Fig. 4b).

a)

b)

a)

b)

Fig. 5. Phase analysis of titanium powder and cold gas sprayed 
structure
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Fig. 6. Mechanical properties of the titanium structure: a) hardness distribution map, b) hardness histogram, c) Young’s modulus distribution 
chart, d) Young’s modulus histogram

Cold gas sprayed structures can be used in incremental 
technologies. Of particular interest is the use of titanium and 
its alloys in the aerospace industry both for the production of 
new parts and for regeneration [7÷10]. The scope of applica-
tion of this technology creates new possibilities, also in the 
area of nuclear energy for the production of neutron shields 
[11].

The results of the nanoindentation tests of the titanium 
structure are shown in Figure 6. There is a significant variation 
in the mechanical properties of the structure being sprayed 
(nanohardness and Young’s modulus). This is the result of va-
rying degrees of deformation of the titanium powder grains, 
which are of various sizes and at the moment of impact on 
the substrate have different speed. The coating hardness was  
3.0 ± 0.6 GPa and Young’s modulus was 134.3 ± 17.5 GPa.

Conclusions

The cold gas spraying process makes it possible to obtain titanium structures. The titanium microstructure consists  
of deformed powder grains that strongly adhere to each other. The presence of a small amount of small pores visible at high 
magnification was found. During the cold gas spraying process, there were no phase changes in the sprayed powder and the 
coating consisted exclusively of titanium. Analysis of the nanoindentation results of the titanium structure showed a signifi-
cant variation in its mechanical properties.
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