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Abstract
The aim of this paper is to present a method to characterize the layers obtained from low miscible metals
(pseudo-alloys) by thermal spraying qualified technologies. The experiments were been made by electric
arc spraying, using two metallic dissimilar wires.
Macro and micro-structural examinations, made by optic and electronic microscopy, evinced specific
structures for CuAl + AlSi, FeC + NiFe and AlSi + CuSi pseudo-alloys. The hardness of these pseudoalloys was no more than 321 HV1. No micro-cracks or other defects were been observed on the layers
surfaces, owing to thermal spraying process.
Finally, based on the experimental results, it can be considered that the deposited layers can be
industrially applied in the machines components fabrication. The new properties of these components
must assure their structural integrity in correlation with high resistance to abrasion and corrosion.
Keywords: thermal spraying, pseudo-alloy, structural characteristic, hardness

1.

Introduction

The new researches in the field of thermal spraying have the aim to obtain new
advanced materials, named low miscible alloys or pseudo-alloys. These pseudo-alloys
can be elaborated, only by new thermal spraying technologies, which must assure good
mechanical and thermal characteristics of the deposited layer. The new technologies
application leads to increasing the productivity, to reducing of production fee, and make
possible using the ecological procedure. One of the processes used for pseudo-alloys
obtaining is the arc thermal spraying with two metallic wires. As principle, the electric
arc is formed between the two wires, which action as the consumable electrodes. The
melted metallic drops are spreaded by compressed air. So, the wear resistant layers are
obtained. Also, these layers are resistant to corrosion and/or erosion, [1].
The elaboration of the thermal spraying technologies impose to know the metallic
materials behaviour to electric arc action.
The pseudo-alloys structures obtained by arc thermal spraying are depending on process
parameters, the spraying distance and the materials quality. Materials combination can
lead to pseudo-alloys forming, in conditions of low miscibility of melted materials.
To extend the application field of the thermal spraying is necessary to obtain the
advanced materials and to elaborate new technologies, in order to improve the
composition, the structural and mechanical characteristics, also the corrosion properties
of the deposited layers, [2].
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2.

Metallic materials used to obtain the pseudo-alloys by arc thermal
spraying

The pseudo-alloys obtained from different metallic materials by thermal spraying are
mechanical mixtures. In normal conditions, these materials not form the total miscible
alloys, owing to the great differences between the chemical and structural
characteristics. The mechanical characteristics of the obtained pseudo-alloys are better
than the initial components. The chemical and mechanical characteristics of the main
metallic materials from which the pseudo-alloys are obtained, are presented in table 1,
[3]. These materials (alloys) are used as spraying wires.
Table 1.
Type of material

Chemical composition and
mechanical characteristics

Metallographical structure

Cu – Al alloy,
type ECuMnNiAl

Mn = 12%; Al = 6.5%;
Ni = 2%; Cu – bal.
Rp 0.2 = min. 450 N/mm2
Rm = min. 650 N/mm2
A5 = min. 10%
KV (20º C) = 160…180

Solide solution α based on
copper and fine particles in
aluminium and nickel
precipitations, beeing uniform
distributed

Al – Si alloy,
type ER4043

Mn = 0.05%; Si = 5%;
Ti = 0.15%; Fe = 0.4% ;
Zn = 0.1%; Al – bal.

Solide solution based on
aluminium and fine particles of
nickel, placed in the base mass

Fe – C alloy,
(alloyed steel)
SG6-60

C = 0.40 – 0.5%;
Si = 2.5 – 3%;
Mn = 0.4 – 0.5%;
Cr = 8 – 9%
HV = 615…740

Tempered martensite with crom
complex carbides

Cu – Si alloy

Si = 3 – 4%;
Mn = 1.5 – 1.6 %;
Sn ≤ 0.5%; Fe ≤ 0.5%;
Zn ≤ 0.5%; Cu – bal.
Rp 0.2 ≥ 140 N/mm2
Rm = 370…390 N/mm2
A5 = min. 30%

Solide solution α with fine
particles of silicium, placed in
the base mass

Ni – Fe alloy,
type ENiFe-C1

C = 0.1%; Mn = 0.8%;
Si = 0.2%; Ni = 54%;
Fe – bal.
HB min. = 200

Solide solution γ’ with fine and
complex precipitations, placed
in the base mass of NiFe
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Usually, the chemical composition of the obtained pseudo-alloys, formed at the
interface with base metal (support), is different in comparison with the general
composition of the pseudoalloys. These differencies are caused by:
•

disolving the one part of the base material in the contact zone with the melted
pseudo-alloy,

•

forming the intermetallic compounds, specific to the two materials in contact,
under the action of the electric arc during the thermal spraying.

The development of these processes and their influence are depending on the conditions
created by the thermal spraying and the chemical composition of the base material and
spraying wires.
The dilution law is given by the equation:
dQ
= K (CoL – C ) x S
dt

(1)

-

dQ
is the substance quantity diffusing in time unit,
dt
S – interaction surface of the solide body,

-

CoL – concentration of the saturated solution,
C – concentration of the solution at the given time,
K – constant of the diffusion rate.

where:

Taking into account the relation:
Q = C.VL

(2)

where VL is the liquid volume, it can be obtained:
S
C = CoL [1 – exp (-K t )]
L

(3)

So, the concentration at the interface with the base material (solide body) has a linear
variation, from the CoL value up to medium level of the liquid volume, at the time „t”.
According to the Herst law, the constant of the diffusion rate, K, in this case, will be
given by the relation:
K = D/δ

(4)

where „D” is the dilution coeficient of the atoms disolved in the melted pseudo-alloy, and
„δ” is the thickness of the dilution layer at the interface with the base metal (support).
Also, the liquid metal moving rate of the pseudo-alloy, resulted from the two spraying
wires, influences the diffusion layer thickness at the interface. So, if the liquid metal
moving rate is increasing, the „δ” value decreases and the diffusion rate, also decreases.
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3.

Structural and mechanical characterization of the obtained
pseudo-alloys [3]

In order to realize the pseudo-alloys depositions, different metallic combinations were
been choosed. So, were been used the next spraying wires, having 1.6 mm in diameter:
 Cu-Al alloy (wire 1),
 Al-Si alloy (wire 2),
 Fe-C alloy (wire 3),
 Cu-Si alloy (wire 4),
 Ni-Fe alloy (wire 5).
The depositions were been made on the support probes (Ø 40 x 10 mm), from the
ferrito-pearlitic unalloyed steel, mark S355J2G2 (EN 10025 + A1). This steel are used
in metallic constructions, having the next characteristics: yield point = min. 355 N/mm2
and impact bending energy = 27 J, at – 20 ºC. The steel is delivered in the killed state.
The samples for the structural examinations and mechanical testing were been prepared,
from the obtained probes.
The variants to obtain the pseudo-alloys with qualified technologies are:
• Variant A (wire 1 + wire 2);
• Variant B (wire 3 + wire 5);
• Variant C (wire 2 + wire 4).
The surfaces with the pseudo-alloys depositions, obtained in A,B,C variants, were been
processed by sandblasting cleaning with fine particles of electrocorindonum.

g(mm)

3.1 Determination of the deposited layers thickness was made by direct measurements
using a digital electronic gauge, which assures an accuracy of ± 0,01 mm. The variation
of the deposited layers thickness in the three variants of thermal spraying is presented in
figure 1.
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Figure 1. Variation of the deposited layers thickness depending
on thermal spraying variant
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In this figure, it can be observed that the minimum value of thickness, g, of ≈ 400 µ m,
represent the beginning data of the obtaining the pseudo-alloys. These data are referring
to all the the thermal spraying variants (A,B,C) at the first layer, but maximum values,
(between 0.7 and 0.9 mm) are representing the thickness of the three consecutive layers.
3.2 Determination of the thermal spraying layers aspect, for the (A, B, C) variants was
made by stereo optical microscopy (MO) and electronic microscopy (SEM).
Analyzing the external surfaces, it can be observed the uniform depositions in the case
of the all the variants (figures 2,3,4). No thermal spraying defects (cracks,
discontinuities, holes) were been observed on these surfaces.

a. [4x], MO

b. [150x], SEM
Figure 2. Variant A

a. [4x], MO

b. [150x], SEM
Figure 3. Variant B

a. [4x], MO

b. [150x], SEM
Figure 4. Variant C

5

3.3 Determination of thermal spraying layers roughness was made using the
roughness tester SJ-201P. The mesurements results are presented in table 2.
Table 2
Thermal
spraying
variant

Minimum value

Maximum value

Medium value

Mean square
deviation, σ

A

20.50

29.21

24.03

1.14

B

13.60

18.57

16.30

1.12

C

14.06

20.99

17.49

1.32

Roughness, Rz (µm)

The roughness, Rz has a high medium value in A variant (24.03), and a lower value in B
variant (16.30). Based on these results, the thermal spraying variants for the industrial
application can be choosed. The selected variants must satisfy the fabrication standards
of the products.
3.4 Microstructures and hardness evaluation of the obtained pseudo-alloys by
metallografical examination of the samples cross sections evince the next aspects:
•

for A variant, the pseudo-alloy has a structure formed by solide solutions of
copper and aluminium with fine solide inclusions (figure 5); the maximum
hardness is 210 HV0.05;

•

for B variant, the pseudo-alloy has a structure formed by solide solutions nickeliron, fine complexe carbides and solide oxide inclusions (figure 6); the hardness
is less than 321 HV0.05;

•

for C variant, the deposited layers have the structures of complexe solide
solutions copper-aluminium with solide oxide inclusions, of globular and
elongated shape, (figure 7); the hardness has values between 90 and 118
HV0.05.

Figure 5. Pseudo-alloy A,
MO [500x]

Figure 6. Pseudo-alloy B,
MO [500x]

Figure 7. Pseudo-alloy C,
MO [500x]

The examined zones don’t evince the microcrackes.
The B variant structures assure the good characteristics of wear resistance. For this
reason, this variant is used to fabricate the components for light and chemical industrie,

6

and the food industrie. The A variant structures, also, assure a high corrosion resistance,
specific to Al-Cu alloys.

4.

Conclusions

4.1. The low miscible alloys (pseudo-alloys) can be obtained by arc thermal spraying,
using two dissimilar metallic wires, as spraying wires.
4.2. The structural and mechanical characteristics of the pseudo-alloys obtained by arc
thermal spraying (A,B,C variants) are better than the initial characteristics of the
components, depending on the used spraying wires.
4.3. The experimental results confirm the possibility to obtain the pseudo-alloys made
from dissimilar metallic materials, having the higher wear and/or corrosion resistance.
These pseudo-alloys can be used to fabricate new components or to repair used
components, working in hard conditions.
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