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EXPERIMENTAL RESEARCHES CONCERNING THE HARDENED COATINGS
MANUFACTURED WITH THE USAGE OF THE PLASMA STREAM
THERMAL PULVERIZATION
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ABSTRACT

In this paper is presented the methodology to analyze the hardened coatings with the us-
age of the optic and electronic micrographic and the results obtained after the specific me-
chanical testing achievements.
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1. INTRODUCTION

Mechanical parts replacement and/or removal out of the functional circuit, is generally caused
by three main phenomena: wear, corrosion and fatigue. A characteristic of these three phenom-
ena is the fact that they prime on the surface area, where the stress is more intense and more
complex than the core /4, 5, 6/,

In order to obtain wear-resistant layers, hard materials are used, in powder form, or mixes of
hard materials with matrix-forming components, usually applied with plasma-jets, or high-
velocity flame.

Through thermal spraying, a new surface is formed by applying a new malerial layer on the part
surface.

In the experimental tests, the material used was the powder by the NiCr-{FeSIiCY) matrix, with a
microstructure as described in Fiqure 1 /2/.

The chemical powder composition of the alloy materials in weight percents % gt is Ni ¥2%, Cr
16%, B 3,5%, Si 3%, Fe 4%, C 0,8%, Y 0,6%, and the fluidity of developed powders is 20,6
sec/50g. The fluidity value are determined using the Hallflow-meter, and they clearly show the
effect of the shape and oxidation degree of particle surfaces, NiCr powder having a good fluidity
as there are no oxides on the particles, and flow throught a calibrated hole.

Figere 1: Microstructure of the NiCr-(FeSiCY) powder a - powder microstructure (300:1);
b - powder microstructure (800:1).
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This alloy typs is recommeanded for punchars, slide valves, vent conas, mandrals, shafts work-
ing in corrosion conditions, at low temperatures and low static or dynamic strass,

Tha NiCr-{(FaSiCY) alloy, applisd through thermal spraying shows good anti-friction and shock
resistant properties.

The MiCr-(FeSiCY) alloy has hard phases and can be used for layer application for recondition
and preventive coating for parts. Adding boron and silicon to this hard alloy will help reduce the
oxides, allowing autonomeous flux properties to the alloy, facilitating the layer-sub layer metallur-
gic adherence, without the nzed of additional link layer when coating.

Chrome (16%) incraasas the corrosion and oxidation resistance, boron and silicon have a pro-
nouncad effact on malting tamperature decrease. Boron and carbon form togethar hard phases,
incraasing weaar rasistance, The novelty in this alloy is Yitrium, who decomposes water slowly,
avan in normal conditions, and with less-active non-metals forms compounds with a matallic
character, with high malting points like borides, carbides, silicates. Yitrium has a low atomic ra-
dius (1,801A) and can easily defuse, raising layer adherence and intensifying the mutual inter
diffusion.

The NICr-{(FaSiCY)} alloy has spheare-shapad particles, a shape that allows fluant flow through a
calibrated orifica. The primal crystallizing structurs is dendritic, formead of a solid solution matrix
y. based on nicksl and various autectics inter-dentritic crystallized, as shown in Eigure 2 72/,

Figura 2; {ayer of the powder, containing MiCr-(FeSiCY) a - opfical microstructurs;
b - electronic micrastructure

2. EXPERIMENTAL RESEARCH REGARDING PULVERIZED LAYERS ADHERENCE
USING THE NiCr-{FeSiCY) POWDER

Coating through thermal spray with the NiCr-(FeSiCY) alloy is a dynamic process and thaerefors
thare is no rigorous pattarning of the coating process. Thare is no unanimous standardization
accepted for the coating devices, and the layer characteristics, so there arent any referance
elemeants regarding the layer, alsc due to the impossibility of the total reproduction of the layers
cbtained through this procedure.

In the_figure 3 canas see the shows of the metasstable layers with an amorphous structure, ap-
plizd through plasmadet thermal spraying and NiCr powdears as following. sample 16 - steel sub
- layar, sample 29 — brass sub - layer, sample 35 — copper sub - layer, sampla 37 - aluminum,

Judging by the dislocation theory, the material hardaning is determined by the braks on the dis-
lacation movemant by the internal barriers, as grain limits, ate.

On amorphous materials, the strass limit ceincidas with the break limit, bacause the plastic de-
formation phenomeanoen is missing dua to the lack of crystalline grains to stop the dislocation
movament /7 8/,
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Figure 3: Flasma-jst thamal coatings using NMICr powder.

The model that descrbes the best the amorphous state is Bernal — Scoft. This model shows that
in amorphous state, the atoms are densely and randomly paired {random dense packing) in an
amorphous state, featuring mostly short-distance order, so that the atoms can't align in orderad
crystal structures on a long distance.

The short distance order is on a short field of 10..20 A, being determined by geometrical re-
straints, due to atom size and their chemical links.

The amorphous phase ratio depends on the nature of the sub-layer material, as shown in Table
1.

Table 1: Amorphous phase ratic determined through X-ray diffraction.

Amorphous | Crystalline
Sampie Sub-layer phase ratio | phase ratio
Number type &
¥ %
16 Steel 18,8 g1.2
35 Copper G2 A 47 2
29 Brass 85,9 141
37 Alurminum 48,0 82.0

The ratio of the amorphous phase on the plasma-jet applied MICr powder was bebween 18,3%
and B5,%% on the applied layers.

In order to obtain layers of the NICr powder able to form 100% amorphous phases, the cooling
speed mMust be increased, increasing the roughness of the alloy, due to the alloy degree in-
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craase, in order to disable the boride and carbide formation, those being dissolved in acid solu-
tion,

most used destructive mathods to alimi-
L] rence arae the me ical methods, such as:

¥ determination of adherence through shearing test,
¥ determination of adherence through traction tast,
#  datermination of adharanca through bending test;

Because the layers applied through plasma-jet thermal spraying at atmospheric pressure,
quickly cooled, had a small thickness (15 - 300pm) the adhaerence determination was mads
through traction and bending tests.

The device diagram for determination of adherence on traction is showed in Figure 4.
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Determination of adherence through bending test is done using the device shawn In Figure 5,

We determine the force formed on the first fissure of the applied layer, the arrow s, and bending
angles .

The adhesive used on traction adherence determination is of the "bisonite” type, with a maxi-
mum break resistance of 16000 Pa.

On the bending adherence determination (Figure 5) sguare-section samples were used, made
of OLC 45, with the following dimensions: 140 x 10 X 10 mm.

The distance between holders was | = 120 mm, their diameter was D = 30 mm, and the bend
radius of the part was s = 15 mm. The load is made using a force F, making a unitary effort on

N
bending of 1{}[,—] , until the first fissure appears.
-8

Table 2 shows the results of experimental measurements for traction and bending tests, the
results spreading on a large interval.

Table 2: Experimental values for the traction and bending tests on the applied layers.
S, in
: mm*
Traction e oy | 110 | 420 | 280 | 560 | 460 | 360 | 480 | 480 | 360 | 480
Adherence

a,.in | 11 46 | 38 | 56 | 46 | 36 | 48 | 46 | 26 | 4.8
Pa | x10°% | x10° | x10° | x10° | x10° | x10% | x10° | x10° | x10° | x10°
F.in N | 2600 | 3000 | 3100 | 3600 | 3200 | 3600 | 3500 | 3600 | 3200 | 3600

Bending [s.inmm| 40 | 86 | 98 [ 116|102 74 | 126 [120] 126 | 88
Adherence [~ i

deg

99.8 [101,1| 982 | 992 | 99.4 | 98,8 | 100,2 [ 100,1| 99.6 | 98,6

78 | 166 | 186 | 208 | 196 | 216 | 188 | 146 | 226 | 26,0

r

The causes that can affect the coatings adharence are:

® Thermal spray done at low temperature, so that for a quick coel for an amerphous struc-
ture, the temperature of the sub layer being, therefore the mutual diffusion between the
thermal coating - sub layer is low.

®  The sanding of the sub layer was made, willingly, for a low roughness in order to allow flat-

teningfradial expansion of the fine particles in fluid form, therefare the mechanical adher-

ence of the particles on the sub layer is low.

The anti-adherence forces of the sub layer, generated by the residual tensions due to

rapid cooling of the particles arent compensated by the low roughness of the sub layer.

# The thermal spray coating adherence is for the most part a mechanical adharence and
less of a metallurgic or diffusive adherence.

® The applied layer adherence for the bending test was made measuring the arrow s and
the banding angle o , until the first fissure is made.

v

The layers obtained through plasma-jet spray are thin, therefore being subject to bending, sur-
passing the elastic deforming. The force F is the pressure force until the first fissure appears
{Table 2). The arrow s and bending angle « where the first fissures appear in the coating are
the measurement for the lamellar cohesion of the coating and not the measurement for the ad-
hesion of the layer powdered on the sub layer,

The final conclusion is that the adherence is good enough for the thermal sprayed coatings to
be mechanically processed, and they can be used to recondition/preventive caver parts that
work in mild exploitation conditions of the current production.
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CONCLUSIONS

The alloy system for the NiCr-(FeSIiCY) is destined for punchers, slide valves, vent cones,
mandrels, shafts working in corrosion conditions, at low temperatures and low static ar dy-
namic stress. This alloy, applied through thermal spraying, shows good anti-friction and
shock resistant properties. Because the alloy has rough phases, it can be used for recondi-
tioning layers application and preventive part cover.

On this plenary rough alloy NICr-(FeSICY), adding boron and silicon reduces oxides. allow-
ing good autonomous flux properties, facilitating the metallurgic layer-sub layer adherence,
without the need for additional link layers. Chrome {16%) increases the corrosion and oxida-
tion resistance, while boron and silicon have a pronounced effect in melting point reduction.
Boron and Carbon form hard phases, increasing wear resistance. The novelty on this alloy
is Yttrium, which decomposes water slowly, even in normal conditions, and with less active
non-metals forms compounds with metallic character, with a high melting point, like borides,
carbides, silicates. Yttrium has a low atomic radius {1,801 A) therefore it can easily defuse,
increasing adherence on the applied layers and intensifying the mutual layer - sub layer in-
ter-diffusion.

The fluidity of the NiCr powder is very good, because the NiCr alloy grains are 95% spheri-
cal, have no axides on their surface, and look as formed by crystal grains.

On fast hardening, the cooling speed can't be measured directly, but anly through it's effect
- the microstructure of the thermal sprayed layers.

In order to obtain layers of the NiCr powder able to form 100% amorphous phases, the coaol-
ing speed must be increased, increasing the roughness of the alloy, due to the alloy degree
increase, in order to disable the boride and carbide formation, those being dissalved in acid
solution.

The NICr-(FeSICY) alloy has a spherical particle shape, allowing a fluent flow through a
calibrated orifice. The main crystallization structure is dendrites, formed of a solid solution
matrix y nickel-based and various eutectics inter-dendrites crystallized.

The powder paricle of the NiCr-(FeSICY) alloy has a solid solution Ni - g and the eutectic
with dispersed particles of Chrome Boride (4000HV) and Chrome and Yitrium Carbides
(2500HV). The powder grains have a very fine microstructure due to formation rapid coocling.
The adherence values for the coatings of the NICr-(FeSICY) alloy on traction tests spread
through a wide interval. The causes that affect coating adhesion could be: thermal spray
done at low temperature, so that for a quick cool for an amorphous; structure, the tempera-
ture of the sub layer being T,; < 200°C, therefore the mutual diffusion between the thermal
coating - sub layer is low.

The sanding of the sub layer was made, willingly, for a low roughness in order to allow flat-
tening/radial expansion of the fine particles in fluid form, therefore the mechanical adher-
ence of the particles on the sub layer is low.

The anti-adherence forces of the sub layer, generated by the residual tensions due to rapid
cooling of the particles aren't compensated by the low roughness of the sub layer. The ther-
mal spray coating adherence is for the most part a8 mechanical adherence and less of a
metallurgic or diffusive adherence.

Adherence on the applied layer on the bending test was made measuring the arrow s and
the bending angle e, until the first fissures form in the thermal sprayed layer. The layers
made using plasma-jet thermal spraying are very thin, therefore being subject to bending,
surpassing the elastic deforming. The force F is the pressure force until the first fissure ap-
pears. The arrow s and the bending angle & . where the first fissures appear in the thermal
sprayed layer are the measurement of the lamellar cohesion of the coating and not the
measurement of the adhesion of the sprayed layer on the sub layer.

The adherence of the thermal sprayed layer on the sub layer, analyzed on traction tests is
higher in the amorphous structured layers compared to the ceramic layers.

The final conclusion is that the adherence is good encugh for the layers to be mechanically
processed and they can be used to reconditionfpreventive cover parts that work in mild ex-
ploitation conditions in the current production.
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