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The Structure and Properties of Sprayed and Deposited

Layers Obtained Using Powders Containing Ceramic
Particles

Abstract: Powdered filler materials are increasingly commonly used in surfacing
and spraying processes involving the use of concentrated energy (e.g. plasma arc
or the laser beam). The article presents industrial applications of processes tasked
with the protection of surfaces against abrasive and cavitation wear. Some of the
methods enabling the obtainment of protective layers include plasma powder
transferred arc surfacing or gas-powder spraying. Technological tests revealed
the usability of both these technologies in relation to duplex steels and led to the
obtainment of higher protection against and resistance to abrasive and cavita-
tion wear when using NiBSi powders than those obtained by elements made of
steel alone. Tests concerning resistance to abrasive and cavitation wear followed
a six-month long period of operation. Test specimens were subjected to visual
tests, macroscopic metallographic tests, microscopic measurements of sprayed
layers and the analysis of the coating microstructure. The tests revealed the ob-
tainment of high protective properties of coatings made using gas-powder spray-
ing involving the post-spray remelting process.
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Introduction materials. The development of new materi-

The 21%t century sees the revolutionary de- als requires a special and unconventional
velopment of engineering metallic and cer- approach in terms of manufacturing and sub-
ametallic materials, based primarily on nickel, sequent processing.

iron, cobalt and titanium. The aforesaid mate-  The article discusses industrial applica-
rials must satisfy high requirements, particu- tions of processes aimed at protecting surfac-
larly connected with special tool operating es against wear. Methods used to provide the
conditions. In most cases, the development aforesaid protection include plasma powder
of new technologies and materials consists in surfacing and gas-powder spraying performed
the improvement of already existing structural using nickel-based powders.
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Powder composites for spraying and
surfacing

Powder filler materials are increasingly often
used in surfacing technologies involving the use
of concentrated energy beams, i.e. plasma and
laser surfacing, as well as in spraying process-
es. The use of powder filler materials enables
the obtainment of overlay welds characterised
by varied chemical and phase compositions,
which, in turn, leads to the obtainment of coat-
ings characterised by high functional proper-
ties. The primary composite materials used
to improve tribological properties of machin-
ery and equipment are nickel, cobalt and iron-
based materials. The reinforcing task is usually
“delegated” to high-melting phases, e.g. transi-
tion carbides of groups IVB-VIB of the periodic
table of elements [1]. Table 1 presents primary
groups of engineering materials used to protect
elements against various types of wear.

In accordance with the above-presented ta-
ble as well as numerous scientific publications
and research works, nickel-based alloys are
the most popular materials used to protect ele-
ments against various types of wear. Numerous
tests have demonstrated that the welding meth-
od-based deposition of coatings enables even a
several-fold increase in the service life of ele-
ments (by modifying their surface properties)

[3]. The most frequently used materials are
NiCrBSi powders, whose alloys are character-
ised by a hardness of up to 65 HRC. The prima-
ry component of the aforesaid alloys, providing
their plasticity and high corrosion resistance, is
nickel. Chromium significantly increases both
corrosion and wear resistance. Boron and sili-
con are responsible for a decrease in the melting
point of alloys and are characterised by fluxing
effect. Boron is also a component responsible
for higher abrasive wear resistance (by form-
ing boride phases or carboborides). During the
cooling of NiCrBSi alloys, nickel crystallises
first (with eutectics to follow). The hardness of
the nickel alloy is restricted within the range of
300 HV to 400 HV, whereas that of the Ni-Ni3B
eutectics amounts to approximately 450 HV.
The hardness of carboborides eutectics is re-
stricted within the range of approximately 600
HV to 650 HV. However, certain reference pub-
lications inform about eutectics, the hardness
of which exceeds 800 HV. Abrasive wear resist-
ance tests justified the use of nickel alloys on
surfaces of mining equipment elements, e.g. ex-
cavator scoops, coal-cutting machine elements,
worms for transporting bulk materials, etc. [4].
By being highly resistant to abrasive wear,
hard phases significantly improve function-
al properties of overlay welds. One of the key

Table 1. Groups of materials and corresponding types of wear prevented by them [2]

Type of wear

Sprayed materials

Atmospheric corrosion

Wires with Zn, alloys: Zn-Al, Al, Al-Mg
POWderS: A1203, Aleg,-TiOz, CrOZ

All of the above-named materials + stainless steels and NiCr-based alloys

Wires: Al, alloys with a high content of chromium in the nickel or iron matrix
Powders: ZrO,, ZrO,+Y,0, and others

High-temperature
corrosion

Powders: ZrO,, ZrO,+Y,0, and other materials characterised by high thermal

properties

Al, alloys with a high content of Cr in the nickel or iron matrix

Self-fluxing type powder (inclusive of melting)

Abrasive wear

Iron or nickel-based wires modified by carbide, boride or silicide phases

Composite powders: WC-Co, WC-Co-Cr, NiCr-CrC, WC and CrC-Ni

Abrasive-corrosive wear

Nickel-based wires modified by carbide, boride or silicide phases

at high temperature

NiCr-Cr,C, type powders with modifying agents, e.g. Cr,C,-NiCr or WC-Cr
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factors concerned with the joining of the hard
phase with the matrix is the wettability of the
hard phase in the matrix material. Another im-
portant factor connected with the making of
composite overlay welds is the difference be-
tween the density of the hardening phase and
that of the matrix. Attention should also be paid
to the tendency where heavier particles settle
in the lower area of the overlay weld, where-
as the lighter and less resistant phases accu-
mulate in the upper zone of the overlay weld.
The aforesaid tendency adversely affects prop-
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protective coating should be < 0.5 mm. Figure
1 presents the protective cover plate surface af-
ter operation.

The selection a technology and metallic
powders for the spraying of an abrasion-
resistant coating

Because of the restrictions concerning the
thickness of the protective layer and the small
thickness of the elements, the two processes se-
lected to provide surface protection were the
following:

erties of coatings as it is the hardening phase - spraying with simultaneous melting (Eu-

(i.e. carbides or nitrides) that is responsible for
preventing the friction-triggered degradation
of elements [1].

Industrial application of nickel alloy-
based coatings

Gas-powder spraying of elements made of
duplex steel

Research problem

The observation of elements made of duplex
steel X2CrNiMoN25-7-4, constituting heating
elements of a furnace system, revealed gradual
damage to protective cover plates through ero-
sion and wear triggered by dust affecting the
support elements of the aforesaid system. The
above-presented issue necessitated the protec-
tion of cover plate surfaces in order to prolong
the service life of the device. The thickness of
the cover plates amounted to 3 mm. Because of
fixing-related restrictions, the thickness of the

Fig. 1. Surface of 290 mm long cover plates after operation
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talloy process) — consisting in covering the
element surface (previously appropriate-
ly prepared and heated to a temperature re-
stricted within the range of 200 °C to 800°C)
with a powder coating. The process involves
the melting of the powder coating and the
partial melting of the base material. The joint
between the coating and the base material is
primarily of diffusive and, to a slight extent,
metallic nature. The coating is characterised
by very good adhesion to the element surface
as well as by smoothness and density, which,
depending on the chemical composition of
the coating material, enables the exposure
of elements to abrasive and corrosive factors
as well as dynamic loads. The recommend-
ed coating thickness is restricted within the
range of 0.15 mm to 2.0 mm [2],

— spraying with subsequent melting (Eutal-

loy RW process) - consisting in the spraying
of powder on the element surface (previously
appropriately prepared and heated to a tem-
perature restricted within the range of 100°C
to 300°C), using a torch located between 150
mm and 200 mm from the surface, followed
by melting performed using a multi-flame
torch of high thermal power. The coating
is joined with the base material primarily
through diffusion resulting from the spray-
ing and the melting of the coating, without
the partial melting of the base material. The
layer obtained in the above-presented manner
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is characterised by good adhesion to the sub-
strate, the lack of porosity and high smooth-
ness. Elements provided with the sprayed
coating can be exposed to abrasive wear, cor-
rosive factors, high temperature and moder-
ate dynamic loads. The recommended coating
thickness is restricted within the range of 0.5

mm to 2.0 mm.

The selection of the spraying processes entailed
the selection of powders used in technolog-
ical tests. The selection of the powders was
based on requirements concerning coatings
exposed to expected operating conditions. The
selected powders included those based on the
Ni-Cr-B-Si-Fe alloy containing tungsten car-
bides (TungTec 10112 and Eutalloy RW 12112)
and powders not containing tungsten carbides
(BoroTec 10009 and Eutalloy RW 12496) [3].
The chemical composition of the powders is
presented in Table 2 (in accordance with the
manufacture’s inspection certificate 3.1 (Cas-
tolin Eutectic Ireland Ltd.)).

After melting, the coatings deposited us-
ing the flame spraying process and a Super-
Jet Eutalloy torch contained traces revealing
burnouts of alloying components (dark are-
as in Fig. 2). The aforesaid phenomenon could

Fig. 2. Burnouts of the alloying components of the coating
sprayed using the BoroTec 10009 powder; marked areas
selected for chemical composition analysis
(b - superheated area)

probably result in the decreased wear resist-
ance of the coatings. The tests were performed
using a Q4 Tasman spark emission spectrom-
eter (Bruker). The results of analysis are pre-
sented in Table 3.

The chemical composition analysis revealed
that the coating in the superheated area was
characterised by a decreased content of (burnt-
out) nickel, which was by approximately 12%
lower than the appropriate value. The content
of boron was reduced by 0.37%, the content of
silicon was reduced by 1.49%, whereas the con-
tent of carbon was reduced by 0.28%. In addi-
tion, the superheated area was characterised
by a significant increase in the content of iron,
in comparison with the inspection certificate
and the proper value (observed in area a in Fig-
ure 2). The foregoing phenomenon indicated

Table 2. Chemical composition of the test powders in accordance with inspection certificates [% by weight]

Powder name B, % C, % Cr, % Fe, % Si, % Ni, % | WC, % | Hardness

Borotec 10009 3.33 0.78 15.26 4.22 4.22 bal. - 59 HRC

Tungtec 10112 3.09 0.06 6.89 6.09 4.39 bal. 60 64 HRC
Eutalloy RW 12112 3.3 0.83 15.77 4.11 4.27 bal. 35 720 HV 3,
Eutalloy RW 12496 3.36 0.81 16.6 4.03 4.33 bal. - 730 HV 3,

Table 3. Chemical composition of the BoroTec 10009-based coating in areas a in b in Figure 2

Contents of chemical | , ., subjected to tests in accordance with Figure 2 Content of che.mical el-
elements, ements according to the
% by weight areaa area b inspection certificate, %

B 2.63 2.26 3.33

Fe 4.26 17.80 4.22

Si 4.42 291 4.22

C 0.85 0.57 0.78

Cr 17.49 16.97 15.26

Ni 70.08 58.04 72.19
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the diffusion of iron from the base material to
the coating.

The problems connected with spraying, re-
sulting from the small thickness of the cover
plates and, consequently, the high susceptibil-
ity of the sprayed coating to superheating and
significant post-spray deformation necessitat-
ed the replacement of the previously applied
thermal spray technology with the Eutalloy
RW process. The coatings were sprayed using
a CastoDyn DS 8000 torch (Castolin) (Fig. 3).

Filler materials used in the deposition pro-
cess were Eutalloy RW 12112 and Eutalloy RW
12496 powders. The detailed technological
conditions of spraying process are present-
ed in Table 4.

The technological spraying tests involving
the cover plates revealed the effect of surface
processing on the formation and adhesion
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Fig. 3. CastoDyn DS 80000 torch

of the coating. After abrasive treatment per-
formed using an abrasive disk, during the
melting process, the coating tended to drip
and curl (Fig. 4 a). In turn, the coating was
formed properly if the substrate had been sub-
jected to abrasive blasting with electrocorun-
dum (Fig. 4 b).

Table 4. Technological conditions of the Eutalloy RW process used in the spraying of the test cover plates

No. Activity

Technological remarks

Gas pressure

Wiping the entire elements
1 | with lint-free cloth saturated
with isopropanol

acetone being also applicable

2 Dry heating up to 100°C

oxy-acetylene torch, the GR3 cap

Surface preparation - abrasive

thickness: 0.7 mm

3 blasting with electrocorundum F22 fraction electrocorundum
4 Fixing the plate in the device or | cover plate placed horizontally; steel cover pro-
fixing the covers on the plate tected by Solution R104 paste
Surface temperature control in the case of temperature <50°C - preheating of
5 with a con tai ¢ thermometer the surface up to 80°C using the CastoDyn DS
8000 torch
Deposition of powder 10112 Sprayng dlst'ance: 2.0 0 mm - spraying direction: Oxygen pressure:
. longitudinal in relation to the element; change of
I the CastoDyn DS 8000 the spraying direction outside the element sur- 4 bars,
torch (module SSM 20); layer praying acetylene

face; obtainment of the coating thickness after a
minimum of 4 runs of the torch

pressure: 0.7 bar

Removal of the plate from the
7 | device or the removal of the
steel covers from the plate

plate longitudinal axis positioned at an angle of

30°

oxy-acetylene torch with a multi-flame nozzle, the

Oxygen pressure:

insulating mat

) . 12-hole GRS5 cap; 4 bars,
8 Melting of the coating melting process initiated at the bottom, continued acetylene
upwards and performed with a weaving move | pressure: 0.7 bar
9 Cooling of the plates under an
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Figure 5 presents the spraying
of the cover plates followed by the
melting of the coating using the
CastoDyn DS 8000 torch 5.

The technological spraying
tests with subsequent melting
performed using the CastoDyn
DS 8000 torch revealed that the
use of the Eutalloy RW 12112 and
Eutalloy RW 12496 powders con-
tributed to the stable course of the

process and the significantly lower
porosity of the coatings than that

of the coatings obtained through
spraying performed using the Su-
perJet Eutalloy torch as well as the
Borotec 10009 and Tungtec 10112
powders. The coatings after the
spraying process are presented in
Figure 6.
Laboratory tests of sprayed

coatings

Laboratory tests of thermally

sprayed coatings included obser-

vation by the unaided eye, aimed

to determine whether the coat-

ings contained, if any, the follow-

ing welding imperfections:
surface irregularity,

— surface-breaking cracks,

— pellets,

- roughness differences.

The visual assessment of coatings quality did

not reveal the presence of the above-named im-

perfections. The visual tests were followed by

macroscopic metallographic tests. The obser-

vation results are presented in Figure 7.

The macroscopic tests of the coatings re-
vealed significant differences in the quality of
the coatings deposited on the plates and ob-
tained using the powder spraying process with
simultaneous melting (Eutalloy process) and
subsequent melting (Eutalloy RW process). The
coatings obtained using subsequent melting
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Fig. 4. Elements after spraying in relation to the surface preparation meth-
od involving: a) grinding and b) abrasive blasting

Fig. 5. Processes: a) spraying and b) melting

Fig. 6. Coatings sprayed using: a) Eutalloy RW 12112, b) Eutalloy RW
12496, c) Borotec 10009 and d) Tungtec 10112 powders

and the Eutalloy RW 12112 and Eutalloy RW
12496 powders were characterised by signifi-
cantly lower porosity than those obtained using
simultaneous melting and the BoroTec 10009
and TungTec 10112 powders. In the coating
sprayed with the TungTec 10112 powder it was
possible to observe the lacking continuity of the
coating on the adhesion line, where the coating
itself was characterised by the highest rough-
ness and surface irregularity (confirmed by the
macroscopic tests (Fig. 8 b)).

The macroscopic metallographic tests were
followed by microscopic tests performed in ac-
cordance with the guidelines specified in the
PN-EN ISO 1463:2006 standard [6]. The results
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Fig. 7. Macrostructure of the coatings sprayed with the following powders: a) Borotec 10009, b) TungTec 10112, c)
Eutalloy RW 12112 and d) Eutalloy RW 12496

of the microscopic observations are presented using the Borotec 10009 powder; the average
in Figure 8. thickness amounting to 990.2 pm. During the

Microscopic measurements concern- melting process, the thinner coating was su-
ing thicknesses of the coatings revealed that perheated, which led to the delamination of
the smallest thickness was that of the coat- the coating from the base material. As a re-
ing sprayed using the TungTec 10112 powder; sult, it was necessary to perform another run of
the average thickness amounting to 234.4 pm. the spraying process and increase the coating
In turn, the greatest thickness was obtained thickness. The average thickness of the coating

Fig. 8. Thickness measurement results in relation to the coatings sprayed with the following powders: a) Borotec 10009,
b) TungTec 10112, ¢) Eutalloy RW 12112 and d) Eutalloy RW 12496
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Fig. 9. Results of the microscopic tests of the sprayed coating made using the Borotec 10009 powder; magnification:
a) 200x and b) 500x

Fig. 10. Results of the microscopic tests of the coating made using the TungTec 10112 powder; magnification:
a) 200x and b) 500x

Fig. 11. Results of the microscopic tests of the coating made using the Eutalloy RW 12112 powder; magnification:
a) 200x and b) 500x

Fig. 12. Results of the microscopic tests of the coating made using the Eutalloy RW 12496 powder; magnification:
a) 200x and b) 500x

54 BULLETIN OF THE INSTITUTE OF WELDING No. 5/2022


http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/

Fig. 13. Changes on the surface of the coating made using
the Eutalloy RW 12496 powder

sprayed using the Eutalloy RW 12112 powder
amounted to 377.2 pm, whereas the thickness
of the coating sprayed using the Eutalloy RW
12496 powder amounted to 479.2 um, which
confirmed that the Eutalloy RW process sat-
isfied the requirement related to the coating
thickness (< 0.5 mm).

The microscopic tests also involved obser-
vations of the sprayed coatings, performed us-
ing a magnification of 200 times and that of 500
times. The observation results are presented in
Figures 9-12.

The microscopic metallographic tests re-
vealed that the coatings made using the RW
12112 and Eutalloy RW 12496 powders were
characterised by lower porosity than that char-
acteristic of the coatings made using the Boro-
tec 10009 and TungTec 10112 powders.

Operational tests of the coatings after 6
months’ operation

Visual assessment of the coatings

The visual assessment concerned with the qual-
ity of the coatings revealed the presence of par-
ticles resulting from the use of the plates.

The visual tests of the elements made using
the Eutalloy RW 12496 powder revealed clearly
visible changes in the coating areas such as hol-
lows or scratches, implying operation-induced
abrasion (see Figures 13 and 14).

The visual tests of the elements made us-
ing the Eutalloy RW 12112 powder revealed
characteristic discolouration. The discoloura-
tion probably resulted from the contact of the
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Fig. 14. Changes on the surface of the coating made using
the Eutalloy RW 12496 powder

cover plate with the mounting seat. The coat-
ing did not contain any scratches or hollows.
Figure 15 presents the coating areas affected by
discolouration.

Fig. 15. Discolouration on the surface of the coating made
using the Eutalloy RW 12112 powder

The visual assessment of the plates made us-
ing the Eutalloy RW 12112 powder did not re-
veal changes in the coatings resulting from the
operation of the elements.

Measurements of coating thicknesses after
operation

Measurements of the sprayed layers were per-
formed using the microscopic method (in ac-
cordance with the guidelines contained in the
PN-EN ISO 1463:2021) [5]. The areas subjected
to the tests were selected so that measurement

Fig. 16. Results of measurements concerning the thickness
of the sprayed layer after operation
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could involve the plate areas characterised by
the most intense wear. In cases of the plates
which did not contain traces of operation-in-
duced wear, the test area was located centrally
in the plate axis. The measurement results are
presented in Figures 16a-b and 17a-d.

Fig. 17. Results of measurements concerning the thickness
of the sprayed layer after operation

The microscopic measurements concerning
coat thickness revealed than none of the coat-
ings underwent entire operation-triggered wear.
Depending on the cover plate, the thickness of
the coatings was restricted within the range of
97.40 pum (coating sprayed using the Eutalloy RW
12496 powder) to 395.30 um (coating sprayed
using the powder containing tungsten carbide).
The visual tests revealed that the greatest dam-
age (changes of the sprayed coating thickness)
was observed in the coating made using the Eu-
talloy 12496 powder. The criterion adopted in
the analysis was not the coating thickness itself
(as the tests revealed that each coating was char-
acterised by different thickness) but thickness
amplitude (indicating the wear of the layer in
the area characterised by the smallest thickness).
The above-presented approach revealed that the
highest percentage amplitude was observed in
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the coatings made using the Eutalloy 12496 pow-
der (thus indicating their lowest wear resistance).
Figure 18 presents the microstructure of the coat-
ing made using the Eutalloy RW 12496 powder,
in the area affected by abrasive wear. For com-
parative purposes, Figure 19 presents the micro-
structure of the coating made using the Eutalloy
12112 powder.

Fig. 18. Microstructure of the coating on cover plate 6¢ 1
(mag. 200x), in the area affected by wear — characteristic
operation-triggered changes of the surface

Fig. 19. Microstructure of the coating (on the cover plate)

made using the powder containing tungsten carbides (Eu-

talloy RW 12112) (mag. 200 x); the lack of operation-trig-
gered wear traces

Summary of tests

The above-presented tests involved the analysis

of many variables affecting the stability of the

spraying process and the quality of the coat-

ings. The tests involved the use of four powder

grades (TungTec 10112, Borotec 10009, Eutal-

loy RW 12496 and Eutalloy RW 12112) and two

variants of the flame spraying technology:

— with simultaneous melting (performed using
the Super]Jet-S Eutalloy torch),

— with subsequent melting (performed using
the CastoDyn DS 8000 torch and the mul-
ti-flame torch (used to melt the coating).
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Table 5. Chemical composition of the powders used in the plasma powder surfacing process

. C[%by | Si[%by | B[%by | Ni[%by | Fe [% by
*
Content of chemical elements weight] | weight] | weight] | weight] | weight]
PII;’Sg;Z%S <0.06 3.0 2.9 bal. 0.2
DURMAT 61-PTA
(40% DURMAT 59-PTA 60% DURMAT FTC)* | <01 3 3 bal <2
*Powder contains 60% (by weight) of WC

The tests revealed that significantly better re-
sults were obtained using the Castodyn DS 8000
torch and the Eutalloy RW 12496 and Eutalloy
RW 12112 powders (Castolin). The visual tests
revealed the lack of imperfections on the sur-
face of the coatings made using the above-pre-
sented technology.

The macro and microscopic metallograph-
ic test results revealed that the highest quali-
ty (manifested by the lowest roughness) was
that of the coatings sprayed using the Eutal-
loy RW 12496 and Eutalloy RW 12112 powders.
The microscopic thickness measurements re-
vealed that the coatings made using the Eutal-
loy RW 12496 and Eutalloy RW 12112 powders
satisfied thickness-related requirements, stat-
ing that the coating thickness should not ex-
ceed 0.5 mm.

Exemplary plasma powder surfacing of
pump elements made of duplex steel

The tests involved a stopper ring of a wpwe-
100/5 pump (being an element of the pump
relief system (hydraulic bearing)), used in
the Eti Bakir copper mine near the city of
Siirt. An aggressive work environment was
responsible for the intense wear of pump ele-
ments (through abrasion and cavitation). The
elements of the pump subjected to the tests
were made of duplex steel. Figure 20 presents
a pump element.

To improve the service life of the elements it
was necessary to perform the plasma powder
surfacing process using two types of powder
(i.e. with and without tungsten carbides). The
chemical composition of the powders used in
the tests is presented in Table 5.
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Fig. 20. Pump element

The surfacing process was performed using
a Eutronic GAP 3001 DC machine (Castolin).
The surfacing process parameters (identical in
relation to both powders) are presented in Ta-
ble 6. The elements after the surfacing process
are presented in Figure 21 a—c.

Table 6. Surfacing process parameter

Current 82 A
Arc voltage 295V
Mset 40 %
Shielding gas flow rate 151/min
Carrier gas flow rate 3.7 l/min
Plasma-forming gas flow rate 1.2 I/min

The fixing of the element in the pump ne-
cessitated the processing of the overlay weld
(aimed at the obtainment of flat surface). In
terms of the overlay weld made using powder
from the NiBSi group (Hogands 1559-40) it was
possible to apply removal machining (turn-
ing or milling). However, the above-named
processing required the use of tools made of
sintered carbides. The overlay welds made us-
ing the powder containing tungsten carbides
could only be subjected to grinding as (in the
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Fig. 21. Elements after the surfacing process performed using: a) DURMAT 61-PTA powder and b) and c¢) Hoganis
1559-40 powder

above-named case) removal machining could
damage either the tool or the element (see Fig-
ure 22).

The improper machining of the element re-
sulted in damaging the latter. As a result, the el-
ement could not be fixed in the device, which,
consequently, precluded the determination of
its service life.

Figures 23 and 24 present the microstructure
of the overlay weld made using the DURMAT
61-PTA powder (containing tungsten carbides).

Fig. 22. Damage caused by improper machining
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Macroscopic metallographic tests revealed
the presence of cracks and porosity in the over-
lay weld. Porosity is an undesired phenomenon
treated as an imperfection. In turn, cracks pres-
ent in the overlay welds used for protecting sur-
faces against metal-mineral friction-triggered
abrasion are not treated as imperfections.

Fig. 23. Microstructure of the overlay weld made using
the DURMAT 61-PTA powder

Fig. 24. Microstructure of the overlay weld containing
tungsten carbides; Nomarski contrast; mag. 400x
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Tests of coatings sprayed under operating
conditions

Information obtained from the pump manu-
facturer said that the plasma surfacing process
performed using the NiBSi type powder (Ho-
gands 1559-40) extended the service life of the
device by between 5 and g times (depending on
measurements). It could be assumed that coat-
ings made using the powder containing tung-
sten carbides (DURMAT 61-PTA) could protect
the element even more effectively. Regrettably,
machining-triggered damage to the element
precluded the verification of the above-present-
ed hypothesis. However, tests involving the use
of the DURMAT 61-PTA will be performed in
the future.

Conclusions

1. The tests discussed in the article revealed the
usability of both plasma powder surfacing
and gas-powder spraying on duplex steels.

2. The tests revealed the successful application
of NiBSi type powders in the protection of el-
ements against abrasive and cavitation wear
as well as the significant improvement of re-
sistance of elements made of duplex steels.

3. The spraying technology involving the use
of the CastoDyn DS 8000 torch and post-
spray melting enabled the obtainment of
coatings characterised by required quality
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and thickness (max. 0.5 mm).

4. The tests revealed that the coatings made
using the powder containing tungsten car-
bides provided significantly better protec-
tion against abrasive wear than the coatings
made using the NiCrBSi type powder (not
containing tungsten carbides).
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