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Thermal spray and WC-Co based coatings are widely used in areas subjected to abrasive wear. Commercial cermet
thermal spray powders for HVOF are relatively expensive. Therefore applying these powders in cost-sensitive areas like
mining and agriculture are hindered. Nowadays, the use of cheap iron based self-fluxing alloy powders for thermal spray
is limited. The aim of this research was to study properties of composite powders based on self-fluxing alloys and
recycled cermets and to examine the properties of thermally sprayed (HVOF) coatings from composite powders based
on iron self-fluxing alloy and recycled cermet powders (Cr;C,-Ni and WC-Co). To estimate the properties of recycled
cermet powders, the sieving analysis, laser granulometry and morphology were conducted. For deposition of coatings
High Velocity Oxy-Fuel spray was used. The structure and composition of powders and coatings were estimated by
SEM and XRD methods. Abrasive wear performance of coatings was determined and compared with wear resistance of
coatings from commercial powders. The wear resistance of thermal sprayed coatings from self-fluxing alloy and
recycled cermet powders at abrasion is comparable with wear resistance of coatings from commercial expensive spray

powders and may be an alternative in tribological applications in cost-sensitive areas.
Keywords: hardmetals, recycling, HVOF, composite coatings, wear resistance.

INTRODUCTION

Thermally sprayed coatings are widely used in areas
where high wear and corrosion resistance are required [1].
Hence, thermally sprayed coatings are not the cheapest
solution due to relatively expensive equipment and running
costs, especially powders [2, 3]. Rapidly increasing raw
material prices won’t be giving any benefit as well [4].
Therefore, use of HVOF technology is limited due to
economical reasons. From that point of view recycling
materials for thermal spray powders, especially carbides,
could give reasonable results [5, 6].

However, pure carbide based coatings, due to
brittleness, do not perform well in impact loading
conditions [7]. Therefore, there is a need for a tough matrix
material with relatively high hardness and low cost. Only
iron based alloys meet all these requirements [8]. Up to
date, iron based self-fluxing alloys are relatively less
studied than nickel based self-fluxing alloys, but are
cheaper and harder.

The aim of this study was (a) to investigate the
properties of iron based self-fluxing alloys reinforced
with hardmetal/cermet particles in different wear
conditions (abrasion and solid particle erosion wear), (b)
to investigate the structure and hardness of sprayed
coatings.
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EXPERIMENTAL DETAILS

As a substrate material carbon steel C45 with
dimensions 100 mm x25 mmx5mm was used. The
chemical composition and hardness are shown in Table 1.

Table 1. Chemical composition and hardness of steel C45

Hardness HV1
Grade of Composition,
steel wt % as as
normalised hardened
0.45 C; 0.60 Mn;
C45 030Si 200-235 300-310

Chemical composition of used powders, both self-
fluxing alloys and recycled hardmetal are shown in
Table 2. From that powders four different powder
composities were mixed containing 60 vol% self-fluxing
alloys as metallic matrix and 40 vol% hardmetal/cermet
particles as reinforcement produced by mechanical milling.
WC-Co recycled hardmetal powder produced by
mechanical milling, causes high iron content in the powder
due to the intensive wear of the grinding media as can be
seen from Table 2 [9, 10].

Fig. 1 illustrates the particle shape and size distribution
of typical mechanically milled hardmetal. The powder
particles of chromium  carbide cermet  were
primarily equiaxed in form. The shape of WC-Co was
more angular.



Table 2. Chemical composition and particle size of the used self-fluxing alloy and hardmetal/cermet powders

Composition, wt %
Type of powder Particle size, pm
Cr Si B C Ni Fe
NiCrSiB* 7.5 3.5 1.6 0.25 bal 2.5 —53 +15
FeCrSiB* 13.7 2.7 34 2.1 6 bal —45 +10
Cr;Cp-Ni** 78 Cr3C2; 2.5W 14 3.1 —50 +20
WC-Co** 75.6 WC; 11.5 Co 12.9 —50 +20

* Produced by Hoganis.
** Experimental TUT.
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Fig. 1. Micrographs of composite spray powders: a — (Cr3;C,-Ni)+FeCrSiB; b — (Cr;C,-Ni)+NiCrSiB, ¢ — (WC-Co)+FeCrSiB,

d— (WC-Co)+NiCrSiB

For deposition of coatings High Velocity OxyFuel
(HVOF) spray system Diamond Jet Hybrid 2700 (propane
hybrid gun from Sulzer Metco) was used. Parameters of
HVOF spray are shown in Table 3.

Polished cross-sections of coatings were observed by
light microscope using Omnimet image analysis system
and SEM Zeiss EVO MA-15. X-ray analysis (EDS) was
performed on Oxford Instruments INCA- Energy system
for estimation of the changes in composition of metal
matrix.
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Surface hardness measurements were performed with
universal hardnessmeter Zwick 2.5/TS at load 10N
(1 kgf). Load was selected to obtain the size of indents
comparable with sizes of hard phase in the compostie.

For measuring microhardness in cross-section
Micromet 2001 was used. The applied load was 2.45 N
(300 gf).

Sprayed coatings were tested at two different wear
conditions including abrasion (abrasive rubber-wheel
wear) and abrasive-erosive wear (AEW).




Table 3. Parameters of HVOF spraying process

Parameter Value

Propane flow, I/min 68

Oxygen flow, I/min 240

Air flow, I/min 375

Spray distance, mm 250

Surface speed, m/min 120

Distance between passes, mm 6

Powder feed rate, g/min 40

Number of passes 30 fi 4? . .

or (Cr3C2-Ni+FeCrSiB)

Abrasive wear tests were carried out using the block-
on-ring rubber wheel (ABRW) scheme (ASTM standard
G 65-94) (Fig.2,a). The diameter of the ring was
228.6 mm, the applied force 130 N, feed rate of abrasives
330 g/min and the speed of rotation 200.8 1/min (linear
velocity 2.4 m/s). Testing time was 5 min. The parameters
of wear tests are shown in Table 4.

The mass loss of the specimens at ABRW was
determined and the wear coefficient calculated as

k __ Am , (1)
p-F-tvr

where Am is the mass loss, kg; p is the density, kg/m’; F is

the force, N; ¢ is the time of the experiment, s; v is the

rotation speed 1/min; 7 is the radius of the ring, m.

tester:

scheme
1 — specimen; 2 — abrasive particles vessel; 3 — shield;
4 — rotor; 5 — drive motor; 6 — rotation frequency gauge

Fig. 3. Principal of block-on-ring wear

At AEW the mass loss of the specimens was
determined and the volumetric wear rate /, was calculated,
dividing mass loss by abrasive mass per specimen and
material density (Eq. (2)).

Am

paq
where Am is the mass loss in mg; g is the quantity of

abrasive per specimen in kg; p is the sample density,
mg/mm®.

I, = 2

The relative volumetric wear resistance &, was
determined on steel C45 by the following equation:
&= 111", 3)

where [, is the volumetric wear rate of tested coating;

1% is the same of reference steel C45.

Table 4. Abrasive wear testing parameters

Fig. 2. Principal scheme of block-on-ring wear tester:
1 — abrasive particle vessel; 2 — specimen holder;
3 — specimen; 4 — weights; 5 — steel wheel; 6 — rubber

wheel

Abrasive erosive wear (AEW) of coatings was studied
by the experimental centrifugal-type wear testers CAK
(Fig. 3). The velocity of abrasive particles was 80 m/s,
impact angles 30° and 90°. Wear experiments at ABRW
and AEW with quartzite sand of fraction 0.1 mm—0.3 mm
were carried out. Hardness of the quartz, measured at the
cross-section polishes, was 11.0 HV 0.05 GPa.
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Type Velocity, Abrasive and Amount of

of wear m/s particles size, mm | abrasive, kg
Abrasion
block-on-ring 2.4 Q(l)lalrtf (s)a;l d 1.5
wear (ABRW) ' ’
Erosion wear 80 Quartz sand 3
(AEW) 0.1-0.3

RESULTS AND DISCUSSION

Thickness of the coatings determined by SEM cross-
section images and presented in Fig. 4 was from 300 um
up to 400 pm. Porosity was between 1 %—3 %. Coating
adhesion with steel substrate was good. Only some small
pores and SiO, particles were found in the border between
steel and coating. As a result of high velocity of deposition
the hard phase particles (WC-Co and Cr;C,-Ni) were
destroyed, elongated in a direction of substrate surface and
fractured partially (first of all more brittle particles of
Cr;C,-Ni). According to EDS analysis (Fig. 4, windows
and Table 5) the obtained coatings consist mainly of the
initial phases — WC-Co, Cr;C,-Ni, FeCrSiB and NiCrSiB
respectively. Additionally, some Fe areas were found



primarily in coatings consisting of WC-Co formed in
hardmetal powder production process.

The hardness measurements of surface hardness as
well as microhardness of the coating showed that Fe-based
self-fluxing alloy matrix proved to be slightly harder than
ones of Ni-based self-fluxing alloys as expected. The

Table 5. Detected phases in coatings (Fig. 4)

relationship of harder matrix-higher abrasive wear
resistance was proved (Table 7). Hardness of
reinforcement particles was from 7.6—9.2 and 8.5-12.6
for Cr;C,-Ni and WC-Co respectively. Impact of harder
reinforcement materials on ABRW wear was moderate
(Table 7).

Phases by EDS analysis
Composition of spray powders
1 2 3 4
Cr;C,-Ni+FeCrSiB Cr;C, Ni FeCrSiB -
Cr;C,-Ni+ NiCrSiB Cr;C, Ni-Cr NiCrSiB Fe
WC-CotFeCrSiB wC Co FeCrSiB Fe
WC-Co+NiCrSiB WwC Co NiCrSiB Fe

Fig. 4. Coatings cross-sections and EDS phasemaps (window areas): a — (Cr;C,-Ni)+FeCrSiB; b — (Cr;C,-Ni)+ NiCrSiB;

¢ — (WC-Co)+FeCrSiB; d)- (WC-Co)+NiCrSiB
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The predominant wear mechanism at abrasion is the
loss of the softer matrix phase and often leads to the loss of
hard phase (Fig. 5). Results of abrasion of coatings tested
at ABRW showed 1.5—-2.7 times better wear resistance
than reference material steel C45 (Table 7). The relative
wear resistance of Fe self-fluxing alloy based and
hardmetal/cermet consisting hardphase coatings compared
with Ni-based reference coating proved to have slightly
higher wear resistance.

Table 6. Hardness of sprayed coatings

Erosion resistance of coatings proved to be quite poor
at 30° angle and extremely low at 90° angle (Table 8). It
can be explained with fracture of hard phase, first of all
Cr;C, particles at high energy spray process as it follows
from the structure studies (see Fig. 4). Wear at high and
low velocity and at high impact angles from carbide based
particles fracture or removal at sprayed matrix metal
microparticles due to low-cycle fatique process (see Fig. 5)

[11].

Hardness HV, GPa

Composition of coatings Thickness, pm Surface Matrix / reinforcement
HU HV1
Cr3C2-Ni+ FeCrSiB 300 3.5-43 4.9-59/7.6-8.3
Cr3C2-Ni+NiCrSiB 400 32-38 44-5.1/8.0-9.2
WC-Co+FeCrSiB 400 43-5.0 4.7-5.6/8.5-12.6
WC-Co+NiCrSiB 400 29-35 4.8-52/8.8-12.6
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Fig. 5. Worn surfaces of the coatings after abrasive wear: a — (Cr;C,-Ni)+ FeCrSiB; b — (Cr;C,-Ni)+ NiCrSiB; ¢ — (WC-Co)+ FeCrSiB;

d - (WC-Co)+ NiCrSiB



Table 7. Abrasion resistance of tested coatings

Wear coefficient K,| Relative wear

Material mm’/Nm 107 resistance to ¢,
Cr3C2-Ni+FeCrSiB 10.0 2.2
Cr3C2-Ni+NiCrSiB 14.0 1.6
WC-Co+FeCrSiB 83 2.7
WC-Co+NiCrSiB 11.1 2.0

Table 8. Erosion wear resistance of coatings

Volumetric wear Relative wear &,
. rate [, mm3/kg resistance
Material

30°/90° 30°/90°
Cr3C2-Ni+ FeCrSiB 47/125 0.8/0.2
Cr3C2-Ni+ NiCrSiB 46 /100 0.8/0.2
WC-Co+ FeCrSiB 31/78 1.2/0.3
WC-Co+ NiCrSiB 34/79 1.1/0.3

CONCLUSIONS

1. High Velocity deposition of Fe and Ni matrix based
hardmetal/cermet hardphase consisting coatings leads
to formation of high defective lamellar structure.

Wear resistance at abrasion of Fe-based matrix coating

with WC-Co reinforcement is three times higher and

depends primarily on the microhardness of surface,
caused by hardphase content in coating (needs further
study).

. Abrasive impact wear resistance at erosion of studied
composite coatings is low due to high defective of the
hardphase in coatings and high energy of impact (at
velocity of 80 m/s.
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