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ABSTRACT

In this study, commercially available FeSiNiCr and FeBCr alloy pow
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Fe based coatings

HVOF were desjned with suitable compositions, gas atomized and then coe
Characterization on gray castiron substrate. The microstructures of the feed stock
Hardness based alloy powders and the coatings were investigated by mear
Wear optical microscopy (OM), -Ray diffraction (XRD), Thermagvimetric
Abrasion analysis (TGA) and Scanning Electron Microscopy (SEM). In the prt
Corrosion study, both the coating materials experienced tvbody wear

mechanisms. The results showed that for loads of N)®.1 N and 0.2 1
the wear resistance of FeBCr coating wiess than FeSiNiCr by 44, 40
% and 31%, respectivelyThe results indicated that the coated substrat
exhibited lower corrosion current densities and lower corrosion rates, w
placed in 20 wt.% bkSQ solutions. In addition, the use of optimal spragi
parameters/conditions gave improvements to the corrosion resistance
the substrates that had been treated with the crystalline coating.
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1. INTRODUCTION automotive industry [6], and the space

exploration industry Bowen et al(1992). In this

The thermal spraying process is one of the most
successful of all the advanced coating techniques
because of the wide range of coating materials
and substrates to which it can be applied. Metals
and carbides are mostly used as coated
materials, although spraying of polymes has
also been researched [2]. Thermally sprayed
coatings are used to protect components from
different types of wear and correion [3-5]. The
current field of the application of thermal
spraying includes; the oil industry to protect
component surface against hostile environment,
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literature reported in the Fe based alloy coating
by HVOF process have appeared. Mostly Fe based
metallic coating remains to form amorphous
structure showing good adhesion to the substrate.
However, it was found the F&CrisMo16GsBio
metallic glass coating exhibited avery low co
efficient of fricion under lubricating oil
environment. Investigated FeCrSiBMn coatings
prepared by high velocity oxyfuel process on
stainless steel [7]. Microstructures of the coating
were investigated by the different techniques such
as OMSEM, and XRD.
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The structure revealed the presence of FEr
matrix and several kinds of borides. The form of
amorphous and nanocrystalline grains exhibited
in the structures in the shape of agglomerate
powder materials. Investigated the coating of
WGCCrCNi powder on substrate by HVOF
process [8]. The author concluded that surface
hardness depends on the parameters used in the
coating process. The FeCrSiB alloy coating on
stainless steel by HVOF process [9]. It was
reported that the coated surface exhibited
higher values of micro hardness because of
molten and semi molten boride particle present
in the microstructure and also due to the well
flattened regions and unmolten particles. The
studied NiCr coatings on stainless steel
substrates and reported that the hardness
values of the HVOfsprayed coatings strongly
depend on porosity, oxidized, uAamelted/semi-
melted particles [10], and inclusions. The
coating of FeCrB based gas atomized powders,
on steel substrates using the HVOF process [11].
The surface prdective coatings resulted in
superior corrosion/wear resistance, good
magnetic properties and low material cost. The
FessCrisM014CisBs Y- coatings on 316L stainless
steel improved the corrosion resistance due to
the proper proportion of porosity and
amorphous fraction [12].

The HVOF sprayed coatings have been widely
used for industrial applications where good
wear or corrosion resistance are needed,
because the coatings exhibits low porosity, high
hardness, and low oxide content. The Feased
amorphous meallic coatings on steel substrate
can offer good corrosion resistance and
mechanical properties such as high hardness,
high strength and good abrasive wear resistance
[13]. Febased metallic coatings can be
employed in severe corrosive and/ or abrasive
environments, and maybe replace hard
chromium coatings in some special applications.
Compared the corrosion resistance of FeCrMo
(C, B, P) amorphous coatings made by HVOF and
APS processes on stainless steel substrate and
reported that the corrosion potential of the
amorphous coatings [14] sprayed by the HVOF
process was higher and the passive current
density was lower than that of the amorphous
coatings sprayed by the APS process in 1N HCI
solution. Reported that the amorphous form of
FeisCrisM01sCisBio  alloy coating on  steel
substrates has been shown to have better

corrosion resistance compared to the crystalline
form in both 0.5M HSQ and 3.5% NaCl [15].

The improved corrosion behaviour of the largely
amorphous material is attributed to its
homogeneity,and particularly to the elimination
of the Morich phase that underwent
preferential corrosion in the crystalline form of
the material. The FeSIiBCCr coated on duplex
stainless steel by using hard facing method. The
microstructure had dispersed carbides ofM7C3
in the cobalt rich FCC matrix [16]. The carbides
provided the necessary abrasion resistance and
corrosion resistance. Hardness at elevated
temperatures is retained by the matrix. The
efficiency of HYOF thermal spray coating of WC
Co powder on stainlss steel and reported that
the coating resulted in low porosity, better wear
resistance, and superior hardness [17].

The wear mechanism has been mapped for a
range of normal loads and volume fraction using
diamond abrasive. Under dry sliding condition,
HVOF sprayed Fe based alloy coating exhibit
higher weight loss in this test duation at room
temperature [18,19]. The performance of the
structure of WG12Co coating that is deposited
on mild steel by high velocity oxyfuel thermal
spray process and reportel that the coatings
exhibit better abrasive resistance compared
with conventional coating.

The present investigationof FeSiNiCrand FeBCr
alloy powders on gray cast iron substrate by
HVOF thermal spraying method under optimized
conditions and to characerize the coated and
uncoated specimens by various characterization
techniques and also study the wear properties of
coatings using diamond slurry abrasive wear
testing. Further study the corrosion behavior of
coated and uncoated specimen at sulphuric acid
environment. Among the coatings, F&ased
amorphous coatings are more attractive due to
their unique properties including high hardness,
superior corrosion and wear resistance and
relatively low cost. This paper presents work
undertaken in the production of FeSiNiCr and
FeBCr powders that were designed for use in
thermal spraying. The powder feedstock and
sprayed coatings have been mickstructurally
characterised. The solid coatings were subjected
to diamond slurry abrasive wear testing. In
addition, the mechanism of corrosion testing on
both materials was examined.
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2. EXPERIMENTAL DETAILS r vm i ATA j OEUA © xvuv ¢t
were measured using a laser particle size
2.1 Powder Raw Materials analyzer (Malvern Mastersizer). The particle size

distributions of the PVAagglomerated feedstock
The commercially available gas atomized fractions were measured using SEM images. The
FeSiNiCr and FeBCr powders were chosen in this SEM image of FeSiNiCr powder is shown in Fig.
work. The raw material for the coating, namely 1. The average size of the particle is in the range
the FeSNiCr alloy powder, was obtained from of25zt1v t 18 4EA | AET OEOU 1 &
M/s L&T EWAC powders LtdThe atomized Fe were produced by gas atomization in argon
based alloy powders, with an average particle atmosphere are spheri@l or nearspherical
size in the range of 1550 pm were used for  although some have small satellites attached.
spraying onto the gray casiron substrates. Most of the particles exhibit a smooth surface,
Powders of the same composition were thus, being the source of the good fluidity of the
produced by a high pressure argon gas system.
atomization method. They were then sieved
according to conventional sieve analysis, being 2.2 Substrate Preparation
subdivided into different size ranges.
Gray cast iron was considered as the desired
choice ofsubstrate material, because of being its
wide application in automotive field continuous
abrasion and exposure to high temperature is
undergone in its regular service. The chemical
composition of the selected substrate material
and coating powders composgion is provided in
Table 1.

Table 1. Chemical composition of the substrate and
coatings

Comp

Felc|B|Si| s|cr|mMn|Ni| P
(Wt. %)

Gray
cast 9413.0{1.8{1.32| 0.28{0.08|0.26| 0.01 | 0.28
iron

Fe -

. 73| - 15 - 02 - 10 -
SINICr

FeBCr (59| - |26 - - 15 - - -

Table 2. HVOF process parameters.

SI. No Parameters Qty
1 Gun type (Super jet Gun) 1 No
2 Pressure of Oxygen 2.5 Kg/cmz
3 Pressure of acetylene 0.6 Kg/cm2
Torch angle with respect to o
4 60
EHT = 20,00 kV substrate
D= 8Omm 5 Torch Speed 12 cm/min
Fig. 1. SEM micrographs of (a)reSiNiCr powder (b) 6 Distance of torch tipfrom the 25 mm
FeBCr powder Substrate
7 Preheat temperature 200 °C
The particle size dstributions of the un- Post spray heat treatment o
p e Ao AR o R2 SETEY TS ; '80|QC,,,
ACCITi ADAOAA EAAAOOI AE |EDA Régetded | pu  tli OE UA
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Suitable specimens, (length 12 mm and diameter
24mm), were fabricated from the substrate bar
by EDM wire cutting to a close proximity to the
required size, followed by the grinding of both
the faces to remove surface irregularities as well
as to deal with the consequences of any induced
micro-level changes that might have occurred in
the heat affected zone as a result of the EDM
cutting. The surface roghness of the samples
was maintained at around 0.6um by the grinding
operation. The operating parameters of the
spray system for deposition of the coating types
are illustrated in Table 2.

2.3 Coating Characterization Methods

Samples from the surfaces ofhe coatings and
from cross sections of the coatings were polished
using a series of coarser to finer grades of silicon
carbide emery papers and then finally polished
with a diamond paste, applied on a velvet cloth
that was attached to a rotating disc. Irthis way,
micro-polished surfaces were obtained for
further analysis and evaluation. Scanning
Electron Microscopy (SEM) image analysis was
used to quantify the distribution of different
phases in the samples of interest.Optical
microscopy was used to calulate porosity level
by image analysis.The coatingthickness values
were determined by the SEM technique using the
cross sectioned samples. Atereographic image
analysis systemwas employed to estimate the
average porosity (%) of the coated surface, by
analyzing and averaging various optical
micrographs that were taken at different surface
regions of the coatingas outlined in the standard
test method, ASTM B276. To give a guide to the
weight percentage of particular elements and
atoms, EDAX was used aindom locations on the
coating surface. Also »Ray Diffraction (XRD)
patterns were used to characterize the coating

2.4 Wear test and evaluation

Wear performance of the coating vis-vis the
bare substrate was assessed by a micro abrasion
test in which the samples were subjected to a
block-on-ring method of testing with diamond
slurry as abrasive medium to increase the
severity of the abrasion. A ommercially
available Wear and friction unit (Tech. (India)
Pvt Ltd), Fig. 2 was used for the test,in
accordance with the standard ASTM G 77
procedures, in which the coated samples were
pressed against a directly driven steel ball,
under a fixed load, rotating at 150 revs/minute
corresponding to a linear sliding distance of
11.78 m.

—: i Balance weight

J

—]
Column —* “‘/Spec’men

\ \

p \
(|

Shury

Load

\ Ball

/

LI

Frame

Fig. 2. Schematic diagram of micreabrasion tester.

Table 3. Micro-abrasion test parameters

Substrate | FeSiNiCr alloy coated specimen, Surface
roughness R= 0.6um. Specimen dimensior|
(12 mm length and 24 mm diameter)

Ball High Carbonz High Chromium material

material conforming to EN 31 Ball diameter25.4
mm, Surface roughnes&:=0.068um.
Hardness-750 VHN at 100g load

Sliding 24,48 and 72m

distance

Load 0.05,0.1and 0.2 N

Slurry Diamond slurry with distilled water,
Particle size (<1um) triangular shape

The test sample was clamped onto a platform,

type. This XRD analysis of the specimens was fitted to the pivoted L-shaped arm. This arm was

performed on an Xray diffractometer (Cu K
OAAEAOEI T q xEOE
from 40 to 50°. The nicro-hardness value was
determined for the uncoated specimens and for
the coated specimens. The micrbardness was
tested at various places on the coating surface
using Wolpert Wilson equipment, model 402
MVD. A load of IN (100 g) was employed for a
dwell time of 10 seconds. Simultaneous
thermogravimetry -differential analysis (TGDTA),
in air, (10 °C/min heating rate up to 1000°C) was
performed on the coated specimen.

the normal

rotated around its pivot until the sample becane

A OAT CAn contct with the Addl AKeDéa WaslinibalaAce C1 A O
when the samples were in contact and the load
was applied by adding dead weights to a

cantilever arm. This configuration has the
advantage of providing accurate control of both
load and the slkling speed.
Furthermore, the coating was subjected to
abrasion testing using three different loads,
namely 0.05, 0.1, and 0.2 N, for durations of 2, 4,
and 6 minutes for each of these load®iamond
powder-based slurry was continuously fed onto
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the interface between the ball and sample
throughout the tests. The complete test
parameters are presented in Table 3.

2.5. Electrochemical evaluation

The electrochemical corrosion behaviour of the
uncoated, gray cast iron and of the irosalloy
coated gray cast ion was evaluated in 20 wt.%
H,SQ solution, at ambient temperature, using a
potentiostat model (PGSTAT model 12,
AUTOLAB, The Netherlands BV) controlled by a
personal computer. A conventional, three
electrode cell, containing 2002 mL of
electrolyte was equipped with the substrate as
the working electrode (1 cn®). Platinum foil and
a saturated calomel electrode (SCE) were used
as the counter electrode and the reference
electrodes respectively. The substrate was
exposed to the HSQ solution for about 45
minutes to establish the open circuit potential
(EocA. The change in open circuit potential
(OCP) was monitored and presented as a
potential versus time plot. The system was then
allowed to attain a constant open circuit
potential and the electrode polarizel from -0.8
to 0.2 V, with a scan rate of 1 mV/s. The
polarization plots obtained are depicted as the
potential vs. log i plot.

3. RESULTS AND DISCUSSION

3.1 Microstructure of FeSiNiCr and FeBCr
Coatings

The optical microscopy was used to study of the
microstructure of the FeSiNiCr and FeBCr alloy
coated specimens. The amount of porosity of the
coatings was evaluated by image analysis by
optical microscopy on polished cross sections.
The porosity results of the coated surface are
less than 1 % reported by analyzing and
averaging various optical micrographs taken at
different areas of the coatingas outlined in the
standard test method, ASTM B276Figure 3
depicts the optical micrograph of the top surface
of the coating. It indicates a uniformly
distributed fine-grained microstructure. It
shows fine grained and homogeneous structure
coated specimen. It is concluded that the optical
micrograph (Fig. 4) of the FeBCr alloy coating is
less porous than the FeSiNiCr alloy coated
specimen. The grains of FeBCr ctiag are found
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to the finer size than FeSiNiCr coating.

Microstructure of surface and cross section are
identical, shown in Fig.3, and is replete with
uniformly distributed fine grains like powder

deposits with prominent wide boundaries,

suggesting a consitent coating through HVOF
process.

"_{-’52‘»?‘ AT A I Py R R G 8 3 Lo,
Fig. 3. Optical micrographs showing surface
morphology of (a) FeSIiNiCr coated specimen(b)
FeBCr coated specimen.

SEM study on the cross section sample implies a
consistent coating with an average coating
thickness of 400 pum. Intricate features like gaps,
cavities and boundaries in between the deposits
are more clearly visible in the SEM images,
which shown in Fig 4. The molten powders on
impinging the substrate have flattened and
solidified separately in to splds that are evenly
distributed and at the same time randomly laid
over one another, leaving numerous gaps and
separations in between the splats. Despite this
coating anomaly which is an inherent feature,
the overall porosity is less than 1.5 % and more
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over same level of porosity persists throughout
the coating, signifying a good deposition and
better process control. The formation of a dense
coating is attributed to the high velocity of
impinging that is the characteristic of HVOF
process.

a Splat boundaries /
gaps

Porosity

Shrinkage cavities

Fig. 4. SBM image of the cross section of (a) FeSiNiCr
alloy coating, (b) FeBCr alloy coating

3.2 Micro Hardness of the FeSiNiCr and FeBCr
Coatings

Micro hardness profile along the cross section of
the coating as a function of distance from the
coatingzsubstrate interface is shown in Figure 5,
from which it is observed that there is a gradual
increase of hardness from the interface towards
the coating surface. The average surface
hardness of coating is 920 HV, about twice that
of the substrate hardness which is asund 350 to
400 HV. Towards the interface the coating
hardness is around 750 HV and at a distance of
250 microns above the interface, the hardness
reaches a maximum level of about 910 HV and
remains stabilized up to the surface at 450 pm
away from the interface. Stabilized hardness is
of high significance as it enhances the wear

resistant capabilities of the coating compared to
a gradient hardness. High hardness of the
coating is attributed to the solid solution
strengthening by Ni and Cr in Fe phase. From
Fig. 5 it is concluded that FeBCr alloy coating
hardness is 6.5% higher than FeSiNiCr alloy
coated specimen. The high hardness and the
absence of grain boundaries lead to better
resistance to the wear of the coated specimen. In
addition, the coating has ery dense structure
and lower porosity.

1000 ° ° ° °
1 FeBCr coating

—~ 900 -
: -
Tﬂ’ 800 n | ]
2 ]
= T .
° 7004 B FeSiNiCr coating
]
< ]
o
L 600
£
» ]
2 500
]
= 1 Substrate

400 m ]

n ]

300

Distance from interface (um)

Fig. 5.Micro hardness profile for FeSiNiCr and FeBCr
alloy coated with substrate specimen

3.3 X-ray diffraction analysis of FeSiNiCr and
FeBCr coatings

The XRD patterns of the atomized powder,
substrate materid and deposited of coating are
shown in Fig. 6. Figure confirms the coating to

be predominantly of a crystalline nature, as seen

in the sharp peak corresponding toOEA | BEAO,
AO ¢fh T £ tuvls8
* ou-Fe(Cr)
* o FeSi
150~ © FeySi
o Cr.N
® oL~ Sij
Powder
_1oof-
E W
50 9 Substrate
o .
0 i L 1 L L L 't
0 20 30 40 5 6 70

26, deg (Cu Ka radn)

Fig. 6. XRD pattern of FeSiNiGbased powder with
coating.

399



M.S. Priyan and P. Hariharafiyibology in Industry Vol. 36, No. 4 (2014) 39W5

The
BCC

With the FeSi alloy, the Xay patterns showed
that coating structures are more crystalline than
the structure of powder and that the cubic
structure of FesSi is the principal characteristic
of the FeSi alloy, Figs. These results are similar
to those obtained by the rapid quenching of FeSi
mechanically produced alloys The diffraction

mechanically produced alloys.
diffraction  pattern confirms the

OOOOA OO OHe matde. OEA |

3.4 Wear Rate Performance of FeSiNiCr and
FeBCr Coated Specinens

DAOOAOT AT 1T AEOI O OE Are " #THe weaDQ LB &Ne of IFeBiNiOriadi FeBCr
matrix. It is worth noting the gnlergeAn%erf a poAating measured under Q.OAS N is shown in Fi8.
AOI AA EAIL I AAOx I OE [l OAl OAO I A
approximately 40° and 60°. These are related to = Substrate
the formation of a crystalline phaseXRD pattern : L peomer
. . . . 0.124
of FeBCr coating is shown in Fig'. ] » .
041 (a)0.05N
Conrbty —— 0.10 4
(a) £ oo :
Oa-Fe LN
E 0.08
* Fe1.4Cr0.8B0.9 % 007 ] a
:. § 0,06; -
: 0‘05-‘ ° A
g |
§ | % O 0.03 ] : T T T T T 1
E U 4 0O * « 20 30 40 50 60 70 80
| Sliding distance (m)
WM = Substrate
» L » e FeSiNiCr
4 FeBCr
0.07 -
. = i (b)0.1N
(b) - ®fe3B, Cr:Ce 0.06 .
? : Va-Fe ’g 0.05
S ' =
i ° v £ 0.04
: ot -
R7) 5 003 A
: " ° o v g - ®
g . N 002 o -
— l | :
“w 1 W 0014 4
YT " » © w ® » 20 30 40 50 60 70 20
fu—— Sliding distance (m)
Fig. 7. XRD pattern of (a) FeBCr alloy powder (b) = Substrate
FeBCr coated Spémen. 0060 L oo
. 00587 (¢)0.2N :
From the Xray pattern more crystalline 0.050 .
structure is formed in the coated specimen at oos]
ambie;nt" qonditipn. Somg ‘shaArp diffrgctjon € o040 .
DPAAEO APPAAOET C A0 ¢ & ,ul .
indicate the presence of a crystalline phase. ¢ 1 = .
However, the sharp peaks due to crysiline 8 0025
phases are also observed. The major = 0020
crystalline phases are compounds F8, and O‘Mn *
Ol | E A E AEAGrO E Islobserved from ] a
0.010 r T T T T 1

Fig. 7 that the FeBCr coated peaks of &b
are less sharp, which implies the increasing

20

30 40 60

Sliding distance (m)

50

70 80

in ability of the formation of the crystalline
phase. These results are similar to those
obtained by the rapid quenching of FeB

Fig. 8. Wear rate in sliding distance, for normal load
applied on harden surfaces function of time (a) 0.05
N (b) 0.1 N (C) 0.2 N.
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The mechanismof wear and the resulting wear
rate depend strongly on the ratio of the hardness
of the abrasive particles to that of the binder
phase. Another way of judging the wear
performance is to compare the extent of
material removal in terms of wear volume, in
both the coating and the substrate. From the
direct plot of the wear rate and the test time, Fig
8, it is apparent that the volume of wear
increases as the applied load increases and as
the testing duration increases. As expected,
under each load condition,the coating exhibits
comparatively less wear than the substrate.
Interestingly, the wear performance of the
coating is nearly 80 % greater than that of the
substrate, at a 0.05 N applied load. However, at
the greater applied loads of 0.1 N and 0.2 N, the
wear performance of the coating declines more
drastically, being only slightly better, by about
20 % and 15 % respectively, than the wear
performance of the substrate. Thus, above the
0.05 N load, the coating performs with
consistently less wear resistanceThe wear rate
resulted of FeSiNiCr coating, almost 86, 26 %
and 22 % reduction in wear rate was observed
under 0.05N, 0.1 N and 0.2 N loads respectively.
Similarly, in the FeBCr coating, almost 366, 47
% and 41 % reduction in wear rate was
observed urder 0.05 N, 0.1 N and 0.2 N loads
respectively.

3.5 Coefficient of Friction of FeSiNiCr and
FeBCr Coatings

Coefficient of friction FeSiNiCr and FeBCr coating
measured under 0.05 N is shown in Fig®. The
friction co-efficient of the crystalline coating and
of the gray cast iron substrates, related to testing
time, was monitored. Wear tests were performed
on the surface of the coated material as well as on
the un-coated substrate to evaluate the effect of
the surface coating on the nominal coefficient fo
the friction Fig. 9. In this case, the hard abrasive
diamond medium greatly attenuated the signal
relating to the coating as well as to the substrate
by enabling a severe thredbody abrasive wear
mechanism to operate, leading to quicker wear
and thus a ‘ery low coefficient of friction.
However, under all of the load conditions, the
FeSiNiCr coating demonstrated a significantly
lower coefficient of friction than that pertaining
to the substrate material. Appreciably hard
abrasive particles, such as diamorfu
abrasion.

I AA Of

I Substrate
[ FeSiNiCr coating
I FeBCr coating

(a) 0.05N

0.6 o

Coefficient of friction (u)

40 50 60
Sliding distance (m)

(b) 0.1N I Substrate
[ FeSiNiCr coating

I FeBCr coating

0.8

Coefficient of friction (u)

40 50 60

Sliding distance (m)

I Substrate
[ FeSiNiCr coating
I FeBCr coating

(c) 0.2N

Coefficient of friction (u)

20 30 40 50 60 70 80

Sliding distance (m)

Fig. 9. Online monitoring of coefficient of friction for
coating & substrate (a) 0.05 N(b) 0.1 N,(c) 0.2 N

The coefficient of friction was measured on
both the coated surfaces under dry sliding
condition at different loads shown inthe Fig 9. It
is observed that low ceefficient friction
predicted in the both the coatings is much better
in FeBCr coating compared with FeSiNiCr
coating. FeBCr coated surface morphology
showed fine grains present in the structure. It is
in the monitoring of friction under dry sliding
conGitoA O.85 N load applied, the FeSiNiCr
coating coefficient of friction is 20 % lower than

401



M.S. Priyan and P. Hariharafiyibology in Industry Vol. 36, No. 4 (2014) 39W5

the substrate. The effect of the surface coating furrows and detachedareas were observed on
on the friction and wear Fig 9, is low coefficient  the worn surface of this coating, indicating that
of friction compared to substrate materials. the wear was dominated by plastic deformation.
However, the coating surface revealed that
3.6 SEM Micrograph of FeSiNiCr and FeBCr  Severe plastic deformation in the friction
alloy coating wear morphology process, suggesting that adhesion was the
dominant wear mechanism.

In an attempt to establish the characteristics of

the wear behaviour of the coatings, assessed FeSiNiCr Coating FeBCr Coating |
= =

after the use of different standardized test
methods, he worn surfaces were examined by Q :
SEM. The wear scar nature of the tested coatings, (@ § S ¢ 5y
assessed by SEM-ig 10, shows abrasive marks,

pits and excess wear debris, indicating that \,\ & @ __ g
three-body abrasive wear was the dominant g .
wear mechanism. However, in addition,fine e s *\’ A

wear-tracks are observed uniformly all over the
scar. Also, a few deep grooves are present,
possibly formed due to the occurrence of
ploughing during the test, caused by isolated and
accumulated abrasive diamond particles. Under
hard abrasion conditions, abrasive particles can
cause plastic deformation in both the hard
particles and the binder phase. The contact area
for individual abrasive particles is usually much
larger than that of the surface particle, and the
wear occurs predominantly by plasticploughing
and cutting. Figure 10 shows the global
AEOOOEAOGOETT 1T &£ xAAO AAAOEOS SEGI O T £/ OAAEAOGEOA
xAAO6 AOA Al O1 AO#H#&KSI O ATT1 ¢ OEAl xAAO
SEM micrograph of FeBCr coating is shown in
Fig. 10. From the examination of the wear scars  Fig. 10.  SEM image shows abrasive wear particles
from the FeBCr cating abraded with the debris from FeSiNiCr and FeBCr coated surface under
diamond particle, two body abrasions are clearly  condition (a) 0.05 N (b) 0.1 N,(c) 0.2 N

observed. In the macrescale mode, when the

coating behaves homogeneously (like a solid 3.7 Weight loss measurement of FeSiNiCr and
material), plastic deformation occurs on the FeBCr coating

coated surface. The displacement and removal of

material in this mode depends on the hardness Figure 11 shows that the cumulative loss of
of the coating. After abrasive wear testing, the material from coated specimen is due to the
worn surfaces of all samples were examined by applied load in various conditions. The wear
SEM microscopy. Images of the central zone of debris particles were removed from coated
the worn areas at the lowest and highest applied specimen at different time due to applied load.
loads utilised were chasen and are shown irFig. Normally the Fe baed alloy coated specimen
10. The surfaceshow evidence typical of rolling  looses minimum debris particles during the test,
with significant indentation of the surface. In  because of the high hardness and fine dense
contrast, Figure shows evidence of typical of layered coating deposited. The chart (Figll)
particle sliding (grooving) and also evidence shows the weight loss during different duration
typical of small particle rolling acrossthe surface  of time for the three loads applied such s 0.05

of the sample following abrasion with the N, 0.1 N and 0.2 N. It has been seen that the mass
diamond particles. The difference in wear loss of the coating is lower than that of the
mechanism between the crystalline coating and substrate, indicating that coating has better
the substrate, the worn surfaces of FeBCr alloy resistance to wear resistance. Weight loss
coating were further examined by SEM. Light measurement for FeBCr coated materials at
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