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of Sliding Wear of Hastelloy C276 under =

Different Loading Conditions
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Abstract: Hastelloy C276 is investigated for dry sliding wear
against an EN 31 stainless steel (hardness 60 HRC) at 298 K. The
tribological properties such as frictional force, coefficient of
friction and the wear rate on the material surface at different
sliding distance are examined under different loading conditions.
In the dry wear test at 40 N load, the wear rate increased by 300%
ascompared to 10, 20, 30 N loading conditions. The experimental
results indicated reduction in coefficient of friction values and
thusan increasein thefrictional forcewith theincreasein normal
load. SEM images of worn out surfaces confirm that the
delamination and adhesion causes the material removal from the
surface in dry dliding. Further, the analysis of the hardness
characteristics of worn out surfaces shows surface hardening
during sliding wear process under 40 N loads.

Index Terms. Hastelloy C276, Tribological Properties, Sliding
Wear, SEM, Microstructure.

. INTRODUCTION

Super aloys remain created with nickel, nickel-iron, or
cobalt which demonstrate a combination of mechanical
strength and resistance to surface degradation and thus,
favorably used in high-performance industrial applications
where the ability to sustain high temperature, corrosive
medium is of prime importance. The nickel super aloys are
ideal materials for the components and elements of pumps,
valves, piping arrangements, process equipment, turbines and
assemblies in the marine, chemical processing, oil and
accelerator pedal, aerospace, railway locomotive and military
manufactures as they can withstand rough environments by
exhibiting high heat resistance, erosion resistance and acid
resistance [1]. Among all the nickel-based super aloys,
Hastelloy (nickel-chromium-molybdenum alloys) is regarded
as one of the best as the inclusion of molybdenum makes it
harder, stronger at high temperatures, and also suitable for
welding applications. They not only possess good ductility
but also easily forged and cold worked. Hastelloy C276 finds
good use across variety of chemical applications under severe
corrosive environments.
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Itisalsowidely used in nuclear and chemical reactors, heat
exchangers, evaporators, pressure vessels and high strength
nuts, bolts and bearings[2].

Owing to their wide spread industrial applications several
Ni-based super aloys are investigated for their wear behavior
by many researchers in the past. The corrosion and
tribo-corrosion behavior of Hastelloy C276 diding against
Al203 pin in artificial sea water is investigated using a
pin-on-disk tribometer integrated with a potentiostat for
electrochemical control [3]. Wagleet al. [4] evaluated the dry
diding wear properties of two-phase Ni3AI/Ni3V against a
G5 disc a 298K and 573K by using a pin-on-disc
configuration. The tensile behavior of C276 dloy at high
temperature has also been studied [5]. Cheng et a. [6]
reported the wear rate of TiAl aloy diding against the SIC
ball to be two orders of magnitude higher than with SCr15 and
C276 aloy as the mating surfaces. The wear mechanism of
cutting tool while machining Hastelloy C-22HS is also
investigated by researchers [7]. Recently, study pertaining to
the diding wear properties and mechanism of Inconel 718 and
Hastelloy X at atemperature of 5000C is reported [8] which
reveals that shear band and debris formation on the surface
are the main reasons for the wear in case of Hastelloy X.

From the brief review we note that a few tribological facts
available in the literature about friction and dliding wear
behavior of Hastelloy C276. Therefore, the present work aims
to study the wear characteristics of Hastelloy C276 using a
Pin-On-Disc Tribometer a different norma loading
conditions. The micro-hardness of the worn out surfaces after
the experimentation are also investigated.

[I. EXPERIMENTAL DETAILS

As afirst step, the dry dliding wear test is performed on
Hastelloy C276 aloy samples under four different load in
conditions (10, 20, 30, and 40 N). Then, the wear propagation
on the surface of the samples is observed through
microstructure  observation and  subsequently  the
micro-hardness of all the sasmplesis measured.

A. Wear Test of Hastelloy C276

The Hastelloy C276 alloy is used as the pin material for
determining the dry diding wear behavior at the room
temperature by using Pin-on-disc tribometer (DUCOM;
TR-20LE).
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Cylindrical specimen (pin) with 6 mm diameter and 32 mm
length (as shown in Fig. 1(a)) were prepared from the
Hastelloy C276 block by conventional turning using the CNC
lathe.

The surfaces of the specimens were polished with fine grit
emery paper, then cleaned with acetone and the testing was
performed at 298 K. The disc made of EN 31 is properly
cleaned with acetone before and after the testing with
different specimens at different experimental conditions. The
dliding velocity was taken as 1.47 m/s. Fig. 1(b) shows the
corresponding experimental setup for dry diding wear
measurement the pin-on-disc dry diding wear tester. The
variations of the coefficient of friction of Hastelloy C276
samples with increasing distance at normal loads of 10 N, 20
N, 30 N and 40 N are obtained. The COF values were
recorded throughout each pin-on-disc test by using load
sensors of the tribometer. The variation of COF with dliding
distance provides the basic data for understanding the friction
behavior of the material.

32 mm

(b)
Figurel (a) Test sample (b) Pin-on-disc tribometer

The tribological properties namely the COF, frictional
force and the wear of the specimen in length were recorded in
the system. The output data are recorded per second i.e.,
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approximately 1800 data are collected in a 30 minutes run.
After every runthedisc is cleaned with the help of acetonefor
the removal of the derbies presented on the surface. In order
to compare the variation of tribological properties with the
variation of the normal load applied on the pin, each of the
output data are plotted with respect to time duration and
diding distance.

B.Microstructural Observation

After the dry diding testing the samples were taken to the
SEM for the study the mechanisms of wear and the wear
propagation on the surface of the samples. The effect of
different loading conditions and the deterioration of the
surface of the samples were also analyzed. The Hitachi
SU3500 Premium Variable Pressure SEM was used to
observe the surface microstructure of the worn samples.
Surface image with 500x magnification was taken for clear
view of the worn out surface and the images were taken in a
scale of 1mm: 100 pum for the better interpretation of the
surfaces. The images of four different samples (under loading
condition 10, 20, 30, 40N in pin-on-disc test) were taken
separately with a unidirectional wear marks which would be
easy for observation. In addition, the compositions of the
material at different areas were aso studied using EDX
analysis. With the help of its magnification capability and
accelerating voltage of electron gun, images with higher
meagnification and quality could be achieved which providesa
better understanding regarding the wear at the surface of the
specimen.

[1l. RESULTSAND DISCUSSION

In this section, the results acquired by following the
experimental procedure discussed in the previous section are
analyzed and discussed in detail.

A. Variationsin COF, Frictional Force and Wear

The samples of Hastelloy C276 were tested on a
pin-on-disc tribometer for the wear behavior under different
loading conditions at 298K. In genera, the abrasion and
delamination of the material is observed when two surfaces of
different hardness come into diding contact with each other.
In the present analysis, temperature of the dliding surfaces
rises due to due to heat of friction caused by the rubbing
action of the surfaces and some material of the softer
Hastelloy C276 are cut out at the surface by the much harder
surface of EN 31 plate. The variation in COF, frictional force
and the most importantly wear has been shown in Fig. 2 to 4,
respectively.

From the obtained results it is inferred that the wear mass
loss and wear volume loss rate is different under different
loading conditions. When the loading is increased to 20N
from 10N there isan increase of 50% of wear. Then at 30N of
loading condition the wear increased to 30% of wear. But at
the 40N loading condition the increase in wear rate of
approximately 300% isobserved. Thisisdueto thefact that at
the 40N of loading condition the adhesion of surfacesis more
and therefore, the delamination occurred at the softer material
ismore.
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This can be clearly observed by the wear rate of the
materia as show in Fig. 4.

Further the friction coefficient (COF) of Hastelloy C276
decreases with increasing normal load as seenin Fig. 2.

It can aso be noted that irrespective of loading condition
the COF values of Hastelloy C276 specimen initially
increased with increasing diding distance till a peak valueis
reached and then it gradually come close to a steady state.
Similar trend is aso observed for the frictional force as
evident from Fig. 3. This is owing to the influence of wear
debris that plays a key role in wear process and the COF
valuesaswell. The entrapment of wear fragments between the
diding surfacesis the cause behind the fluctuation of friction
coefficient. The wear particles those are entrapped between
the wearing interfaces may dlip over each other, act asrollers
or become interlocked and undergo fracture. Thus, the
friction coefficient involved in the wear process would
change based on the stress applied on the worn surface. When
the wear fragments act as roller during the dliding action the
friction coefficient shows lower value and becomes higher
when the particles act as abrasives.

Sliding Distance vs. COF
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Figure 2. Variation in COF with respect to diding
distance

Sliding Distance vs. Frictional Force
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Figure 3. Variation in frictional force with respect to
diding distance
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Sliding distance vs. Wear

800

700
= 200 — 40N
E o |/
2 400 / 30N
& 300 I

— 20N

2w

100

) %———
100 500 1000 1500 2000 2500 3000

Sliding Distance (mm)

2843

Figure4. Variation in wear with respect to diding
distance

B. SEM M orphology Involving Evolution of Wear

The SEM images of the worn out surfaces of the cylindrical
specimens were also examined to envisage the changes on the
surface of the specimen after wear test. The elemental
composition was a so examined with the help of EDX which
is combined with the SEM as described in Section 11.B.

Flgure 5 (b) SEM image of wornsurface at 20N

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation'



Microstructural Characterization and Evaluation of Sliding Wear of Hastelloy C276 under Different L oading
Conditions

Figure5 (d) SEM image of worn surface at 10N

The wear mechanism (SEM images) of Hastelloy C276
corresponding to loading conditions 10N, 20N are presented
inFig 5 (a) and (b), respectively. It iswell known that when
two surfaces are in diding motion, combined normal and
tangential forces are channeled through the contacting
surfaces. Owing to the tangential shearing action, a local
pressure is induced between contacting surfaces resulting in
ploughing, which can clearly be observed in Fig. 5 (a). These
ploughing marks normally start with the score lines, twin to
the dliding direction and subsequently cause the shallow
ploughing. The ploughing mechanism reduces the energy
during dliding action, so that less energy is remained for
introducing and passing around the fractures/cracks. The
repeated sliding action of asperities on the surface makes the
formation of grooves along with the debris built on the wear
track surfaces. The groove formation of the wear track
paralel to the diding direction, show the signs of abrasive
wear. As the load increases to 20N shearing of the matting
surface occurs and this can be clearly observed from Fig. 5
(b).

At higher loading conditions (corresponding to 30N and
40N portrayed in Fig. 5 () and (d), respectively), the wear
mechanism can be attributed to two phenomena: delamination
and abrasion. Surface straining along the dliding direction of
the aloy occurred under the united action of frictional
shearing and repeated compression rolling. As dliding
distance increases, the strain accumulation increases in
deformed flattened layers and the plastic shear strain
decreases with increasing depth. It is due to the energy
transfer that occurs through deformation. Once the
accumulated strain reaches a critica level, cracks are
propagated parallel to the surface at a depth and reach the
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sublayer of the sample. As a result fracture occurs in the
contact surface and material is removed in the form of
delaminated debris.

IV. CONCLUSION

The tribological properties of Hastelloy C276 for dry
diding wear against an EN 31 stainless sted at different
dliding distance are studied under different loading
conditions. By conducting the dry wear test, analyzing the
SEM images and hardness of the worn out surfaces, few
useful inferences are drawn. The wear mass loss and wear
volume loss rate are significantly dependent on the loading
conditions. The coefficient of friction decreases whereas the
wear increases with increasing normal load. The effect of
wear debris plays an important role in wear mechanism and
the coefficient of friction. It is worthy to note that at greater
load the adhesion of surfaces is more resulting delamination
of the softer material. The microstructure analysis of the worn
out surface reveal ed the occurrence of ploughing and shearing
of the surfaces at lower and intermediate norma loads,
respectively. However, a higher loading conditions the
plastically deformed layers were delaminated and subsequent
sublayers were came into contact with the disc material. Due
to which the wear rate decreases with the increase of the
diding distance. It is seen that the surface hardness increases
with the increase of normal load in dry dliding wear test.
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