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ABSTRACT

The purpose of this paper is to compare the influence of the normal
on the friction and wear behaviour of nickddased alloys, which is u
communally in the industry. We chose two samples of nidieted alloy
(NI-Cr-B-S+CW) elaborated by isostatic compression with a differer
in their microstructure composition and quantity of micro constituet
The friction coefficient, the wear loss and the wear rate are evalue
using a tribometer (pin on disc) and a test bench credtto reproduct
the same industrial environment. Experiments showed that the app
normal load affects differently on the behaviour of the samples.

results conclude that the friction and wear resistance of the alloy do
just depend on the increasef the normal load but also on tF
distribution, the location and the morphology of the hard compour
formed in the alloys.
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1. INTRODUCTION

In tribology,
deterioration

studies show that wear is a
resulting from prolonged use

surface stability, and resistance tacorrosion or
oxidation; it is employedin different application,
automotive industry, aero engineand all fields of
engineering [11]. Nickel-based alloy is widely

during a contact of two solids. Thdriction is the

ratio between the frictional force and the normal
load [1]. It was observed by several authorg2-
10] that the relation between these two

tribological actions depends on interfacial

conditions such amnormal load, geometry surface
morphology, topography, chemical composition
system rigidity, temperature, relative humidity,

lubrication, vibration and type of material.

According to researchesthe Nickel basedalloys
present excelent mechanical resistance, good

used in tibological applications, their chemical
composition differs in the components and the
percentage used in thalloy.

Someworks have been devoted tothese alloys
focusing mainly on the study of their
mechanicalproperties or the evolution of their
metallurgical structures under the effect of
adding certain elements. Others[12-13] go to
compare them and the nickel super alloys
elaborated or obtained from mechanical
pieces they show the comportment of the
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friction and wear when hard layerare formed.
Nickel based alloys is composed manly of
nickel (matrix), metallic (Cr, W) and no
metallic (B, C and Si)elements thatfavour the
creation of the hard phases such as chromium
carbide and chromium boride. It is used for
sheet appications calling for oxidation and
scaling resistance coupled with medium
strength at high operating temperatures [13].

However, in our study we have choserthe

parameter of normal load. [14] Reported that

normal load are ones of major factors whose
play significant role for the variation of

friction and wear rate. These last ones make
their study difficult in laboratory given the

difficulty of reproducing the same industrial

environment (wear and friction of mechanical

parts in some mechanical devices There are

many methods of tribologcal test [15]. In

order to overcome this problematic we

designed atest benchon a horizontal latheand

we used atribometer (disk-pin) to study and

compare the tribological behaviour of two

nickel-based alloys samples developed

originally in [16-17].

In contrast, the previous works [16-17] proved
that the quantity of the hard components formed
and their composition impact on the behaviour
of the alloys, without using a test bench, only a
tribometer. The experimentsare carried out in
an atmospheric environment, to favour some
mechanisms and to confirm the global
interpretation on the load factor effect.

2. MATERIALS AND METHOIS
2.1 Alloys elaboration

The Alloys made from pure metals in induction
arc furnaces. The contents arenickel bases,
chromium (25 % in at. 99, carbon (3, 5% in at.
%), boride (5 % in at. %), silicium (3 % in at. %),
and tungsten (3,%6 in at. %) [16-17].

2.2 Thermal Analysis

The alloys heated inarc furnace under argon
atmosphere then they are solidified slowly in a
differential thermal analysis device (ATD
NETSCH), controlled by swiping of argoffhe
OPAAA
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order to get coarse and unchanged phaseghich
can be easy characterised.

2.3 Physics-Chemical alloys characterisation

The microstructure of the samplesis observed
using scanning electronic microscope (jeol
JSM6360) coupled to aanalyserEDAX

A specific analysisof phases has been realed
with electron microprobe (CAMECASX50) on
perfectly polished samples A particular
attention has beengiven to the measurement of
the weight components(Table 1).

Table 1. Chemical compositions and transformation
temperatures ofthe alloysphases.

Chemical composition a6 Formed
Alloy phases
C Si B Cr w

Temperatures
i £ OOAT O Oi

[M7Gs]
[M7Gs-Ni(g)]
[Ni(9)-

2 48 50 50 25 35  MBi
[Ni(g)-NisB]

1 35 30 72 25 35 1270 1250 1045 1000

1300 1270 1050 1010

2.4 Tribological test

In this study, we have designed asmall device,
to reproduce the same real conditionin the
test bench , which is as follows ,an around
pipe in which houses a compression spring
slide to control the variation of the normal
load and arod round bore at the extremity to
case the pirf{sample). This device can slide on
rotating horizontal area (a disc made of sel)
with a diameter equal to 210 mm fixed by the
chuck on an horizontal lath, the material used
for the disc and the pin are respectivel XC48
and two different nickel-based alloys(Ni-Cr-B-
SFCGW).

Regarding the calibration it was performed on a
compression Machin of mechanic tests using
different loads 50N, 80 N then 100 N, for which
we made a graduations onthe round as shown
Fig. 1b, to control the change © loads in the
experiment.

The Contact surface was polished with abrasive
paper graded between 400 and 2000 .This
experiment was conducted in an atmospheric
environment and dry sliding with a constant
sliding speed of 0.126 m/s .
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on the end of each30min. On the tribometer

type pin-disk we have reissued the same
operation done on thetest benchto have the

friction coefficient for each pin in eachload. We

note that the pin (alloys) is fixed and a bk

rotate on the alloys, the bdl have the same
material as the disc in the tesbench.

Pin (Sample)

Spring (Control of load)

Wear Track 3. EXPERIMENT RESULTSMD DISCUTIONS
- 3.1 Quantitative analysis
. B The Table 2 shows the quantitative analysis in
h at. % of simples in he Ni (r @  Gsbliitidh And
the phases for the standard alloys selected
?f VARRRLEALEY (M=Cr, Ni,W) obtained by EDSanalyses.
: g —— Table 2. Quantitative analysis in at % of observed
phases for standard alloys selected
Fig. 1. Schematicof the testbench. Phases  Ni Si B c Cr W
. - i 77. 2. 1 - 18. 2.
On the test benchwe applied to a variation of Ni(r) 0 0 < 85 20
normal loads on the two pins (two alloys) using M7GCs 30 <01 <2 280 650 22
50N, 80Nthen 100N and the time of acquisition
is 30 min for eachload, we measured theweight MsBs 5 <001 350 <2 520 6

704~ 456 Ni 15 o
563 Br 365 o 121
422 273 094
Si w KCnt|
281 Cr 182 064
Ni ’
w
140 91 1c 0.3
C Ni
0o - 0 - 0 -
123 4 5 6 7 8 9 10 T 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
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44 - Br 592 - 1.1 4
Ni
3.5 4 4744 0.9 -
Cr
2.7 4 355 0.7 |
Cr Kent
1.8+ 237 0.4 -
Ni Si
09+ ¢ 118 Cr 0.2 |
C
w Ni
0 0 - 0 -
1 2 3 4 5 6 7 8 9 i 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

Fig. 2. The EDS analysis of the different phases: éB6) phase, (MG) phase and Ni (g)) phase (a) Alloy 1, (b)
Alloy2.

15KV X1000 10

(b)
Fig. 3.Microstructures of the study alloys: (a) Alloy 1, (b) Alloy2.
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3.2 Alloys microstructure

The alloys present sufficiently coarse structures
enough to being accuratsf analysed by electron
Microprobe and allow following the chemical
component repair in various phases. The
complex microstructure of alloys is presented in
the (Fig. 3), the alloys show three phasesthe

Nir q | AOGOE@ EO EI
phase is in the black and the white colour fothe

Boride MsBs phases, which is confirmed with the

friction
facilitates the sliding between the two surfaces

1 E/GE O coAstaht Vald®© h

coefficient of friction.During the initial period,
the contact is metallicin nature, aswell as the
transfers. Thereare very little wear debris (tiny
area of contact) in the contat The contact area

increases more debris are formed and the
conditions become stable, which

and the coefficient of friction reaches an almost

OEA AAOAEAA -

0,9

EDS analysis (FigR). = o8
E 0,7

The chromium carbide MG crystallises at a E 06
12700 # AT & sypcessively in alloy 1 and & o4
2, the chromium boride MsB; crystallises in the S o4
eutectic phase at 10500 # AT A ET OEZfg |
solidification operation forms the eutectic £ 0'2
Ej rsBs&t1000J # f pp Y38 E

3.3 The influence of normal load on the
friction coefficient

The Fig. 4 shows the variation of the friction

coefficient with the sliding distance at different
normal loads of 50N, 80N and 100 N, where
the sliding speed is 0.126m/s. The graph
consists of two regimes: the transitional and
the permanent regime.

E50NAlloy1 O 50N Alloy 2
480N Alloy1 480N Alloy 2
0.1 « 100N Alloy 1 © 100 N Alloy 2

Friction Coefficient (p)

0 50 100 150 200 250
Sliding distance (m)

Fig. 4. Variation of friction coefficient with the
variation of normal load 50N, 80N and 100N. Sliding
speed= 0.126m/s.

These curves show a rapidncrease of friction
coefficient in the transitional regime between 0
and 100 m followed by stability in the
Permanentregime corresponding to astabilised
wear in eachnormal load for both of the alloys.
Onthe other hand, we note the samebehaviour
for alloys 1 under the load of 50 N with a lower

0,1

0
40 50 60 70 80 20 100 110

Normal load (N)

Fig. 5. Evolution of friction coA Z#ZLZEAEAT O A

variation of normal load.

The comparison of the friction coefficient with
the variation of the normal load is presented in
the Fig. 5 the curvesin this figure represent the
behaviour of the alloys in contact with the surface
(pin-disk), in the transient phase preak-in), the
increase ofthe normal loadleads toanincrease of
the friction coefficient for the alloy 1. Moreover,
the friction coefficient of the alloy 2 is relatively
constant at the beginning of thetests. This
difference is due to the emergence of the hard
compounds in the ductile matrix Ni} r dfjeach
alloy, which confirms the resultin the Fig.4.

3.4 The influence of normal load on the wear
behaviour

Figure 6 shows the histogram of thewear loss for
both alloys in thetest benchand on the tribometer.
Furthermore, we note that the wear of alloy 1
increase with the increase of the normal charge,
same Remarque forthe alloy 2. This increase is
due to multiple damages with zones deformed by
indentations, and grooves with lateral bulges
associated with abductionsof matter. In fact, the
asperities of the two surfaces interpenetrate under
the influence of the normal load. This detachment
of material results from the friction of the rough
surfaces (pindisc) in contact

x E
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NAlloy 1 HAlloy 2

Wear Loss (g)

50N 80N

100N 50N 80N
Test bench

Nomal load (N)
Fig. 6. Evolution of wear loss as function of normal

load of the Alloy 1 and Alloy 2 in the test bench and
the tribometer.

100N
Tribometre

We note that the loss of mass for alloy 1 is lower
than it is for alloy 2, and this observation is valid
even by increasing the load (B N, 80 N and 100
N). This result remains identical for both tests.

We represent the wear rate of each alloy with
the variation of the normal load in thetest bench
and the tribometer.

The wear of tA . E
progress, favours the emergence of the NBs,
M;G;, hard phases existing in the alloy's
microstructure that goes to the secondegime of
stabilised wear .The results show the wear of
alloy 1 after 30 minutes of test for ech load in
which the hard compounds (borides) are
emphasised. The second alloy has a
metallurgical structure mainly formed of ductile
Ni (r) and some othard compounds MBs, MyGs.
The alloy 1 present a lower wear rate at the
beginning of thetests, therefore a high abrasion
resistance at the beginning .this wear rate
reverses after 100 m of the slidingdistance
(rolling phase), comparedto the alloy 2 which is
quaskliner throughout the test period (Fig. 7).

2,00 - ——Alloy1 Test bench
—*=AllayZ Test bench

——Alloyl Tribometre
—=—Alloy2 Tribometre

0,00

40 50 60 70 80 a0 100 110
Normal Load (N)

Fig. 7. Wear rate versus the normal load in theest
bench and the tribometer for alloy 1 and alloy 2.

jrq AOAOEI

This is due to the constant presence of hard
phases renewed in the homogeneous structure
of the alloy and at the end of He test has a
polished andregular shape.Abrasive wear is the
damage on a surfae, which appears due to the
motion relative to the surface of either harder
asperities or perhaps hard inclusions trapped at
the interface [18]. Whenthe size ofthe abrasive
particles increase,the wear is more pronounced
than the oneobtained by low abrasive particles.
This is observedin the beginning of the testas
well as the end of the wear test.

3.5 Wear mechanism of alloys

We have identified the weartrack of the alloys in
the Figs. 8 and 9. This shows the worn surface
morphology for both alloys urder two different

loads 50N and 100N in the tribometer.

(b)

Fig. 8. Worn surface morphology of Alloy (1) under
normal load: (a) 50 Nand (b) 100 N.
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— 400 ym —

(b)
Fig. 9. Worn surfaces morphology of Alloy (2) under
normal load: (a) 50 N and (b) 100 N.

There were grooves and marks observed in the
Fig. 8. Also, there was a materiel transfer from the
disc to the pin (alloy) with the augmentation of
the normal load and formation of debris (Fig. 8).
To analysethe wear mechanismof worn tracks,
the alloys havebeen analysed byEDSanalyses.

The Hgures 10 and 11 shows the EDSanalyses
of the worn tracks of the dloy 1 and alloy 2 for
the height load (100 N). The E5 and SEM
observations allowed the identification of the
type and the natue of wear mechanism, inthe
Figs. 10a and 10b and Figs. 11a and 11b. From
these figureswe can see thatthere is a rough
surface with addition of the material on the wear
track and the matrix was slightly damagedFig.
10a), from the EDS spectrum (Fig. 1008, the

presence of the Fer andoxide material do not
belong to the pin (alloyl) it is suggestedhat be a
results of tearing the material from the counter
face (disc to the pin). Contrary to the Fg. 11a it
represents a track wear with some scratchesand
aremoval of material they have abrasive wear. A
few presence of the Fer as confirmed in the EDS
spectrum (Fig. 11b). The contact between two
solids implies a tearing or a displacement of
material [19]. At the start of the abrasion tests,
the hard compounds are brought directly in
contact with the second surface, which means
that the phases formed in the alloys is due to the
positioning of the hard phases of alloy 1 on the
outer surface of the matrix (external layer),
leading to a direct exposure of frictimm on the disc,
causing an increase of the friction coefficient that
quickly stabilises, resulting in minimal wear.

Element  WiS: At

15 - 0 oK 3562 o480

' SiK 02.53 0263

CrK 06.36 0337

Fek 394 2813

1.1 MK 0134 0077
KCnt

(b)

Fig. 10. Wear profile of Alloy 1 in 100 N (a) SEM
micrograph, (b): EDS spectrum.
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— 400 ym ———

Element P A%

1.3 OF |56l BB
FK |14 554l
NE 026 338

(b)

Fig. 11. Wear profile of Alloy 1 in 100 N (a) SEM
micrograph, (b): EDS spectrum.

The tribofilms formed at the interface have a
stable behaviour while providing sufficient
protection against accelerated wear[20]. In
contrast to alloy 2, which is inside the matrix,
they are not directly exposed to the disc, which
explains a high and stable coefficienof friction
and significantwear.

The thickness of the tribofiim formed is not
significantly reduced with the increase in load
[20].

From this observation, the increase b the
normal load affects differently the behaviour of
alloys wear caused by ploughing and abrasive
actions, due to the resistance of the alloys
related to their microstructure as well as the
nature and the distribution of the phases formed

which is in line with the work of some authors
[20-21].

4. CONCLUSION

The aim of this study was to show the impact of
the normal load applied on thefriction and wear
behaviour of two types of nickel-based alloys
(NI-Cr-B-S+GW) using a tribometer and a test
bench.

1. We got two different alloys in the quantity
of the hard compounds formed, their
locations and their morphology:.

2. The friction coefficient of alloyl increases
with the increase of the normal load
applied; contrary to the alloy2, their friction
coefficient is stable from the beginning of
the test.

3. The wear loss is proportional to normal
load for both of nickel-basedalloys, but we
not that the alloy 2 loss more of matter than
the alloy 1 despite thestability of its friction
coefficient.

4. According to the eyeriment, the best wear
resistance was for the alloys 1 because of
their quantity of hard compounds and its
perfect location in the matrix of theNi (r).

Indeed, we have shown that, the wear
resistance of the alloy does not dependan the
increase of the normal load but also on the
distribution of the hard compounds formed in
the matrix of the alloys.
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