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Abstract

There has been search for the low cost and low igensinforcements for reducing the cost of comigssi One prospective
reinforcement in this regard is the fly ash, whishabundantly available as a waste product fromriied power plants. Because of
unigue nature of physical and chemical propertiethe fly ash it is tried as reinforcement by maasearchers in the recent past. In
the present investigation composite used contdjressh particles [10% by wt] reinforced with wrougdluminium alloy AA2024. The
composite is tested for tribological behaviour hetNon-Heat Treated [NHT] and Heat-Treated [HT] ddions under different
working parameters in a pin-on-disc tribometer. Theults of the experiment indicate that the disfwar of fly ash particles in the
AA2024 alloy matrix would increase the wear resista of matrix alloy. It's observed that a signifitamprovement in wear
performance is achieved by heat treating the coiitgpoEhe water quenched specimen showed a betgepies as compared to air
cooled and NHT counterparts.
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1. INTRODUCTION elastic modulus and strength, stiffness and dinograsi
. . . stability [2, 3].Many types of reinforcements heyeen tried
With the advancement in science and technologyhtimaan out in the recent times like,B[4,5], ALO4[6,7], SIC[8,9,10],

life has improved tremendously due to newer andebet AINp[11], TiC[12]for
materials in all walks of life. Initially man usechaterials
naturally available like wood and stones then harrie to
weave natural fibers like cotton and silk to maksthc Slowly
he discovered iron and copper, later he startechdke new
materials that are not found readily in nature. HVthe
invention of plastics conventional materials wesplaced cost, low density and abundant availability as waby
because of inherent drawbacks like heavy weightstrahgth product from the combustion plants it is used byno
loss due to corrosion. Of late the scientists aggkarchers researchers [13, 14-17, 18-20] to widen the enginge
have started mixing materials (matrix and reinfareats) applications of particulate composites.

with different properties in a new way so as to enalew
materials which have good properties of the cauestit

without having the inherent weakness or disadvasay the will definitely promote the use of this low-cost sta by-

individuc_':ll mater_ials. These new materials are dales product and, at the same time, has the potentialdoserving
composite materials [1]. energy intensive aluminium and thereby, reducirgydbst of
aluminium products[16].

producing particulate composit
However the cost of producing composites with such
reinforcements is high and this limits the use imanym
engineering applications.

Keeping in mind the environmental hazards of fli,dats low

Incorporation of fly ash particles in aluminium raklloy

Among many types of matrix materials for composites
aluminium and its alloys is most favorite materifdr
producing metal matrix material. Aluminium-alloy<e
composites are very attractive on account of theicessing
flexibility, wide range, low density, high wear r&since, high
thermal conductivity, heat-treatment capability, phoved

These aspects give a hint for the need of furthsearch on
aluminium fly ash composites to explore the possibl
opportunities in engineering applications.

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 275




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

Aluminum-fly ash composites have potential applaad as
covers, pans, shrouds, casings, pulleys, manifolddye
covers, brake rotors, and engine blocks in autorapsmall
engine and the electromechanical industry secid@k [

2. EXPERIMENT
2.1 Test Composite Material

The precipitator type fly ash is used as reinforeenwhich is
a gray colored fine powder with the particle sizéolv 45um

and with density 1.1902 gm/cc. The aluminium alk&yected
for the matrix material is AA2024.The density of reseived
alloy was 2.77 gm/cc. Conventional motorized stisting set
up was used [21] to produce the AA2024 alloy bafigd
ash[10% by wt] composite.

AA2024+10% fly ash composite specimens were subjetd
heat treatment by using an electrical resistancenafie
equipped with programmable temperature controlligh \an
accuracy of +2C for both solutionizing and aging.
Solutionizing is carried out at a temperature 00,850 and
530°C for same duration of 90 minutes followed by queng
in air (3”C) and water media (26). Artificial aging is
carried out at 17& for 60 minutes [22]. The calculated
density as per Archimedes principle for AA2024+10¢%@sh
composite is found to be 2.693 gm/cc and 2.685 grfdc
NHT and HT condition respectively [23].

2.2 Tribometer

To evaluate the sliding wear behaviour of AA2024%160y
ash composite specimens, experiments were condurcigd-
on-disc type wear and friction monitor [DUCOM, ladinake;
Model: TR-201CL] supplied with data acquisition &ya as
shown in Fig 1.This tribometer is specifically siite for
fundamental wear and friction characterizationdwing are
the technical specifications of the machine:

Disc : Size (mm) :100 x 6

Material : Hardened ground steel (EN-31), 65 HRC
Rotational speed : Min=80 rpm and Max= 800 rpm

Motor : AC motor, 230 V, 0.37 kW

Wear track Diameter: Min=20 mm and Max=80mm

Normal load : Up to 100 N Max

Fig 1 Pin-on disc apparatus

23 Wear Test

The wear tests were conducted as per ASTM G-99atdn
in air under the laboratory condition having a tie&
humidity of 80 to 85% and temperature ranging betwe5 to
29°C.The duration of single test was 6 hrs. The tpstisnen
contact surface and disc surface were polished siltbon
carbide emery paper of 600 grit for smooth contstiveen
them prior to the conduction of each test. The ispegs were
cleaned with ethanol solution before and after eash After
each 1hr during the test the specimen mass wasuneeao
know the mass loss by using a high precision aaitr
weighing machine (Infra digital balance, Model: IN2)
having a resolution of 0.001mg. Also the track @fcdand
specimen surface was regularly cleaned by sofoeatioth to
avoid the entrapment of wear debris.

The test specimen used was a cylindrical pin (8 diemeter
and 27 mm length) that was held with its axis pedieular to

the surface of the disc, and one end of pin slairesg the disc
in a dry friction condition, under a constant axadd applied
with a dead weight. For testing specimens in Bt and

HT conditions, a constant sliding velocity of 0.628ec (200
rpm) is selected. The applied normal load was Boarad 35
N.

The parameters of wear like wear rate, volumetrgamwrate
and specific wear rate were determined based om#ss loss
Am, of the specimen that is measured at the endaf & hr
during the test having one specific condition ofdp speed
and sliding distance (SD).

Thewear rateis calculated by expression, WAmM/SD-- (1)
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It is defined as the mass of material removed pieing 12000
distance for a given load. It can be used as a tijatwe
comparative value for wear resistance. 10000 4 / Lo
- \ Test duration=6 Hrs
. ; . — At o éo 8000

Volumetric wear ratés given by, W= Am/p.t (2) £ e

. . #0.6000 == AAT024+10%-350-AC
Equation (2) for volumetric wear rate relates thassloss of i - A0U10%350WQ

specimen with the material density and abradingtim b AMUHO%AS0AC
o AAD0MA+10%450-WQ
== AN 4+10%-530-AC

== A0 24+10%-330-WQ

3 04000 4

We:

Specific wear ratés determined by, W W,/V F, ------ 3) 02000 1

0.0000 . — T T T T
0000 2260 4520 6780 9040 11300 13.360 13.820

Where the ¥ is the velocity of sliding and,Hs the normal

force applied externally. Sliding Distance X 10°(m)
3. RESULTSAND DISCUSSION ()
Based on the wear test various graphs have bedtedglfor
comparative analysis on wear performance betweerNtiT 1.6000
and HT 2024+10% fly ash composite. These plotsshmvn L1000 ] Lod-25X
in Fig 2-6. Test duration=5 Hrs
= 1.2000 4
The Variation of wear rate of AA2024+10% fly ashmquosite £ oo B
with sliding distance under NHT and HT conditiossshown ;;mm, o A0S0

in Fig 2(a-c). The wear rate increases at lowangidistances
and it remains almost constant at higher slidirgjadices for

A AA024+10%430-AC
o AA4+10%430-WQ

ar 1

5 0.6000

10 N and 25 N loads. But at 35 N load wear rateadsed as i T AT AC

the sliding distance is increased and it remairmusnt for o} AN ' A

sliding distance more than 9000 m. The wear resisteof é:%y’” —

specimen which was heated to A50and water quenched is D'DDDDD.DDD 2260 4520 6750 9040 10300 13560 15820

better as compared to others. Also the wear ratefaaction Sliding Distance X 10°(m)

of normal load is low for the same specimens cowpaly,

but is having an increasing trend as the normat lg=a (b)

increased which is evident from Fig 3.

The specific wear rate increases for increase ad land oo

decreases for increase in temperature for a spda#i for air 06000 LoadaaN

cooled and water quenched conditions. Also it kepteasing Test duration=5 Brs

for increase in load for non-heat treated conditiofs B PP ETYRTrI

observed from Fig 4(a-c) that specific wear rategest for < 000 ] = AA2024+10% 350-AC

water quenched condition as compared to air co@irmdynon- P == AN04+10% 35070

heat treated conditions at all the loads and teatpes except £ : Eﬁiiﬁiiﬁi

at 10 N, 536C and 25 N, 35t [23]. % 0200 A
e A A2024+10%-330-W

Co-efficient of friction for NHT composite increasepto 25 b1 -

N but from there it decreases for further incraadead. This 2.0000 R

composite is found to have lowest coefficient adtion for all PO 2280 *;’li'dmgﬁnffmif’:“m‘;)““ 13360 13520

the loads as compared to other HT category spesilién 5]. ]

Variation of co-efficient of friction of AA2024+10%y ash

composite with sliding distance in NHT and HT (with (©

different heated temperature and cooling mediafit@ms is

shown in Fig 6(a-c). Co-efficient of friction wasgher for Fig-2: Variation of wear rate of AA2024+10% fly ash

water quench as compared to air cooled and NHTirsReS. composite with sliding distance under NHT and HThditons

It remained almost constant for increase in slidirgjance for
air cooled and NHT specimens. Eventually it inceelas
successively by small amounts for water quenchedisens
with respect to increase in sliding distance.

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 277




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

03 Normal load=35 N
1439 60000
049 -5
Fo33 L0000
£ ——NHT P
M B350 [AC] B : 4.0000 1
P Aol £ 5 0000 ONHT
ﬁ 3 ==330 [AC] B .
02 - BAC
5 =330 [WQ] 5 20000 A )
= ¢ o 150[WQ] £ awaQ
o =t=330 [WQ] 1.0000 4
0.05
0.0000
Do'H':1””1‘0""1‘3‘mv‘om‘)'jmls‘olmsljm'w 30 0 30
,Vor'mal‘luad (N)_ Heat treated Temperature (°C)
Fig-3: Variation of wear rate of AA2024+10% fly ash (©

composite with normal load under NHT and HT coruais
Fig-4: Variation of specific wear rate of AA2024+10% flyas

composite in NHT and HT (with different heated tergiure
Normal load=10 N . . .
and cooling media) conditions
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Fig-6: Variation of co-efficient of friction of AA2024+10%
fly ash composite with sliding distance in NHT add (with
different heated temperature and cooling mediajlitioms

CONCLUSIONS

. Heat treated AA2024+10% fly ash composite show
superior wear characteristics as compared to nan-he
treated category, specifically the wear performamas
better for water quenched specimens as comparaid to
cooled and non-heat treated ones.

. The specimens of NHT and HT category, at 35 N load
shows that the wear rate decreasing as the sliding
distance is increased and it remained constant for
sliding distance more than 9000 m.

. Wear rate as a function of normal load is low foe t
water quench specimens, but is having an increasing
trend as the normal load is increased.

. The specific wear rate is found to be lowest fotewa
quench specimens as compared to NHT and air cooled
conditions.

. NHT composite is found to have lowest coefficiefit o
friction for all the loads (10, 25 and 35 N) as @ared
to other HT category specimens.

. Co-efficient of friction was highest for water quénas
compared to air cooled and NHT specimens as the
sliding distance in increased.
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