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ABSTRACT

In this investigation two types of heat treatment solutionizing and ageing were employed to nickel-aluminium bronze
(NAB alloy) containing Al, Fe and Ni as the alloying elements. Heat treatment was done to access their effect on the
mechanical properties e.g. tensile and compressive strength and strain. Solutionizing temperature carried out at
850°C and 900°C for duration of 30 min, 60 min, 90 min and 120 min. similarly, ageing was carried out at 300°C
and 500°C for the duration of 120 min and 180 min. The heat treated samples were subjected to water quenching in
order to bring them to ambient temperature. The tensile and compressive strength and ductility of the alloy were
determined in different conditions. In this case, the heat treatment was carried out in optimized conditions
(temperature and duration) of solutionizing and ageing. Optimization was done based on the best combination of
hardness and microstructural homogeneity attained by the samples during the heat treatment. Optimization is not
included in this paper.
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INTRODUCTION

Aluminium bronze is one of the versatile wear r@sgs engineering materials that work under a caves
environment with high stress [1]. As we know thadirdinium bronze that is copper based alloy contalaginium
about 5 to 12 % or sometimes up to 14% by weigth wdme optional alloying elements like Fe, Ni, &hd Si etc.
[2][3]. Nickel-aluminium bronze (NAB) belongs toaup of aluminium bronzes. It contains 9-12 wt. [4ranium
with additions of iron and nickel up to 6 wt. % [4]

Nickel-aluminum bronze is a series of copper-baséxy with additions of aluminum, nickel and iro@ombined
with high strength, it shows good resistance torazion and wear, which makes it one of the mostatée
engineering materials. It is widely used as engingeparts, such as various worm-gears, gears,ngsardies,
valves and propellers [5]. The Chemical Compositibnickel aluminum bronze are 78% Cu min, 10.0%.16%
Al, 3.0% to 5.0% Fe, 3.5% Mn max, 3.0% to 5.5% W% max other (total)[6] .

Heat treatment increases the mechanical properftig®e composites determined in tensile as wellh@®mpression
tests [7].The differences of the mechanical pragembserved in the tensile test and compressiintiefore heat
treatment, testify to the weak bonding betweenigast of matrix and reinforcing phase. The weakdieg could
deteriorate the wear of com posites, because graditles could be pulled out from the surface bifaborating
sliding element. To improve the bonding of parictbe heat treatment of composites after extrusias applied

[7].
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MATERIALS AND METHODS

The methodology adopted to carry out the presardysessentially involved alloy preparation by nratiand
casting technique, its heat treatment (solutiogizand ageing) over a range of temperatures andtichsa
optimization of heat treatment parameters (tempegaind duration), sample preparation from theyahoas cast
and heat treated conditions, characterization athaeical properties. A schematic representatiothefadopted
methodology is shown below (Fig 2.1)

[ Alloy preparatiol ]

v

[ Solutionizing at 850 and 960 for 0.5, 1, 1.5 and 2}

hrs and quenching in cold water

v

[ Optimization of solutionizing temperature and dimat }

based on microstructure and hardness (not inclirdéds

[ Aging at 300C, 400, and 580D for 2 and 3 ]

v

[ Sample preparation for testing of mechanical priger ]

v

[ Characterization of mechanical properties (ter&it®mpression) ]

Fig: 2.1 — Flowchart of methodology adopted

2.1EXPERIMENTAL WORK

2.1.1 Alloy preparation

The Al bronze with a nominal composition of Cu-1&%e-5Ni was synthesized using liquid metallurgyteo The
process started with the preparation of the cheogeaining required quantities of different elensdike Cu, Al, Ni
and Fe. Cu pieces were charged in a graphiteldeuand melted employing an oil-fired furnace. Thelt surface
was covered with flux (Albral) and other alloyindements were added to the melt (maintained at °1)70
gradually. Care was taken to add the lower mekiiegnents like Al to add at latter stages of meltivith a view to
reduce losses through vaporization. The melt wiasedtmanually for some time to facilitate dissadat of the
alloying elements. After cleaning the melt surfgoeuring was carried out in permanent moulds inftimen of 14
mm diameter, 150 mm long cylindrical rods (Fig 21B)order to hold the solidification structurefdifences of die
casting specimens at the minimum, the die molds haen used after being subjected to preheatitgat500C.

2.2 Heat treatment
The heat treatment cycle employed in this inveitigaconsisted of solutionizing and artificial aggidone in an
electric heat treatment furnace (Fig 2.3).

2.2.1 Solutionizing

In order to further improve the mechanical propertdf cast alloy (NAB) can be heat treated. Theyalas
investigated in both as cast and heat-treated tiondi The solutionizing was done at different camakions of
temperatures and times. solutionizing was carrte868 and 90%C, for 0.5, 1, 1.5 and 2 hrs, respectively. Water
guenching was employed to bring the heat treatatples to ambient temperature after the solutiogizirhere are
eight specimens (A-H) taken for solutionizing amsuarized below in Table 2.1

2.2.2 Aging

In order to determine the role of the aging, thesas subjected to ageing that were prior solutiedhiat 908C for
1.5 hrs. the specimens were aged at three teroperat. 300, 400 and SWfor 2 and 3hrs, respectively. Water
guenching was employed to bring the heat treatetbkes to ambient temperature after the solutiogizirhere are
six specimens (AA-AF) taken for ageing as summaritzelow in Table 2.2
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Table 2.1: Solutionizing time & temperature of as cast nickel- Table 2.2: Ageing time & temperature of solutionizd nickel-
aluminum bronze aluminum bronze

Sample no.| Temperature | Time | Quenching medium ) Quenching
A 850°C 0.5 hr. Water Sample no.| Temperature | Time medium
B 850°C 1.0 hr. Water AA 300°C 2hrs. Water
R 117 wo e i

: : AC 400°C 2 hrs. Water

E 900°C 0.5 hr. Water AD 200°C 3hrs. Water
F 900°C 1.0 hr. Water AE 500°C 2 hrs. Water
G 900‘;C 15 hrs. Water AF 500°C 3 hrs. Water
H 900°C 2.0 hrs. Water

Fig: 2.2 — As-cast cylindrical rod of NAB Fig: 2.3 — Electric heat Fig: 2.4 — Electric heat
treatment furnace treatment furnace

2.3Tensile test

2.3.1 Preparation of test specimen

Tensile specimens with a gauge diameter of 4Ammgeydength of 20 mm, shoulder diameterl0 mm andpgrgp
length 15 mm (Fig 2.5) were prepared from NAB aliloyoth as cast and heat-treated conditions.

1 i— 3mm *
. 4mm (Diameter) . Shoulder | 10 mm (Holding diamete
—1/ t \‘\—
15 mm ! 25 mm ! 15 mm

Fig: 2.5 - Test specimen for tensile test with acal dimensions

Fig: 2.6 - Test specimen of as cast Nickel Aluminim Bronze

A standard dumbbell-shaped test specimen is pregardensile test (Fig 2.6). It has enlarged emdshoulders for
gripping (Fig 2.5). The important part of the speen is the gage section. The cross-sectional drélaeogage
section is reduced relative to that of the remaimdehe specimen so that deformation and failuilklw localized
in this region. The gage length is the region avhich measurements are made and is centered withireduced
section. The distances between the ends of the gggi®n and the shoulders should be great enomughas the
larger ends do not constrain deformation within gage section, and the gage length should be grleditve to its
diameter. To avoid end effects from the shouldéms,length of the transition region should be asleas great as
the diameter, and the total length of the reduestian should be at least four times the diameter.

The sample usually is made into multiple “speciniefos testing. Test samples must be prepared ptpger
achieve accurate results. Test specimens must e cazefully, with attention to several detailse®pecimen axis
must be properly aligned with the material rollidigection. The dimensions of the specimen mustdid tvithin
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the allowable tolerances. Each specimen must bwifigel as belonging to the original sample. lfalatlongation is
to be measured after the specimen breaks, thelgagi must be marked on the reduced section dbaherior to
testing.

2.3.2 Test procedure

Tensile tests were performed on round specimensifpavmm gauge diameter and 20 mm gauge lengtistim
rate of 4x10° s*. An average of two observations has been considirehis study. The equipment used for
carrying out the tensile was an Instron make useesting machine (Fig 2.4). Tensile test wase@out at room
temperature.

The test set-up requires that equipment be promealtghed to the test at hand. There are threermments of the
testing machine: force capacity sufficient to bréad specimens to be tested; control of test spareskrain rate or
load rate), as required by the test specificatéong precision and accuracy sufficient to obtain awbrd properly
the load and extension information generated byteke The grips must properly fit the specimend tiey must
have sufficient force capacity so that they arestiped during testing.A tensile test involves miing the specimen
in a machine and subjecting it to tension. Theikerigrce is recorded as a function of the increiasgage length.
As a result we get a stress-starin curve. Engingesiress, or nominal stressjs defined as = F/A, whereF is the
tensile force and\, is the initial cross-sectional area of the gaggiee. Engineering strain, or nominal straénjs
defined a® = AL/LywhereL, is the initial gage length andl_ is the change in gage length ¢ L).

2.4 Compression test
2.4.1 Preparation of test specimen
Cylindrical specimens (size: 10 mm diameter andnifd long) were used for conducting compression .tests

Specimens for compression test were taken fromashmast sample. Specimens having lav§eratios should be
avoided to prevent buckling and shearing mode<ffrdhation (Fig: 2.7)

1
O 10 mm
| | t
|<— 15mm ——|

Fig: 2.7 — Specimen for Compression test

2.4.2 Test procedure

Cylindrical specimens were used for conducting casgion tests at a strain rate ofE3. The equipment used for
carrying out the tensile and compression tests aradnstron make universal testing machine (Fig.2H)e
specimen is placed between compressive plateslglaralthe surface. The specimen is then compresseal
uniform rate. The maximum load is recorded alonthsiress-strain data. An extensometer attachéuetéront of
the fixture is used to determine modulus.

The compressive strength of a material is thatevaluuniaxial compressive stress reached when titerial fails
completely. The compressive strength is usuallyaiokbtd experimentally by means of a compressive Est
apparatus used for this experiment is the sameaasised in a tensile test. However, rather thpfyamy a uniaxial
tensile load, a uniaxial compressive load is applie

RESULTSAND DISCUSSION

3.1 Tensile strength

Fig 4.1 shows tensile stress versus strain platthiBbsamples in as cast heat treated conditidms siress increased
with strain prior to specimen fracture. The medtanproperties of the samples in as cast and daptisnheat
treated (solutionized and aged) conditions are shiowFig. 4.2. The tensile strength of the agedpasiwas the
highest while that of the as cast one the minimsofiytionized alloy showing an intermediate respodsefar as
elongation is concerned, it was the highest forsthletionized samples whereas that of the as cesthe least; the
elongation of the solutionized samples lied in legwthe two.

227
Scholars Research Library



Praveen Kumar Nigamet al Arch. Appl. Sci. Res., 2013, 5 (1):224-230

800 r

Aged

700

600

500 |

s
S
=3

Solutionized

Tensile Stress (MPa)

[
o
o

As Cast

200

100 F

0 5 10 15
Strain (%)

Fig: 3.1(left) - Tensile stress-strain plots of théronze samples in as cast and heat treated conditis [solutionized: solutionizing at 908C for
1.5 hrs, Aged: ageing at 50T for 2 hrs]
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Fig: 3.2(right) - Typical mechanical (hardness andensile) properties of the bronze samples in as deend heat treated conditions [ST:
solutionizing at 900C for 1.5 hrs, Aged: ageing at 50 for 2 hrs]
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3.2 Compressive strength

Fig 4.3 represents the compressive stress plotieal fanction of strain for the as cast, soluticrated and aged
samples. In this case, the stress increased wiainsfThe rate of increase in stress was highaihyjti This was
followed by a lower rate of increase in stress \gittain, attainment of maximum stress and specifraure. Fig
4.4 shows mechanical properties of the samplebhdénat cast and optimized heat treated (solutioréretlaged)
conditions. The heat treated (solutionized and pg#dy samples attained inferior strength and o#ida in height
compared to their as cast version (Fig. 4.3 & 4irther, the heat treated samples displayed cabf@strength
while the as cast samples attained maximum redudticheight followed by that of the aged and sohized
samples.

1400 r W:AsCast, O: ST, R: Aged
qutmrI\ujd \\
o A 1200 §
1000 \
1000 \
.
- ; .
% .% 800 \
= 800 g \
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@ Aged = 600 \
¢ 600 ° \
g. 400 §
8 400 \
.
.
. 200 \§
0 1 &\
0 L . ’ UCS (MPa) Reduction in
0 10 20 30 height (%)

Strain (%)

Fig: 3.3- Compressive stress-strain plots of the bnze samples in as cast and heat treated conditiofs®lutionized: solutionizing at
90C°C for 1.5 hrs, Aged: ageing at 50T for 2 hrs]

Fig: 3.4- Typical mechanical (compression) properés of the bronze samples in as cast and heat tredtgonditions [ST: solutionizing
at 900°C for 1.5 hrs, Aged: ageing at 50T for 2 hrs]

CONCLUSION

This chapter presents conclusions arrived at basedhe results obtained and observations made im th
investigation. The conclusions relate to the meidanproperties such as tensile and compressiveepties
brought about by heat treatment involving solutzomy and ageing and corresponding changes in. \Fioltpare the
conclusions drawn:

1.The tensile stress increased with strain. The odincrease in stress was high initially. Thissviallowed by a

lower rate of increase in stress with strain, attant of maximum stress and specimen fracture.liEa¢ treated
alloy attained superior tensile strength and eltingas compared to that in the as cast condifibie. aged samples
attained higher hardness and tensile strengthtti@ae of the solutionized samples while their etdiogn tended to

follow a reverse trend.

2. During compression loading, higher stress waerded with increasing strain prior to specimetufai In this
case, the rate of increase in stress was highligitiThis was followed by a reduction in the raféncrease in stress
and ultimately specimen fracture. Moreover, the prassive strength of the heat treated alloy samplas
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somewhat inferior to that of the as cast alloy witile aged samples attained higher strength coohpatbat of the
solutionized ones. Reduction in height was the maxrn for the as cast alloy followed by that of tledusonized
and aged samples.

3. The study suggests the mechanical properti¢seosamples to be affected by heat treatment ggnily. The
type (solutionizing and ageing) and parameters fezature and duration) of heat treatment also tffethe
characteristics of the sample to a considerablenéxfccordingly, it emerges from the study thasipossible to
obtain desired combinations of properties througtinizing the heat treatment type and parameters.
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