IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE)
e-1SSN: 2278-1684,p-1SSN: 2320-334X, Volume 13, Issue 6 Ver. V (Nov. - Dec. 2016), PP 39-43
www.iosrjournals.org

Effect of Ageing and Amount of Tic on Hardness of Al/Tic
Composites

Phaneendra Kumar A L !, N. Chikkanna 2
'Deputy Manager, TE Connectivity India Pvt. Ltd., RMZ NXT, 1 B, 3™ Floor, EPIP Area, Whitefield Road,
Bangalore - 560066
2 Professor & Chairman, Aerospace Propulsion Technology, VTU, Muddenahalli, Chikkaballapur - 562101

ABSTRACT: This paper describes about influence of both ageing response and amount of TiC reinforcement
on Al composites properties such as age hardening, electric resistivity and microstructure changes. The
samples were aged at 30, 100, 170, and 240°C for 0.01 to 100 hours. The peak of the hardness and resistivity
values of the MMCs were increased with increasing TiC content and ageing temperature. Ageing acceleration
precipitation was observed more significantly in higher percentage reinforced composite due to higher
dislocation density. Dislocation density helped to nucleate the precipitation, which is higher in composites due
to mismatching thermal and mechanical properties between reinforcement and matrix. Changes in the
properties of the composites during ageing have been explained on the basis of micro structural alterations
during ageing.

Keywords: Ageing, Al/TiC composites, hardness, DSC.

I.  Introduction

Aluminium composites generally called precipitation hardenable matrices and when ceramic particle
reinforced the ageing considerably faster than matrix alloy [1]. The formation of dislocation density in the
composites is higher than that of unreinforced matrix alloy due to thermal mismatch between the reinforcement
and matrix alloy. This dislocation helps the diffusion of solute atoms which leads to formation of nucleation
sites which leads to rapid precipitation process [2]. The quenching temperature and solution temperature play
significant role in the decomposition and formation of precipitation between the alloying elements [3]. The
faster rate quenching rate enhances the Guinier Preston (GP) zone formation along with some intermediate Al,
Si and Mg based precipitations [4]. Transmission electron microscopy (TEM) studies have the heterogeneous
nucleation formation in the matrix alloy improves the precipitation rate which leads faster ageing kinetics [5].
Many researchers worked on the theoretical analysis of ageing kinetics in composites with some experimental
results have recommended that the dislocation density of matrix alloy also influence the precipitation with
shorter path for solute diffusivity [6].

The purpose of the research work was to investigate the effect of ageing temperature and TiC on the
microstructure and hardness properties of TiC reinforced Al composites. The variation of hardness of
composites was studied as a function of ageing time, temperature and TiC content. Energy dispersive X-ray
spectra-meter and differential scanning calorimetry (DSC), and TEM investigation have been studied to
investigate the effect of TiC on the decomposition and precipitation kinetics of the matrix alloy.

1. Experimentation
Al 6061 alloy was used as the matrix material due to its good casting and strength to weight ratio. This
alloy generally used for domestic application due its mass production and corrosion resistance, the chemical
composition of Al given in Table 1.

Table 1. Chemical composition of Al6061 alloy
Mg Si Cu Mn Al
0.92 0.76 0.22 0.04 Bal.

The TiC powder size of 1-3 um was selected as the reinforcement and loading of TiC into composites
varies 0, 5%, 10% and 15% by weight. Only 15% of TiC is restricted due to settling the reinforcement during
mixing for higher percentage of reinforcements. Stirring technique was used for fabrication of TiC composites
specimen. The preheated Nickel coated TiC particles were mixed with molten metal during stirring around 500
rpm of molten metal. The molten liquid degassed by nitrogen gas for 5 min then poured into preheated suitable
die.
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The heat treatment or ageing was done after specimen preparation as per standard. the specimen
initially placed in the furnace for homogenous heat treatment for 24 hours at temperature of 523 °C then
quenched it to ice cooled water for one hours then placed for natural ageing under room temperature for 24
hours and finally exposed to different ageing temperature at 30, 100, 170 and 240 °C for different time intervals
from 0.01 to 100 hours.

The cleaned and polished specimens were etched for optical micrography was done on the samples
using Keller’s reagents [7]. The polished specimens were used for microhardness test, which were conducted
using a Leitz Wetzlar microhardness tester with the load applied was 1 N. Six hardness values were taken for
each specimen and average values are drawn in the graphs. Care was taken to avoid making an indentation
directly on a reinforcing particle which otherwise would cause a great scatter in the hardness value.

DSC used for measuring the total heat flow as a function of temperature for temperature range from 30
to 600 °C. The rate of heating was 10 K/ min. and the reference sample was indium. The phase transformations
during ageing were analyzed by EDS,

TEM was used to investigate the dislocation density generated during heat treatment of Al/TiC
composites. The composites specimens for TEM the thin 100 um foils were fabricated using grinding followed
by twin jet polishing with methanol and nitric acid mixture at -50 °C in the HNO; solution until the hole formed.

Fig. 1 Microstructure of a) Al6061 alloy
and b) A1'10% TiC composites

Fig. 2. Higher dislocation around TiC
particle in composites (ITEM) and b)
precipitates in matrix after ageing at 180

°C for 10 hours (TEM).

DOI: 10.9790/1684-1306053943 www.iosrjournals.org 40 | Page



Effect of Ageing and Amount of Tic on Hardness of Al/Tic Composites

I11. Results

3.1. Microstructure

Microstructural properties of composites plays significant role in the performance (physical and
mechanical properties) of matrix alloy and its composites. The mechanical properties mainly depend on
reinforcement shape, size and distribution in the matrix materials. Fig. 1(a) and (b) show microstructure of Al
matrix alloy and Al/10%TiC composites respectively. Fig. 1 (b) shows that uniform distribution of TiC particle
in the matrix alloy. The size of the grain boundaries of Al matrix alloy is larger than that of Al/TiC composites.
But some places in microstructure few large TiC particle cluster seen and entirely TiC depleted. The particles
are restricted the dendrites grow within the matrix alloy due to solute enrichment and solidifies eutectic liquid
around the TiC reinforcement. There is no inter-particle space is observed at the interface between the
reinforcement and alloy matrix.
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Fig. 3 EDS spectnum of the a) Al matrx alloy and
by AUTIC compositesrespectively

When magnesium and Si elements present in the aluminum alloy, magnesium combined with Al,O4
and forms MgAl,O, and MgO[8], the Al,O3 is formed during stirring of molten metal for preparing composite
[14]. Fig 2(a and b) shows the bright-field (TEM) of the aged Al/TiC composite for 10 hours. The higher
density precipitates are observed in the TEM image and it is identified as silicon clusters. The Mg,Si
precipitates of size 20 nm are formed along grain boundaries and surrounding reinforcements they are generally
called Guiner-preston zones as shown in Fig. 2(b).

Few researchers [9-10] reported that small precipitates formed along the interface between the
reinforcement and matrix alloy their chemical compositions are MgO and Al,O; spinal particles.

At higher temperature (180 °C) formation of GP zone very small and needle shaped precipitates. The
EDS revealed that the composition of aged composites specimen consists of B, MgO, and Al,Os; shown in Fig.3
(aand b).

3.2. Microhardness results

The variations of microhardness ageing duration and temperature for both matrix and composites are
shown in Fig. 4. The plots indicate that in all the cases except at an ageing temperature of 593 K, the hardness
value initially ageing time sharply increment but after a peak value the hardness value drastically decreased.
The addition of TiC in composites enhances the hardness of the composites due to formation of dislocation
density between the reinforcement and matrix. The hardness values of different % TiC addition do not show any
variation at longer duration of ageing due to dissolution of dislocation density within the materials. But the
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composites overage (240 °C) formation of dislocation density is less pronounced. The over ageing influence the
faster accelerated precipitate hence the maximum hardness is observed at early stage only.

At higher ageing temperatures, the precipitation and transformation of new phases occur very rapidly
as the diffusion rate in solid solutions increases with increasing temperature. This explains the shifting of the
hardness peak towards lower ageing time as the ageing temperature increases. At a higher ageing temperature
of 170°C, peak is not observed since it must have been already achieved by the time the first observation was
recorded.

Fig. 4 Ddicrohardness curveas of Al allow and
ALTIC composites obtamined on agsins at
warious tempearatures.

3.3. DSC studies

The DSC results shows that different exothermic and endothermic peaks for both unreinforced and
composites are shown in Fig. 5. The peak precipitation temperatures for composites significantly decrease with
addition of TiC particles. It explains the TiC enhances the precipitation formation for different phases. The
size of peaks precipitation curves are directly proportional to the weight % of TiC particles.

Previous works [11-12] on Al alloys have provided some evidences the formation of precipitation and
rate of precipitation increasing with increasing, quenching and solution temperature. The shape of the
precipitation at higher solution temperature is needle shaped structure and formed at interface between the
particles.
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Fig. 5. The result of the differential scanning
calorimetric for the Al alloy and its composites.
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IV. Conclusion

On quenching Al alloys into cold water at 0°C after heat treatment, both precipitation and cellular reaction
has been found to occur.
The hardness of the both matrix alloy and composites are increased with ageing duration up to peak then it
decreased with time due to formation of precipitation at initial stage and dislocation of precipitation after
the peak properties.
The similar trend was observed for DSC of both matrix and composites due to formation of dislocation
density along the grain boundaries and nucleation concentrations.

The addition of TiC increases the hardness and also accelerates the ageing time.

References
Yan Cui, Tingzhu Jin, Leigang Cao, Fengbin Liu, “Ageing behavior of high volume fraction SiCp/Al composites fabricated by
pressureless infiltration” Journal of Alloys and Compounds, Vol. 681, 5 October 2016, pp 233-239
Chuandong Wu, Kaka Ma, Jialu Wu, Pan Fang, Guogiang Luo, Fei Chen, Qiang Shen, Lianmeng Zhang, Julie M. Schoenung,
Enrique J. Lavernia, “Influence of particle size and spatial distribution of B4C reinforcement on the microstructure and mechanical
behavior of precipitation strengthened Al alloy matrix composites” Materials Science and Engineering: A, Vol. 675, 15 October
2016, pp 421-430
V.S. Aigbodion, “Thermal ageingon the microstructure and mechanical properties of Al-Cu-Mg alloy/bagasse ash
particulate composites” Journal of King Saud University - Engineering Sciences, Vol. 26, Issue 2, July 2014, pp 144-151
Tianran Hong, Xianfeng Li, Haowei Wang, Dong Chen, Kui Wang , Effects of TiB2 particles on ageing behavior of in-
situ TiB2/Al-Cu-Mg composites, Materials Science and Engineering: A, Vol. 624, 29 January 2015, pp 110-117
N.Ch. Kaushik, R.N. Rao, Effect of applied load and grit size on wear coefficients of Al 6082—SiC—Gr hybrid composites under two
body abrasion, Tribology International, VVol. 103, November 2016, pp 298-308
A.J. Knowles, X. Jiang, M. Galano, F. Audebert, Microstructure and mechanical properties of 6061 Al alloy based composites with
SiC nanoparticles, Journal of Alloys and Compounds, Vol. 615, Supplement 1, 5 December 2014, pp S401-S405
Zhiyong Cai, Chun Zhang, Richu Wang, Chaoqun Peng, Xiang Wu, Effect of copper content on microstructure and mechanical
properties of Al/Sip composites consolidated by liquid phase hot pressing, Materials & Design, Vol. 110, 15 November 2016, pp
10-17
J. Lai, Z. Zhang, X.-G. Chen, Precipitation strengthening of AI-B4C metal matrix composites alloyed with Sc and Zr, Journal
of Alloys and Compounds, Vol. 552, 5 March 2013, pp 227-235
W. Li, H. Liang, J. Chen, S.Q. Zhu, Y.L. Chen, Effect of SiC Particles on Fatigue Crack Growth Behavior of SiC Particulate-
reinforced Al-Si AlloyComposites Produced by Spray Forming, Procedia Materials Science, Vol. 3, 2014, pp 1694-1699
B. Wang, LJ. Huang, L. Geng, Z.S. Yu, Madification of microstructure and tensile property of TiBw/near-o. Ti composites by
tailoring TiBw distribution and heat treatment, Journal of Alloys and Compounds, Vol. 690, 5 January 2017, pp 424-430
Bin Li, Binghui Luo, Kejian He, Lizhou Zeng, Wenli Fan, Zhenhai Bai, Effect of ageing on interface characteristics of Al-Mg—
Si/SiC composites, Journal of Alloys and Compounds, Vol. 649, 15 November 2015, pp 495-499.
Bin Li, Binghui Luo, Kejian He, Lizhou Zeng, Wenli Fan, Zhenhai Bai, Effect of ageing on interface characteristics of Al-Mg-—
Si/SiC composites, Journal of Alloys and Compounds, Vol. 649, 15 November 2015, pp 495-499

DOI: 10.9790/1684-1306053943 www.iosrjournals.org 43 | Page



