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ABSTRACT

In this investigation, the Role of Ti & B in micrtogctural and mechanical properties study of A 386y, have
been discussed. The microstructural aspects ofAic@860 alloy are strongly dependent on the grafimeenent (Ti and B).
The mechanical properties such as Tensile Stretfjfls, %E, BHN and toughness have been investigdied. journal
deals with the grain refinement of A 360 and thgretproving the overall mechanical properties cf #iloy. The quality
of castings and their properties can be achieverkfiying of a-Al dendrites in A 360 alloy by means of the adiitiof
elements such as Ti and B which reduces the sizeAdfdendrites, which otherwise solidifies with cearcolumnan-Al

dendritic structure.
KEYWORDS: A 360 Alloy, Grain Refinement, Mechanical Propestie Al Dendrites
INTRODUCTION

Aluminium alloys are widely used in engineeringustures and components where light weight or caros
resistance is required. Nowadays aluminium alloses largely used in automobile applications likeimyér heads of
airplanes & motorcycle, aircraft motor and gear ding, turbochargers etc. Aluminium alloys also haeey common
applications like frying pan, instrument cases gk we know aluminium cast alloys have 100 to 8&es and of which
300 series is mainly used and of 300 series 35@ Ipagminent applications. The other aluminium alay not used
because of its poor overall mechanical strengtltiwvis due tax-Al dendrites which forms a coarse columnar strieeand
silicon forms brittle needle-like particles thatloee impact strength. So by adding refiners likeafid B, grains can be

refined and thus we can get a non dendritic straotthich further increase the mechanical properties

The microstructure and alloy constituents are retzed to achieve optimum mechanical propertiesoftent is
A 360 alloys employs this alloys to be cast eabigause of the fluidity. However, eutectic Si mdes present along
solidification cells of the A 360 aluminum alloytdedorate strength, ductility, and fracture tougssiand thus researches
to develop processes for enhanced distributiorutdatic Si particles have been actively pursuets Well known that on
solidification of hypoeutectic Al-Si alloys the prary a-Al solidifies with coarse columnar or twinned colnar. Actually,

in most cases high-level mechanical propertiesrasgled for industrial applications, so the perforceaof the alloy must
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be subject to many micromechanical investigati@®iace the strength and hardness of alloys mainped@ on their

microstructure, by refining the structure mechalnicaperties can be improved.

The main variables affecting the microstructurdude composition, solidification conditions, Stirgi time and
heat treatment. Here in our experiment we are aanaing only on composition and stirring time. Maaical properties
of Al-Si alloys are related to the morphology ofiminium and silicon particles (size, shape andibistion), grain size,
shape and dendrite parameters. Modification by rapldefiners changes the morphology of aluminium aiiton
particles. Addition of Ti causes reduces the sizalpha Al dendrites which otherwise solidifies @sarse columnar
structure. Fine grain size increases strength amtllity. Compared to boron, TiAtrystals are poor nuclei. Tigtrystals
also have a relatively high solubility in aluminiufor both reasons a large amount of titanium rhastdded to produce
consistently small grain sizes. As in the case,af Bombines with other metal to form borides, Alhd TiB, and thereby
increasing hardness. It also has a stable nuctetdiactivate grain refining. Titanium diboride femost no solubility in
liquid aluminium so good refinement at small aduitievels. But on the other hand High boron corredion, borides

contribute to particle agglomeration, and increassdof casting inclusions.

Thus, keeping in view, an attempt has been madtutty the effect of additions of Ti and B in thenfoof master

alloys on the microstructure and mechanical pragedf A 360 alloy.
Best Practices for Grain Refinement

Before defining the best grain refinement practiiteis necessary to clearly distinguish betweenttho forms of

titanium:
e Soluble Titanium

This is the TiAI3 compound, which is present as200micron sized particles in Al-Ti master alloysigihdo not
contain boron. It is also present in Al-Ti-B alloyich have an excess of Ti required to produceT{Bhe stochiometric
ratio is 2.22 wt % Ti for each 1 wt % B.) The TiAt®mpound dissolves quickly in alloys that conti@es than about

0.15% Ti. As noted above, this particle is a padiner in Al-Si casting alloys.
* Insoluble Titanium

This is the titanium present as TiB2. TiB2 has sadbw solubility in aluminum, that for all practicpurposes it
can be considered to be insoluble. (TiC is ancfihen of insoluble titanium. The carbide is alsoaod grain refiner, but

as it offers no advantage in casting alloys, AlcTiefiners will not be considered further.

CASTING OF A 360 ALLOY

For casting of A 360 Alloy, Aluminium 360 alloy ints are used. For modification Master alloy of Md&B in

powder is used as mentioned below.
Material Selection

e Alalloy ingot

* Master alloy — Powder

e Coverall flux
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De-gasser

Details of Materials Used

Aluminium Ingot

Aluminium waffle ingot - 10 kg

Master Alloy (10% wt)

Powder form
Size 6um
Titanium Boron Aluminium 3% Ti— 1% B

1Kg

Coverall Flux (1% Wt)

47.5% NaCl, 47.5% KCL and 5% NaF
Melting Temperature — 68¢

100Gm

Degasser (0.5% wt)

Hexachloroethane Tablet / perchloroethane (PCA)
Melting temperature — 1840c

50Gm

Procedure of Casting

Prior to the charge of ingots into the crucibleythave to be cleaned by abrasive and chemical sb(aeetone).
This is done to make the casting free from cadfiefpcts caused by impurities in the metal and tkeniafree

from moisture to prevent corrosion.

10Kg of A360 Waffle ingot is weighed using a weidkdlance. The induction furnace is heated to 7G0oc
become red hot and the A 360 alloy is chargedtimtacrucible.

Coverall flux of 100gm is also added when the terappge is in the range of 5800C into the crucibleilev
charging the alloy. The purpose of adding the fisxto prevent the melt surface from oxidation and

contamination.

Add hexa - chloro ethane at 7000C max to degasiiealloy i.e, to drive away the dissolved hydnogehich

will otherwise be present in the solidified ingst@orosities

To remove further the dissolved hydrogen and nérogas is bubbled through the molten metal. Heregen

gas is bubbled for about 45 minutes. This will éaghat all the hydrogen present in the molten higt&moved.
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e Add the master alloy in powder form — 1kg to theadle and complete melting is ensured.
« After Ti & B addition nitrogen gas is again bubbled about 15 minutes as mentioned above.

» Mechanical stirring is done at a temperature of&36r 20 min at 425 rpm in order to mix the eletsemell and

mainly to acquire the required mechanical property
* Molten aluminium is poured into a testing cup talsme the composition.

» Testing is done by using Squish Analyser. If theureed composition is attained proceed to pounib ithe

mould, if not add master alloy and check againeGwould be taken to degas the molten metal again.

e The molten metal is poured into the preheated n®ulthen the moulds are allowed to solidify. After

solidification, the casting is removed from the riaou

EXPERIMENTAL DETAILS

G — Gauge Length 2.000 = (L0035
D — Diameter 0.500 £ 0.010
R —Radius of Fillet, Min 1/16

A — Length of Reduced Section 4

L — Overall Length 5%

B —Length of End Section A

All Dimensions in Inch

Figure 2
Tensile Testing as per ASTM B557 — 06

Tensile testing was done as per ASTM B557 06. Tdtaild of samples are given below. The cut poriom the

cast is turned to obtain the tensile test speciiRantographs are shown below

The tensile properties (ultimate tensile strengttl & elongation) were measured by using a Univeesting
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machine Instron model 1195, at room temperature. f€st was carried out by gripping the ends ofsiiecimen on the
Instron machine and applying increasing pull ongpecimen till it fractures. Tensile tests areiedrout for determining
the mechanical properties like tensile yield stthnglltimate Tensile Strength (UTS) and % Elongatio check whether

the material is tensile or brittle.

Figure 3: Specimens for Tensile Test

Impact Testing as per ASTM E23

Various standard impact tests can be employedstahe toughness of material but here we are UBypg A as
given below, i.e. V notch test is done. The notchpécimens are broken by a swinging pendulum. 6iseas are used

for testing and mean is taken as the toughnesg walimpact strength in J.

Figure 4: Test Specimen for Impact Test

CVN Impact Testing reproduces very strenuous sere@nditions (high strain rates, triaxial stresdestiue to the

presence of sharp notches, and low temperatures
Hardness Testing as per ASTM E18

ASTM E 18 relates with Rockwell hardness testing.our test we are using B scale i.e. we will getBHR
The load used is 100kgf. ASTM E140 - 07 — Standéaddness Conversion Table also can be used to daimeeHRB
scale to the required other scales, say VHN, BHRCHetc. 3 Specimens are made by size 40mm X 40Five.reading

from each specimen is taken and then the averaggdslated to get the hardness of the modifiealyall
Metallography

Two small cylindrical specimens, of dimension 15xf&re cut from the bottom of the castings. Theast-as
well as modified samples were polished for mictadtire study. Samples are polished initially biceih carbide papers

of different grades. Hand polishing was followed tachine polishing. Diamond paste with particleesGam, 3um,
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0.25um were progressively used. The polished sampleg wkemically etched using 0.5% HF solution to rétka

microstructure. After etching and thorough cleanimgunning water the samples were dries using dréér and observed

under optical microscope.

RESULTS AND DISCUSSIONS

Microstructure Analysis

Microstructure of unmodified A 360 alloy and Moe@ifi A 360 alloy is taken to understand the morphplag
100pum.

The Needle like structures in the microstructurauoiodified A360 is coarse-Al Dendrites. The grey colour

surrounding the needle structure is the Al matrix.
The dark black dot shows the porosity in the castin

In the Microstructure of modified A 360 alloy wercdind out that the needle structure is reducedthe

microstructure is refined or the grain size hasmbeeluced.

Addition of Ti and B changes the microstructure +educes the size of alpha — Al Dendrites, whiteowise

solidifies with Coarse columnar structure.

Grain size is refined by increasing the solidificatrate but is also dependent on the presenceaii-gefining

elements (principally titanium boron) in the alloy.

Adding a small quantities of modifiers, here Ti & duses modification of the microstructure. Thisliaon
effectively moves the eutectic point to a highdican concentration and lower temperature. This ifiexl the
growth of the eutectic silicon to produce an irdagdibrous form rather than the usual flakes. Eéectic point
has moved far enough to make the alloy, at thispamition, hypo-eutectic instead of hyper-euteco. now

primary alpha forms, rather than primary Si. This be seen on the microstructure.

Al-Si alloy solidifies, the primary aluminium formend grows in dendrites or silicon phase forms gimavs in
angular primary particles. When the eutectic p@nteached, the eutectic Al-Si phases nucleategao until

the end of solidification.

(b)
Figure 5: (a) A 360 Alloy — Unmodified (b) ModifiedA 360 Alloy
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Tensile Test Results

Table 1
el el Ultimate Tensile o
S| No Strength in Strength in MPa Elongation(%
MPa in2" G.L)
1 162 323 3.8
2 169 319 3.5
3 172 320 3.8
4 166 316 3.4
5 165 323 3.4
6 170 320 3.5
Standard
(3 3.35 2.41 0.17
Mean 167 320 3.6

Tensile test of the modified A 360 alloy was calrigut as per ASTM standard. The Tensile yield sgfiterof
unmodified A 360 alloy is 165 MPa. As from the &lwe can see that six numbers of specimen wadedasted and it

was found that the tensile yield strength of medifA 360 alloy has been increased to 167 MPa.

From the table we can find out that ultimate tensitrength of modified alloy is increased from 34Fa to 320
Mpa. % Elongation, which was 3.5%, has been inetds 3.6 %. Tensile strength has increased bea#usde grain
refinement of A 360 alloy by adding the Ti & B.

It is also evident that there is not much incraasiae strength which is due to Increased B addjtitogh boron
concentration leads to the formation of boridesclvhinakes the alloy hard and brittle thereby redythe tensile strength
also high B concentration contribute to particlglageration. The modified A 360 is not heat treatétieat treatment is
done, Precipitation hardening occurs also the mscfermed in the casting gets more time to grow tm it will be

refined and thereby increasing the tensile properti
Hardness Test Results

Table 2

SINo|1 (2 |3 |4 |5 |6 |7 |8 |9 |10|11|12| 13|14 | 15
HRB | 79| 80| 78/ 7§ 79 79 79 80 82 79 BO |78 |79 |79 |79
Standard Deviation — 0.98

Mean — 79

AIB, (Aluminium diboride) & aAlB;, (Aluminium dodecaboride) which is formed by the addition of Boron is
very brittle structures which increases the hardredéghe modified A 360 alloyTiB, which is formed by the addition of
Ti and B also increases the hardness. Thoughuitawiborides are formed very little they are verijtle structure which

can adversely affect the mechanical properties.

The formation of Intermetallics also contributeshe increase of hardness. Needle-lik&lsFeSi intermetallics

these are very brittle phases which cut the matrix.

Note: The Specimen for hardness is taken from the bosidm of the casting that means the solidificatioretat
the bottom of casting is longer and therefore ttang will be perfectly refined and the carbidedl i fully formed and

placed in proper manner.
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Charpy Impact Test Results

Table 3
Impact
=i Strength in J
1 5.7
2 5.4
3 5.7
4 5.4
5 5.3
6 5.5
Standard
Deviation 0.5
Mean 55

Needle-likea AlsFeSi intermetallics which is a brittle phase ches matrix and produces stress concentration and
thus greatly degrades the mechanical propertied-&i alloy. By combining all the result we can simat, toughness is

mainly affected mechanical property.

Brittle Eutectic Silicon phase also degrades thgaich property of the alloy. Microporosity usualgstulting from
the dissolved KHand N gas is also a reason to reduce the impact strerfigtie alloy. When molten Al-Si alloy solidifies,
the hydrogen atoms precipitate from the melt andnfanolecular hydrogen which forms porosity act ast@ss

concentration point to initiate the crack formation

Failure occurs in Al-Si alloy mainly by nucleati@md propagation of microcracks around silicon phasen
aluminum matrix. Silicon is brittle and can easihack. Decohesion of silicon from the aluminum nxaéiso takes place.

Microcracks usually initiate from these sites ameint propagate.

The dislocation slip band in the matrix is a kirfdndcrocrack initiator. The matrix has areas whtrere is no
reinforcement such as silicon particles or inteattietprecipitates. These local non-reinforced arai® relatively soft and
dislocation slip can be easily produced under esfestress. When the slips accumulate at parteidagrain boundaries,
a localized strain is produced and an even micobcisinitiated. Also it can be inferred that as thardness of the alloy

increases the toughness decreases.
CONCLUSIONS

A 360 alloy was modified by adding Ti and B andufeswere obtained. From the microstructure itvislent that
modifiers added helps in refining the grain stroetwhich in turn improves the mechanical propertiBg adding

modifiers the needle like structuredeil was reduced and also the silicon which formeshihittle phase is also reduced.

Tensile properties were improved. The tensile y&tdngth was increased from 165 MPa to 167 Mpso fdom
the tests it was found that UTS and % Elongatioal$® increased. UTS is increased from 317MPa tbNga and %
elongation (% in 2” G.L) 3.5% to 3.6%.

Impact strength or the notch toughness of the rremtidlloy is found to be decreased from 5.7J toJovhich is

due to the formation of intermetallics and micragsity formation by the include gases likg &hd N.

Hardness of the modified alloy was tested by talbngading from each samples and 15 reading wé&enta
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The Hardness of modified alloy was found to be @ased from 75 HB to 79HB which is due to the foramatof

intermettalics and borides.
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