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Improvement in Wear Resistance Additionally
as Corrosion Resistance
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ABSTRACT--On this examinations artworks, the capacity of fine silicon carbide (sic) particles on
mechanical living arrangements and dry sliding put on conduct of al 6026 composites have been researched. The
6026 lattice fortified with unmistakable weight rates of SiC particles are manufactured after fluid metallurgy
bearing. Microstructure, hardness, and ductile Homes of these composites had been assessed and contrasted and
al 6026. Furthermore, dry sliding wear conduct of Al 6026 principally based composites were played out the
utilization of pin-on-plate put on test rig. Tired coupons of the chose composites had been dissected the utilization
of examining magnifying lens for anticipating the included wear instruments. The primary discoveries Are: 1) Al
6026 composites demonstrated propelled hardness, lastingness and more youthful's modulus, ii) elastic homes of
Al 6026/10% sic composites had been not as much as al 6026/7% SiC showing that the significant weight division
of sic in Al 6026 is 7%, iii) exact wear charge of al 6026 and sic supported al 2026Composites increments with
developing executed normal burden and coefficient of erosion diminishes somewhat at better burden, and iv)
specific wear charge and rubbing coefficient of Al SiC are substantially less than that of unreinforced al 6026.
These outcomes notable shows the impact of sic support on cutting edge mechanical properties, diminished erosion
coefficient, and better wear opposition of al 6026 composites and supply a valuable specialist for more beneficial
control in their put on.

Keywords-- Al 6026/SiC Composites, Microstructure, Tensile Properties, Wear & Worn Surface
Topography.

.  INTRODUCTION

Metallic matrix composites, are principally metal alloys strengthened with characteristically ceramic
particulates. The foremost common matrix alloys engaged are aluminium, magnesium and titanium. Aluminium
is that the furthermost exploited metal alloy as matrix inside the growth of al primarily based composites and
therefore the elucidations for this are described. The ultimate word properties of al based composites governed
through the inherent properties of reinforcement selected and consequently the form of al alloy. Moreover, the
processing method tailed for manufacturing of al primarily based composites also have an impact on the remaining
homes. That is often due to the fact, most of the parameters positioned into deliberation for the duration of the
making plans of al based composites are allied with the ceramic particulates. Fundamental parameter includes

reinforcement type, size, form, modulus of elasticity, hardness, distribution and interface between the
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reinforcement and matrix. Aluminium amid a few several metals is appealing thanks to its predicted homes like
ductility,

Malleability, precise conductivity, light-weight, purposeful strength and availability in abundance (8% of earth
crust is al). In conglomeration with strong substances like ceramic like sic, b4c, tic, and many others. Are wont to
increase composites. The progressed properties of the composites purpose locating a very good variety of packages
in industries and structural packages (aerospace, automotive, marine, and navy). The facts on usage of ceramics
are very restrained, for instance, studied the addition of SiC in al-metallic matrix composite and showed a
development in mechanical and put on resistance of the composites. Hayrettin studied the additions of aggregate
of ceramics specifically al203 and SiC in al matrix and established improved hardness, compression power and
put on resistance of the al matrix alloy. Studied the addition of aluminium-SiC-CNT (multi walled) Nano-hybrid
composites and indicated an enhancement in mechanical electricity and modulus additionally as resistance to wear.

Straffelini concluded that the al hardness influences the wear and tear conduct of al 6061-al203 composites. In
their investigation of damage and tear behavior of al 6061- saffil (al203) fiber and inferred that saffil is noteworthy
in enlightening the damage and tear resistance of the composites. Studied the mechanical properties of sic
reinforced al 356 composites manufactured by means of die-casting procedure. From the information generated, it
had been published that the hardness and lastingness extended with boom in sic loading. Though, their paintings
do not provide records about the foremost optimal reinforcement inside the al alloy. Studied the function of sic in
Im4 alloy processed via stir casting route.

This work showed improvement in wear resistance additionally as corrosion resistance. Co-workers concluded
that al based sic composites display advanced put on resistance. Contemplated put on of extruded al 6061
strengthened with sic, al203 and cerium oxide fortifications, and presumed that wear prices of extruded al
6061/cerium oxide had advanced wear resistance under similar take a look at conditions. Stated that the top loading
of silicon nitride debris in Aluminium 6061 has brought greater hardness and superb lastingness. From the above
Literature assessment, it is clear that there are big research studies on processing and Residences evaluation of sic
and different ceramic particles strengthened MMCs, but a specific understanding on the effect of very great sic
debris

MATERIALS

1.1 Al 6026/SiC Composites

Wrought Al 6026 alloy was used as matrix material and procured from Fefee Metallurgical, Bengaluru, India.
The density of Al 6026 is 2.72 g cm3, melting point of 650°C, Young’s modulus and Poisson’s ratio are 69 GPa
and 0.34 respectively. The reinforcement chosen was SiC with average particle size of 25 pm, supplied by M/s
Carborundum Universal Limited, Kerala, India. The density of SiC is 3.21 g cm, melting point of 2730°C,
Young’s modulus and Poisson’s ratio are 410 GPa and 0.14 respectively. Table 1 shows the chemical composition

of Al 6026.
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Table 1: Chemical Composition of Al 6026 Alloy

Element wt. %
Si 1.20
Fe 0.50
Cu 0.25
Mn 0.35
Mg 0.60
Cr 0.10
Zn 0.10
Bi 1.20
Ti 0.10

Others 0.15

Balance 95.45

1.2 Fabrication of Composites
The fabrication of al based composites were administered by means of liquid metallurgy route through stir-
casting technique.

Table 2: Designation of Al 6026 and its Composites

SI. No Composites (Designation) SiC (~25 pum) wt. %
1 Aluminium(Al 6026)
2 Aluminium + SiC(Al 6026/3SiC) 3
3 Aluminium + SiC(Al 6026/5SiC) 5
4 Aluminium + SiC(Al 6026/7SiC) 7
5 Aluminium + SiC(Al 6026/10SiC) 10

Aluminium ingots have been located in graphite crucible and heated to 800oc within the electric furnace.
Preheated sic debris were brought into vortex of the liquid of al, compounded after feasible degassing with degasser
specifically hexachloroethane tablet. Mechanical stirring of the liquid steel for duration of 10 min turned into
accomplished by means of making use of artistic protected impeller crafted from metal. Spindle Speed of 400 rpm
and a pouring temperature of 800 °c had been kept at some point of stir casting system. The liquid steel turned into
filled to the preheated molds made from solid iron. The cylindrical rods of diameter 30 mm, and period two hundred
mm solid composites of al 6026/sic had been done. Additionally, al 6026 changed into also forged for contrast
cause. The designation of the al matrix and al 6026/sic composites is given in table. The cast al 6026 and al

6026/SiC composites had been machined to arrange the take a look at coupons as per ASTM requirements.

1.3 Metallographic Examination

The coupons for microstructure study were prepared as per standard metallurgical procedures (I1S: 7739 PART
111 - 1976 (RA 2007)), etched in etchant prepared using 90 ml water, 4 ml HF, 4 ml H,S04 and 2g Cr0s. Carefully
polished and mirror finished coupons were examined under Nikon-Upright metallurgical microscope (Make:

Japan, Eclipse Ni-E) as shown in Figure 1 to obtain micrographs.
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Figure 1: Nikon Microscope.

e Hardness dimension:

The hardness tests had been followed as according to astm-e10-18 requirements. Hardness tester changed into
used having a ball indenter and an applied load of 250 kg changed into used. The period of load implemented is
60 s. twelve readings were taken for every coupon, at different positions to pass the attainable effects of particle

segregation.

e Tensile check

The tensile checks have been performed according with ASTM e8/e8m-13a popular at temperature, using
generic trying out machine. The tensile test specimens of nominal diameter 12 mm and gauge duration of 60 mm
had been machined from castings. Tensile residences like yield energy, final electricity and percent elongation had

been calculated. The supplied effects have been supported the everyday of five coupons.

e Wear check

Sliding wear assessments have been performed at temperature for constant sliding distance (450 m), sliding
speed 0.5 ms-1 by various the burden as per ASTM G99-17. Put on assessments were carried out employing an
automated pin-on-plate apparatus. The check coupons have been of cylindrical pins 6 mm g x height 30 mm, at
the same time as the plate was excessive metallic having hardness of 60 HRC. The floor roughness of the check
pin and therefore the disc had been maintained at 0.15 um Ra. The time period unique wear fee turned into utilized

inside the discussion of consequences.

1. MICROSTRUCTURE

1.4 Microstructure of al 6026 and al 6026/sic composites

Parent 2 shows the optical micrographs of al 6026 and al 6026/sic composites. Figure 2(a) suggests the
distribution of the primary dendrite alpha phase (al rich) in al 6026. Gray colored wedge formed sic debris
perceived in and spherical the inter dendrite sections ensued in augmented ratio, marked by yellow shade arrows
in figures 2 (b-e). Additionally, from figures 2(b-e), it are frequently visible that the distribution of SiC particles
in al 6026matrix is nearly uniform except at 10 wt. % SiC in Al 6026 (Figure 2(e)). After the exam of those
micrographs, the sic particles were discovered to be equitably distributed in the matrix without voids and
discontinuities. Microstructure, mechanical properties and sliding wear behavior of silicon 263 carbide bolstered

al 6026 composites.
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Figure 2: optical micrographs of: (a) Al 6026, (b) Al 6026/3SiC (c) Al 6026/5SiC (d) Al6026/7SiC (e) al
6026/10SiC

1.5 Hardness of al 6026 and al 6026/sic composites

From figure 3, it is determined that hardness increases with increase in sic loading in Al 6026 matrix fabric.
As SiC loading is expanded, the hardness gets extended as much as positive weight percentage (7 wt. %) then
reduces barely. as compared to as-solid al 6026, 3, 5 and 7 wt. % sic loadings show a upward thrust in hardness of
6%, eleven%, and sixteen% respectively in al 6026/sic composites.

But, in addition growth in sic loading from 7 to 10 wt. % reduced the hardness slightly compared to Al
6026/7sic composite. Top of the line hardness of the composite changed into found for al 6026/7sic composite and
in addition loading of SiC (10 wt. %) deteriorated the hardness of al 6026, and this could go with the flow from to
cluster of sic debris in the al matrix [1821]. Saikeerthi concluded that the homes of al primarily based composites
was controlled by way of ceramic particles. Moreover, the compacted interface protecting load from the matrix

fabric is inspired to the reinforced fabric showing improved hardness of the composites.

(2]
o

E\\\\p

SiC Loading (wt.%)

Figure 3: Hardness of al 6026 and al6026/sic composites

1.6 Tensile residences of al 6026 and al 6026/sic composites
So as to research the effect of sic loading at the yield and ideally suited tensile strengths additionally as
percentage elongation of al 6026 and al 6026/sic composites, tensile testing has been administered , and therefore

the outcomes are plotted in figures 4, and 5.
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Figure 4: Yield strength and excellent tensile Electricity of al 6026 and al 6026/sic composites

From figure 4, it are frequently perceived that the yield strength increases with growing sic loading besides 10
wt. %. Also, the last phrase lastingness shows the same tendency as yield strength. The extended lastingness with
increasing sic loading could also be related to inherent homes of the composite phases and interface among the
reinforcement and matrix. The enhancement in the electricity could additionally be related to uniform dispersion
of sic particles, top interface between the al 6026 and sic reinforcement. Moreover, the composite houses
enhancement depends at the form of matrix fabric; reinforcement form, size and interface between the constituent
phases. Tensile electricity and young’s modulus of al alloy are 185 MPA and 70 GPA respectively. However, for
SiC, the values of lastingness and younger’s modulus are 226 MPA and 89 GPA.

In phrases of composite including SiC and Al alloy, the composite houses are frequently calculated following
the guideline of combos (rom) within the halpin-tsai equation. Investigated the tensile houses of al 7075/al203
nanocomposites. It were revealed that America and yield strength were profoundly progressed by way of 8% and
7 .2% respectively at 0.3 wt. % al203 loading. The top strengths of nanocomposites is probably credited to the
manner that Al203 debris act as obstacles to the motion of dislocations. The experimental facts plotted in figure
four indicate that the yield strength and UTS boom with increasing sic loading as much as 7 wt. %. in comparison
to as-cast al 6026, from figure 4, it are often seen that for 3,5 and 7 wt. % SiC accumulation showed a upward
thrust in yield strength via 5.3 MPa, 26.9 MPa, and 39.2 MPa, respectively. Further loading of SiC to 10 wt. you
bored with al 6026, the yield strength decreased with the aid of 8.4 MPa as compared to al 6026/7SiC composites.
In the gift paintings, the improvement in casted composite coupons could also be attributed to uniform distribution
of sic in al 6026.

Furthermore, SiC is extraordinarily hard and acts as load bearing cloth inside the matrix and improves the
power of the matrix material. Overall, development in yield strength of al 6026/10SiC composite in comparison to
al 6026 was determined to be round 26%. Because the reinforcement percent is expanded, the hardness receives
expanded up to sure weight percentage then reduces barely (figure 3). Maximum yield strength of the composite
become determined in al 6026/7SiC and in addition growth in SiC loading (> 7 wt. %) deteriorated the yield
strength and therefore the equal could also be attributed to agglomeration of sic particles inside the al 6026.

Also, from parent four, it are regularly seen that us increases with increasing sic loading in al 6026. as compared
to as solid al 6026, 3 wt. % sic addition suggests a upward thrust of 8.7 MPa (4.7%), 5 wt. % SiC confirmed a
upward thrust of 30.4 MPa (16.4%), 7 wt. % SiC complements by means of 42.2 MPa (22.8%), respectively.
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Figure 5: Percentage elongation of al 6026 and al 6026/sic composites

Further, inclusion of 10 wt. % SiC confirmed lower in united states of 6.3 MPa (2.8%) as compared to Al 6026-
7sic composites. the top-quality united states is for al 6026/7SiC composite and similarly addition of sic to 10 wt.
% decreased the and this might go with the flow from to agglomeration of the reinforcement particles within the
matrix. the development in as-forged al 6026 with 7.5 wt. % SiC composites may also be attributed to uniform
distribution of reinforcement within al 6026 (figure 2(d)). similarly, the sic debris are very excellent (~25 pm) and
almost sharp edges have been removed following ball milling method helped in enhancing the mechanical houses
of al 6026 alloy.

The elongation at destroy as a feature of sic loading is depicted in figure 5. It’s going to be seen from figure
five that the Fee extension of al 6026/Sic composites diminishes monotonically and impressively with the upward
thrust in SiC loading. The speed extension plummets by using about 51% because the SiC loading is accelerated
from 0 to 10 wt. %. This abatement in charge lengthening in exam with the unreinforced al 6026 can be a most
normally experienced inconvenience in particulate bolstered MMCs. the decrease in rate extension are often
credited to the nearness of a tough sic stage it's inclined to confined cut up inception and multiplied embrittlement
impact because of neighborhood strain fixation destinations on the sic-al 6026 framework interface. Hence 4th,
the presence of ceramic segment creates slip regions. Additionally, the fortifying particulates oppose the access of
separations both with the aid of making strain fields inside the framework or with the aid of instigating large

contrasts inside the bendy behavior between the matrix and consequently the scattered reinforcement.

1.7 Fractographs of tensile check failed al 6026 and al 6026/SiC composites

The tensile test coupons after failure have been analyzed using SEM to study the fracture capabilities. Figures
6(a) and (b) show fractographs of al 6026 alloy and 7 wt. % sic bolstered al 6026 composites, respectively. from
fractographs, the tensile check failed coupons (figures 6(a) and (b)) it were determined that in al 6026, fracture is
overwhelmingly trans granular with minute voids (determine 6(a), their innovative boom, Very last amalgamation
spherical the eliminated debris. breaking or crack of the coarse 2d-degree particles gave a fashionable brittle
appearance.

Extra fracture features observed are the presence of ductile tear ridges, few voids and ductile dimples.
evaluation of fracture surface of al 6026/7SiC composite confirms blended ductile and brittle fracture. the fractured
surface normally reveals trans granular tearing thanks to micro pore coalescence and cleavage sides. referring

Figure 4 supplied in section 3.3, it is clear that the hundreds are transferred from the al 6026 to the tough SiC
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particulates at some point of tensile exams, thereby the SiC debris effectively reinforcing the al 6026 alloy shown
in figure 6(b).

(a) Al 6026 alloy, (b) Al 6026/7SiC
Figure 6: SEM fractographs of composites.

This genuinely indicates that the sic-al 6026 interface is powerful sufficient thanks to the thorough wetting of
SiC Particulates. Furthermore, the satisfied dislocations boom the strengthening of al 6026/SiC Composites. It is
obvious that there is no deboning/pull-out of sic particles from al 6026 matrix cloth. SiC particles stays properly

bonded with al-6026 matrix fabric. Also, tear ridges are located at the surface of the fracture coupon.

IV.  WEAR & WORN SURFACE TOPOGRAPHY

1.8 Wear test results of Al6026 alloy and its Composites
The variant of unique put on price (ks) of the al 6026 and al 6026/sic composites at different masses are

regularly seen in figure 7. It definitely indicates that the Ks, increases with boom in carried out ordinary load. It is
apparent that the Ks is found to be minimum for composite containing 10 wt. % SiC at an implemented load of 50
n. as a result, addition of SiC to al 6026 is extremely efficient in decreasing the Ks. the discount in Ks may also be
ascribed to the accelerated hardness achieved way to uniform distribution and higher interface among SiC and
Al6026.

It definitely indicates that the Ks, increases with boom in carried out ordinary load. It is apparent that the Ks is
found to be minimum for composite containing 10 wt. % SiC at an implemented load of 50 n. as a result, addition
of sic to al 6026 is extremely efficient in decreasing the Ks. the discount in Ks may also be ascribed to the

accelerated hardness achieved way to uniform distribution and higher interface among sic and al 6026.

5

Load (N)

Figure 7: Particular Put on Charge as a Feature of Load of Al 6026 and Al 6026/SiC Composites

Sic loading of al 6026/SiC composites. From Figure 8, it are often seen that the Ks of Al6026 coupons has a

tendency to decrease intensely with improved SiC loading within the least hundreds carried out. It is obvious from
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figure 8 that the Ks of al 6026/7sic composite increases step by step with growing applied everyday load. Showed
that the Ks strongly the loading of ceramic reinforcement. The applied load influences the Ks of al 6026 and al
6026/sic composites essentially, and is that the maximum influential thing regulating the wear and tear behavior.
the Ks varies with the carried out load, that is diagnostic archard's law, and is altogether decrease simply in case
of al-based totally composites.

With increment within the applied load, there is extra Ks for al 6026 and al 6026/sic composites. However,
inside the least the carried out hundreds selected, wear resistance of al 6026/sic composites are advanced to the
unreinforced al 6026 alloy. the Ks is about 1.26 instances much less than that of unreinforced al 6026 alloy under
an Equal take a look at conditions. Consequently, the unreinforced alloy suffers big Ks at excessive load. At the
idea of the info as proven in figures 7 and 8, it is glaring that the useful impacts of the SiC loading growth with
reducing the implemented everyday load.

Steady nation friction coefficient (1) beneath one-of-a-kind implemented normal masses at 450 m and 0.5 m
s-1 are offered in desk three. Generally, p will increase sharply at begin, accomplishing a top at small sliding
distances. It then decreases and attains a gentle country fee. This well-known behavior is found for each

unreinforced al 6026 and its composites.

Table 3: Friction Coefficients of Al 6026 and Al

6026/SiC Composites
Friction Coefficient ()
Composites

10N | 20N | 30N | 40N | 50N

Al 6026 045 | 046 | 047 |0.46 | 0.46

Al 6026/3SiC 042 | 041 [ 042 | 039 | 0.36
Al 6026/5SiC 042 | 041 [ 042 | 038 | 0.35
Al 6026/7SiC 0.40 | 039 [0.38 | 0.35 | 0.31
Al 6026/10SiC 0.38 | 0.37 [ 0.36 | 0.30 | 0.26

The regular nation friction coefficients (the imply values of pon ultimate 450 m Sliding distance) are
summarized in table 3 for numerous carried out ordinary loads. It is seen that due to the fact the weight increases
from 10 to 30 n, the regular country premains more or much less steady for each the Al6026 and Al-6026/SiC
composites. But, at loads extra than 30 n, pdecreases slowly for al 6026 and al-6026/sic composites. Al6026/10sic
has decrease pvalues as compared with the corresponding values of unreinforced al 6026 alloy beneath all carried

out normal loads.

1.9 Examination of worn floor Morphology
The worn surfaces of the coupons like a carried out load of 50 n have been also investigated through SEM, as
that is often beneficial to recognize the concerned put on mechanisms. Figures 9(a)-(c) display the worn surfaces

of coupons of al 6026, al 6026/5sic and al 6026/10sic composites, respectively. parallel depressions alongside the
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sliding path (marked as yellow arrow in figures 9(a)-(c) are visible on the broken floor. it is obvious from the SEM

micrographs that applied load capabilities a said effect at the morphology of al 6026 and al 6026/sic composites.

Figure 9: SEM Micrographs of: (a) Al 6026, (b) Al
6026/5SiC, (c) Al 6026/10SiC Composites.

In figure 9(a), even though grooves had been determined that had been mainly resulting from abrasive put on,
the ploughing become fantastically excessive as compared to al 6026/5sic and al 6026/10sic composites shown in
figures nine(b) and (c). The satisfactory grooves emerge as wider additionally as deeper at an applied ordinary load
of fifty n for al 6026 (figure 9(a)). Further, the worn floor show brilliant surface harm, and more fragmentations
had been discovered. Additionally, the worn surface of al 6026 is rough, community of micro cracks and particles
formation also can be seen from the micrograph (figure 9(a)). In case of al 6026/sic composites figures 9(b) and
(c) underneath an equal check situations, the feature capabilities of the worn surfaces have been clearly one-of-a-
kind compared with al 6026. The micrographs displayed in figures 9(b) and (c), the broken floor indicated 3
essential highlights: (i) polished ceramic particles, (ii) matrix region round the ceramic debris, and (iii) vibrant

debris particles sprinkled on the floor.

V. CONCLUSION

Al 6026 alloy and SiC holstered Al 6026 composites have been tested for microstructure, hardness, mechanical
properties and their dry sliding put on behavior. The above analysis and comparisons of the test consequences, the
following conclusions are frequently made. Evaluating the houses of Al 6026/SiC with Al 6026, the hardness and
tensile homes of composites increases with growth in sic loading as much as 7% then barely descents at 10 wt. %.
This fashion shows that the most appropriate SiC reinforcement for the Al 6026 composite is ready 7%. The Al
6026/SiC composites show better put on resistance inside the least weight probabilities compared to al 6026 below
all wear test situations. Normally, steady nation friction coefficient values had been observed altogether the
composites and carried out loads. The friction coefficients of al 6026/SiC composites were much less than that of
Al 6026 beneath all check conditions. For Al 6026/SiC composites, the friction coefficient is changing from 0.26
to 0.42. The wear mechanisms of Al 6026 alloy and al 6026/SiC composites have been adhesive and abrasive with

great grooves, less fragmentation, and smoother worn surfaces have been mentioned for Al 6026/SiC composites.
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