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ABSTRACT: - This research examines the effect of stirring speed and size of the alumina
particles added of AI6063 on the tensile properties of the AI-6063 reinforced by Al.03
Particles using the program MINITAB 16. Stir casting method has been used to produce a
composite material, the ingot was smelted, vortex of molten metal were created by stirring
using different speeds (1000,900,800,700,600 rpm) and a fixed period of time (10min.) and
then alumina particles of (2% wt) and different sizes of (700,500,355,250,106 um) were
added. It was concluded that the best tensile strength of (107.5989 Mpa) can be obtained
when the variables were (X1 = 1000 rpm) (X2 =374.4um). The lights value of X; and Xo,
obtained using the programs, was used in practice giving tensile strength (109 Mpa) which it
nearly similar to that obtained by program. Also results show that the variables Stirring Speed
(X1) & Particle Size (X2) have a significant effect on tensile strength. Moreover, the tensile
strength increases with increasing stirring speed. Alumina particle size increases the tensile
strength until the particles reach the size of particulate (335um) and after that go down.
Keyword: Stirring Speed, Particles size, Tensile Strength, Al6063-2wt%Al»03.

1- INTRODUCTION

Nowadays many industries need materials having good mechanical properties and
resistance to withstand high temperature such as composites. Composites are the materials
manufactured by adding two or more materials which are in physically and/or chemically
distinct phases, the metal matrix composite in the real world are used to produce materials
with mechanical properties like high tensile strength, hardness, and toughness. Such materials
are used in aerospace, jet engine exit vanes, blades sleeves of helicopters, parts of space
shuttle, piston, cylinder liners, brake drums and discs @

The best way in the manufacture of composite materials of metal in liquid state is stir
casting which includes incorporation of particulate into liquid aluminum melt and allowing
the mixture to solidify. Creating good wetting between the particulate reinforcement and the
liquid aluminum alloy is very important. The simplest and most commercially used technigue
is known as vortex technique or stir-casting technique. In this method, after the matrix
material is melted, it is stirred vigorously to form a vortex at the surface of the melt, and the
reinforcement material is then introduced at the side of the vortex. During stir casting for the
synthesis of composites, stirring helps in two ways: (a) transferring particles into the liquid
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metal and (b) maintaining the particles in a suspension state ®. K.V. Mahendrai® in their
paper on fabrication of Al-4.5% Cu alloy with fly ash metal matrix composites and its
characterization studied Metal matrix composites (MMCs) are engineered materials, formed
by the combination of two or more dissimilar materials to obtain enhanced properties. In the
present investigation, an Al-4.5% Cu alloy was used as the matrix and fly ash as the filler
material. The composite was produced using conventional foundry techniques. The fly ash
was added in 5%, 10%, and 15 wt. % to the molten metal. The composite was tested for
fluidity, hardness, density, mechanical properties, impact strength, dry sliding wear, slurry
erosive wear, and corrosion. Microstructure examination was done using a scanning electron
microscope to obtain the distribution of fly ash in the aluminum matrix. The results show an
increase in hardness, tensile strength and wear resistance properties with increasing fly ash
content.

Sudarshan et al.® studied characterization of A356 Al - fly ash particle composites
with fly ash particles of narrow range (53-106um) and wide size range (0.5-400 um) and
found that addition of fly ash lead to increase in hardness, elastic modulus and 0.2% proof
stress. Indumati B.D. and G.K. Purohit ® have used four factors, five level factorial design to
develop the micro-hardness model for AI7075 matrix, Al,Oz reinforced metal matrix
composite fabricated by stir-casting. Reinforcement size and weight fraction of
reinforcement, among other factors, are observed to affect the hardness more severely.

2. EXPERIMENTAL WORK:
2.1 Specimen Preparation

The chemical composition of Al6063 is given in Tablel. The hybrid composite is
formed by stir casting method is shown in Fig. 1. An electric resistance furnace homemade
was used for melting the alloy. The ingots of the alloy were cut into small pieces and were
put into silicon carbide crucible which was heated for melting in the furnace. Molten metal
was heated to 700°C. The pre-heated Al>Os particles of (2%wt) at 400°C, were then added
into the crucible and by using a mechanical stirrer they were thoroughly mixed and then
poured into a preheated die to (200°C), getting rid of the moisture. The melt was then allowed
to solidify in the die.

2.2 Tensile test:

Tensile test was performed on all specimens produced in this work accordance to
specifications of ASTM E-8 standards ©. The samples for the test were machined Into round
specimen configuration with 7 mm diameter and 36 mm gauge length. To the test was carried
out at room temperature using an Instron universal testing machine operated at an extension
rate of 1mm/min. The tensile properties were evaluated from the stress-strain curves
developed from the tension tests covering - the ultimate tensile strength, yield strength and
elongation. A typical tensile specimen as per ASTM standard is shown in Fig 2. Tensile
specimen after test shown in Fig 3.

3. DESIGN OF EXPERIMENT:

The design of experiments is an experimental technique that helps to investigate the
best combinations of process parameters, changing quantities, levels and combinations in
order to obtain results of optimal control. It is a systematic route that may be followed so as
to find solutions to industrial process problems with greater objectivity by means of
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experimental and statistical techniques (' .Since the objective of the investigation is to carry
out the parametric studies, therefore experiments are designed based on Central Composites
Design (CCD)scheme of Design of Experiments (DOE), CCD is very effective experimental
technique in studies involving large number of factors, set of experimental design that can
look at (K) factors in (n) observations with each factor at two levels is called two level
factorial design, which can prove good and efficient when a line relationship prevails
between the factors and the response ,CCD can be used to study factors at five levels in
reduced number of tests®®. CCD for 2 factors (stirring speed and Al,O3 particles size), with
5 replicates at the center resulting in total (22+22+5=13 runs), as illustrated in Fig.4. CCD is
made rotatable by the choice of (o). Value of (a = [2] *¥) assures rotation of the CCD, in this
study K2 factors are used, therefore o became 1.414 19, Stirring speed and alumina particles
size are the factors which influence tensile strength of composite material. Table2 show the
factors and their levels employed in the experiments. Tensile strength is the measured and
responses are used to evaluate the mechanical behavior of Al6063/Al,Oscomposite material.
Table (3) provides the experimental plan and the experimental results obtained.
2. EXPERIMENTAL WORK:
2.1 Specimen Preparation

The chemical composition of Al6063 is given in Tablel. The hybrid composite is
formed by stir casting method is shown in Fig. 1. An electric resistance furnace homemade
was used for melting the alloy. The ingots of the alloy were cut into small pieces and were
put into silicon carbide crucible which was heated for melting in the furnace. Molten metal
was heated to 700°C. The pre-heated Al>Os particles of (2%wt) at 400°C, were then added
into the crucible and by using a mechanical stirrer they were thoroughly mixed and then
poured into a preheated die to (200°C), getting rid of the moisture. The melt was then allowed
to solidify in the die.

2.2 Tensile test:

Tensile test was performed on all specimens produced in this work accordance to
specifications of ASTM E-8 standards ©. The samples for the test were machined into round
specimen configuration with 7 mm diameter and 36 mm gauge length. To the test was carried
out at room temperature using an Instron universal testing machine operated at an extension
rate of 1mm/min. The tensile properties were evaluated from the stress-strain curves
developed from the tension tests covering - the ultimate tensile strength, yield strength and
elongation. A typical tensile specimen as per ASTM standard is shown in Fig 2. Tensile
specimen after test shown in Fig 3.

3. DESIGN OF EXPERIMENT:

The design of experiments is an experimental technique that helps to investigate the
best combinations of process parameters, changing quantities, levels and combinations in
order to obtain results of optimal control. It is a systematic route that may be followed so as
to find solutions to industrial process problems with greater objectivity by means of
experimental and statistical techniques” .Since the objective of the investigation is to carry
out the parametric studies, therefore experiments are designed based on Central Composites
Design (CCD) scheme of Design Of  Experiments (DOE), CCD is very effective
experimental technique in studies involving large number of factors, set of experimental

design that can look at (K) factors in (n) observations with each factor at two levels is called
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two level factorial design, which can prove good and efficient when a line relationship
prevails between the factors and the response ,CCD can be used to study factors at five levels
in reduced number of tests®®. CCD for 2 factors (stirring speed and AlOs particles size),
with 5 replicates at the center resulting in total (22+22+5=13 runs), as illustrated in Fig.4.
CCD is made rotatable by the choice of (a).Value of (a0 = [2¥] %) assures rotation of the
CCD, in this study K2 factors are used, therefore a became 1.414 9. Stirring speed and
alumina particles size are the factors which influence tensile strength of composite material.
Table2 show the factors and their levels employed in the experiments. Tensile strength is the
measured and responses are used to evaluate the mechanical behavior of
Al6063/Al,0scomposite  material. Table.3 provides the experimental plan and the
experimental results obtained.

4. RESULT AND DISCASSION:
4.1 Test of Significance:

The regressed model coefficients were tested for significance by using the Response
Surface Method(RSM) in the MINITAB software, so the calculated P- level for each
coefficient is shown in Table.4,using significance level (o = 0.05), the coefficient with p-
value greater than (o = 0.05) is not significant (a1, ai2) therefore it will be deleted from the
model. The remaining coefficients are (ao, a1, a2 and az2). Hence, the developed mathematical
model for the tensile strength can be expressed as:

Y =-5.53143 + 0.07225 (X1) +0.19422(X>) — 0.000016(X22).......... 1

Where the variables represent (X1) (Xz) stirring speed and change in the size of
alumina particles respectively, (YY) represents the tensile strength. It is noted from equation
(1), the alumina particle size and square of have the greatest influence on the tensile strength,
and either of the effect stirring speed (X1) has less effect compared with (X2).

4.2 Analysis of Variance (ANOVA):

ANOVA test was used to determine the design parameters significantly influencing
the tensile strength .Depending on the level of significance (0.05), and using the test (F-test)
of the regression model, from table 5, it is noted that the value of probabilistic (P-value) is
less than 5%, and this means that the Regression model is significant Y. This result is
satisfactory. R-sq Adjusted is equal to (92.68%), and this means that the independent
variables (X1, X2) explain (92.68%) of the variables that occur in the variable (Y) and the
remainder is due to other factors such as random error. Whenever the coefficient of
determination is closed one of the best and this can be satisfactory results.

4.3 The Main Effect Plot of Tensile Strength:

Fig 5 show the effect of stirring speed and size of alumina particles on the tensile
strength and individual form, for values between (1.414, -1.414). It is noted that the tensile
strength increases gradually with increasing stirring speed and this is attributed to the good
distribution of alumina particles in the matrix alloy with increasing stirring speed. This leads
to increase the tensile strength 2. Alumina particle size causes the tensile strength to
increase with increasing the size of the alumina particles to get the size (335um) then the
tensile strength begins to decrease with the size of alumina particles. This is attributed to the
big-particles which has great probability to segregation from of low-particles and
consequently deposition within the matrix alloy, therefore causing a decrease in tensile
strength, this result confirmed by study ®¥.
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4.4 Normal Probability Plot

Fig.6 shows the normal probability plot of residuals. Normal probability plots were
generated by using computer software MINITAB it can be seen from the plotted data that, all
data residuals are approximately normally distributed because the overall points make
approximate straight line and from Fig.7 it is noted that the spread and distribution of
residuals take the random form on both sides of the line, which represents a value of zero (the
line that separates the residuals positive and negative) this is due to the error result is a
random error, cannot be monitored specific form of these residuals, it not increasing or
decreasing or present on one side, this tend to these residuals do not have constant variance.
This result is satisfactory and agree with study @4
4.5 Optimization of Tensile Strength

Fig.8 shows the optimization chart for the tensile strength at different levels for two
factors (X1, X2). The optimization of result is shown in the left column, while the optimum
setting of each parameter is shown at the middle of the top row. The behavior curve of each
factor is shown underneath. As shown, the chart predicts that an optimum run at stirring
speed (1000 rpm), size of alumina particles (374.4 pm), which would result in tensile strength
of (107.5989 Mpa).
The lights value of stirring speed (X1) and size of alumina particles (X2), obtained using the
programs, was used in practice giving tensile strength (109 Mpa) which it nearly similar to
that obtained by program.

4.6 Response Surface Analysis

Fig.9 A and B, show a contour and three-dimension plot which describes the effect of
factors (X1, X2) on response (Y). Three-diminution plot show tensile strength affected by the
stirring speed and size of alumina particles, contour plot show an increase in tensile strength
with increasing stirring speed and the stability of the value of the particle size. On the other
hand constant value of stirring speed increases in the value of particle size. It is worth noting
tensile strength increases and then decrease. Increasing (X1, X2) lead to get a tensile strength
be higher than reduced (X1, X2).

CONCLOSIONS
From the present study of the effect of stirring speed and Al203 particles size on tensile

strength of Al6063\2wt% Al.03 using MINITAB ¢ program, the following conclusion can be

drawn.

1- Tensile strength increased with increasing of stirring speed (X1), this may be because
distribution of the particles in the matrix becomes uniform.

2- Tensile strength increases with increasing the size of the alumina particles (Xz) to get into
the size (335um) then begins to decreasing tensile strength with increasing the size of
alumina particles.

3- The optimum of the tensile strength is obtained at the stirring speed (X1) 1000 rpm and
size of the alumina particles (X2) 374.4 um , where the value of the tensile strength
(107.5989 MPa). This is the best result can be obtained when applying these variables.
The lights value of X1 and X», obtained using the programs, was used in practice giving
tensile strength (109 Mpa).

4- Regression models can be represented by the following equation

Y =-5.53143 + 0.07225 (X1) +0.19422(X>) — 0.000016(X22)
Where the X 1 and X 2 have significant effect on tensile strength. And note that X, has the

greatest influence compared with influence Xj.
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Table (1): Chemical composition of 6063 alloy.

Alloys Al% Fe% Si% Mg% Cr% Ti% Zn%
6063 Bal 0.355 0.281 0.6 0.0001 | 0.0276 [ 0.068

Table 2: The factors and their levels employed in the experiments
Parameters Symbol | Units Levels
-1414 | -1 0 1 1414
Stirring Speed X1 (rpm) 600 700 | 800 | 900 | 1000

Alumina particle X2 (um) | 106 250 | 355 | 500 710
size

Table (3): Experimental design matrix and observed values of the tensile strength.

No X1 X2 Stirring Speed Alumina Tensile

(rpm) Particle Size Strength
(nm) )

(Mpa)
1 -1 -1 700 250 82
2 1 -1 900 250 93
3 -1 1 700 500 85
4 1 1 900 500 95
5 -1.414 0 600 335 75
6 1.414 0 1000 335 103
7 0 -1.414 800 106 76
8 0 1.414 800 710 80
9 0 0 800 335 93
10 0 0 800 335 90
11 0 0 800 335 92
12 0 0 800 335 91
13 0 0 800 335 93

Table (4): Response Surface Regression of Y

Term Coef SE Coef T P
Constant -5.53143 44.4140 -0.125 0.049
X1 0.07225 0.0915 0.789 0.045
X2 0.19422 0.0811 2.395 0.048
X1X1 0.00002 0.0001 0.349 0.737
X2X2 -0.00016 0.0000 -6.577 0.000
X1X2 -0.00007 0.0001 -0.762 0.641
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Table (5): ANOVA table for Y

Source DF Seq S5 Adj sSs Adj Ms F P

Regression 5 .1004.85 1004.85 200.971 31.38 0.000
Linear 2 690.30 37.14 18.570 2.90 0.121
Square 2 310.84 310.84 155.418 24.26 0.001
Interaction 1 3.72 3.72 3.719% 0.58 0.471

Re=zidual Error 7 44 .84 44.84 6.405

Lack-of-Fit 3 38.04 38.04 12.679 T.46 0.041
Pure Error 4 6.80 6.80 1.700

Total 12 10459.69

5= 2.53088 R-5q=195.73% R-5q (adj) = 92.68%

<«— Electrical Motor

Fig. (1): Casting stir instrument method
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Fig. (2): ASTM standard tensile specimen.
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Fig. (3): Tensile specimen after test.
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Fig. (5): Main effect plot to tensile strength
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Fig. (7): Plot of residuals versus the fitted values.
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Fig. (8): Optimization chart for maximum tensile strength.
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Fig. (9A): 3D Surface plots of tensile strength ().
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Fig. (9B): Contour plots of tensile strength ().

Diyala Journal of Engineering Sciences, Vol. 09, No. 01, March 2016
111



STUDY THE EFFECT OF STIRRING SPEED AND PARTICLE SIZE ON THE TENSILE STRENGTH
OF THE ALUMINUM MATRIX COMPOSITE (Al6063-2wt% Al2O3).

eﬁlﬂ‘i\ O3 AS e Balal ) a.AJGAL’JG (&idal) ‘a.n\ghliﬂ de a8 A o
(Al-6063-2Wt%AI,03)

Al S A bl G O
e lisa e yde e
el 5 LY Auatin and — Lo o] i€ daalal) Claall g Z LY daia and — A 5l 5iSHl) Aaalal)
Waleed_eng99@yahoo.com hijzain@yahoo.com

-

sdadAll
Al-6063 S aill duala o diliadll Lie V1 (3383 ana g Jalal) de ju 5 Gl 0 Canll 138 5y
o3 (s Al jgaa o5 s Jalally ASLual) 43yl aladiiuly AS) i 3l U 5 MINITAB 16 el plasiuly
Al de 5l 488315 )50 (1000,900,800,700,600) dilise ¢y s ada aladiuly jeaiall Jals dal 53 Jae
Adlide s plaalis (200Wt) 4Dy iy Losa W) BB Al ) a 52 545 (10  min.)
Leale J pmnll Sy il 5 (107.5989 Mpa) 24 G slia Jumdl of zliil &35 S (700,500,355,250,106)
(X1) Blall ¢ yusad e Jsanll a2y (Xo= 374.4UM) s aaa s (X3=1000rpm) Llill de s o585 Laic
plasiul o3 (Minitah 16 geli) gl alasinly 3l 4 gliad dad ef Jaad 5 ¢(Xp) e sIV) Gl aaa
L5 AUlilen Aaiil CulS galli ol Aaii g 4% Jliars (109 Mpa) Aailill 23 Fa glie e il s Llae adll o3
O () ALYl il A glia o 5 sinn 5l Lagd anad) anall g alall o s ol sl () il e (i GBS
@;@GJ\*BAQJCAM\L}& 212 3 Lisa g1 @Ese;;éj@ﬂbbiLM\ g w83y ae 22 35 281 A glaa

Diyala Journal of Engineering Sciences, Vol. 09, No. 01, March 2016
112


mailto:Waleed_eng99@yahoo.com
mailto:Waleed_eng99@yahoo.com
mailto:hijzain@yahoo.com
mailto:hijzain@yahoo.com

