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Manufacturing and investigation of mechanical properties of aluminum matrix
composite materials reinforced with short carbon fibers using powder metallurgy

method
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In this research, short carbon fibers were used as reinforcement with volume percentages of two, four, six
and eight percent and aluminum powder 5083 in order to make the metal base composite material. A low-
energy mill was used to mix powder raw materials at different milling times. The mixed powders were
sintered by hot press method, with a pressure of 100 MPa, a temperature of 500 degrees centigrade, for one
hour and in an argon gas environment. In order to evaluate the sintered samples, the density and mechanical
tests including hardness test, tensile test and three-point bending test were investigated and finally the
fracture sections of the tensile samples were studied. The results of the tests were extracted along with the
graph of changes, the percentage of stresses and also the microscopic shapes for each of the manufactured
samples. The best results for the composite sample with four volume percent of reinforcement with a
relative density of 98.4% at the optimal mixing time of four hours, tensile strength of 360.28 MPa, bending
strength of 423.77 MPa and Vickers hardness of 101.6 with the failure mechanism of pulling out fibers and
bridges cracking on fibers was obtained.
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6- Hot isostatic pressing (HIP)

7- Cold pressing

8- Cold isostatic pressing (CIP)

9- Explosive Shock Consolidation
10- Direction-controlled properties
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1- Liquid state process
2- Solid state process
3- Gas state

4- In-situ

5- Hot pressing
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Fig. 2 The SEM image of aluminum 5083 powder particles and their
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Materials

Atuminum 5083 Alloy Powder |

AV

Milling Process

Chopped T300 Carben Fibers

Milling at a speed of 60 revolutions per minute for an optimized duration

7

Hot Pressing

Pressing time, temperature, and pressure: one hour, 500 degrees Celsius, and 100 megapascals

N

Sample Cutting

Milling and Cutting of Samples

N2

Density Measurement

Utilization of the Archimedes Method

A4

Microstructure Examination

Microstructure Examination using Optical and SEM Microscopes after Grinding and Polishing

NS

Mechanical Properties Study
Hardness Testing, Uniaxial Tensile Strength, and Flexvral Strength Analysis

N2

Fractography

Fracture Surface Examination using Scanning Electron Microscopy (SEM)

Fig. 4 Research Methodology Stages
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Table 1 The chemical composition of the AI5083 powder used in this
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Fig. 3 SEM image of T300 carbon fibers
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Fig. 6 Six Percent Volume Reinforcement Sample After Milling
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Fig. 5 Dimensions of the small tensile sample according to the ASTM
E8/E8M standard
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Fig. 9 Optical Microscope Image of Al 5083-4% vol C« Sample
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Fig. 10 Optical Microscope Image of Al 5083-6% vol Cs Sample
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Fig. 11 Optical Microscope Imge of Al 5083-8% vol Cs Sample
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Table 6 Average Particle Size of the Samples
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Fig. 7 Optical Microscope Image of Untreaed Al 5083 Sample
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Fig. 12 SEM Image of Al 5083-2% vol Cs Sample
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Table 7 Results of Density Measurements for Hot-Pressed Samples
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Fig. 19 SEM Image of Porosities Around Carbon Fibers in Al 5083-8%
vol Cs Sample
Al 5083-  saiges o 0,5 BUI GlLbl sla Jxdss | SEM g 19 S
8%vol C
120

100

0

Vickers Hardness (HVN)
5 & 8 8
d

e
N
g N

Fig. 20 Hardness of Hot-Pressed Samples
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Fig. 17 Relative Density of Hot-Pressed Samples
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Fig. 18 Percentage of Porosity in Hot-Pressed Samples
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Table 8 Results of Hardness Testing on Hot-Pressed Samples

Al Al Al Al
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Fig. 25 Stress-Strain Curve for Hot-Pressed Al 5083-8% vol Cs Sample
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Fig. 26 Changes in Yield Stress and Fracture Stress of Hot-Pressed
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Fig. 21 Stress-Strain Curve for Hot-Pressed Al 5083 Sample
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Fig. 22 Stress-Strain Curve for Hot-Pressed Al 5083-2% vol Cs Sample
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Fig. 27 Changes in Percentage Elongation of Hot-Pressed Samples
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Fig. 30 Stress-Strain Curve for Hot-Pressed Al 5083-6% vol Cs Sample
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Fig. 31 Stress-Strain Curve for Hot-Pressed Al 5083-8% vol Cs Sample
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Fig. 32 Changes in Bending Stress of Hot-Pressed Samples
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Fig. 33 Changes in Elongation of Hot-Pressed Samples
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Table 10 Results of Flexural Testing on Hot-Pressed Samples
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Fig. 27 Stress-Strain Curve for Hot-Pressed Al 5083 Sample
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Fig. 28 Stress-Strain Curve for Hot-Pressed Al 5083-2% vol Cs Sample
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Fig. 29 Stress-Strain Curve for Hot-Pressed Al 5083-4% vol Cs Sample
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Fig. 38 SEM Image of Fracture Cross-Section of Al 5083-8% vol Cg
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