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Designing and manufacturing of functional diffusive machine and its
performance evaluation in the fabrication of Al-Al,O3; samples
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Article Information Abstract
Original Research Paper In this paper, a novel fabrication technique for functionally graded materials (FGMs) to have a programmed
Received 6 October 2018 and continuous material pouring is presented. Microscopic examination and studying the desired gradient in
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Available August 2019 various samples as well as studying the effects of volume fraction of constituents on microstructure, relative

density and micro-hardness of the samples are other investigations presented in this article. The fabricated

Keywords: samples are made of Al powder as the matrix and Alumina (Al,O3) ceramic particles as the reinforcement.
Composites Functional gradient of Alumina particles distribution in the Al matrix along a cylindrical sample was applied
Functionally graded materials (FGMs) using a novel material pouring device. After pouring the powder mixture with 10, 15, and 20 vol% of
ﬁ:ﬂm:m reinforcement into the die, various compacting pressures of 100, 200, 400, and 500 MPa were applied to the

sample and sintering process under 700 °C temperature was carried out. The results show acceptable accuracy
of the material pouring device after examining the distribution of reinforced particles. As well, it is obtained
that as the volume fraction of Alumina particles increase, the relative density decreases and the Vickers micro-
hardness enhances. So that, the most hardness in 20% Alumina sample is observed about 95.8 HV. In
addition, as the compacting pressure increases, the relative density enhances up to 96%. In Al-15 vol% Al,O;
sample, increasing the compacting pressure from 200 to 500 MPa caused an improvement in micro-hardness
by about 200%.
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Table 1 The properties of the chemical compound of aluminum are
used

Element Content (%) Element Content (%)
Al 99/6 Ca 0/0083
Si 0/0658 Pb 0/0286
Cu 0/0141 Fe 0/0169
Mg 0/0025 Na 0/0046
Zn 0/0188 Ga 0/0043
Ni 0/0174 Sn 0/0210
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Fig. 9 A view of the cutaways along the sample of 10% alumina,
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Fig. 7 Variation of the relative density of samples with different
compaction pressures for 15% Alumina sample.
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Fig. 12 A view of the selected section of the sample for elemental
analysis, EDAX
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Fig. 10 SEM micrograph of the layout of al
vol% Al,O3; Sample
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Fig. 11 SEM view 1, 2, 3, 4, 5, from parts of the head to the bottom
of the sample (10% Alumina) with 45 X magnification. (Comment:
The letters on the photos are added to show the relation of these five
photos)
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Table 2 Analysis of the constructive elements at points (1) to (4) in Fig. 13

13 JS5 (4) 6 (1) sloabss 1 owile yolie 50612 Jpio

View No. Element Line Intensity (c/s) Atomic % Conc Units

0 Ka 84.71 84/71 21/40 13/90 wt.%

1 Al Ka 2,779.30 2779130 78160 86/10 wt.%
100/00 100/00  wt%  Total

0 Ka 87.04 87104 30/96 21/01 wt.%

2 Al Ka 1,554.59 1554/59 69/04 78199 wt.%
100/00 100/00  wt%  Total

0 Ka 148.07 148/07 38/50 25199 wt.%

Al Ka 1,406.26 1406/26 58/22 66/29 wt.%

: Fe Ka 58.32 58/32 3/28 7172 wt.%
100/00 100/00  wt%  Total

0 Ka 85.50 85/50 39/84 28120 wt.%

4 Al Ka 923.78 923/78 60/16 7180  wt%

100/00 100000  wt%  Total
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Fig. 14 Linear EDAX analysis of Oxygen element along the depicted path (on the left image)

nlla
20

100 150
um

0

(oo Cow pgas) diged 5l o sols lis Jobo 48 y5umST puate EDAX o 50114 s

80 1
70

Microhardness (HV)

Sample 1 (10% alumina at 400 MPa)

03 09 15 21 27 33 39 45 51

57

63 69 75 81 87 93 99 105 111 117

Measured points (mm)

Fig. 15 Variation of micro-hardness along the cylindrical sample (Al-10 vol% alumina) under compacting pressure of 400 MPa
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Sample 3 (20% alumina at 400 MPa)
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Fig. 16 Variation of micro-hardness along the cylindrical sample (Al-20 vol% alumina) under compacting pressure of 400 MPa
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