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Production Composite Materialsby Fused Deposition Method

Abstract

The aim of this research is to produce composite materials with ceramic base
covered by a layer of (Al) and its alloys by means of fused deposition technique.
This technique represents new method and combines the powder technology with
the casting technique. Al,O; poweder was used after having been pressed by
different pressure(58,117 and 176 MPa) in metal molds. The sintering process has
been preformed at 1100 ° C for two hours. After that, the porosity percentage has
been measured and the samples were immersed in the molten metals heated to 700°
C . Ultirnatly, these samples were heated to about 1000 ° C by a furnace for half an
hour. Then,the samples were cooled to 650 °C and examined by an optical
microscope and the scanning eectron microscope. Moreover, the x-ray diffraction
for these sample has been employed to define the structure of the resulting
composite as well as to define the resulting bond between the deposited metal layer
and the ceramic matrix in addition to characterize the existing phases within the
composite material.
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The testing results revealed that the immersing (dipping) process can be
successfully done in the molten metals of AlI-Mg alloy to obtain composite
materials of ceramic base with metal layers. Morever,the results showed that the
bond between the ceramic substrate and the deposited metal depends on the
percentage of Mg contained in  the molten alloy . Furthermore this bond depends
upon the formation of spind phases (MgOAI,Os) resulting from the reaction
between the Al,O; with Mg which leads to increase the bond between the ceramic
and the metal layer.
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aasiusal Ly sV (3 smnsal Al A1 3 gm0 im0 (1) s

20 dm ds Phase Plane
degree nm nm HkI

Corundum

25.7 0.3463 0.348 a-ALOs [012]
Corundum

35.2 0.2547 0.255 4-ALOs [104]
Corundum

379 0.2371 0.238 a-AlLOs [110]
Corundum

43.4 0.2083 0.209 a-ALOs [113]
Corundum

52.7 0.1735 0.174 a-AlLOs [024]
Corundum

57.6 0.1598 0.16 o= ALO; [116]

eﬁ-‘dm bl Bilail) o (2) Jsas
Cu% Fe % Mn % S % Mg % '(;OI
0.3062 0.467 0.028 0.1153 0.1063 978729
psamie 2.26% ~ o saiall Al (5 sliasl Qilail (i (3) s

S % Fe % Cu % Mn % Mg% | of

0.257 0.215 0.04 0.0042 2.26 Oégo

Ti % Cr % Pb % Ni % Na % {;0'

0.0041 0.3025 0.0004 0.00095 0.00095 91%9

o)
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Cu% Fe % Mn % Zn % Mg % S % Al
%
0.1324 0.2419 0.1132 0.3355 5.920 0.8934 Re
m

oS ham bl vie 4 jia salel il Aa8Y) 3 s il a3 .(5) Jsaa

o sptina 2.26%0- o 55} Ao & Gudaiil) 5 5 jeall 2ie 3 17Mpa

20 dm ds Phase Plane
degre | Measure | Standar Hkl
e d d
nm nm
19.1 0.4642 0.466 | Spinel(MgAL, | [111]
0,)
31.2 0.2864 0.2858 | Spinel(MgAL,
O4
36.9 0.2433 0.2437 | Spinel(MgAL, | [311]
O4
44.9 0.2017 0.202 | Spinel(MgAL, | [420]
O4
59.6 0.1549 0.155 Spinel(MgAL, | [511]
O4
68.7 0.1365 0.1366 | Spinel(MgAL, | [531]
O4
38.6 0.233 0.234 Al [111]
44.9 0.2017 0.202 Al [200]
64.9 0.1435 0.1431 Al [220]
82 0.1174 0.1169 Al [222]
25.6 0.3476 0.348 Corundum a- [012]
AL,04
35.2 0.2547 0.255 Corundum a- [104]
AL,04
37.8 0.2377 0.238 Corundum o- [110]
AL,04
43.4 0.2083 0.209 Corundum o- [113]
AL,04
52.6 0.1738 0.174 Corundum o- [030]
AL,04
57.6 0.1598 0.16 Corundum o- [030]
AL,04
65.9 0.1416 0.14 Corundum a- [124]
AL,04
67.5 0.1386 0.137 Corundum o- [030]
AL,04
813 0.1181 0.1169 Corundum o- [222]
AL,04
83.2 0.116 0.116 Corundum o- [306]
AL,0O4
43 0.2101 0.2106 MgO *
62.3 0.1489 0.1489 MgO *
80.5 0.1192 0.12 MgO [569]

oy
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17Mpa oS o ailid vie 4S) jie 3okl gl A2 5Y) J)A;cfatuc.ay(G) Jsaall

20 dm Measured | dsStandard Phase Plane HkI
degree nm nm

19 0.4666 0.466 Spind (MgAL,0,) [111]
31.3 0.2855 0.2858 Spinel (MgAL,0O, [220]
36.9 0.2433 0.244 Spind(MgAL O, [311]
44.8 0.2021 0.202 Spinel(MgAL,0, [400]
55.7 0.1648 0.165 Spind(MgAL O, [422]

56 0.1640 0.165 Spind(MgAL O, [422]
59.5 0.1552 0.1554 Al [511]
59.7 0.1547 0.1555 Al [511]
38.4 0.2342 0.234 Al [111]
44.8 0.2021 0.202 Al [200]
65.5 0.1423 0.1431 Corundum [220]

78 0.1223 0.1221 Corundum [311]
82.9 0.1163 0.166 Corundum [222]
25.7 0.3463 0.348 Corundum [012]
35.2 0.2547 0.255 Corundum [104]
435 0.2078 0.209 Corundum [113]
52.6 0.1738 0.174 Corundum [030]
52.9 0.1729 0.174 Corundum [030]
57.6 0.1598 0.16 Corundum [116]
57.8 0.1593 0.16 Corundum [116]
66.6 0.1403 0.1404 Corundum [124]
68.5 0.1368 0.137 Corundum [030]

81 0.1186 0.118 Corundum [220]

oy
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