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ABSTRACT

A comprehensive methodology to characterize the interfacial reaction products of SiC,/
2024 Al composites is introduced on the basis of the experimental results obtained using
XRD, SEM and TEM. XRD performed on the electrochemically extracted SiC, and bulk
SiC,/2024 Al composite have shown that the interfacial reaction products consist of AlC;
having hexagonal crystallographic structure, pure eutectic Si having diamond cubic cry-
stallographic structure, and CuAl; having tetragonal crystalloraphic structure, respectively.
According to the images observed by SEM, ALCs;, which has been reported to have needle
shape, has a hexagonal platelet-shape and eutectic Si is found to have a dendritic shape.
In addition eutectic CuAl, was observed to form near interface and/or along the grain
boundaries. In order to confirm the results obtained by XRD, the primitive cell volume
and reciprocal lattice height of such interfacial reaction products were calculated using the
.data obtained from convergent beam electron diffraction (CBED) patterns, and then com-

pared with theoretical values.
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Table 1. Possible chemical reactions which may
occur during the processing of the com-
posites.

Possible chemical reactions

[SiO.]+2 (Mgl=2 (Mg} +(Sil

[Si0.1+1/2 {Mgl+{All=1/2 [ALO,]+(Si}
{Mg}+1/3 [Al,Os]1=[MgO]+2/3 {All
{Mgl+4/3 [AL,O;]=[MgAL0,]+2/3 {Al}
{Mg}+ [ AlO; 1410} = [MgALO,]

(Mgl +2 (All+4 (O=[MgALO.]

[MgO] + [Ales] = [MgA1204]

[MgO1+2 (Al +3 (O} =[MgALO.]
4{Al+-3 [SIC)=[ ALGCs]+3 {Si}

2 (Mgl+(SiC)=[Mg.Si]+{C]

[ Jand { } used in above equations corr-
espond to those present as solid phase and
those present in solution in the melt, resp-
ectively
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Table 2. Crystallographic data of possible phases and analytical results of phase identification obtained

using CBED patterns in SiC,/Al composite.

Primitive cell volume Reciprocal lattice height (Z\")
Locati Crystallographic data Result
ocation ystatiograp theoretical experimental| theoretical experimental g‘)’(ri‘g est
: R3 : -
A ngtﬁieg;zfgmet}zr"? 82,7841 | 0.10380 | 0.10079 | [32 1] |a;c,
Alb a,=3.331. c,=24.99 80.043 82,9538 0.07860 0.07673 [§ 5 l] H(;xa’gonal
- Unit gell ;rolu,meo: 24.0 13A° 82.5244 0.09324 | 0.08986 (331]
Spacg group : Fd3m Si
gi : Lattlcszsrageter : 40.026 | 42.386 | 0.078527 | 0.077979 | [23 3] |Diamond
Unit cell volume : 160, 103A° cubic
Space group : Fd3m B-SiC
g—éic Latt‘;fzpf_rgs‘ggter o 20.705 | 20.637 | 0.18727 | 0.18949 | [2TT) Diamond
Unit_cell volume : 82,8191A° cubic
Space group : P6;mc
D; Lattice parameter :
a-SiC 2,=3.073, Co=7.54 61.6633 - - - - Hexagonal
Unit cell volume : 61.6633A°
Space group : Fd3m
E; Lattice parameter : 18. 6945 Diamond
MgO a,=4.213 . . - - - B Cubic
Unit cell volume : 74.7781A°
Space group : Fd3m
F Lattice parameter : 131.879 _ : 3 _ Diamond
MgAlLO, 2,=8.08 . : Cubic
Unit cell volume :@ 527.514A°
Space group : Fd3m
(I\:;[ g;Si Lattlczo ;;aé‘a?:geter : ° 65.2293 N _ B _ gllzg;lond
Unit cell volume : 260.917A3
- Slﬁ"‘iﬁ. group : I“t/ mem 88.8364 | 0.118026 [0.1198523 | [T 1 3] |CuAl,
Cul e oon s 89,5473 | 84.4246 | 0.064516 [0.0694994 | [ 31 5] |Tetragona
ufk Unit ac(:ll bolu'mgo'_n'g oo5hs 86.4370 | 0.101401 [0.1045137 | [111] |1
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Flg 3. The geometry of CBED pattern formation in

(a) reciprocal space, (b) real space with HO-

LZ layer reflections, and (c¢) whole CBED
pattern.
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FIGURE LEGENDS

Fig. 1. SEM micrographs showing the morphologies of interfacial reaction products of SiC, extracted from
(a) as-spray formed SiC,/2024 composite, (b) spray formed and as-extruded composite, (c) com-
posite heat treated at 560°C for 24 hours, (d) composite heat treated at 640°C for 24 hours show-
ing fully grown interfacial reaction products. The arrow indicated in the micrograph corresponds
SiC, with severe erosion,

Fig. 2. XRD showing (a) the formation of ALC; and Si in the extracted SiC,, (b) the formation of ALGC;,
Si and CuAl: in the bulk SiC,/2024 composite,

Fig.4. (a), (b) TEM BF images of the interfacial region showing ALCs, Si and CuAl, crystals formed at
the surface of SiC,. Such interfacial products are m'arked in the micrographs by A, B and H,
respectively. Marked by C is SiC,. (c) [431] CBED pattern obtained from ALCs;, (d) [233] CB-
ED pattern obtained from Si, (e) [2171] CBED pattern obtained from SiC, (f) [315] CBED patt-
ern obtained from CuAl. :
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