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\psTRUCT
1sipg process of Al-1.0mass%Mg,Si alloy composite materials with 4vol% and 8vol%SiC
canijeles was investigated by micro-Vickers hardness measurement and transmission electron
r ;r(-r()SC(_)py.
/hest SIC particles are dispersed into the Al-Mg-Si alloy, aging time to reach the maximum
wrdgess is shortened at 473K. The over-aged composite material with 4vol%SiC includes four
nds Of metastable phase; namely S phase, the TYPE-A, TYPE-B and TYPE-C p Reipiitcn al
nich crystal structures are different to each other.
rction of these three kinds of metastable phase in the composites are the same as in the matrix
oy containing 0.2mass% excess Si.
I composite material with 8vol% SiC particles contains the TYPE-A, TYPE-B and TYPE-C
wejpitates, but is free from B’ phase precipitates. The existence of those precipitates has

rrgspondingly been observed in the matrix alloy containing 0.4mass% excess Si

cywords:  Composite material,  SiC, AI-Mg-Si alloy, metastable phase, transmission

electron microscopy

INTRODUCTION
ramics particles dispersed aluminum alloy based metal matrix composite has been studied by

any works[1~3], and the effect of dispersed ceramic particle on aging process has been also
vorted [3,4]. We sequence the aging process of SiC, TiC and Al,O, particle dispersed aluminum
‘X composite materials. Made clear the effect of ceramic particles on aging process (571,
‘mical reactions occurred between ceramics and matrix alloy, due to ceramics particles
“ompose. And a part of element which makes ceramics particle soluble for matrix. Change aging
“cess like trace amounts of elements add matrix alloys.[7]Since aging process of composite

“icrials is more complex than mother alloy, must be turned out exactly the effect of a trace
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amount of added element on aging process of matrix alloy[8~11] which is able to investigate in
detail amount of release element from particle.

This study compared with aging process of SiC particles dispersed Al-Mg-Si alloy based composite
materials and in it is already turned out exactly excess Si contain Al-Mg-Si alloy, and report effect

of soluble Si on aging precipitates in Al-Mg-Si/SiC composite.

2.EXPERIMENTAL PROCEDURE

The matrix alloy is Al-1.0mass% Mg,Si alloy it makes pure Al (99.99mass %), pure Mg and pure Si
(99.9mass%) dissolve in air. Average SiC particle diameter is 1.1 x m. The SiC/Al-M g-Si
composite fabricated pre-pack press method [12].

Composition of mother alloy in excess Si alloy are given in Table 1. Cylindrical samples, 30mm in
diameter and 50mm in length were heat extruded to rod of diameter 7mm, Hardness test and TEM
specimens were cut from rod. Mother alloy and composites were solution treated as long as 3.6ks at
848K and quenched to iced water. Afterward aging at 473K. TEM investigation were taken in
TOPCON EM-002B microscopy at 200k V.

Table 1 chemical analysis of the specimens used (mass%)

Si  Fe Cu Ti Mn Mg Cr Zn Mg, Si ex.Si
lmatrix alloy| 0.35 0.01 0.00 0.00 0.00 063 0.00 0.00 0.96 0.00
0.1%ex.Si | 046 001 0.00 0.00 000 062 0.00 0.00 0.98 0.10
02%ex.Si | 057 001 0.00 000 000 063 0.00 0.00 0.99 0.21
04%ex.Si | 0.73 0.01 000 0.00 000 062 000 0.00 0.98 0.37

3.RESULTS AND DISCUSSIONS
Fig.1 is age herdening curves of matrix alloy, 4vol% and 8vol% SiC composites aged at 473K. The
value of hardness of composites at as quenched state is higher than matrix alloy. Hardness tendencs
of to higher with composite ratio high, and each composite have shorter peak age time and cffect ot
particle was observed obviously. Wang et al [13] also suggested reaction between SiC particles
and Al in the matrix.

4Al + 3SiC — AlLC, + 3Si (1)
thus exist Al,C, phase and released Si in matrix and SiO, layer have been formed beforehand, and it
Is reacting to melt.
In this way, following there reactions bring

3Si0, + 4Al — 2Al,0, + 3Si 2)

SiO, + 2Mg — 2MgO + Si 3)

28i0, + 2A1 + Mg — MgAlL,O, + 2Si 4)
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* any Cvent, be produce release Si. We have reported that Si released from SiC particle in
w:nm}site apparently soluble into the in matrix and aging process change like an Al-Cu-Mg alloy
(eg only Si. We speculated this case, which Si is supplied for four reaction. But AlLC;, ALO,,
150y ynd MgALO, could not been confirmed by TEM observation.
, gifficult to speculate that Si solubles in the matrix, although only the age-hardening curve is
milaf 10 excess Si alloy. The case of Al-Mg-Si based SiC particle composite is also difficult to
Cnfirn ALCs, AlLO5, MgO and MgALO, by TEM observation.
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Fig.1 Micro-Vickers hardeness as a function of aging time for the matrix alloy,
4vol% and 8vol% SiC/Al-l.Omass%Mgzsi alloy composite aged at 473K.

'c aging sequence of this alloy have been clarified and the effect of excess Si content on the
rious Kind of metastable phase and their crystal structures have been proposed by our recent
rxs. It 1s expected that the amount of excess Si in this composite will be confined by the
ssification of the types of metastable phase in this composite.
2 is TEM micrographs for each specimens aged at 473K for 600ks. Fig.2(a) show a typical rod
“pe metastable phase along the (001) directions of the matrix in the matrix alloy. Fig.2(b) and
have shown similar precipitates in each composite materials. There were no different features
/m precipitates in each specimen.
25 is one example of the first type of precipitate in 4vol%SiC composite. The spacing of
“U3nm- corresponding to (200) plane of the aluminum matrix is observed and there is the
“gonal network of bright dots having the spacing of 0.71nm in this precipitate. This precipitate
4 crystal lattice of hexagonal and its lattice parameters are a=0.705nm c=0.405nm. This

“ipitate has same the structure of the metastable phase commonly observed in the matrix alloy.
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Fig.3 High resolution electron micrograph of
the transverse section of a metastable phusc
(B’ phase) precipitate in the 4vol% SiC Al-
1.0mass%Mg,Si alloy composite aged .
2nm 473K for 600ks

Fig.4 are precipitates observed only composite materials. Fig.4 (a) show second type of metastable
phase in the 8vol% SiC composite. In this case, the rectangular arrangement of bright dots in the
precipitate have the spacing of 0.35nm and 0.67nm. ‘

This is a typical metastable phase in the Al-Mg,Si alloy containing Si in excess. We proposed o
the TYPE-A precipitate [11]. The TYPE-A precipitate have a hexagonal lattice with a=0.405nm.
¢=0.67nm and this phase consists of Al, Mg and Si [9].

Fig.4 (b) show the third type of the metastable phase in the 8vol% SiC composite. It is same tvpe of
metastable phase as the TYPE-B precipitate in the excess Si alloy. Bright dots in this phase arrangc
the rectangular network having spacings of 0.68nm and 0.79nm.The crystal lattice of the TYPE-B
precipitate is an orthorhombic and its lattice parameters are a=0.683nm, b=0.794nm and c=0.45n0.
The TYPE-B precipitate also consists of Al, Si and Mg as the same as the TYPE-A precipitiic
This metastable phase is smaller than the TYPE-A precipitate and there is a lot of the TYPI -
precipitate in the excess Si alloy aged at 523K up to peak [10].
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“ig.4 High resolution electron micrograph of the transverse section of a metastable phase, (a) The

TYPE-A precipitatfa, (b) The TYPE-B precipitate, (¢) The TYPE-C precipitate, in the 8vol% SiC/
\1-1.)mass%Mg,Si alloy composite aged at 473K for 600ks

“ig.4 (¢) is the forth type of metastable phase in 8vol% SiC composite. This metastable phase is
The TYPE-C precipitate”, we proposed [11]. Bright dots arrange a hexagonal network having the
pacipg of 1.04nm.The chemical composition of this phase could not been detected by EDX,
szcauSe this precipitate could not been extracted from the matrix. The crystal lattice of the TYPE-C
recipltate is a hexagonal (a=1.04nm and ¢=0.405nm). In this way, the B ’phase, the TYPE-A, the
7PE-B and the TYPE-C precipitates observed in the composites.

ccording to results of TEM in the composite materials, it is considered that the SiO, layer on the
~rticje surface reacts with molten aluminum and MgO or MgAl,O, are formed at the interface
vetween the SiC particle and the matrix., )
“fus, the concentration of Mg in the matrix alloy decreases and the chemical composition of the
“uiriy alloy becomes excess Si, because this reaction produces the released Si in the same time.

1c aging process of composite materials becomes the same as that of the excess Si alloy.

‘2sed on our HRTEM observation, it is presumed that amounts of released Si from the SiC particle
~ 4vol% and 8vol% SiC composites are 0.1~0.2mass% and 0.2~0.4mass%, respectively. It is

- imated that Si0, layer on the SiC surface is maximum about 17nm.

+CONCLUSION
7= aged SiC particle dispersed Al-1.0mass%Mg,Si alloy based composite materials, were
‘estigated to understand the effect of released Si from SiC particle on aging process. The

mmary of this study are as follows.
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(1) The time to achieve the maximum value of hardness in the 4vol% and the 8vol% SiC
composites were shorter than that of the matrix alloy.

(2) Many S’ metastable phase, a few the TYPE-B and the TYPE-C precipitates existed in the
4vol% SiC composite. This tendency is similar to that of the matrix alloy containing 0.2mass
Si in excess.

(3) The TYPE-A, the TYPE-B and the TYPE-C precipitates exist in 8vol% SiC composite. But the
B’ phase was not observed. This results is similar to that of the matrix alloy containing
0.4mass% Si in excess.

(4) The present study.have found that the released Si from SiC particle dissolve in the matrix in the
SiC dispersed Al-Mg-Si alloy and Mg forms oxide. The chemical composition of the matrix
changed from the Al-1.0mass%Mg2Si alloy to excess Si and the aging process of this

composites become just like that of the matrix alloy containing Si in excess.
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