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Effect of magnesium alloying additions

on infiltration threshold pressure and structure of
SiC powder compacts infiltrated by aluminium-
based melts

E. CANDAN, H. V. ATKINSON, H. JONES
Department of Engineering Materials, University of Sheffield, Mappin Street, Sheffield, S1
3JD, UK

Infiltration of 53% dense preforms of 23 um size SiC particulate by Al-0 to 14 wt % Mg alloy
melts has been carried out at different applied pressures at 750 °C, together with

microstructural characterization of the resulting composites. The threshold pressure P* for
infiltration decreased with increasing Mg content in the melt at twice the rate by which its
surface tension decreased, the residual effect being attributable to the expected effect of Mg
on the contact angle between Al and SiC. Periodic bands of entrapped porosity at lower Mg
contents and infiltration pressures just above P* are thought to have arisen from periodic
arrest of the infiltration front pending ventilation of the gas accumulated at the front. The
formation of monolithic Mg.Si and areas of lamellar «Al-Mg.Si eutectic observed at higher

Mg contents is associated with the accumulation of 5wt % Si in the melt as a result of

reaction between the melt and SiC.

1. Introduction

The production of metal matrix composites (MMCs)
by infiltration of the molten matrix into a preheated
ceramic preform followed by solidification continues
to attract widespread interest and attention which has
been recently reviewed [1,2]. A previous paper [3]
reported the effect of ceramic particle size, melt super-
heat, impurities and single or combined alloy addi-
tions on threshold pressure P* for infiltration of SiC
particle compacts by Al-based melts. The addition of
0.5wt % Mg to a 99.9 wt % Al melt was found to
have little effect on P* while addition of a further
1 wt % Mg to a 2014 Al alloy did significantly reduce
P*. The present objective is to explore the effects of
Mg additions over a wider range of concentrations,
including their effects on the structural characteristics
of the resulting MMCs.

2. Experimental procedures

The SiC for the compacts was the F360 size range
(average particle size 22.8 pm) supplied by Abrafact
Ltd for the previous work. Compacts of diameter
10.4 mm and length 42 mm were prepared as in the
previous study to give a void fraction of 0.47 + 0.005
in the compact. Matrix alloys containing 1-14 wt %
Mg were made by melting together 99.95% pure Al
and 99.7% pure Mg in graphite crucibles and chill
casting as 25 mm diameter ingots. The infiltration
system was essentially that described previously,
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except that the bulkhead union used to fix the sample
holder to the connecting tube was replaced by an ‘O’
ringed stainless steel adapter located adjacent to the
lid of the infiltration vessel (Fig. 1(a—c)). Another dif-
ference was that the aluminium cap used previously to
close the lower end of the silica tube containing the
compact was replaced by a porous alumina filter. This
filter was 10 mm in diameter and 5 mm long and
contained 85% porosity, offering negligible resistance
to flow of the alloy melt into the SiC compact. Infiltra-
tion was carried out at 750 + 5°C, with the compact
immersed in the melt, by increasing the pressure of
nitrogen in the containment vessel at 20 psi
(140 kPa)s ! to a predetermined value, holding it for
2 min, then decreasing it at 30 psi (210 kPa) s~ !. The
infiltration distance was determined as a function of
applied pressure P from longitudinal slices of resulting
solidified compacts. The same longitudinal sections
were used to determine the location of residual poros-
ity and matrix microstructure, after metallographic
polishing to a 0.25 um finish.

3. Results

Fig. 2 shows infiltration distance versus applied pres-
sure for 99.95% Al and the five Al-Mg alloy composi-
tions studied. The resulting threshold pressures P* are
given as a function of Mg alloying content in Table 1,
with corresponding values WL = ¢( — 1) P*d where
W; is the work of immersion, A is a particle shape
factor (> 1 for nonspherical particles), f is the particle
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Figure 1 System for infiltration: (a) general schematic, (b) detail of
adapter, (c) configuration of sample holder.
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Figure 2 Infiltration distance versus applied pressure for infiltration
of AlI-Mg alloy melts into SiC, compacts: Key to symbols; (O) 0, (A)
1.0, (OJ) 1.7, () 3.4, (A) 8.6 and (M) 13.9 wt% Mg.

TABLE 1 Threshold presssure P* for infiltration versus Mg
alloying content from Fig. 2 and derived W; A

Mg-content, O 1.0 1.7 34 8.6 139
(Wt%)
P* (kPa) 565 533 522 518 411 320

Wik (Nm™1) 1.9 1.8 1.8 1.8 1.4 1.1

volume fraction and d is the particle size. Longitudinal
sections of samples infiltrated at pressures that gave
an infiltration distance of 35-40 mm in 2 min showed
the features evident in Fig. 3(a—f). The periodic dark
banded features in the pure Al and Al-1.0, 1.7 and
3.4 wt % Mg samples were associated with porosity
(Fig. 4a) while the more uniformly distributed dark
features in Al-8.6 and 13.9 wt % Mg were associated
with concentrations of Mg,Si (Fig. 4b) formed by
chemical reaction between SiC and the melt. This
latter effect was evidently more pronounced in the
initial than the final part of the Al-13.9 wt % Mg
sample whereas the initial part was free of it for
Al-8.6 wt % Mg. Reaction products were also evident
at SiC surfaces even where such relatively massive
Mg,Si had not formed (Fig. 5(a—c)). The alloy matrix
was otherwise metallographically featureless except
for two-phase eutectic-like areas in the Al-8.6 and
13.9 wt % Mg samples (Fig. 5(b and c)). XRD (Fig. 6)
indicates the presence of Al,C; and Si in the infiltrated
samples, together with Mg, Si from the alloy matrices,
in addition to «Al and SiC.

4. Discussion

The tendency for threshold pressure P* and asso-
ciated WA to decrease with increasing Mg alloying
content C, in the melt (Table 1) is in full accord with
previously reported results for this system [3—6]. The
most helpful comparison is afforded by plotting WA
versus Mg-content as in Fig. 7. Previous results [5, 6]
for infiltration at 750 °C are in reasonable correspond-
ence with our results, also for 750 °C, which extend the
results of references [5, 6] to much higher Mg-con-
tents. The two sets of results reported in references
[3, 4] for 800 °C are also in good mutual agreement
for the small range of Mg-content investigated. The
mean slope d(W;4)/dCis ~ 0.06 N m ™! per wt % Mg



Figure 3 Optical micrographs of longitudinal sections of SiC infiltrated with Al (a) O, (b) 1.0, (c) 1.7, (d) 3.4, () 8.6 and (f) 13.9 wt % Mg.




Figure 3 (continued)

Figure 4 (a) Optical micrograph showing (a) nature of banded porosity in Al-3.4 wt % Mg and (b) SEM micrograph showing clustered
product of reaction between SiC and the melt for Al-8.6 wt % Mg, identified by XRD and SEM microanalysis as Mg,Si.

for both infiltration temperatures, though values
of WL are doubled for infiltration at 750°C
compared with 800°C, at least over the range
0-5 wt % Mg for which measurements are available.
W is normally identified with vy, cos 6 where y; is the
surface tension of the liquid and 0 is the equilibrium
contact angle between the liquid and infiltrated solid
[2, 4, 6]. Published data [7-10] indicate decreases in
the surface tension y; with an increase of Mg-content
in Al-Mg alloy melts. At 700°C, vy reportedly [10]
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decreases from 1.12 to 1.02 N m ! with the addition of
8 wt% Mg to Al for an unoxidized surface (from 0.87
to 0.78 Nm~! for an oxidized surface). Such 10%
decreases at 700 °C are smaller than the > 20% de-
creases in WA indicated in Fig. 7 for an 8 wt % Mg
addition at 750 or 800 °C. The contact angle 6 between
pure aluminium and single crystal [11] or sintered
[12] SiC is ~150 or 130° at 700°C in vacuum. The
lower value of ~ 100° for reaction bonded SiC is
reduced by some 35° on the addition of 5 wt % Mg to
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Figure 5 Optical micrographs showing typical interaction products
at the surface of SiC particles for (a) Al-3.4 wt% Mg, (b) Al-8.6 wt%
Mg and (c) Al-13.9 wt % Mg towards the bottom of the infiltrated
compact.

the melt [13]. The 10% reduction in cos 6 on the
addition of 8 wt% Mg implied by our results would
require an applicable 0 value of say 140° for pure Al to
be reduced by less than 10°.

The periodic bands of porosity found in the pure Al
and 1.0, 1.7 and 3.4 wt % Mg samples do not seem to
have been previously reported for pressure infiltrated
ceramic preforms. All these infiltrations were produc-
ed at infiltration pressures barely above the threshold
pressure P* so that the infiltration front did not ad-
vance beyond the end of the preform. These bands of
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Figure 6 X-ray diffraction patterns for SiC infiltrated with (a) A1-0,
(b) 3.4, (c) 8.6 and (d) 13.9 wt % Mg. Key: (O) aAl (A) SiC, ((J)
Mg,Si, (A) AL,C; (M) Si.

Content of magnesium (wt %)

Figure 7 Product of work of immersion W; and particle shape
factor A versus Mg content in Al-Mg alloy melts pressure infiltrated
into SiC particle compacts. (l) Oh et al. [4], ((J) Chong et al. [3],
(@) Alonso et al. [5, 6], (O) Present work. Melt temperatures: (ll [])
800°C; (@ () 750°C. The full line represents WA=
—0.0572Cy + 1.00 whilst the dashed line represents Wk =
—0.0562C, + 1.88 where C, is the Mg content of the melt.

porosity were eliminated when the infiltration pres-
sure was raised sufficiently for infiltration to extend
beyond the preform. The periodic effect at just above
P* may be associated with accumulation and com-
pression of displaced gas ahead of the advancing infilt-
ration front to a level at which advance is arrested
momentarily to allow accumulated gas to vent from
the top of the preform, leaving unfilled pockets of gas
when infiltration restarts at vulnerable points on the
arrested front. Such effects have been reported in the
1940’s [ 14, 15] for the infiltration of soils by moisture
and have been associated subsequently with periodic
fluctuations of gas pressure, escape of gas bubbles and
appearance of tongue flow in bounded columns of
such infiltrated particulates [16-20].

The concentrations of monolithic Mg,Si found in
the Al-8.6 and 13.9 wt % Mg indicate that pick-up of
silicon by the melt as a result of reaction with the SiC
exceeded levels equivalent to that necessary to form
the pseudobinary aAl-Mg,Si eutectic with a reported
eutectic temperature 595°C and composition of
8.15wt % Mg, 4.75 wt % Si [21,22]. This composi-
tion is entirely consistent with the extensive areas
of lamellar eutectic found in the Al-8.6 wt % Mg
sample.
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Conclusions

The threshold pressure P* for melt infiltration of
53% dense preforms of 23 pm SiC particulate de-
creased from 570 to 320kPa on addition of
13.9 wt % Mg to a pure aluminium melt. Part of
this decrease appears to be attributable to the
known effect of Mg on the surface tension of liquid
aluminium, the remainder probably stemming
from the effect of Mg in reducing the contact angle
between the melt and SiC.

Periodic bands of entrapped porosity found at
lower melt concentrations of Mg and infiltration
pressures just above P* may be associated with
periodic arrest of the advancing infiltration front
by accumulation there of displaced gas, to allow
venting of this from the end of the compact.
Formation of monolithic Mg,Si in Al-8.6 and
13.9 wt % Mg/SiC, samples and of extensive
lamellar oAl-Mg,Si eutectic areas in Al-8.6
wt % Mg/SiC, is consistent with pick-up of some
3.4 wt % Si by the melt as a result of reaction with
the SiC during and following infiltration.
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