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PREPARATION OF 6066 Al/ SiCe(+ Gr) COMPOSITES

BY MULTFLAYER SPRAY DEPOSITION
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ABSTRACT A novel multrlayer spray deposition technology was developed, by which 6066A1/ SiC,( +

Gr) composites were manufactured. The matrix is of rapid cooling rate and large excess solid solubility. SiC

particles distribute uniformly in the matrix with clear interface. Extrusion was conducted to improve the mi

crostructure and mechanical properties. SiC particles can be broken up and rearranged. After T6 heat treat-

ment, the final material shows low porosity and good mechanical properties. The introduction of small amount

of graphite particles into the preform can improve the damping property.
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1 SEVERAL TECHNOLOGIES FOR MANU-
FACTURING PARTICLE STRENGTHEN
ED METAL MATRIX COMPOSITES

Metal matrix composites can bhe generally
classified as dispersiomrreinforced composites,
particlereinforced composites and fiber-rein-
forced composites according to the various geo-
metrical features of the reinforcing phases and
the various strengthening mechanisms. In the
particle reinforcing composites, the matrix is re-
inforced by fine particles or short whiskers, and
the strengthening mechanism is the hard parti-
cles bearing loads and restricting the deformation
of the matrix. The strengthening effect of these
composites mainly depends on the distance be-
tween the particles, the diameter and the volume
fraction of the particles. Powder metallurgy,
mixing casting and pressure infiltration casting
are frequently adopted for the yielding of parti-
cleenhanced composites.

In powder metallurgy, composites are pro-
duced by heat processing such as heat extrusion
or forging after pre-mixing matrix metal pow ders
with ceramic particles or short fibres. Although
composites with fine microstructures can be ob-

tained, the process, including mixing, cold
pressing, potting, degassing in vacuum and hot
isostatic pressing, heat extrusion, is too long.
So, the production cost of this method is very
expensive, and it is very difficult to achieve
large-dimensional composites because of the limr
tation of pressing ability. Meanwhile, the pow-
ders can be easily contaminated and oxidized due
to the long production procedures, which may
result in a bad interface adhesion. Moreover, it
is very difficult to achieve a homogeneous distri-
bution of the reinforcing particles among the ma-
trix pow ders.

In mixing casting, the composite is fabrr
cated through co-solidification after adding the
reinforcing particles or whiskers into the molten
metal directly and stirring fast. This method can
manufacture parts in large scale at low cost. At
the same time, the microstructure of the as cast
material is severely coarse because of slow solidr
fication rate. The distribution of particles is not
uniform, which results from the bad wetability
between particles and matrix metal. Large
porosity arises from gas wrapped during stirring.
The long stay of molten metal probably leads to
serious interface reaction. Therefore the proper
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ties of as cast material are low and even fall be
low unreinforced ones.

In pressure infiltration, composites pre-
forms and parts are fabricated by pressing molten
metal into a preform made of reinforcing parti-
cles or fibres. This method is expensive, com-
plex, and difficult to prepare large blanks.

Rheocasting is an alternative to produce
composites, in which reinforcing particles are
added into partially solidified matrix, then the
composites are shaped by pressing after stirring.
In semrsolid state, although high shear stress
arising from stirring does help to homogeneous
distribution of reinforcing particles, the large
amount of impurities and gases, and low density
microstructure will have bad influence on the
properties of the material.

In recent years, spray co deposition tech-
nology( SD) has caught much interest of many
composites manufacturers with its excellent per-
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This process involves adding re
inforcing particles via gas jet into the atomizing
spray,
droplets and the reinforcing particles are co-de-

consequently both the spraying metal

posited onto a relatively cold substrate. The sec
ond phase particles are uniform in matrix. This
method of fabricating composites have many
technological advantages. The cooling rate of the
metal matrix can be improved greatly because the
inert gas and the reinforcing particles can adsorb
large amount of heat in this method, thus the
matrix has characteristic microstructure of rapid
solidification. Especially in spray deposition, a
homogeneous distribution of the reinforcing par-
ticles in the metal matrix can be obtained and
bad interface reaction can be eliminated effective
ly. So this method is promising for fabricating
metal matrix composites of rapid solidification.
Up to now, much attention and further research

are directed to this technology' ™ *.

2 FABRICATION OF 6066Al/ SiC, COMPOS
ITES BY MULTFLAYER SPRAY CODE-
POSITION TECHNOLOGY

6066A1/ SiC,, composites are prepared by the
multrlayer spray deposition equipment developed

by the authors”'. The chemical composition of

6066A1 is AF1.4% St 1. 1% Mg 1. 0% Cur0. 8%
Mn. SiC particles are a-type and in the range of
5~ 10Hm. The mode of adding SiC particles into
the spray is shown in Fig. 1. The process proce
dure is: 6066A1 alloy is heated to 1123~ 1213
K, and the melt is atomized by nitrogen at a
pressure of 1~ 1.4 MPa, while SiC particles are
transmitted into the spray by nitrogen at a pres
sure of 0. 3~ 0. 5 MPa. The particles are unr
formly dispersed and co-deposited onto a moving
substrate which is cooled by inner water, thus a
composite preform is formed. Unlike the coven-
tional process in which the heating crucible and
the spray nozzle are often static and the deposr
tion blank is formed through single-direction
movement, in multrlayer spray deposition, the
heating crucible and the spray nozzle are motive
and the deposits are formed through duplicate
movement. The as deposited preform is subse
quently extruded at 680K. The extrusion ratio is
14. 1. After extrusion, T6 treatment was con-
ducted. The final properties and microstructure
of the material were measured by WD - 1 0 A
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Fig. 1 Schematic diagram of equipment
of multi layer spray co deposition
1 —mobile crucible; 2 —atomizer;
3 —metal droplets; 4 —external cooling;
5 —water cooled substrate;
6 —gas outlet;
7 —atomizing chamber;

8 —mnozzle for transmitting SiC
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electron material testing appratus, X-650 SEM,
optical microscopy, etc.

3 RESULTS AND DISCUSSION

3.1 Homogeneous distribution of particles
Generally, the distribution of the reinforc
ing particles in the composites produced by spray
co-deposition technology is more homogeneous
than that in the composites produced by powder
metallurgy, mixing casting, pressure infiltra
tion, and rheocasting process. However, in tra
ditional spray deposition technology as shown in
Fig. 2(a), the concentration of the reinforcing
particles in the rim of the spray zone is higher
than that in the centre of the spray zone due to
the influence of the atomizing gas sprayed by the
spray nozzle. In the multrlayer spray co-deposr
tion as shown in Fig. 2(b), the concentration of
the reinforcing particles in the matrix is more
homogeneous because of the mutual movement
between the spray nozzle and the substrate. Fig.
3 shows the microphotograph of the 6066Al/
15% SiC, composite prepared by multrlayer
spray deposition. It exhibits a very uniform dis
tribution of SiC particles in the matrix. It has
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been demonstrated that in the multrlayer spray
deposition the soaking time of the liquid is very
short, from which the microstructure of rapid
solidification results. Therefore particles gather-
ing caused by thermodynamic driving force is
difficult to happen. Commonly, the capture
mechanism of SiC particles in matrix includes
mechanical force, hindering by dendritic frag-

ments or solidified liquid droplets“’= n

3.2 Microstructure of as deposited preform
The preform by multrlayer spray deposition
is overlapped for many times by every layer of
deposits. The cooling rate of the preform is
higher than that of the preform prepared by tra-
ditional spray deposition process'>'. When the
atomized melt flux co-deposits with reinforcing
particles, the cooling rate of the preform be
comes higher and reaches 10° K/s or so. Fig. 4
shows the microstructure of 6066Al/ 15% SiC,
material by multrlayer spray deposition process.
From this photo, it can be found that partial ma-
trix is “optical featureless zone”. This optical
featureless zone indicates partitionless solidifica
tion resulting from high cooling rate of the ma
trix. This matrix with optical featureless zone
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Fig. 2 Comparision of multi layer spray deposition
and traditional spray deposition
{a) —traditional technology; (b) —multrlayer technology
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Fig. 3 Metallograph of 6066Al/ 15% SiC,
preform by multilayer SD

Fig. 4 Microscopic diagram of as deposited
6066Al/ 15% SiC, composite

has excellent manufacturing ability and mechani
cal properties. Moreover, the microstructure of
the matrix without optical featureless zone is
shown in Fig. 5. The microstructure is of den-
drites with the distance between secondary den-
drite arms( DAS) being 2 Pm. According to the
correlation between the cooling rate and the
DAS: D = a€’¥ it is estimated that the cool

ing rate of the deposit is about 10°~ 10* K/s.

3.3 Interface bonding

Harmful interface reaction between the ma
trix and reinforcing particles can be avoided ef-
fectively due to high cooling rate for multrlayer

spray deposition. Fig. 6 shows the microstruc
ture of 6066A1/ SiC, composite. It is found from
this photo that the interface between the matrix
and the reinforcing particles is clean, and the in-
terface bonding is mainly mechanical mode.

Fig. 5 Microscopic diagram of
6066Al/ 15%SiC, composite
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Fig. 6 Interface state of 6066Al/
SiC, composite

3.4 Effects of extrusion on distribution and
morphologies of SiC particles

Figs. 7(a) and (b) show the distribution
and the morphologv of SiC particles respectivelv
in the spray deposition preform and the extrusion
preform. It can be seen from these photos that in
Fig. 7(a) , there are large particles in the ma
trix, and the interface bonding is worse than
that of small particles. Many particles are not
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spherical.

However, after extrusion, the particles be
come finer and more spherical obviously. And al-
so, the interface porosity is greatly eliminated,
and the total porosity decreases significantly.
The plastic deformation in the extrusion has
changed the relative position of all parts of the
composite, and SiC particles are fractured due to
shear stress in the plastic flow and dislocated,
rearranged in the plastic deformation. Figs. 8( a)
and(b) show the morphology of the SiC particles
before and after extrusion respectively. It is in-
dicated that there are cracks in SiC particles after

This kind

of particles will be broken up and the relative

ball grinding, as shown in Fig. 8(a).

movement between the particles and the matrix
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occurs in extrusion. Fig. 8(b) shows some frag-
ments of SiC particles smaller than 10 Hm and
the realative slide of the fragments.

3.5 Mechanical properties

Mechanical properties of the preform by
multrlayer spray deposition after extrusion and
T6 heat treatment are listed in Table 1. The re
sults show that the extruded preform after T6
heat treatment has excellent mechanical proper
ties.

3.6 Damping property of 6066Al/ 15% SiC,+
2% graphite composite

6066A1/ 15% SiC,+ 2% Gr composite pro-

duced by the multrlayer spray deposition shows

Fig. 7 Distribution of SiC particles in the matrix
(a) —before extrusion; (b) —after extrusion

Fig. 8 Morphologies of SiC particles

(a) —before extrusion; (h) —after extrusion
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Table 1 Mechanical properties of 6066Al/ 15% SiC, composite produced by multrlayer
15% SiC composite spray deposition technology, after extrusion and
Sample o/ g, o/ E/ & T6 heat treatment, are shown as: 0, = 640

MPa MPa GPa Yo

6066A1/ 15% SiC

extrusion+ T6

640 510 133 9.4

a good damping property. The intrinsic damping
of the composite is 9% 10™ *~ 5x 10" %, and me-
chanical properties of the composite are similar to
those of the 6066Al/ 15% SiC, composite. The
data are not many, so further research is to be
conducted.

4 CONCLUSIONS

(1) In the composites fabricated by multr
layer spray deposition, the distribution of the re-
inforcing particles is homogeneous, and the in-
terface between the matrix and the reinforcing
particles is clean. Also, the cooling rate of the
matrix is high, the mechanical properties of the

composites are excellent.

(2) The mechanical properties of 6066Al/

MPa, 0y,=510MPa, 6=9.4%.

(3) It has been shown that the reinforcing
particles in the composites become finer, more
spherical, and more homogeneous after extru-
sion.
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