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Fabrication and mechanical properties of in situ 
formed carbide particulate reinforced aluminium 
composite 

H. NAKATA* ,  T. CHOH, N. KANETAKE 
Department of Materials Processing Engineering, School of Engineering, Nagoya University, 
Furo-cho, Chikusa-ku, 464 Nagoya, Japan 

Stable carbide particles of TiC, ZrC and TaC were in situ synthesized in liquid aluminium by 
the reaction between AI-Ti, AI-Zr or AI-Ta systems liquid alloy and SiC or AI4Ca particles. It 
was possible to generate TiC particles of nearly 1 gm diameter, even utilizing SiC of 14 gm. 
However, the dispersion behaviour of TiC particles in the matrix depended on the size of the 
raw carbide. Finer SiC made the dispersion of TiC particles more uniform, resulting in 
a greater improvement of the mechanical properties. Furthermore, although AI-Ti-Si 
system intermetallic compound was detected in a TiCp/AI-Si composite fabricated by the 
melt-stirring method, those compounds considerably decreased in the composite fabricated 
by the in situ method. The mechanical properties of in situ formed TiCp/AI-5 wt% Mg and 
TiCp/AI-5 wt% Cu composites were better than those fabricated by the melt-stirring method 
and by T6 heat treatment, the properties of in situ formed TiCp/AI-5 wt % Cu composite were 
further improved. The experimental results were analysed by the reaction model based on 
the assumption that the overall reaction rate was controlled by both the reaction and the 
diffusion. 

1. Introduction 
In recent years, much attention has been paid to the 
development of an effective fabrication process for 
metal matrix composites. In the in situ fabrication 
process, the spontaneous reaction between the raw 
materials is utilized to synthesize reinforcements in the 
metal matrix. Thus it is expected that the in situ- 
formed composites may reveal not only excellent dis- 
persion of fine reinforcing particles, but also high 
thermodynamical stability. 

Sahoo and Koczak [1] reported that the in situ- 
formed TiCp/A1 composites could be fabricated by 
bubbling carbonaceous gas into the AI-Ti alloy melt 
yielding excellent mechanical properties even under 
elevated temperature. However, the process using 
carbonaceous gas has some practical difficulties, such 
as the requirement of complicated equipment and 
problems in controlling the volume fraction of the TiC 
particle formed. Therefore, a simplified in situ process 
is sought in order to solve these problems. 

The present work investigated the fabrication of 
in situ-formed carbide particulate-reinforced alumi- 
nium composites by utilizing the reaction between 
liquid aluminium alloys containing a thermodyn- 
amically stable carbide formation element and a rela- 
tively unstable carbide such as SiC and A14C 3 as the 
solid carbon source, to improve control of the in situ 

reaction rate and the volume fraction of carbide for- 
med. The dispersion behaviour of particles formed by 
the in situ reaction process, the mechanical properties 
of in situ composites and the mechanism of in situ 
formation of particles in the liquid aluminium alloy 
were then investigated, and compared with a com- 
posite fabricated by the melt-stirring and gas-injection 
methods. 

2. Experimental procedure 
Aluminium ingot (99.99%), titanium, zirconium and 
tantalum particles as carbide formation elements, 
99% SiC particles of 0.6, 3 and 30 gm diameter and 
99% A14C3 particles of 3, 14 and 30 gm diameter were 
used as carbon source. 

In the first method, 80 g aluminium containing the 
carbide formation element was melted in an induction 
furnace in an MgO crucible under an argon atmo- 
sphere, and held at the experimental temperatures of 
1423, 1473 and 1573 K. Then SiC or A14C a particles 
were added and incorporated by the melt-stirring 
method [2]. During this stirring, TiC, ZrC and TaC 
particles were formed in situ in the liquid aluminium 
and subsequently the melt was cast into a permanent 
mould. In part of the experiment, some samples of about 
3 g were taken from melt using an alumina-coated 
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quartz tube during stirring in order to investigate the 
time dependence of the in situ reaction by analysing 
the content of the carbide formation element with an 
inductively coupled plasma (ICP) emission spectro- 
metric analysis method, and to observe changes in the 
microstructure of the sample. 

The contents of carbide formation elements and the 
amount of added SiC or AI4C3 were determined by 
the volume fraction of the in situ-formed carbide, 
taking the molar ratio of carbon, supplied through the 
dissociation of SiC or A14C3, to the carbide formation 
element, C/Me, to be 0.95 for titanium carbide and 
1 for zirconium and tantalum carbides, assuming com- 
plete in situ reaction. 

In the second method, the powder mixture of tita- 
nium and A14C3 particles was intermittently added to 
pure aluminium at the rate of about 1 g/30 s at 1473 K 
during stirring. After incorporation of all of the added 
particles, melt stirring was continued for 300 s to com- 
plete the in situ reaction. The melt temperature was 
then lowered to 973 K and an alloying element of 
magnesium or copper was added to produce the 
A1-5 wt % Mg or A1-5 wt % Cu matrix. Subsequently 
those samples were solidified in the crucible bY air 
cooling outside the furnace. The amounts of titanium 
and A14C3 in the powder mixture were determined 
using the same procedure as in the first method. 

The samples fabricated by the first and the second 
methods were extruded at 773 K with an extrusion 
ratio of 25. Part of each specimen was machined into 
a rod having a gauge length of 20 mm and diameter 
4 mm, to investigate the mechanical properties; the 
other part was polished for microstructural studied by 
SEM, electron probe microanalysis (EPMA) and X- 
ray diffraction (XRD). SiCp (nearly 14~tm dia- 
meter)/A1-Si and TiCp (nearly 1 gm)/A1-Si com- 
posites were also fabricated by the melt-stirring 
method at 1073 K with an appropriate stirring time, 
for comparison with the in situ-fabricated composites. 
The theoretical volume fraction of in situ-formed par- 
ticles reaches 5.5% in the first method, and 5% and 
10% in the second method, assuming complete in situ 
reaction. 

Figure 1 Scanning electron micrographs of in situ TiCp/A1 com- 
posites fabricated by reaction for 900 s at 1473 K from (a) 0.6 ~tm, 
(b) 3 ~tm, and (c) 14 gm SiC. 

3. Results and discussion 
3.1. In situ-formed TiC particulate- 

reinforced aluminium composite 
by the first method 

It has been generally reported that SiC particles were 
poorly incorporated into the melt with decreasing 
particulate diameter [3]. However, at an elevated melt 
temperature of 1473 K, fine SiC particles, as small as 
0.6 lain diameter, could be incorporated into the melt, 
because of the essentially improved wettability. 

The microstructure of in situ composites fabricated 
from several sizes of SiC particles by the reaction for 
900 s at 1473 K are compared in Fig. 1. In situ forma- 
tion of TiC particles was confirmed by XRD and 
EPMA for the composite shown in Fig. la. It is obvi- 
ous from Fig. la that approximately 1 gm or smaller 
particles are almost uniformly dispersed in the com- 
posites fabricated by adding 0.6 gm SiC. The same 

1720 

distribution of in situ-formed particles can be achieved 
when adding 3 ~tm SiC, as in Fig. lb. However, using 
14 gm SiC particles, as shown in Fig. lc, the circular 
TiC phase isobserved surrounding the remaining raw 
SiC particles, due to the decrease in the in situ reaction 
rate, as well as the large intermetallic compounds of 
A13Ti formed from the remaining titanium. Hence, the 
size of the SiC particle has an effect not only on the 
rate of the in situ reaction, but also on the dispersion 
behaviour of in situ-formed TiC particles. Further, the 
ultimate tensile strength, the 0.2% proof stress and 
uniform elongation of those composites were de- 
creased with increasing diameter of SiC, as shown in 
Fig. 2, depending on this particle dispersion behavi- 
our .  

The mechanical properties of in situ-formed 
TiCp/A1-5 wt% Si composite are compared with 
those composites reinforced with nearly 14 gm SiC 
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Figure 2 Mechanical properties of in situ TiCp/Al composites fab- 
ricated by reaction for 900 s at 1473 K from (a) 0.6 gm, (b) 3 gin, 
and (c) 14 gm SiC. 
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Figure 3 Comparison of mechanical properties of in situ 
TiCv/AI-Si composites fabricated from 14 gm SiC with those of 
14 gm SiCp/AI-Si and 1 gm TiCv/A1-Si composites fabricated by 
the melt-stirring method. 

and nearly 1 gm TiC particles fabricated by the melt- 
stirring method, as shown in Fig. 3. It was found that 
the ultimate tensile strength and 0.2% proof stress of 
in situ TiCp/A1-5 wt % Si composite were higher than 
those of two others fabricated by the melt stirring 
method, although its uniform elongation was the 
lowest; i.e. strength efficiency is improved through the 
in situ reaction. 

On observing the microstructures of TiCp/ 
Al-5 wt % Si composites fabricated by both (a) the 
melt stirring method and (b) the in situ method, it 
should be noted that large precipitates are found in 
the matrix in the case of the melt-stirring method, as 
shown in Fig. 4, though the particle size of TiC in both 
composites is not markedly different. From EDX ana- 
lysis, those precipitates were found to be A1-Ti-Si 
system intermetallic compound. This compound may 
be mainly precipitated through a subsequent process 

Figure 4 Scanning electron micrographs of TiCv/AI-5 wt % Si 
composites fabricated by (a) the melt-stirring method and (b) the in 
situ method. 

where titanium and carbon contents are initially in- 
creased by the dissolution of added TiC particles then 
the titanium content reaches its solubility 
(3A1 + Ti = AI3Ti) before the achievement of equilib- 
rium between the titanium content and the carbon 
content in the liquid aluminium; the precipitation of 
A13Ti then proceeds further until the carbon content 
in the melt increases to the equilibrium value with the 
above-mentioned titanium solubility content. 

On the other hand, in the matrix of the in situ 

composite, those compounds decreased remarkably. It 
suggests that the main part of the titanium atoms 
combine with carbon supplied from SiC, and then the 
carbon and titanium contents may approach the equi- 
librium value; during cooling, TiC particles are for- 
med, resulting in a decreasing precipitation of A13Ti. 
Thus the in situ composite free from precipitations of 
A13Ti can be fabricated, if the ratio of titanium and 
carbon contents supplied in the melt is adequate. 

3.2, Mechan ica l  p roper t ies  of  in situ-formed 
ZrC and TaC par t i cu la te - re in fo rced  
a l u m i n i u m  c o m p o s i t e  

In situ formed ZrCp/A1 and TaC~/A1 composites were 
fabricated by the first method, adding 14 gm A14C3 
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Figure 5 Mechanical properties of in situ composites fabricated 
through the reaction between 14 gm A14C 3 particle and AI-Ti, 
A1-Zr and the AI-Ta system liquid alloys by reaction for 1200 s at 
1473 K. 

particles to Al-Zr and A1-Ta liquid aluminium alloys 
and stirring for 1200 s at 1473 K. Fig. 5 shows the 
mechanical properties of the fabricated composites, 
compared with those of in situ-formed TiCp/A1 com- 
posite. 

It was found that the ultimate tensile strength and 
0.2% proof stress of in situ TiCp/A1 composite were 
the highest, while the highest uniform elongation was 
obtained in the in situ TaCp/A1 composite. 

The microstructures of these composites are shown 
in Fig. 6, where, in the case of in situ ZrCp/A1 com- 
posite, many unreacted A14C3 particles are found in 
the matrix with the precipitated intermetallic com- 
pound of A13Zr and in situ-formed circular or flaky 
ZrC, caused by the slow rate of the in situ reaction. On 
the other hand, in the case of in situ-formed TaCp/A1, 
fine TaC particles are observed, though they show 
a more or less agglomerative behaviour. Hence, the 
strength properties of in situ ZrCp/A1 and TaCp/A1 
composites are lower than that of TiCp/A1 composite, 
though their uniform elongations are higher. 

Figure 6 Microstructure of in situ composites fabricated through 
the reaction between 14 gm A14C3 particle and the (a) A1-Ti, 
(b) A1-Zr and (c) A1-Ta system liquid alloys by reaction for 1200 s 
at 1473 K. 

3.3. The effects of magnesium and copper 
on the mechanical properties of 
in situ formed TiCp/AI composite 

In situ formed TiCp/A1-5wt%Mg and TiCp/ 
A1-5 wt % Cu composites were fabricated by the sec- 
ond method, where a powder mixture of 3 gm A14C3 
and 99% Ti (nearly 350 mesh) was added to the melt at 
1473 K in order to increase the volume fraction of the 
in situ-formed particulate reinforcement. After the in 
situ reaction had ceased, magnesium or copper was 
alloyed at lowered temperature. The values of Young's 
modulus, ultimate tensile strength and 0.2% proof 
stress of in situ TiCp/A1-5 wt % Mg composite were 
increased with increasing volume fraction of in situ- 
formed TiC particles, as shown in Fig. 7. Furthermore, 
it is noticeable that the ultimate tensile strength and 
0.2% proof stress are higher than those obtained in 
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the same composite fabricated by the melt-stirring 
method, as indicated by the dotted lines [4]. This is 
contributed to by the better distribution of in situ- 
formed TiC particle in the matrix without the agglom- 
eration of particles. 

However, the uniform elongation decreased with 
increasing volume fraction of TiC v and, above nearly 
10% of volume fraction, became rather less than that 
obtained by the melt-stirring method. 

On the other hand, Fig. 8 shows that Young's 
modulus, 0.2% proof stress and ultimate tensile 
strength of the in situ TiCp/A1-4.5 wt % Cu composite 
also increased and the elongation decreased with in- 
creasing volume fraction of TiCp. 

These strength properties were further improved by 
a T6 heat treatment of 86.4 ks ageing at 450 K after 
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Figure 7 Comparison of mechanical properties of in situ 
TiCp/A1-5 wt % Mg composites with that (- -)  fabricated by the 
melt-stirring method [4]. Method II, 3 gm A14C3, T = 1473 K. 
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Figure 8 Effect of the particulate volume fraction on the mechanical 
properties of in situ TiCp/A1-4.5 wt % Cu composite in the as-ex- 

truded condition. 

the solution heat treatment, as shown in Fig. 9, indic- 
ating that the ultimate tensile strength reached 
530 MPa at Vf = 5.5%. Moreover, the strengths in 
the present work are higher than those obtained by 
the gas-injection method, as indicated by dotted lines 
[1]. However, the values of ultimate tensile strength 
and 0.2% proof stress at Vf -- 10% are lower than 
those at Vf = 5.5%. This may be because of overage- 
ing, because although the hardnesses of the matrix and 
composite at Ve = 5.5% reached maximum values at 
about 86 ks ageing, the time required to reach max- 
imum hardness of composite at Vf = 10% was 
shortened to about 38 ks. Such acceleration of ageing 
by reinforcement has been reported in A1-Li [5], 
A1-Cu-Mg [6] and A1-Mg-Si matrices [-7]. There- 
fore, an ageing time of 86.4 ks is too long for the 
composite of Vf = 10%, resulting in a decrease in 
strength. 

3.4. Mechanism of in situ formation 
of particles in the liquid 
aluminium alloys 

The mechanism of in situ formation of TiC particles 
was analysed. The time dependence of the behaviour 
of TiC particles formed in situ through the reaction 

between AI-Ti liquid alloy and 14 gm A14C3 or 14 gm 
SiC, is shown in Fig. 10, indicating that the in situ 
reaction proceeded leaving the in situ-formed TiC 
particles crowded together in a layer around the raw 
materials of A14C3 or SiC particles. This suggests that 
titanium atoms must diffuse in this layer to react with 
the raw materials. This reaction type is similar to the 
gaseous reduction of iron oxide pellets, which has 
been generally analysed by the so-called unreacted 
core model (e.g. [8]). 

Hence, the process of in situ formation of particles 
was analysed by applying the modified unreacted core 
model, assuming that both in situ chemical reaction 
and titanium diffusion contribute to the overall reac- 
tion rate. As shown schematically in Fig. 11, titanium 
atoms diffuse both in the boundary layer outside the 
in situ-formed TiC particle agglomeration layer and 
inside its layer, and then reacts with raw carbide. 

The diffusion rate of titanium in the boundary layer 
outside the in situ-formed TiC particle agglomeration 
layer, NL, is given by 

N~ = ~ Z ~ k L ( C b  -- Czo) (1) 

where kL is the mass transfer coefficient (m s- 1). 
The diffusion rate of titanium inside the in situ 

formed TiC particle agglomeration layer, ND, is 
expressed by Equation 2, taking Cz, (molm -3) of 
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Figure 9 Effect of the particulate volume fraction on the mechanical 
properties of in situ TiCv/AI-4.5 wt % Cu composite after T6 heat 
treatment, compared with that (-  - -)  fabricated by the gas-injection 
method [1]. 

titanium content at the plane Zi/2  and D (m 2 s-t)  of 
the effective diffusion coefficient into account 

ND = r~Z2 D(dCz , /dZ i )  (2) 

By integrating Equation 2 from Zo to Z, Equation 
3 can be obtained 

ND = n D Z Z o ( C z o  - Cz)/(Zo - Z)  (3) 

The interracial reaction at the surface of unreacted 
raw carbide, NR, is given by Equation 4, considering 
the driving force (Cz - Co) 

N R = ~ Z 2 k R ( C z  - C e )  ( 4 )  

Assuming that those processes proceed in the steady 
state, the overall rate is described by Equation 5 from 
Equations 1, 3 and 4 

=Zo  2 
N = 

(I/kR)(Z2/Z 2) 4- (Zo/O)(Zo- Z)/Z 4- ( 1 / k L )  

X ( C  b - -  C e )  ( 5 )  

On the other hand, as the consuming rate of raw 
carbide is the same as the overall rate, it can be 
expressed by Equation 6, using the carbon content in 
the raw carbide, 60 (mol m-3) 

N = - OZ6o/6)(dZ3/dt) (6) 
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Further, using particle diameters of Zo and Z or 
titanium contents of Cbo and Cb at initial and time t, 
the reaction degree, R, is given by 

R = 1 - ( Z / Z o )  3 = 1 - (Cb/Cbo) (7) 

From Equations 5, 6 and 7, the rate of the overall 
reaction is expressed by 

dR~dr = {(1/kR)(1 -- R) -2/3 + (Zo/D)[(1 -- R)-1/3 

- 1] + (1 /kL)ZoSo}-16(Cb -- Ce) (8) 

Now, neglecting 1/kt  because of sufficient melt stir- 
ring and also the equibrium titanium content, Ce, 
because it seems small, and substituting Equation 
7 into the integrated Equation 8, after converting the 
units from (molm -3) to (at%) by using f =  PAl/ 

(100MAI), Cb = f C  and Cbo = f C o  Equation can be 
obtained 

(1/K1)[(C/Co)  -z/3 - 13 + ( l /KE)[ ln(C/Co)  

+ 3(C/Co)-1/3 _ 3] = Cot (9) 

where 9A1 is the density of aluminium (kgm -3) and 
MA~ is the atomic weight of aluminium (kg mol-1); K1 
a n d  K 2 are given by 

K1 = (4fkR/6O)(1/Zo) (10) 

K2 = (6 fD/6o)(1 /Zo)  2 (11) 

The first and the second terms in the left-hand side of 
Equation 9, respectively, express the contributions of 
chemical reaction and diffusion. Therefore, assuming 
low resistance of diffusion, as in the case of a small raw 
carbide, Equation 9 becomes Equation 12 

(1/K1)E(C/Co) -2/3 -- 1] = Cot (12) 

Now, Equations 9 and 12 are applied to the experi- 
mental results as models I and II. Fig. 12 shows the 
time dependence of the titanium content in the melt, 
analysed by the ICP emission spectrometric analysis 
method. The rate of consumption of titanium at 
1473 K by the raw carbide of A14C3 or SiC, increases 
with decreasing diameter of those carbides�9 However, 
in the cases of 3 gm A14C3 and 3 gm SiC, the rates of 
the initial stage are decreased by poor wettability, due 
to the smaller diameter [3]. 

In order to apply model I, the values of Ks and K 2 

were estimated from the values of the intercept and 
the slope in the plotted relationship between 
t i E ( C / C o )  -2/3 - 1] and [ln(C/Co) + 3(C/Co)-1/3 

- 3 ] / [ ( C / C o )  - 2 / a -  1] obtained by dividing both 
sides of Equation 9 by [(C/Co) -2/3 - 1]. On the other 
hand, the value of K1 in model II was obtained from 
the slope of the linear relationship between Cot and 
[(C/Co) -2/a - 1 ] .  The solid and dotted lines in Fig. 12 
show the applied results of Equations 9 and 12 by 
using previously estimated values of K1 and K2. The 
solid lines well agree with the experimental results, 
compared with the dotted lines of model II: namely 
the contribution of diffusion resistance in the in situ- 
formed TiC particle agglomeration layer cannot be 
ignored. 

In the cases of 3 gm A14C3 and 3 gm SiC, the 
experimental results could be illustrated by taking, 



Figure 10 Scanning electron micrographs showing the time-dependence of the behaviour of the titanium carbide formed by in situ reaction 
between (a, c, e) 14 gm A14C3 or (b, d, f) 14 gm SiC and AI-Ti liquid alloy at 1473 K, for (a, b) 150 s, (c) 480 s, (d) 600 s (e, f) 1800 s. 

respectively, the incubation times of 300 and 60 s in 
the initial stage for the incorporation of raw carbide 
into the liquid aluminium alloy into account [9]. 

Now, defining two variables of Ft  = ~/(~ + q) and 
F2 = rl/(~ + rl) by expressing the first and second 
terms on the left-hand side of Equation 9 by ~ and % 
those defined values describe the contributions of in- 
terfacial chemical resistance and diffusion resistance. 
As shown in Fig. 13, in the case of the in situ reaction 

system of 14 gm A14C3/AI-Ti, the value of F1 con- 
siderably decreases with time in the initial stage up to 
nearly 100 s; namely the contribution of the chemical 
reaction is higher. However, subsequently, the value of 
F2 increases remarkably, reflecting the higher contri- 
bution of diffusion in the TiC particle agglomeration 
layer. 

Fig. 14 shows the Arrhenius plot for three in situ 

reaction systems of 14gm A14C3/A1-Ti, 14gm 
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Figure 13 Contributions of chemical reaction, F~, and diffusion of 
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AI~Ca/A1-Zr and 14 gm SiC/A1-Ti. The activation 
energies obtained from the slopes of the linear lines of 
the A14C3/AI-Ti and A14C3/AI-Zr systems are sim- 
ilar, 158 kJmol -~, although that of the SiC/AI-Ti 
system reaches a higher value, 223 kJ tool'-1. 

It was previously reported that the value of activa- 
tion energies of the wetting reaction of SiC and graph- 
ite to the liquid aluminium alloy were independent of 
alloying elements and further that the wetting reaction 
was consequently limited by the dissociation processes 
of SiC and graphite [10, 11]. Therefore, it seems likely 
that, considering that the value of the activation en- 
ergy of the in situ reaction depends similarly only on 
the kind of carbide, the interracial chemical reaction is 
controlled not by the in situ reaction for the formation 
of stable carbide, but by the dissociation of the raw 
carbides of A14C3 and SiC. 



T A B L E  I Reaction rate constant,  kR, and effective diffusion coefficient, D, estimated from model I 

Temp. (K) System kR (m s -  ~) D (m 2 s -  1) Reference 

1423 14 gm A1,Ca/A1-Ti 3.8 x 10 -7 3.2:• I0  -12 
1473 14 txm AI, C3/A1-Ti 6.0 x 10-7 6.2 x 10-13 
1573 14 gm A14Ca/A1-Ti 1.4 x 10 .6  1.7 x 10 -'1-2 

1473 14 gm A1,C3/AI-Zr 2.3 x 10 .7  1.2 x 10 -13 
1473 14 gm SiC/A1 Ti 4.6 x 10 -7 ~.,.9~x 1,1) -1~ 
1473 Ti in AI(1)/A1 - 2.1 x 10-* 
1473 C in TiC(s) - l_.77:,x 10-16 

[~12] 
~[133 

Table I shows the values of the effective diffusion 
coefficient, D, and the chemical reaction constant, kR, 
obtained from Equations 10 and 11 by using the 
values of K1 and K2 in model I, PAl = 2725 - 0.35T 
(kgm-3), M,u = 2.70x t0 -2 (kgmol-1), 5o(A14C3)= 
4.92 x 104 molm-3) and go(SiC) = 7.80 x 104 mol 
m-3), where T is the absolute temperature. The self- 
diffusion coefficient of titanium in the liquid alumi- 
nium at 1473 K, D(Ti in A1) , estimated from the 
modified Stokes-Einstein equation by Geiger and 
Poiorier 1-12], and the diffusion coefficient of carbon 
in solid TiC, D(C in TIC), calculated from 
D(TiCo.95) = 7.6x 10 -5 exp( - 39500/T) (mZs -~) 
[13] are also given in Table I. The value of D of the 
AlgCa/A1-Ti system increases with increasing temper- 
ature suggesting a decrease in diffusion resistance in 
the TiC particle agglomeration layer. Furthermore, 
the order of D obtained here lies between D(Ti in A1) 
and D(C in TIC). The result that the in situ reaction 
rate of the SiC/A1-Ti system was lower than that of 
the A14C3/A1-Ti system, is caused by the decreases in 
both values of D and kg due to the lower dissociation 
rate of SiC, as shown by the higher activation energy 
in Fig. 14, compared with A1,Ca. 

On the other hand, the value of D in the 
A14C3/A1-Zr system is lower than that in the 
A14C3/A1-Ti system, because of the circular dense 
growth of ZrC phase around the A14C3 particles. 

4. Conclusions 
In situ-formed carbide particulate-reinforced alumi- 
nium composites were fabricated using SiC and 
A1,C3. The mechanical properties, dispersion be- 
haviour of in situ-formed particles, and the mechanism 
of in situ formation of the particles were investi- 
gated. 

1. Fine TiC particles 1 gm in diameter were in situ 
formed even by using 14 gm SiC. However, the finer 
the raw carbide of SiC and A14C3, the greater was the 
uniform dispersion of in situ-formed particle and the 
more the mechanical properties of composite were 
improved. 

2. The mechanical properties of the composite 
fabricated from the A1,C3/~I-Ti system were better 
than those obtained from the AlgC~,/A1-Zr and 
A14C3/A1-Ta systems. 

3. The mechanical properties of in situ-formed 
TiCp/A1-5 wt % Mg,composite.w~e he~er'than those 
fabricated by the melt-stirring method, and those 
properties of the in situ formed TiCp/A1-5 wt % Cu 
composite after the T6 hea, t treatment were also better 
than those fabricated by the gas-injection method. 

4. It seems reasonable to cmasider ,that the rate of 
in situ carbide formation is controlled by the inter- 
facial chemical reaction during the initial stage, al- 
though subsequently it becomes mainly limited by the 
titanium diffusion in the in situfformed TiC particle 
agglomeration layer. 
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