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Abstract: The possibility of producing aluminium matrixed aluminium nitride- 

boron carbide composites by pressureless wetting assisted infiltration has been 

shown. Cold isostatically pressed cup-shaped preforms of boron carbide (I- 

IO wt%) aluminium nitride mixtures were sintered at 140&16OO”C in nitrogen 
atmosphere and then infiltrated with aluminium under 6.5 kPa argon at 1250°C. 

Pore diameter in the preforms increased with increase in sintering temperature. 
Infiltrated samples which were sectioned and polished showed no infiltration 

front. Higher B4C contents (410%) and sintering temperature (1600°C) resulted 

in full infiltration. In the sintered preforms AIN was the only phase observed. 

However, in the infiltrated materials both AIN and AI were observed. a’, 1997 

Elsevier Science Limited and Techna S.r.1. 

1 INTRODUCTION 

Composites of boron carbide and aluminium offer 
the attractive combination of high hardness and 
toughness in a lightweight structure, and have 
potential for a variety of engineering applications. 
Aluminium nitride is a hard refractory material 
and has attractive engineering properties like high 
thermal conductivity and low thermal expansion 
coefficient in addition to a low density. It is useful in 
heat sink applications and in lightweight structural 
parts. The combination of both aluminium nitride 
and boron carbide with aluminium results in an 
enhancement of the properties of the cermet than 
when only either of the ceramics is used. There are 
several methods which have been used for manu- 
facturing metal-matrix composites such as these. One 
of them is pressureless wetting assisted infiltration.” 
In this method, molten metal wets the ceramic and 
fills the pores throughout the body. Wetting assisted 
infiltration without the application of pressure has 
advantages for the production of complex shaped 
parts to near net shape with low residual porosity. 

The wettability of a solid by a liquid is indicated 
by the contact angle between the two phases. If the 

liquid drop spreads completely over the solid sur- 
face, contact angle becomes zero, and ideal wetting 
occurs. In a non-wetting system’ contact angle is 
180”. The wetting of ceramic surfaces by molten 
metals is critical for the processing of AlN/Al com- 
posites if a good bending strength is desired from 
the final composite. 2 Chemical reactions between 
liquid and solid surfaces can result in good wetting. 
This is easily achieved in metallic systems but it is 
not easy in a metal-ceramic system. Even though 
chemical reactions enhance wettability and infiltra- 
tion, reaction products may disrupt microstucture 
and lower strength.3 However, the chemical reac- 
tion between B4C and Al results in good wetting and 
increased infiltration.4 The wettability of AlN by Al 
increases with increasing temperature and wetting 
starts above 850°C under vacuum conditions.* 

2 EXPERIMENTAL 

Commercially available AlN (Hermann C. Starck 
Inc., Berlin, average particle size 13.6 urn, N 33%, C 
0.05%, 0 0.7% and Fe 0.01%) and B4C (ESK Inc., 
particle size 5 urn) were used as the starting materials. 
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Fig. 1. Flow diagram for the processing of AIN-B&-AI 
composites. 

The sequence of steps in the experiments is indicated 
in the flow diagram given in Fig. 1. Aluminium 
nitride powder was mixed with calculated quantities 
of boron carbide powder, corresponding to B,.& 
contents of 1,2,4 and 10 wt% in the mixture. Since 
AlN reacts with water, the mixture was prepared in 2 
propanol at room temperature using a magnetic 
stirrer, followed by ultrasonic agitation. During 
ultrasonic mixing, 4 wt% binder (carbowax, poly- 
ethylene glycol obtained from Union Carbide) was 
added to give green strength while handling. Then 
the suspension was dried at 60°C to evaporate all 
alcohol and the dried mixture was sieved through an 
ASTM No.20 mesh sieve. The powder thus obtained 
was weighed and uniaxially pressed at 28 MPa in a 
steel die to form cup-shaped specimens. These speci- 
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Fig. 2. Schematic picture of the sintering furnace: (a) silica 
sight glass; (b) MO radiation shield; (c) water jacket; (d) bronze 
chamber case; (e) copper tube and induction coil; (f) graphite 
felt; (g) graphite susceptor; (h) graphite crucible with top and 
bottom; (i) graphite step; (‘j) honeycomb cordierite insulator; 

(k) Sic plate; (I) steel plate; (m) steel stand. 

mens were then cold isostatic pressed at 172 MPa. 
Binder was burnt off by heating in air at 1 “C/min to 
200°C and keeping at this temperature for 1 h. 
Specimens were placed on AlN powder in a graphite 
crucible shown schematically in Fig. 2, and sintered 
under nitrogen atmosphere at 1400, 1500 and 
1600°C. Heating rate was about 12”C/min and 
holding time 1 h. Nitrogen was dried by passing 
through drierite and purified by passing through 
copper turnings at 350°C before entering the 
furnace. The same induction furnace was used for 
infiltration experiments. The sintered specimens 
were placed on AlN bedding powder in contact with 
a known amount of aluminium (1100 grade Al) 
metal. The specimens were heated under vacuum 
to 900°C and argon was then admitted into the 
furnace. Argon was purified like nitrogen. Addi- 
tionally, the inert gas also passed through a 
titanium sponge containing furnace at 800°C. The 
pressure of argon inside the furnace was maintained 
at 6.5 kPa through partial evacuation. 

Mercury porosimetry was used to characterize 
the preform structure. Infiltrated samples were 
sectioned through the diameter with a diamond 
saw to determine infiltration depths. Phase identi- 
fication in the preform and infiltrated samples was 
done by X-ray diffraction. Infiltrated samples were 
also examined by optical microscopy. 
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Table 1. Pore diameter (nm) change with sintering 
temperature and composition 

_____~__ 

____. 
Sample 
AIN+lO% B& 
AIN+4% B4C 
AIN+l% B& 

Temperature (“C) 

1400 1600 
112 631 
142 686 
145 1121 

The sections through the infiltrated samples 
revealed no infiltration front. In the specimens 
used, infiltration can take place from the top where 
aluminium initially contacts the preform, as well as 
from the sides towards the centre of the sample as 
liquid aluminium flows and wets the sample side 
surfaces. 

3 RESULTS AND DISCUSSION 

The pore diameter in the composite preforms as a 
function of temperature and boron carbide content 
are given in Table 1. The pore diameter increases 
with an increase in sintering temperature. How- 
ever, as the B4C content in the mixture increases 
the pore diameter decreases. This may be related to 
the smaller particle size of B&. 

New compounds (like BN) formed by chemical 
reactions during sintering could enhance infil- 
tration. However, XRD patterns of the sintered 
preforms revealed no new phases. The pattern is 
shown in Fig. 3. The XRD pattern of the infiltrated 
material (AlN+ 4% B&) is shown in Fig. 4. It 
indicates AlN and Al as main phases, 

Experimental results5-’ in the infiltration of 
liquid metals in porous preforms qualitatively 
illustrate that the rate of infiltration is directly 
proportional to pore diameter, time and surface 
energy of the liquid phase. Present results in the 
B4C-AlN-Al system also indicate that the pore 
diameter is not the only factor which affects 
infiltration. Even though pore diameter in 
AlN + 1 %B& samples (145 nm) is larger than that 
in the AlN + 10% B4C samples (112 nm), infiltra- 
tion did not take place in the former. The presence 
of a thermodynamically stable oxide layer (like 
A1203) on the preforms will inhibit the wetting and 
infiltration. The good infiltration at higher B4C 
content suggests that the oxide layer undergoes 
reduction and removal by reducing agent B&. 

Examination of the infiltrated samples in the 
optical microscope showed that the infiltrated 
aluminium surrounded the AlN and B& grains 
resulting in an aluminium matrix composite as 
shown in Fig. 5. 

4 CONCLUSIONS 

The formation of AlN-B4C-Al composites by 
wetting assisted infiltration can be accomplished by 
a two-step process. The first step is the formation 
of AlN-B&, a ceramic perform having continuous 
open porosity, by cold pressing of the ceramic 
powder mixture followed by sintering at 1600°C 
under nitrogen. The second step is infiltration with 
molten aluminium metal at 1250°C under 6.5 kPa 
argon. 

The B4C content in the composite should be at 
least 4 wt% and the perform sintering temperature 
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Fig. 3. XRD pattern of sintered preforms. 
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Fig. 4. XRD pattern of infiltrated samples. 1. 

must be at least 1600°C for achieving full infiltra- 
tion. If the B4C content is 10 wt%, it is possible to 
provide infiltration in samples which are sintered at 
1400°C and 1600°C. Enhanced infiltration with 
higher B4C content in the composite could result 
from the reducing action of the carbide which 
supresses the formation of a stable wetting inhibit- 
ing oxide layer on the preform. 
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Fig. 5. Optical micrograph of infiltrated sample 
(AIN + 4%B&). 
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