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Abstract 

A number of acoustic techniques namely, ultrasonic 
(US), acousto-ultrasonic (A U) and acoustic emis- 
sion (AE), were employed to study the eflect of 
reinforcement in the form1 of Sic particles on the 
compaction of spray-dried alumina powder. The US 
and AU techniques were shown to be capable of 
monitoring the processes occurring during loading 
and unloading, whereas AE could be used, in certain 
cases, to monitor the relative movement of part- 
icles in a powder compact during stress relaxation. 
The results were consistent with three stages of 
compaction, namely rearrangement of agglomer- 
ates, agglomerate breakdown and elastic deforma- 
tion. The two pressure break-points between the 
stages, i.e. P, and P, the pressures corresponding 
to the onset of breakdown of the agglomerates and to 
the change from permanent to elastic deformation, 
respectively, were determirzed by a number of d@erent 
methods as a function of Sic content (IO-40 
voM), type (equiaxed, angular or platelet) and size. 
0 1997. Published by Elsavier Science Limited. 

1 Introduction 

The early stage of ceramic processing can intro- 
duce defects which affect the quality of the final 
product. Consequently, monitoring of this stage is 
required in order to be able to reject a defective 
component before further processing, as early 
rejection of a defective component increases over- 
all efficiency. Powder compaction is a forming 
technique often used in the early stage of ceramic 
processing and is the sub.ject of this paper. 

*Present address: P3FT-LIPI, Komplek PUSPIPTEK, 
Serpong, Tdngerang 153 14, Indonesia. 

Studies of ceramic powder compaction previ- 
ously undertaken have been mainly concerned 
with correlating the applied pressure to the pack- 
ing density and investigating the mechanism of 
compaction. I.’ Much of the work concentrated on 
determining a general compaction equation,3-6 
characterising the compaction behaviour of partic- 
ulate material7 studying density-pressure distribu- 
tion in a die8T9 or observing effects of a binder 
and/or humidity on powder compaction.“,” 

Acoustic non-destructive evaluation (NDE) tech- 
niques, namely ultrasonic testing (US), acousto- 
ultrasonics (AU) and acoustic emission (AE), which 
by definition do not damage the component under 
inspection, have the potential to monitor ceramic 
powders during compaction. The first of these 
techniques, US testing, involves measuring either 
the ultrasonic velocity or the attenuation of an 
elastic stress (acoustic) wave introduced into the 
material under interrogation. US studies of ceram- 
ics during powder compaction have been previ- 
ously reported.‘2m’4 

AE technique is basically the monitoring of the 
emission of acoustic waves associated with a sud- 
den source event on the surface or within the body 
of a material. Source events include plastic def- 
ormation and crack growth in solids, bursting 
of bubbles from gaseous corrosion products, and 
particle sliding and fracture of agglomerates in 
powders. In AE testing the stress waves are 
detected by a transducer and the resulting electri- 
cal signal may be processed and quantified in a 
number of ways to characterise the emissions, e.g. 
ringdown counting (RDC), amplitude distribution 
and frequency analysis. I5 

Acousto-ultrasonics (AU) consists of intro- 
ducing a repeating series of ultrasonic pulses into 
the material under test and quantifying the output 
signal using AE methods. The output signal is 
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quantified in terms of the ‘stress wave factor’ 
(SWF) which is defined as a relative measure of 
the efficiency of energy dissipation in a material.16 
If flaws or other anomalies exist in the volume 
being examined, their combined effect will be 
reflected in the SWF value. The SWF in its sim- 
plest form may be evaluated by the AE para- 
meters; ringdown count, peak-amplitude and pulse 
width. AU combines advantageous aspects of AE 
and US methodologies and alleviates some of 
their weaknesses, e.g. US is not very sensitive 
to highly attenuating materials and to dispersed 
small flaws and in AE testing a stress is often 
required to produce emissions and this may dam- 
age the material. 

This paper is concerned with the use of the 
three acoustic techniques to monitor the com- 
paction of spray-dried alumina powder and to 
determine the effect of the presence of reinforce- 
ment particles, in this case Sic, on the compaction 
process. 

2 Experimental Procedure 

The raw materials were a spray-dried alumina 
powder of spherical granule size in the range of 
100-300 pm and with a particle size of 2-14 pm, 
and four Sic powders, designated batches A, B, C 
and D, with different particle shapes and size dis- 
tributions as specified in Table 1. Each SIC batch 
was mixed with alumina powder in the following 
proportions: 10 vol%, 20 vol%, 30 ~01% and 40 
~01% Sic. 

A compaction rig, which was designed to include 
transducers for acoustic monitoring, was constructed. 
It consisted of a pair of stainless steel rams located 
in a split cylindrical Perspex die which was held 
within a cylindrical brass sleeve (Fig. 1). A pair of 
broad band ultrasonic transducers (frequency 
range 175-1000 kHz, diameter 10 mm) were 
placed inside grooves in the rams and acoustically 
coupled by a thin layer of silicone grease. 

Powder was placed between the rams and pres- 
sure was applied via a screw-driven Nene mechan- 
ical tester (capacity 100 kN). The applied load and 
the movement of the top plunger were recorded 

and the fractional volume compaction (v*) at a 
given load was calculated from:9 

v*= vo - vp 
vo - v, 

V is the volume and the subscripts 0, p and 33 
refer to zero pressure, pressure P, and infinite 
pressure (corresponding to theoretical density) 
respectively. The die displacements were corrected to 
take into account the deflection of the rig system. 

Acoustic monitoring was carried out while the 
crosshead was held stationary at various pressures 
from 5 MPa up to 120 MPa over two cycles of 
loading/unloading. For US and AU evaluation 
stress (acoustic) waves generated via the transmit- 
ting transducer were passed through the powder 
and were detected by the receiving transducer 
(Fig. 1). The signal from the latter was amplified, 
digitised and analysed by recording the ringdown 
count (RDC), amplitude (PA), pulse width (PW) 
and waveform. The US testing involved determin- 
ing the ultrasonic velocity (v) by measuring the 
ultrasonic travel time (t) for propagation through 
the powder from the waveform. Knowing the 
compact thickness, s, the ultrasonic velocity was 
obtained from: 

v = slt (2) 

The stress wave factor from the AU measurements 
was quantified using the ringdown count, pulse 
amplitude and pulse width. At any particular load 
the results from 50 input pulses of constant ampli- 
tude were averaged. The pulse rate employed was 
1 Hz. A total gain of 80 dB, a threshold of 30 dB 
and an envelope of 100 ~LS were used for ringdown 
count (RDC), amplitude (PA) and pulse width 
(PW) measurements, respectively. AU measure- 
ments were only made on powder mixtures from 
batches A and B due to a high level of intrinsic 
noise which appeared, even at low pressures, when 
compacting powders incorporating SIC from 
batches C and D. This intrinsic noise, or acoustic 
emission, was present during the periods when the 
crosshead was stationary and could not be sepa- 
rated from the AU signals. It was therefore 
decided to record the intrinsic AE signals using 

Table 1. Size and shape of alumina and Sic particles 

A/JO, 

Particle type 

SC 

Particle size (pm) 
Particle shape 

2-14 
_ 

Batch A 

3-11 
Equiaxed, 

angular 

Batch B 

6-34 
Equiaxed, 

angular 

Batch C 

8-55 
Equiaxed, 

angular 

Batch D 

50-150 
Platelet 
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standard AE methodology during these periods to 
see whether they gave any insight into the com- 
paction mechanisms in the powder mixtures made 
with batches C and D. The noise was monitored 
by recording the RDC, number of events and the 
peak amplitude distribution for 21 min. The total 
gain for RDC was adjusted to 90 dB and the 
threshold was held at 18 dB for the event and 
amplitude measurements. The small decrease 
in load that occurred during the 21 min that 
the crosshead was stationary was also recorded. 
Further experimental details may be found in 
Ref. 17. 

3 Results 

3.1 Ultrasonic testing 
The results from the ultrasonic testing over two 
cycles of load compaction showed the velocity, v, 
and the fractional volume compaction, V, increa- 
sed with pressure on first loading then decreased, 
almost linearly on unloading so that at low pres- 
sures both v and v* were greater than on first 
loading. A typical set of results is presented in 
Fig. 2. 

The effect of the proportion of Sic in the pow- 
der mixtures on v and V* during first loading is 
shown in the graphs of F:lg. 3. From these graphs 
it can be seen that an increase in volume fraction 
of SIC decreased both v and Ir*. 

It can be concluded fro-m the results at constant 
SIC content (Fig. 4(a)), e.g. the 40 ~01% Sic, that 
there is a general trend for mixtures containing 
equiaxed, angular particles from batches A, B and 
C for an increase of SIC particle size to lead to 
higher velocities at a given applied pressure. Batch 
D (platelets) additions tended to produce higher 

Load 

1 ~ 

=1 + Pulse Generator 

- __----_ transducer (transmitting) 

- brass sleeve 

\ 
50 mm 

:..,;$$ perspex die 
. . . . 

- powder 

_ stainless steel ram 

___---_ 
- transducer (receiving) 

=3 4 To AE-unit 

Y 
40mm 

Fig. 1. Schematic diagram of compaction rig with acoustic 
monitoring facilities. 

velocities than particles from the other batches. 
The effect of particle size on cr* (Fig. 4(b)) was 
not so well defined except that batch D usually 
had the higher values. 

3.2 Acousto-ultrasonic 
The AU versus pressure plots were similar for all 
the powder mixtures and are typified by the data 
for the 20 ~01% SIC batch B presented in Fig. 5. 
On first loading the RDC and PW increased with 
increasing pressure but not smoothly as there were 
fluctuations in these parameters at pressure less 
than about 60 MPa. The pressure dependence of 
PA was similar to that of RDC and PW except 
that the fluctuations at low pressures were fewer 
in number and less marked. 

The RDC and PW data for the first unloading 
and the second cycle of compaction were scattered 
around the first loading curve. In contrast, the PA 
values were lower than those for the first loading 
until the applied pressure reached 60 MPa, after 
which all PA values were similar. 

01 
0 20 40 60 80 100 120 140 

Pressure (MPa) 

A8 
0.6 

0.4 

0.2 

0.01 
0 20 40 60 80 100 120 140 

Pressure (MPa) 

Fig. 2. Ultrasonic velocity (v) and fractional volume com- 
paction (v*) over two cycles of loading/unloading for powder 
mixture containing 20 vol% Sic of batch B; o first loading, l 

first unloading, A second loading, and 0 second unloading. 
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The effect of powder mixture composition on the 
AU parameters was similar for all the Sic batches 
and hence only selected results for batch B are 
presented. The increase of reinforcement content 
in the mixture did not produce a regular change in 
RDC and PW though there was some tendency 
toward lower values with an increase of SIC con- 
tent (Fig. 6). The Sic content has an even smaller 
effect on PA as shown by the curves of Fig. 7. 

3.3 Acoustic emission 
The ringdown and event counts recorded from the 
powder mixtures with SIC particles from batches 
C and D whilst the crosshead was stationary are 
exemplified by the results of Fig. 8. At a given 
pressure the RDC initially increased rapidly with 
time but the rate fell and eventually the RDC and 
the event count reached a constant value which 
was greater the higher the pressure. 

Comparisons between samples with different 
Sic volume fraction (1040 ~01%) from the same 

(a) 

(b) 

0 

. 

A 
. 

0 

04 ’ ’ . ’ . ’ ’ ’ ’ ’ . 

0 20 40 60 80 100 120 140 

Pressure (MPa) 

1.01 I 

0.8 

0.6 

0 20 40 60 80 100 120 140 

Pressure (MPa) 

0.0-I ’ ’ ’ ’ ’ ’ ’ ’ 1 
0 20 40 60 80 100 120 140 

Pressure (MPa) 

Fig. 3. Effect of SIC content on the pressure dependence of: Fig. 4. Effect of shape and size (i.e. batch) of Sic on the pres- 
(a) the ultrasonic velocity, and (b) the fractional volume com- sure dependence of: (a) the ultrasonic velocity (v), and (b) the 
paction, during first loading cycle; e.g. batch A. o 0 ~01% fractional volume compaction (P), during the first loading 
Sic, l 10 ~01% Sic, /? 20 ~01% Sic, A 30 ~01% Sic, and 0 cycle: e.g. 40 ~01% Sic. 0 batch A, l batch B, a batch C, 

40 ~01% SIC. and 0 batch D. 

D. Rawlings 

batch, can also be made by plotting RDC against 
pressure (Fig. 9(a)) and number of event counts 
against pressure (Fig. 9(b)) for a given time of 
monitoring (in this case 21 min). Only batch D 
data are presented in these figures but results from 
both batches gave a linear relationship between 
the AE parameter and pressure for all samples 
with the slope being greater the higher the Sic 
content. 

Sic type has an effect on the number of emis- 
sions recorded as demonstrated in Fig. 10. In 
terms of event count (Fig. 10(a)) batch C was 
noisier than batch D. In contrast the RDC plots 
for the two batches cross (Fig. 10(b)); batch D 
emitted more ringdown counts than batch C at 
higher pressures. 

The peak amplitude distribution after 21 min at 
different initial pressures are presented in Fig. 11. 
The higher the pressure the greater was the num- 
ber of events (as previously shown in Fig. 10(a)), 
but the peak amplitude range was the same 

0 20 40 60 80 100 120 140 

Pressure (MPa) 

0.6 
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irrespective of pressure, i.e. in the range of lo-40 
dB for 20 ~01% sample of batch C and 10-55 dB 
for the 40 ~01% sample o:f batch D. For batch C 
the distribution was bimodal with a higher energy 
distribution appearing as a shoulder at about 28 
dB on the more dominant lower energy distribu- 

0 20 40 60 80 100 120 140 

Pressure (MPa) 

80 

20 

0 
0 20 40 60 80 100 120 140 

Pressure (MPa) 

80 

60 

50 

40 

30 
0 20 40 60 80 100 120 140 

Pressure (MPa) 
Fig. 5. Results from acousto-ultrasonic monitoring over two 
cycles of loading/unloading for powder mixture containing 20 
~01% of batch B: (a) ringdown count (RDC), (b) pulse width 
(PW), (c) peak amplitude (PA). o first loading, a first 

unloading, I, second loading, and 0 second unloading. 

tion centred around 20 dB (Fig. 1 l(a)). The distri- 
butions for batch D were more complex and had 
the appearance of three superimposed subdistribu- 
tions centred around 20, 28 and 38 dB. For both 
batches, but more noticeably for batch D, the 
higher energy subdistribution increased relative 
to the 20 dB peak with increasing SIC content. 

During the periods when the crosshead was held 
stationary in order to monitor the AE, it was 
found that the load decreased slightly due to relax- 
ation processes in the equipment and the powder. 
Experiments demonstrated that the former was 
much smaller than the latter and that the relax- 
ation of the powder could be readily obtained 
by subtracting the equipment relaxation from the 
total relaxation as shown in Fig. 12. There was a 

h (4 

(b) 

0 20 40 60 80 100 120 140 

Pressure (MPa) 
Fig. 6. Effect of SIC content on the pressure dependence of 
pulse width (PW) for powder mixtures containing batch B 

particles: (a) 10 vol% SIC, and (b) 40 vol% SIC. 

G-4 

10% 

(b) 

I 
0 20 40 60 80 100 120 140 

Pressure (MPa) 
Fig. 7. Effect of SIC content on the pressure dependence of 
pulse amplitude (PA) for powder mixtures containing batch B 

particles: (a)10 vol% Sic, and (b) 40 vol% Sic. 
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general trend for the load decrement due to relax- 
ation processes in the powder to increase with 
increasing initial pressure. 

‘,pif / 
0 5 10 15 20 25 

Time (minutes) 

Fig. 8. Acoustic emission data for batch D in the form of 
ringdown count (RDC) as a function of time during the 
period the crosshead was held stationary at various initial 
pressures: 13 MPa, A 25 MPa, o 38 MPa, l 50 MPa, 3 64 

MPa, w 76 MPa, l 90 MPa, 0 102 MPa. 

4 Discussion 

4.1 Ultrasonic velocity and acousto-ultrasonic 
During compaction the packing density increases 
and improves the bonding between particles. This 
allows the ultrasonic energy flow transfer in a 
material to increase with the increase of pressure. 
As a consequence the velocity and AU data incr- 
eased with increasing pressure (e.g. Figs 2 and 5). 

The lower velocities with increasing volume per- 
centage of SIC (Fig. 3(a)) are due to the adverse 
effect that the reinforcement particles have on 
packing as shown by the data of Fig. 3(b). The 
same explanation accounts for the fact that an incr- 
ease in SIC content tended to decrease the RDC 
and PW (Fig. 6). This is in agreement with previ- 
ous work’8”9 on sintered glass matrix composites 
with Sic or A&O, reinforcement. However in the 
present work the PA remained approximately con- 
stant whereas in the sintered composites it 
decreased in a similar manner to RDC and PW. 
This was not observed in the present study; the 

0 20 40 60 80 100 120 
0 20 40 60 80 100 120 

Pressure (MPa) 
Pressure (MPa) 

(b) ‘““‘I 
20000 

1 

4O%D p’ I 

0 20 40 60 80 100 120 

Pressure (MPa) 

Fig. 9. Effect of SIC content (batch D) on the pressure depen- 
dence of acoustic emission (AE) parameters: (a) ringdown 

count (RDC) and (b) event count. 

Pressure (MPa) 

Fig. 10. Comparisons of (a) event count, and (b) ringdown 
count, from mixtures containing batch C (equiaxed angular) 
and batch D (platelet) SIC reinforcement as a function of 

pressure; e.g. 40 ~01% Sic. o batch C, l batch D. 
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4.2 Stages of powder compaction 
20% c There are three main stages in the compaction of 

ceramic powders: (i) rearrangement of agglomer- 
ates, (ii) permanent deformation by crushing of 
agglomerates and (iii) elastic deformation.2,‘1,13 
In this section a number of methods are used to 
determine the pressures at which the compaction 
mechanisms change. 

Amplitude (dB) 

(b) 

I 40% D 

1500 

During unloading the reduction in v and F’* is 
the consequence of reversible elastic, and perhaps 
inelastic deformation. Thus extrapolation of the 
unloading curves of Fig. 2 enables the pressure 
break point P2 between the permanent and elastic 
stages of compaction to be determined. The 
results given in Table 2 show that the SIC content, 
size and morphology have no effect on P2. 

Amplitude (dB) 

Fig. 11. Progress of peak amplitude distribution with pressure 
(a) 20 ~01% batch C SIC and (b) 40 ~01% batch D Sic. 

reason for this difference in behaviour is unclear 
at present. 

Plots of relative density D (D = PIpthe, where 
Pthe is the theoretical density) have been used to 
characterise powder compaction2 and have the 
generalised form of three straight lines which cor- 
respond to the different stages of compaction. The 
intersections of the lines give the pressure break 
points P,, the pressure at which the agglomerates 
start to break down, and P,. The break point 
values determined from such plots are given in 
Table 2. The values for P2 are in good agreement 
with those obtained by the extrapolation method. 
The P, values show some scatter but it is clear 
that the equiaxed angular particles of batches A, 
B and C increase whereas the platelets of batch D 
decrease P, with respect to the alumina powder. 

The increase in velocity with increase in average 
SIC particle size is attributed to the reduction in 
the total area of internal interfaces and, in the 
case of batch D powder mixtures, better contact 
between particles (Fig. 4). 

A compaction equation relating velocity v to the 
relative density D has recently been proposed by 
the authors’4,‘7 and was applied to the present data: 

logv= $log& + 
( 1 
+ log D (3) 

6 

q lOvol% 

q 4Ovol% 

n Equpment 

12 25 38 51 64 76 89 102 

Pressure (MPa) 
Fig. 12. Comparison of stress relaxation in the equipment and powder mixtures containing 10 ~01% and 40 ~01% batch D SIC 

after holding the crosshead stationary for 21 min. 
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Table 2. Pressure break points during compaction determined by three methods (U, extrapolation of first unloading data; D-P, D 
versus log (P); v-D, log (v) versus log (D)) 

Alumina 

Alumina + batch A Sic 
10 ~01% SIC 
20 ~01% Sic 
30 ~01% SIC 
40 ~01% SIC 

Alumina + batch B SIC 
10 ~01% Sic 
20 ~01% SIC 
30 ~01% SIC 
40 ~01% SIC 

Alumina + batch C SIC 
10 ~01% SIC 
20 ~01% SiC 
30 ~01% SIC 
40 ~01% Sic 

Alumina + batch D SIC 
10 ~01% SIC 
20 ~01% SIC 
30 ~01% SIC 
40 ~01% SIC 

D-P 

4 

4 
15 
15 
15 

15 
18 
18 
15 

15 
15 
12 
8 

1 
1 
2 
2 

Pressure (MPa) 
P/ PJ 

v-D Mean u D-P v-D Mean 

4 4 60 60 60 60.0 

10 7.0 50 60 60 56.5 
18 16.5 60 60 50 56.5 
12 13.5 65 50 50 55.0 
20 17.5 60 50 55 55.0 

8 11.5 60 50 40 50.0 
15 16.5 60 60 60 60.0 
15 16.5 60 60 60 60.0 
15 15.0 60 60 60.0 

6 10.5 60 60 35 51.5 
3 9.0 60 60 40 53.5 
3 7.5 60 60 50 56.5 
3 5.5 60 60 60 60.0 

1 1.0 60 55 30 48.5 
2 1.5 60 60 45 55.0 
3 2.5 55 55 45 51.5 
3 2.5 55 50 50 51.5 

E, is Young’s modulus at zero porosity and n is 
the constant in the expression E = E, (l-p)” where 
p is porosity. Plots of log(v) against log(D) con- 
sisted of three linear regions corresponding to the 
three stages of compaction (Fig. 13). The intersec- 
tions yielded values for D,, vl and D,, v2 (the sub- 
scripts 1 and 2 indicate onset of agglomerate 
breakdown and onset of elastic stage, respectively) 
from which P, and P2 were evaluated (Table 2). 
The P, and P2 values are in reasonable agreement 
with those discussed previously with the exception 
of the slightly lower values for batch D. 

Having identified the pressure break points it is 
possible to account for the fluctuations in the 
RDC and PW curves at pressures below about 60 

3.6 

2.8 y I I 
-0.5 -0.4 -0.3 -0.2 -0.1 

log D 

Fig. 13. Identification of the pressure break points P, and Pz 
for alumina powder from a plot of log(velocity) against 

log(relative density). 

MPa. These fluctuations are attributed to the 
rearrangement and breakdown of the agglo- 
merates that occur during the permanent stages of 
compaction, i.e. up to pressure P,. In these stages 
there is a significant change in the structure of 
the compact, especially of density, size and shape 
of the pores, and previous work by Aduda and 
Rawlings2’ has shown that the scattering of a signal 
is sensitive to the pore characteristics. This work 
indicated that velocity was determined solely by 
pore density in contrast to the AU parameters 
which depended also on pore size and shape. Thus 
the smooth velocity curves and the fluctuating AU 
curves suggest that the pore density decreases in a 
continuous manner whereas there are more sud- 
den changes in shape and size of the pores. 

4.3 Acoustic emission 
The noise from the powder of batches C and D 
was attributed to deformation of the compact 
through continuing particle rearrangement under 
the approximately constant applied stress. The 
results demonstrate that the sudden rearrange- 
ments that are required to produce elastic stress 
waves only occur to a significant extent when 
large reinforcement particles are present. The noise 
may originate from alumina-alumina, SIC-SIC or 
alumina-sic interactions; of these, the Sic-Sic 
are likely to be less frequent bearing in mind the 
size and volume fraction of the SIC particles. Fric- 
tion between SIC particle and the Perspex sleeve 
wall was not expected to produce noise because 
of the high attenuation of Perspex. The dying out 
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of the acoustic events with time indicated that the 
particles rearranged to an equilibrium confi- 
guration commensurate with the relaxed applied 
stress on the compact. The higher the pressure 
the more extensive the movement of the particles, 
the more marked the interparticle interactions, 
and hence the greater the number of emissions 
(Fig. 8). The more extensive movement of the par- 
ticles at higher pressures’ is consistent with the 
larger amounts of relaxation (Fig. 12) with 
increasing pressure. In fact, both the load decre- 
ment during relaxation and the AE parameters 
have a positive linear dependence on the applied 
pressure (Fig. 14). The greater propensity for 
noise with increase in the amount of Sic in a 
powder mixture (Fig. 9) is simply the consequence 
of more SIC particles acting as sources and is not 
due to changes in the amount of relaxation with 
SIC content. 

Figure 10(a) shows that batch C produces more 
event counts than batch D whereas this is true for 
the RDC only in the lower pressure range (Fig. 
IO(b)). This difference in pressure dependence of 
the RDC and event count is due to differences in 
the energy of the events between the two batches. 
As demonstrated in Fig. 11, more high-energy 

(a) 61-77MO0O 

Pressure (MPa) 

(b) 

-2 

0 20 40 60 80 100 120 

Pressure (MPa) 

Fig. 14. Correlation between acoustic emission (AE) parame- 
ters and stress relaxation (due to the powder only) for 40 
vol% batch D Sic: (a) ringdown count (RDC) and (b) event 

count. 

events are recorded at high pressures for batch D 
and, as the number of RDC from an event 
depends on the energy, these high-energy events 
lead to many RDC for batch D at high pressures. 

The complex amplitude distributions are the 
result of more than one source mechanism operat- 
ing. The low amplitude peak (centred around 20 
dB) is assigned to alumina-alumina interactions. 
The high amplitude peak (28 dB) is attributed to 
Sic-alumina interactions in batch C with approxi- 
mately equiaxed particles. The particles in batch 
D are platelets and it is envisaged that the energy 
dissipated as elastic stress waves from an alumina 
particle interacting over a long distance on the 
large basal surface (50-150 pm) will be different 
to that associated with an interaction over a short 
distance with the edge (l-3 pm) of a platelet. 
Thus there are two high energy peaks centred 
around 28 and 39 dB for the platelet-containing 
powders. 

5 Summary 

Acoustic monitoring during the compaction of 
spray-dried alumina powders incorporating SIC 
reinforcement particles showed ultrasonic velocity 
and acousto-ultrasonic methods to give meaning- 
ful results which could be correlated with the diff- 
erent stages of compaction and the concomitant 
changes in pore structure. It was possible, for 
example, to determine the two pressure break 
points (P1 and P2) between the three stages of 
compaction. 

Acoustic emission was found to be a sensitive 
NDE technique for monitoring the relative move- 
ment of particles in a compact during stress relax- 
ation. The effects of applied pressure and SIC type 
and content could readily be detected. 

Together these acoustic techniques are a power- 
ful, yet relatively simple and inexpensive, means of 
investigating the behaviour of ceramic powders 
during compaction. 
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