
Acoustic measurements are receiving
a great deal of interest at the moment,
particularly as they show excellent
potential as process analytical tools.

The principal advantages of acoustic
measurement in this area are:

Non-invasive: simple installation,
probes are protected from contam-
ination
Intrinsically safe: can be used in
hazardous process environments
without further protection
Provide unique process informa-
tion: capable of providing informa-
tion that is difficult or impossible to
obtain by conventional optical
measurements
Real time response: suitable for
control

Acoustic measurements invariably
use ultrasonic frequencies well above
the range of human hearing. Acoustic
emission is usually measured in the
70–500kHz range (the upper frequency
for hearing is in the region of 18kHz).
One reason for using these high fre-
quencies is that they do not propagate
well over long distances, which means
that interference from ambient noise is
minimised.

Like its close cousin, sonar, acoustic
measurements come in two forms:
active and passive (Figure 1). Passive
ultrasonics is usually referred to as
acoustic emission. Here the source of
the ultrasound is the process itself.
Active ultrasonics involves generating
an ultrasonic wave and allowing this to
interact with a sample (e.g. ultrasonic
spectroscopy). In this article I will con-
fine the discussion to acoustic emission
monitoring.

Acoustic emission sensors generally
utilise a small disc of piezoelectric mate-

rial as the sensing element. The most
commonly used material is lead zirconi-
um titanate (PZT) a ceramic material
made piezoelectric by forming it in an
intense electrical field. The PZT is
mounted inside a metal can, usually
with a ceramic faceplate for protection.
The sensors are bonded to the outside
wall of the process equipment.

Sources of acoustic emission include
the impact of particles on the walls of a
vessel or pipe, crystalline phase changes,
cavitation in pumps and boiling liquid.1

The resultant acoustic wave can be

detected and analysed to give a finger-
print, characteristic of the process.

A simple use of acoustic emission is
to detect droplets and particulates in gas
streams. When the particles impact on
the walls of a pipe or duct they produce
large levels of acoustic emission.
Applications include detecting entrain-
ment of liquids from reactors, conden-
sation and cyclone overloading.

High-shear granulation is used in sec-
ondary pharmaceutical manufacturing,
prior to tablet making.2 This is a batch
process where material is processed to a
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Figure 1. Acoustic emission signature during high shear granulation.
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desired product quality. The granula-
tion end-point is the point when the
granules have attained their desired
properties. If this process is not taken far
enough weak friable tablets are formed
and if taken too far the granules have
bad flow properties. A high-shear gran-
ulator consists of a mixing bowl with an
impeller at the bottom. Powdered
excipient and active drug substance are
put in the bowl and dry mixed. A liq-
uid binder is then slowly added to form
the granules. Figure 1 shows how the
acoustic emission signal varies through-
out a typical granulation.

One approach is to use a qualitative
pattern recognition algorithm to recog-
nise the characteristics acoustic emission
signal at the end point. We first perform
a training exercise where we collect the
acoustic emission signals at an “end
point” defined by an experienced oper-
ator. We then compare signals mea-
sured in subsequent granulations with

the “end point” model. This provides
us with a measure of how close we are
to the endpoint, however, it does not
tell us whether we are approaching the
end point or have passed through it. To
do this we either have to monitor the
rate of change of this measurement or
to use a number of models, say for
example models made early in the gran-
ulation and when the material has been
“over granulated”.

Fluidised-bed reactors, granulators
and dryers are also good candidates for
acoustic emission monitoring. Appli-
cations include detecting unwanted
agglomeration in fluid bed reactors,
used for making polyolefins, and for
detecting the end point in fluid bed
granulation and drying. A variety of
methods have been used to analyse
acoustic emission from fluidised beds
including Partial Least Squares (PLS)
and neural nets. One of the problems
with these systems is that there is a large

natural variation in the acoustic emis-
sion signal caused by normal process
variation. Current work using an adap-
tive algorithm that measures the so-
called out of plane error (squared pre-
diction error) shows a great deal of
promise. This statistic is very sensitive
to upsets, i.e. events that do not often
occur. An additional advantage is that
this method does not require a separate
calibration step.
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