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ABSTRACT

The construction of an apparatus for thermosonimetry is discussed. The
dctection system is a silica glass waveguide and a PZT piczoelectric transducer.
Associated equipment for furnace control and clectronic signal processing is described.

INTRODUCTION

Thermosonimetry (TS*) has been defined? as *‘that technique in which the
sound emitted by a substance is measured as a function of temperature whilst the
substance is subjected to a controlled temperature programme™. The technique
therefore detects thermally induced acoustic emission, 2 phenomenon well-known in
many ficlds. For example, in the metallurgical ficld it has long been recorded?® that
audible “clicks™ can be hcard during shear transformations of austinitic phases to
martensitic phases®~* and, in the ficld of brittlc matcrials, catastrophic failurc by
thermal stress fracturing (thermal shock) is accompanied by noisc cmission and has
long been a problem in the industrial production of glasses®: 7 and ceramics® ~ 19,

Thermally induced acoustic emission can arisc cither from purcly mechanical
sources or from physicochemical sources. In the first case, the application of a thermal
stress on a2 solid substanc® induces mechanical strain within that substance. The
relcasc of this strain is normally achicved by the Griffith mechanism of microcrack
growth'' and is accompanied by high frequency acoustic emission”- ?. If the applicd
stress is sufficiently great, catastrophic propagation of Griffith cracks leading to
complete fracture may occur accompanied by the audible acoustic emissions which
arc characternistic of thermally shocked brittle matenials. In the second case, the
mechanical strain is created by a2 dynamic process or thermal event, for example a
phase transformation®*~'* or decomposition'®, release of fluid inclusions or radia-
tion damage' 7~ '®_Such cvents may lead to thermal fracture but normally do not and
arc thus not accompanicd by audible noisc except in exceptional cases such as
**martensitic click™.

As a thermal analysis technique (as opposed to a thermal shock technique), TS

. :\llho_;sh not ICTA rccogniscd, the acronym T3S will be used throughout this article.
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1s concerned with the detecticn and meaning of the various acoustic emissions occur-
ring prior 1o, during and aficr thermal cvenis and 1hereby can offer a contribution to
the clucidation of the tharmal behaviour of solid materials and to the understanding
of the dynamic processes of the solid state. In this article is described a simple., readily
built and incxpensive apparatus with which meanineful TS data may be obtained.
A sccond article will deal with temperature calibration, the influcnce of experimental
and mstrumental variables and comparative relationships between TS and other
thermoanalytical techniques.

APPARATUS

Introduction

The initial development of an apparatus capable of producing a TS curve can be
accredited! to Smith and Peach'?- 9 who devised a method of recording the rates of
decrepitation of crystalline minerals and rocks, such as garmnets*!, micas®® and
granites®”_ In this apparatus’®, the sample was heated in an inconel holder antached
to onc end of a heavy mcial sounding tube. The detector was a crystal microphone
located at the other end of the tube. The microphone output was amplificd and fed to a
ratemeter whose output was recorded as 2 function of time or temperature. Alterna-
tively, the ratemeter output was passed 10 a decade scaler and accumulated to obtain a
smoothed “‘decrepigraph™ or decrepitation rate curve. In addition to delecting
emissions dunng phase transformations and decompositions, it was possible with this
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Fig. 1. Ganeral ayout of itkamosonimeter. 1-11. Scc Fig- 2; 12, pramplificr: 13, furnace: 14, silica
sheath: 15, tharmocoupie (PUPLLRA): 16 silicone rubber vacuum sl rines: 17, vacuum/gas port;
18, IomMTRIET programar; 19, mein amplifics 20, raie meist; 21, 7 22 YAcuum kad-
throeshe: 13 acoustic foam; 24, vibestion mounts
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Fig. 2. Elcvation of waveguide asscmbly. |, PZT transducer erystal; 2. silica waveguide; 3, sample
platform; 4. samplc cup (alicmative to 3): 3. stecl ballbearings; 6, tensioning spring (shown for 1
ballbearing only): 7, adjusiment screw (shown for 1 ballbearing only); 8. silvered resin: 9, steel base
(recoil mass): 10. duralumin foil; 11, lcad to preamplificr.

apparatus to distinguish decrepitation duc to explosion of fluid inclusions, misfit of
solid inclusions. intcrgrain splitting and radiation damage recovery and to relate the
temperatures of these cvents to other gecothcrmometric and geobarometric meas-
urcments’®,

The TS apparatus described in this article is based on a design by Lonvik** who
has applicd the techniquc in studics of the thermal behaviour of quartzites in relation
to ferrosilicon manufacture?® and to phasc diagram studics?%. A schematic diagram
of the basic instrument which has been developed and satisfactorily operated in this
laboratory over a period of years is given in Fig. 1. The principal components are (a)
the sample holder and waveguide assembly, (b) the piezoelectric transducer detector,
(c) the furpace and associated control equipment and (d) the electronic signal



processing equipment. Significant features of cach are briefly discussed below. A
detailed clevation of (2) and (b) is given in Fig. 2.

The waveguide assemnbly

The signal defection system is based on the use of 3 sensitive mechanicalf
clecaical (piezockectnc) transducer orystal (1 in Fig 2). Readily available piczo-
clectric matcrialks. c.z. P(Zr, Ti)O; (PZT), LiNbO;. BaTiO, and quartz. mostly have
Curic tcmpenaturcs below 00°C so thal a measunng system which uses direct
coupling beiween the samplke and the tansducer crystal is applicable only at lower
temperatures. Also, the piczoclectric properties of a crystal vary with temperature
and recovery of the crystal is not always possible, especially if a thermosctting coupling
agent is used. For these reasons. it is preferable to adopt a waveguiding system to
transmit acoustic emissions from the heated sample o a transducer crystal at a
constant ambicnt temperatare. The couplings between the sample and the waveguide
and between the waveguide and the transducer crystal may be permancent (sce, for
example, the signal detection systems described by Fate?? and by Hums and Jax?®
in which hizh temperature cements are wsed). but non-permanent couplings have
operational advantages. Good non-permancnt couplings may be achieved by polishing
cach contact surface and using a thin film of silicone oil to aid signal transfer 1o the
transducer crystal.

The waveguide, 2, requires to be constructed from a matenal which (5) has a
hich transmission quality (O factor). (i) is readily shaped and polished, and (i) is
thermally stable over the required temperature range. For normal thermal analysis
work using conventional fumace technology for the range ambient-1000°C, silica
glass is an idcal matenial although special ceramics and noble metals have supcerior
long term stability to thermal cycling and are necessary for work much over 1000°C.
Although it is possibic to cakulate idcal dimensions for a waveguide, in practice
these are governed by the nature of the samples to be investigated. the dimensions of
the furnace to be used and the desizn of the wavezuide support system. A convenient
size is 18-20 cm long, 33 mm diamcter and smoothly shaped at onc end cither into 2
1 em diameter polished platform, 3. for sectioned samples or single crystals or into a
1 cm diameter beli-shaped cup, 4, to contain powdered samples.

To cnsurc cfficient transfer of signals from the waveguide to the transducer
crystal, the waveguide support system must permit the waveguide to be accurately and
repeatably positionad vertically over the crystal. It should also be adjustable (fo
accommodate different waveguides) and should make minimal contact with the
wavezuide (o minimise mechanical damping). A proven design uses two seis of
stainless steel ballbearings, 3. cach sct consisting of three ballbearings arranged
coplanarly and contacting the waveguide at 120° around its circumference. The two
sets hold the waveguide approximately 1 cm and 3 cm from the waveguidejtransducer
crysial interface. The irmness of contact between cach ballbearing and the wayvceguide
is adjusted by means of a small spring. 6. whosc 1cnsion is controlled by an adjustment
screw, 7.
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The transducer crysial

The waveguide in its support asscmbly acts as a damped harmonic oscillator
and the dimensions of the transduccr crystal should be such as to permit it to resonate
at the fundamental frequency of the assembly. Suitable transduccer crysials arc PZT
discs approximaicly | mm = 3 mm diamcier. In association with the waveguide
asscmbly described above. an audio range resonance frequency occurs at approxi-
matcly 1 kHz Lonvik?* similarly has found resonance to occur around this frequency.

The piczoclectric disc operates in a thickness expander mode and has its fiat
faces clectroded. One pole is carthed by bonding it with a thermosetting silvered
resin, 3, to the steel basc, 9, of the wavcguide assembly. To the other pole is similarly
bonded a thin (0.03-0.10 mm) polished mctal foil. 10, on to which the shiclded
clectrical Icad, 11, to the preamplificr, 12, is attached. The polished narrow end of the
waveguide can then be accurately adjusted by means of the sprung ballbearing support
system to rest squarely on the top poilished face of the foil. Any metal or alloy with
good conduction properties makes a suvitable foil but soft metals, c.g. Al and Cu,
although rcadily obtained as thin foils and readily polished tend to become scratched
after prolonged use. A thin film of a siliconc oil at this interface cascs this problem and
aids signal transfer, but the usc of a harder alloy, c.g. duralumin, provides a better
long-term coupling.

The furnace

For work up to 1000°C, a 15-20 cm long nichromc or platinum wound vertical
tube furnace, 13, with a bore of about 2.5 cm is satisfactory for usc with the 18-20 cm
wavcguides described above. This permits a 2 cm diameter proteciive silica sheath, 14,
to be inserted between the furnace and the wavezguide. A mechanical system for
lifting and accurately locating the furnace centrally over the sample is desirable.
Thermocouples cannot be placed within the sample because they vibrate. thus
monitoring of sample temperaturc must be performed with a thermocouple, 15,
located as close as possible 1o the sample. A refinecment is to build in alongside the
TS samplc a DTA hecad and to usc the DTA reference thermocouple for temperature
measurement. Effecting a seal, 16, at the base of the protective sheath allows gas
atmosphere and vacuum work to be performed. 17.

In TS, the furnace operates in close proximity to a transducer crystal and carc
must be taken in selecting 5 suitable temperature controllerjprogrammer, 18, sincc
fumacces controlied with conventional onfoff controllers can induce switching noisc
cven in a well-carthed and shielded crystal. A fast-cycling zero-switched type of
programmer is prcferred. A similar range of hcating/cooling rates as are used in
conventional thermoanalytical technigues is desirable although for thermal shock
studies. rates of at Jeast 100 K min~ ! are required. For normal TS work, a fast-cycling
Stanton Redcroft LVP with programmcraics up 10 40K min~ ! is uscd in this laboratory.

Signal processing
To avoid losses and interferences, signals from the transducer crystal pass
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along a short well-shiclded lead to a charge-sensitive preamplifier. 12, built on to the
steel base of the waveguide support assembly. If a vacuum facility is included, a
preamplificr such as the Ontec 12473 1s capable of vacuem operation.

Subsequent signal proctssin- depends on the type of measurement and mode of
presentation which is required an number of configurations have been described
for various acoustic cmission slucics® *- '8 33. 3231 [ aepnenyl. any of three
parameters relating to the emitted noisc may be measured as a function of tcmperature,
viz. rate, amplitude (cnerzy) and frequency. Measurements of the frequencies of the
cmitted noises require complkex multichanncl analysers and a knowledge of the
mansfer functions of the samplc/waveguide and waveguideAransducer interfaces.
However. rudimentary data can be obtained with a transicent recorder and the use of
simplc filticrs permits frequency ranges to be cstimated. The average amplitudes of the
emissions are easily measured by passing the preamplificr output (or the transducer
crystal ounput itsell) directly 1o a conventional amplificr and a recorder. Although kess
casily obtaincd. ratc measurements generally provide more useful information and
can bec regarded as the normal TS curve. For this type of mcasurcment. the pre-
amplifier output is passed 1o 2 main pulse amplificr. 19. and subscquently to a rate
met2r, 20, supplied with a recorder ouvtput. Various modifications are possible. For
cxample, the rate meter may be a scaler or single channel analyser which can provide
cumulative rate corves or infcgrated curves more directly comparabic with convention-
al TG and DTA curves_ In this laboratory. the main amplificr is an Ortec 485 and the
ralemeicr is an Ortec 9 log/lin. A log faaliity on the ratemcter is cspeciaily usciul for
initial survcys to cstablish best amplificr gains and ratemeter full-scale ranges and time
consianis. X/Y or X/7 recording is ideai for TS raie curves bui if oifier daia is io be
simultancously recorded, c.z. amplitude. 47, cumulative rate cte., multipen X/

recording is neocssary. in this laboratory, a2 Waitanabe Multicorder, 21, is normally
used.
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