
INSTRUMENTATIOW FOR THERMOSO~IMETRY 

The construction of an apparatus for thcrmownimelry is discussed_ The 

dctcction sy3cm is a silica &ss w-avesuide and a PZT piczockclric transducer_ 

Atiatcd equipment for furnrrcc control and ckctronic s&al proccssin~ is described_ 

Thcrmosonimctry (TS’l has been dcfincd’ as “that technique in which the 

sound emitted by a substance is mcasu=d as a function of tcmperaturc whilst the 
substance is subjected to a controlicd tcmpcraturc programme”- The technique 

therefore detects thermally induced acoustic emission, a phenomenon well-known in 
many fields- For cxzunpk in the mctalIur$a1 field it has long been recorded2 that 

audible “clicks*’ can be heard during shear transformations of austinitic phases to 
martcnsitic phases” ’ and, in the field of brittk matcriais, catastrophic failure by 
thermal stress f&luring (thermal shock) is accompanied by noise cm&on and has 
tons been a probkm in the industrial production of _&ss&- ’ and ccramicss”O_ 

Thermally induced acoustic emission can arise either from purely mechanical 
sources or from physicochemical sources- In the first tlsc, the application of a thermal 
stress on a solid substance induces mechanical strain within that substance- The 
rckasc of this Grain is normally achieved by the Griffith mechanism of microcrack 

growth ’ I and is accompanied by high frequency acoustic emission’- ‘_ If the applied 
stress is sufficiently _~rcat, catastrophic propagation of GrifTith cracks leading to 
compktc fmcturc may occur accompanied by the audible acoustic cm’Gsions which 
arc characteristic of thermally shocked brittle materials- In the second cast, the 
mechanical strain ir crcjtcd by a dynamic process or thermal cwnt, for example a 

phsrc transformation’ 2- “ or decomposition t 6+ rekasc of fluid inclusions or radia- 
tion damage‘ x i *_ Such events may lead to thermal fracture but normally do not and 
are thus not accomp;lnicd by audibk noise except in eruptional cases such as 

“martcnsitic ciicli”, 

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



is canccmcd 86th the dctccticn and meaning. of 1 hc various acoustic emissions occur- 
ring p&w to, during and after thermal CI;C~IS and thcrcby sari off&r a contribution to 
the chxidirtian of ~hc ~hcnnat bchaviour of solid materials and to the undcrstandins 
of the dynamic proccsscs of the safid state- In this artick is described a simpk. readily 
buiit and inqxnsi,r apparatus with which meaningful Is data may bc obtained_ 
A second artiek wilt deal with tcmpcmtunc calibration, the influcncc of c.xpcrimcntal 
and instrumental sMabks and compuratiwz relationships bct\\-aen TS and other 
thermoanaJy~ica1 techniques 

APPARATUS 

Tltc initial deuciopmcnt of an apparatus capabk ofpr&ucing a TS curws can bc 
acueditedi to Smith and Rach”“~ 1o who dwisd a method of recording the rates of 
dccrcpitatian of cqstaifine mincrais and mcc;S such as garnet~~~, micas2’ and 
gratits”3_ Ill this appratwLS. the sampk wts hcatcd in an inconcl holder attached 
to one cd of a heavy metal sounding tube The detector was a n_vstal microphone 
bcated at the otbr end of the tube The microphone output was amplified and fed to a 
ratemeter whose output was recorded as a function of time or tcmpcrature, Altcma- 
tiwAyF the ratemeter output was pawsi to a deudc sakr and accumulated to obtain a 
smooth4 “tipi~ph”” or dwwpitatisn tote cwvc_ In addition to detecting 
ernissbm during phase trawfQrmatisns and decompositioru, it wts passibk with this 
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apparatus to distinguish dccrcpitation due to explosion of fiuid inclusions, misfit of 
solid inclusions, intcrgrain splitting and radiation dama_oc rccovcry and to relate the 
tcmpcraturcs of thcsc cwznts to other Scothcrmomctric and scobaromctric mcas- 
uremcnts~*, 

The TS apparatus described in this article is bawd on a design by LonGk’J who 

h;rs applied the tcchniquc in studies of the thermal bchaviour of quartzitcs in relation 
to fenosilicon manufacturcz3 and to phase dia_gam studics2’. A schematic dia,dnm 
of 1hc basic instrument which has been dcvclopcd and satisfactorily opcratcd in this 
hbontory over a period of years is given in Fig 1. The principal components arc (aj 
the sampk holder and wwcguidc asscmblyF (bj the piezockctric transducer detector, 
(c) the furnace and associated control ex#pment and (cl) the electronic &nai t 



prows&g equipment- Sguif#ant fcslurt~ of catrh arc briei& d~usscd helow- A 
dctaikd dcwation of (a) and (b) is $vcn in Fig 3 

The $_-I dctixtion system ia bayfd on the use of a sssitiw mcchanical~ 
ckx$~I (uric) transducer crystal (I in Fig 2)_ Rcadiiy a\-aiIabk pizza- 
ckzwic matcriak c-g IWZ.r, Tr)Qs (PZT), LiNb03. Batik, and quartz mostly hwc 
Curie tcmpctaturcs bcIow 5oo‘C so that a mcasurin~ systctn which uses direct 
coupIing bctwzen the smpk and the tnnsduccr ctystal is appIiubk only at Iowr 
tcmpcratunr Also, the pkzc&xtric properties of a crystal vaty with tcmpcraturc 
and recouery ofthe crystal is not always posiblf, cspecialfy ifa thermostting coupling 
a--t is usI_ For these reasons, it is prcfMabk CO adopt a wawguiding qstcm to 
transmit acoustic cm-dons rrom the hcttcd sampk to a transducer crystal at a 
constant ambient tcmpturr The couplings hctwen the sampk and the wwcguidc 
and bctwxn the wawguidc and the transducer crystal map bc permanent (se. for 
exam& tJx si_wI dctcction systems dcscribcd by Fa!@ and by Hums and Jax” 
in which hi* tun~utxz cements ate used), but non-Iw-tnanettt couplstts have 
6pcrational. advanta_w Good nonpcrmancnt coupIings may be achieved by polishing 
each contact surf;eac and usin= a thin film af silicone oil to aid s@aI transfer to the 

t~uocr~cryrtjI- 
The w-we&& 2, mguirnr to bc constructed Erom a material which (i) has a 

high transmission quality (Q ractor), (ii) is readily shaped and polished, and (iii) is 
thcrmaiIy stabk over the required tcmpcnfure ran_= Fur normal thermal analysis 
u-o& using conwntiona1 furnace tcchnotosy for the range ambient-I000’C. silica 
,@a.~ h an idcal matcriai although zpccial ceramics and noble mctaIs has-c supc6ar 
long term stability to thermal qxling and arc nsxxssav for worL much owx IOOO”C 
Although Et is pesibk to Wcuhtc i&Cal dimensions for a \sawqxidc, in practice 
thee are g~wrncd by the nafure of the umpks to be inr-estigatcd, the dimensions of 

the furn2cc TV be used Ztnd the design of the u~vcguidc support system- A conw33ienL 
size is IS-20 cm long 3-4 mm dhtncta and smoothly shaped at one end either into ;II 
I cm diawcr poIii pIatform, 3. fur sectioned samples or sin& crystals or into a 
1 cm diameter bdI-shapcd cup* 4. to contain powkrcd sampks 

To cnsuruz t%cicnt wad= of sigtaks hrn the uawg&k w the transducer 
ctystal, the ~avc@ic support system must permit the wtycsuidc to be aceuratcly and 
rqxatably positioned VnticaIIy over the crystal- It should also bc adjustabk (to 
aaxunmod&c diff&znt *avq@ks) and should malic minimal cantact with the 
uawguick (to minim& mechaniul damping)_ A proen design uses two sets of 
stainkss SnccI baIIhcarin~ SW each set cwuistin, 0 of three ballhearings arran,4 
copIanaciy and contacting the \\rrtF=uidc at 120” around its circumf~ce_ The two 
sets hold the wawgti& approximateIy I em and 3 cm from the w-ave~id~tnnsducer 
crystal inttiJcrz_ TItc firtn~ ofcontact bctwxn each ballbcarin,e and the \%avcguidc 
is ad@stcd by IXMDN ofa small sprins 6, whose tension is controlkd by an adjustmmt 
m* 7, 
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The uw.quidc in its support asscmbiy acts as a damped harmonic oscillator 

and Lhc dimensions of the tranduccr crystal should bc such as Lo permit it to resonate 
at the fimdamcnul frequency of the assembly. Suitable Lransduccr crystals arc PZT 
discs approximately I mm x 3 mm diamctcr. In association with the wave=pidc 

;IssEmbly d&bed abow. an audio range rcwnancc frequency occurs at approxi- 
matcly I kHt Lcmvik’~ similarly fxas round resonance LO occur around this frequency. 

The piczockctric dkc opcratcs in a thickness cxpandcr mode and has its fiat 
facts ckctrodcd. Qnc pole is earthed by bondin, * it with a thcrmosctting silvcrcd 

tin, 6, to the sLcc1 base% 9, of the \\a\-cguidc as;scmbly. To the other pole is similarly 

bonded a thin (0.03-0.10 mm) polished metal foil. 10, on to which Lhc shicIdcd 
ckctrica1 lead, I ! r to the preamplifier, 1’ -? Es attach& The polished narrow end of the 
wwzguidc can then be accurately adjusted by means of the sprung ballbearing support 
system to nS squarely on the top polished face of the foil. Any metal or alloy with 
good conduction properties rnakc~ a suitable foil but soft metals, c.g. Al and Cu, 

although readily obtained as thin fails and readily polished tend to become scratched 
after proIon_@ use. A thin film of a silicone ail at this intcrfacc uses this problem and 
aids signal trarafcr, but the use of a harder alloy, c .s duralumin, provides a better 

long-term coupling. 

For work up to NKIO~C. a 15-20 cm long nichromc or platinum wound wrtical 
tube fumacc, 13, with a bore Of abQW2.5 cm is satisfactory for ur with the 1 S-10 cm 

aztveguidcs dcscrihcd above. This permits a 2 cm diamctcr protcctivc silica sheath, 14, 
to be inscrfcd bctu-cm the ~UITKKC and the u-avcsuidc. A mechanical system for 
liflinp and accurately locating the furnace centrally over Lhc sample is dcsirablc. 
ThermocoupIcs cannot bc placed within the sample bccaur they vibrate_ thus 

monitoring of sample LempcraLurc must bc performed \\ith a thcrmocouplc, IS, 

located as close as possible Lo the sample. A refincmcnt is to build in aloneidc Lhc 
TS sample a DTA head and to use the DTA rcfkrcncc Lhcrmucouplc for Lempcraturc 
mejsuremmt. Eflircting a seal, 16, at the base of the protcctivc sheath aliows @as 
atmosphere and vacuum work to bc pcrformcd, 17. 

In TS. the furnace operalcs in close proximity to a Lnnsduccr crystal and cart 
must bc taken in selecting a suitable temperature controlIcr~prognmmcr. IS, since 
fumaccs conLrollcd with conventional on,%ff controllers can indum switching noise 

cvcn in a wcll-carthcd and shielded crystal. A fast-c)‘clin~ zero-witched type of 
pro~mmer is prcfcrrcd. A similar range of hcatin&wling r;rtcs ZI.S are used in 
conventional Lhermoanalytical techniques is dcsirablc although for thermal shock 
studies. rates of at least 100 K min’ * arc required. For normal TS work, a fsst-cyciin~ 
SLanLonRedcrofLLVPwiLhprogrammcraLcsupL~4OK min’ ’ is&in thislaboratory. 

To avoid losses and intcrfkrcnces~ signals from Lhc transducer c~slal pass 
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