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Application of Acoustic Emission Method to Thermal Analysis
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A new technique for simultaneous acoustic emission (AE) and differential thermal analysis

(DTA) measurement is described. The technique has been successfully utilized to monitor some

mechanical events occurring during dehydration, decomposition, and phase transition of NaNa,
alkali perchlorate (MeClO; where Me =Na. K, Cs), CsCl, NH4Cl, NH4Br, and KNO; for which
the new results are reported. It is noticed that the events which cannot be detected by DTA are

monitored by AE.
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Fig.1 A schematic diagram for simultaneous AE-DTA apparatus.
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Fig.2 AE-DTA curve for decomposition of NaN;. (A)
DTA curve, (B) AE curve. The sample weight
was 260 mg.
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Fig.3 AE-DTA curve for dehydration of CaCrO4:0.1H,0.
(A) DTA curve, (B) AE cumulative count curve,
(C) AE rate count curve. The sample weight was
800 mg.
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Fig.4 AE-DTA curve for dehydration and decompositicn
of NaClO4-H;0. (A) DTA curve, (B) AE curve.
The threshold is raised at the broken lines, the
intensity being reduced to the indicated figures.

The sample weight was 600 mg.
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Fig.5 AE curves of NaClOs-H,O using sensors of
different resonant frequencies. The sample weight
was 600 mg. AE curve: EXP. 1, 140 kHz; EXP.
2, 500 kHz; EXP. 3, 1 MHz; EXP. 4, 1.5 MHz.
The threshold is raised at the broken lines, the
intensity being reduced to the indicated figures.
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Fig.6 AE-DTA curve for phase transition and

decomposition of KCIOs. (A) DTA curve, (B)
AE curve: The sample weight was 400 mg. The
threshold is raised at the broken lines, the

intensity being reduced to the indicated figures.
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Fig.7 AE curves of KCIO; with sensors of different

resonant frequencies. The sample weight was
600 mg. AE curve: EXP. 1, 140 kHz; EXP. 2,
500 kHz; EXP. 3, 1 MHz; EXP. 4, 1.5 MHz.
The threshold is raised at the broken lines, the
intensity being reduced to the indicated figures.
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Fig.8 AE-DTA curve for phase transition and

decomposition of CsClO4. (A) DTA curve, (B)
AE count rate curve. The sample weight was 400
mg.
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Fig.9 AE-DTA curves of the transition in CsClO4 1n

the repeated experiment. A heating run is labeled
A and B, a cooling run A’ and B'; DTA curvs,
A; AE curve, B. The numbers 1, 2 and 10
correspond to the first, second and tenth run,
respectively. The sample weight was 400 mg.
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Fig.10 AE-DTA curves obtained on heating/cooling of
NH4CI. (A) and (C), DTA curve on heating and
cooling, respectively; (B) and (D), AE curve
on heating and cooling, respectively. The sample

weight was 400 mg.
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Fig.11 AE-DTA curves obtained on heating and cooling
of KNO: between 20 and 400 C. (A) and (C),
DTA curve on heating and cooling, respectively;
(B) and (D), AE curve on heating and cooling,
respectively. The sample weight was 200 mg.
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Fig.12 AE-DTA curves obtained on heating and cooling
of KNO; between 20 and 200 C. (A) and (C)
DTA curve on heating and cooling, respectively;
(B) and (D) AE curve on heating and cooling,
respectively. The sample weight was 200 mg.
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Fig.13 AE curves obtained in three repeated heating/
cooling cycles of KNO; between 20 and 200 or

300 C.
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Fig.14 Relationship between the temperature range of
the y—« transition and the maximum heating
temperature (MT). Solid lines indicate the

temperature region of the transition. A dashed

line shows the temperature range for sample
annealed at 195 C for | h. Triangles show the

temperature range of the f—7v.
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Fig.15 AE-DTA curves obtained on cooling from 400 C

of KNO; doped with 0.5, 5 and 15 mol % Rb.
(A) and (B), DTA and AE curves at 0.5 mol %:
(C) and (D), DTA and AE curves at 5 mol %;
(E) and (F), DTA and AE curves at 15 mol %.
The sample weight was 200 mg.
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Fig.16 AE-DTA curves obtained on cooling of pure, 0.5

and 15 mol % Rb*-doped KNO; doped with 0.5,
5 and 15 mol % Rb from 300 C. (A) and (B),
DTA and AE curves for pure sample; (C) and (D),
DTA and AE curves at 0.5 mol %:; (E) and (F),
DTA and AE curves at 15 mol %. An AE sensor
was 140 kHz and the sample weight was 200
mg.
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Fig.17 AE curves of the Na‘'-doped KNO3 on cooling
from 300 to 25 C. (A) pure sample, (B) 0.5
mol %, (C) 1 mol %, (D) 5 mol %.
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