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Fourier Transform Temperature Wave Analysis
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The temperature wave analysis developed by the authors is reviewed in the history of the
methodological and technical development of temperature modulated thermal analysis. With
this technique the decay of temperature wave which propagates in the thickness direction of
film specimen is precisely detected. In particular, the phasc shift is stably detected with a high
precision inspite of the surrounding conditions, and then it enables a conversion into thermal
diffusivity in the heating/cooling run. By inputting a square pulse train with a variable duty
factor the high-order harmonics of temperature wave are detected. This principle is applied to
a technique called "Fourier transform thermal analysis”, which makes it possible to determine
simultaneously thermal diffusivity and heat capacity per unit volume as a function of frequency
and temperature. It is expected that it might become a powerful tool to analyze a time dependent
phenomenon such as glass transition.
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Table 1 The characteristic parameters of temperature modulation thermal analysis.
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Fig.2 Thermal diffusivity of carbon films prepared at

various temperatures (HTT), measured by

photoacaustic technique.
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Fig.3 Schematic diagram of the measurement cell for
Temperature Wave Analysis (TWA). a)Sensor
and heater with the area of 1 mm X 4 mm are
directly sputtered on the both surfaces of specimen
film. The substrate is epoxy resin. b)The Pyrex
plate is used as a substrate on which sensor,
heater and lead are sputtered.
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Fig.4 Schematic diagram of measuring system for

Temperature Wave Analysis, which consists of
two-phase lock-in amplifier, function synthesizer,
temperature contoller, hot stage, and the detector

circuit controlled by personal computer.
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. polyimide (26um)

. polystyrene (28um) !
. borosilicate glass (78um) ‘
. polyethylene (92um)

. borosilicate glass (151um)
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Fig.5 The phase delay A8 of various materials plotted
against square root of angular frequency (o)

of sinusoidal temperature wave.
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Fig.6 Temperature dependence of thermal diffusivity
of glassy polymers by step method; poly(ether
sulfone(PES), poly(ether imide)(PEI), poly(arylether
arylysulfone(PSF), poly{styrene-co-acrylonitrile) (SAN),
and poly-carbonate(PC).
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Fig.7 Temperature dependence of thermal diffusivity
of n-pentacosane(CisHsz) by step method.
15 T
»
E
g 10} 4
3
5 1
50 100 150
T/ T
Fig.8 Thermal diffusivity of sapphire by temperature

scanning method. The frequency of temperature
wave is 410 Hz under a heating/cooling rate of

0.2 C min .
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Fig.9 Thermal diffusivity of polystyrene by temperature
scanning method. The frequency of temperature
wave is as follows; f =64, 80, 120, 214, 320
Hz, thickness d =28 um, and a heating/cooling
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Fig.10 Thermal diffusivity of low density polyethylene by
temperature.scanning method. The frequency of
temperature wave is 18 Hz, and a heating/cooling
rate is 0.2 C min . a; heating, b; cooling .
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Fig.11(a) Waveforms detected on the heater or on the
sensor in polyimide film (25 um) by inputting
a square pulse train with a duty factor i)

a=0.5, and ii) ¢ =0.25. The fundamental

frequency is f=88 Hz.
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Fig.11(b) Fourier transform of the temperature wave
detected on the sensor in polyimide film (d =
25 um) by inputting a square pulse train with
a duty factor 1) a¢ =0.5, ii) a =0.25, iii) 0.2,
and iv)0.125. The fundamental frequency is
/=88 Hz.
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Fig.12 Phase delay A6, and amplitude A, of each
harmonic wave in polyimide film (d =25 um)
at r.t. The duty factor of the input square pulse
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and A, corrected by Fourier coefficient F(n)
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duty factor ¢ =0.2, and n=1,2,3,4.
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Fig.14 Thermal diffusivity and heat capacity per unit
volume of polystyrene obtained from the phase
delay and the amplitude of the I to the 4t order
harmonics under the heating condition. The
heating rate is 0.2 C min 1, fundamental

frequency is 70 Hz, and duty factor a is 0.125.
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