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Fast Multi-Property Measurement Using
Electrical-Optical Hybrid Pulse-Heating Technique

Hiromichi Watanabe

(Received Apr. 5, 2010; Accepted May 6, 2010)

A fast multi-property measurement method using an electrical-optical hybrid pulse-heating
technique has been developed for simultaneously measuring specific heat capacity, thermal
diffusivity, thermal conductivity, hemispherical total emissivity, normal spectral emissivity,
electrical resistivity, and Lorentz ratio of electrically conductive materials at high temperatures
with better accuracy and efficiency. This technique is a combination of the electrical pulse heating
method and the flash method. A thin strip specimen is directly heated by the passage of current
through the specimen and the temperature of the specimen is maintained constant at a preset
high temperature for several hundred milliseconds by fast feedback control of the heating current.
The front face of the specimen under the brief steady state realized by the feedback control is
heated by a light pulse of several hundred microseconds duration and the transient temperature
response is observed at the rear face of the specimen. Time-resolved temperature measurements
of the sample are carried out using a high-speed pyrometer and photopolarimeter. The details
of the method and apparatus are described. Preliminary results measured by this method are
presented. The primary advantage of this method is the resultant short exposure of the sample
to high temperature, which can minimize the contamination of the sample and apparatus and
the measurement cost and time. A further advantage of this technique is its ability of multidisciplinary
investigation of both characteristics of bulk and surface of a material by using a specimen and
an apparatus.

Keyword: specific heat capacity, thermal conductivity, emissivity, electrical resistivity, calorimetry,
flash method
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Fig.1 Schematic diagram of the fast multi-property
measurement system using an electrical-optical

hybrid pulse heating technique.
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Fig.2 Typical variations of temperature of back face of sample and photoreceiver signal with time during one

experiment; (a) whole temperature-time curve (b) partial temperature-time curve showing the temperature rise

due to the laser irradiation.
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Fig.3 Results of (a) specific heat capacity, (b) electrical

resistivity, (c¢) hemispherical total emissivity, (d)
normal spectral emissivity, (e) thermal diffusivity,
and (f) thermal conductivity of two tantalum

samples as a function of temperature.

R Fig.3 1R, SO, 2O S » %
JVatE (50 80 X5 X 0.3 mm) 12DV T 1500 ~ 2400 K
DFEPIZBVTHIS0 K O MFRECE10 Sl L7k 8
BIRY o BRI (Fig3(f) 120WTiE, ¥ > ¥ Vvoss
BROEEOEEGTRLTBY, MPDLF—N—T
TR ENTHESE DA & DFPANIAWITEDRERAE £
NasZENHB,
3.1.2  WEEOHERSME
KEETHO N YIHEo T, s, BXIK
Pige, BYEEER BUEEER, O— L vy RIEE RO
e - ML OV 2 BEME) \IRIES 208, BRGSO
&GRSR R ORRE - I (RIS
VMAFT %o ARBEEE, RS 0P % F—03ET
[FFEHIETRETH 5 728, 155 N72flEM & 2 s DRk
BAEED BB DNV &7 - RO W T RN IZEHI
T& 5%, BYRER EEFIPEE,rSEB SN - Y
HeoMIsE il B a1 I & AEHEE (2.44 X108 V2
K2) LOREE, REIIHFGTLHHETOFGEERL

122

5
32 T T
U R Tneort »
f 3 Samplo B -
>
s 28]
= 26 - 5
S
N
S
5 24l 3
= Lorentz ratio: L
22 | | |
Tano IGO0 1800 2000 22000 2400

T/K

Fig.4 Results of Lorentz ratio of two tantalum samples

as a function of temperature.

TWwh, O—L Y hid, BEIMKPEE L i L CHllhE
L \WEIROEYRESE A FEIIER T 5 2 EATTE L7203
HEEZERETH D, LOLEDVS, [EkIEN 4 DORE -
Pl CllE S M-SR L EAIPEE 2 A G b T
— LU lIBER SN T 2720, [EOMEDI SHRKE L
AN THo7, L, REUEETIE, YL
&AM EEL M — 02 W CHBHIIE§ETH 5
7o, B—L rYlr ERICHETRETH S, Fle LT,
ko & > & VitEHZ D W o — L > LollEE T iR
FloxtLT7ay b LM% Figd \ IR T, Mo s#iiia
— Ly OAMEFEREL/RLTBY, RllEEICEL
B & B EOZE I 12 BFEETH D 2 LN
bo ZOFERMNS, 1500 KL EOERBICBIT L5 v 5L
DBYTEIZED L T 4 ) Y OFEGIE PR ) INE LETOE
EDURNTH L Z EDPMERTE D, H—L vV IEIGD
& L TARMIELE TR S A EHOYHEOMBE 2 FIH S 5
Z L, WHOMERRECE T - 7+ / Y ofFIC
FHTH B LRITHIEEOZ LY () %53 5 Lk
TOHEMHTH %,
3.1.3 BlEzhEROME

Fig.3 | L 7R85 - IEEHEPH O 2L IAE % fEsk oifle
HECEWHlET 256, PhLb 1 » AU EoOk%
By L, — ), RUEEICLY) IS OBER-RESG5 7
DICHE L 72BN OS2 G T b T 1 0T
HY, FEREEI IR THEMESMEE I L2 F
ZAo Tz, TERORIELERE T, WEVNBIARLEE G H)
DFzDIZHEB ORI - T4 F— B O KA 5
Nihoize LvL, RMEETIE, RO M % BN
HEAS 2 720, 2000 K DB TOREO MV E 2479 B
(2H T AV F = DR E VI EIEEE & F 3T I HURE P

Netsu Sokutei 37 (3) 2010



JGBFENA T N - 7OV 2B & FI L 72 mid 2 e

Fig.5 Photograph of a prototype of commercially
available fast multi-property measurement system.
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