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Development of the Conduction Calorimeter
with Heat Sink Controlled Directly Using Peltier Device

Hiroshi Sato, Etsuo Sakai, Shingo lida, and Seiichi Hagiwara
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A conduction calorimeter with a thermally stable heat sink and six measurement cells
have been designed and constructed. In order to make a compact calorimeter which is easy to
operate in application to quality control of industrial materials such as cement, temperature of
the aluminum heat sink was controlled directly using Peltier effect of Thermomodule. Temperature
fluctuation of the heat sink was within £0.1°C during 8 days of continuous measurement
accompanying large exothermic heat of reaction. Les than 40 uV/24h (1.38 X10-3C) and 20
wVp-p (£0.69 X 10-3C) were achieved for base line drift and thermal noise, respectively. Both
accuracy and reproducibility were estimated to be better than 0.5 %. Interference between the
neighboring cells was negligible in simultaneous measurement of six samples. It was confirmed
that the developed calorimeter was successfully applicable to measurement of industrial materials
with extremely low reaction rate.

Keywords: Direct temperature control for heat sink, Conduction calorimeter, Quality control of
Cement, Temperature control by Peltier effect
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Fig.1 Top view and cut off diagram of heat detection

unit of constructed calorimeter.

@ sample vessel, @ sample material, 3 sample
vessel holder wound with 100 Q of wire heater,
@ thermo-module, ) aluminum heat sink block,
R: reference side, S: sample side.
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Fig.2 Block diagram of temperature control system.
@D heat sink, @ platinum resistance temperature
detector, @temperature control unit with indicator,
@ bi-polar DC power supply, & heating / cooling
unit, (6) air fan.
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Fig.3 Curves of the hydration reaction obtained for
20.00g of Porto land cement with 10.00g water
mixed and stirred during 60 sec at 20 C. Time
interval of initiation of reaction was set as one
hour precisely for successive six measurement
of each cell.
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Fig.4 Curves of hydration reaction of the Porto land
cement. Three curves obtained for ordinary cement
with no additive, that added with accelerant
and that added with delay agent, respectively.
Conditions; measurement temperature, 20: mixing
time, 180sec: ordinary Portland cement, 20.00g:
10.00g. Accelerant:
0.288g;
gluconate, 0.020g.

water, calcium nitrate

tetrahydrate, delay agent: sodium
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