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Development and Application of Calorimetric Thermobalance

Akira Kishi, Kiyoshi Saito and Masahiko Ichihashi

A new calorimetric thermobalance has been developed by combining a thermobalance,

a conduction-type calorimeter and an infrared image furnace.

Using this new apparatus, the

simultaneous thermogravimetry and heat change measurement can be made from room
temperature up to 1170 K with high accuracy and by simple operation.

In principle, a specimen in a platinum cell is heated in such a manner that a constant
temperature difference exists at all times between the specimen and the outer nickel box
while the temperature of the outer box is precisely controlled by the infrared image furnace

and a temperature controller.

The time required for the specimen temperature to increase

by 1,2,5 or 10K is measured by the calorimetric circuit, and is digitally recorded along with
the specimen temperature and the weight change.

The new apparatus which is designed to maintain the specimen temperature nearly

constant during the reaction has made it

possible to identify each stage in the dehydration

process of multihydrates such as CuS04-5H, 0 and MgSQ, - 7H,O. This apparatus is superior
to the conventional TG-DTA or TG-DSC simultaneous analyzer in terms of the accuracy of

calorimetry,
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and the resolution of reaction. The measurement accuracy of specific heat, heat
of transition and heat of fusion is within +3~5%

for pure substances such as Zn, KNO;
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Fig. 1 External view of calorimetric
thermobalance
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Fig. 2 Block diagram of calorimetric
thermobalance
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Fig. 3 Time vs. temperature curves
A: Blank container
B: Standard specimen (¢ -Al,O3)
C: Unknown specimen
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Fig. 4 Calorimetric measurement curves of standard specimens
and container
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Fig. 5 Effect of bias voltage on specific heat of
quartz glass powder
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Table 1. Comparison of measured values by this apparatus with reported
values and measured values by adiabatic scannig calorimeter
(model Sinku Riko SH-3000M).

Measured value Reported value ¥
Sample Bias voltage | Peak temp. AH *Peak temp. *AH | Temp. AH
P (aV) (K) (J/g) (K) (J/g| (K | (J/
KNO, ;88 jgg ggié 408 5323 400.9 5340
100 693 9944
86 : .
Zn 300 693 9919 693 10086 6927 10211

* values measured by adiabatic scannig calorimeter
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Fig. 8 Dehydration curve of MgSQO,4-7H,0
Curve A: TG and heat of dehydration curves
Curve B: Time-temperature curve
Measuring condition: bias Voltage; 2004V

N, flow rate; 75 ml/min
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Table 2. Heat of dehydration of MgSQO,-7H,0

Peak Reaction AH(]/g) o
Measured value | Reported value

P, +P, | MgSO, - TH,O—— MgSO, * 5 H,0 3925

P, MgS0, » 5 H,O——— MgSO, - 31,0 4999

P, MgSO, » 3 HO—— MgSO, - 2 H,0 264.0

P, +P; | MgSO, » 2H,0—— MgSO, - H,0 2495

P,~Ps | MgSO, *+ TH,0 ——= MgSO, * H0O 14059 13493

P, MgSO, - HHO ——= MgSO, 4336 4721
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Fig. 9 Measuring results of dehydration of CuSO,4-5H,0

(A) Measured by calorimetric
thermobalance

Specimen weight: 1 g

Bias Voltage: 2004V

N, flow rate: 75 ml/min
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(B) Measured by TG-DSC apparatus

Specimen weight: 7.0 mg
Heating rate: 10 K/min
N, flow rate: 75 ml/min
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Table 3. Weight loss and heat of decomposition A H of CuSO,4-5H, O and CaC,04-H,0
Measured value | Caleurated | oo 0q
Sample Peak Reaction . val.ue of value of
Weight AH\ weight loss AHD
loss (%) | (J/g> (%)
P CuSO, * 5 H,0 — CuSO, * 4 H,0O 75 180.9 1144
P, CuSO, * 4H,0 —= CuSO, < 3H,0 6.9 1925 '
CuS0, - P, CuSO, * 3H;0 —= CuS0, - 2H,0 6.4 2685 1144
5H,0 b, CuSO, * 2H,0 — CuSO, »+ H;0 8.0 2947 '
P,~P, | CuSO, * 5H,0 — CuSO, * H,O 288 936.6 288 9017
Py CuS0O, + H,0 — CuSO, 7.2 376.1 7.2 410.5
CaCy0, - P, CaC,0, - H;0 ——=CaC,0, 126 4383 12.3
HO P, CaC,0, ——=CaCO;, 190 254.5 192

Measuring condition;
Sample weight: 1g
Vias voltage : 1004V
N, flow rate : 75ml/min
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