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Constructlon and Performance of a Spontaneous
Heating Apparatus

Takashi KOTOYORI**
Michio NAITO**

iTo study more precisely than before the spontaneous heating properties of thermally unstable
:s:i‘.lbstances, it was tried to make such a new adiabatic apparatus that the operation is easy and .the
fé"(’-’:(‘:uraée-data can be obtained with good reproducibility and a wide applicability ‘can be expected,
""‘%iijplyin'g‘ a more completer adiabatic control technique than those of most apparatus. in the past.
‘Thus, the purpose of this note is to place on record the constructional and procedural details and the
‘experimental performances of this apparatus. . ’

‘Main features of this apparatus are as follows.

1) * Adoption of the PID-SCR temperature control technique. Some instruments were ‘also used
tégether with this technique to realize the control as complete as possible, such as a pre-amplifiei
10 :amplify the 4T value, a zero suppression circuit-to. compensate the stray thermal e m.f, of the
differential the‘rrnocouple (Fig.2), a cold junction based on the thermoelectric effect, - a voltagé shock
absorber, some noise filters, etc. ~Ultimately, - the adiabatic .control of 0. 2uV(iO 005“0) could be
achxeved at the initial slow heating stages of theé sample.
o2y ‘Attempt to control adiabatically between the sample and the atmosphere. 1In other words, thé
#stablishment of the true physical adiabatic condition around:the sample was intended, ‘rather than
‘the apparent stability of the AT base line as observed in such cases that the control is made between
.solid and solid or between solid and liquid. : o DK TR

3) Adoption of air bath. This is for the control to be able to follow easily even’ at the rapid
heating stages of the sample. : g o o
#1'To check the sensitivity of this apparatus, the effect of the rate of heat evolution on the rise rate
‘of sample temperature was measured by evolving Joule heat of 150 to 800 4W in the cell at 60°C.. As
the result, 554W was found as the lowest limit of the sensitivity of this apparatus (Fig.5): " =

H.J. Pasman also made an adiabatic vessel under the similar conception as ours, using a Dewar as

the cell'®, He reported he had succeeded in detecting a heat production of 10mW/kg by using a

* 5 th International Conference on Thermal Analysis (August 1977) C—#RE
** (%5538 Chemical Engineering Rescarch Division
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large sample amount of 1kg or so. However, the mentioned experiment was actually carried out
under such a condition as brings about a heating rate more than 100mW/kg. In the present case it is
probably owing to the strict PID-SCR control ‘that ‘the sensitivity compai‘ablg to that of the large
scale test could be obtained, in spite of the sample amount less than 1g and the cell of only a
tentative design. Therefore, it will be easy to get a more improved sensi‘tivity on this apparatus,
shouldt‘a-v new cell structure be devised and should a larger amount of sample be used.

Pure linolic acid/absorbent cotton mixture, in the form of unif&rmly scattered fiber assembly in the
cell, was used throughout this study as a model of spontancously heating stacks. The cotton acts'as'}‘
the substrate and was practically inactive to oxygen under the conditions of this study., Oxygen ofj,
1 atm was used as the atmosphere, The standard expenmental condxtmns are as follows : the sample
amount, linolic acid, 50 u4I, absorbent cotten, 50mg ; the flow rate of oxygen 2. Sml,’mm the r.’mgfe::£
of the pre-amplifier, 504V ; the initial am‘men’c temperature 60°C,

Mam expenmenfal results are as follows.

1} The repradumblhty of the heating curve is very well. For example, the scatter was Withi;i’f
4 1min for a.temperature rise of 8°C during 70min at 70°C (Fig.7). '

2) The spontaneous heating process ié, in the same way as experienced in the usual reactio’ri;?
affected sensitively by factors such as the temperature; the surface area, the loading density or the
-extent of pre-pxidation of the -sample ; the coexistent substances; as well as the range of adiabaﬁé
control. ' , . L

3)...An excellent linear relationship was found to hold between In 4f and 1/7, assuming the

reaction to be of the zero-order at the initial stages, where T is the initial ambient temperature:and

At is the time taken to produce a given temper’ature’ rise of 1004V (2.5°C) from the initial tempera~
ture (Fig. 9, Eq.4). , ; '
4) Under the condition that the linolic acid/cotton ratio is kept constant, 'the rise rate off'-’ﬁhef

sample temperature -decreases gradually at.successively lower loading densities of the sample(Fig, 1)
‘This - fact.-means that, as the-sample happens to be the fiber assembly, the thermocouple fér,the
sample does not indicate the temperature of the assembly itself, but shows that of the space in.the

<¢ell: which’ contains the distributed linolic acid/cotton mixture, In other words, the observed heatmg
-curve does not reflect-the progressive state of oxidation reaction of the sample itself, but only 16 ]

of the accumulation process of heat of reaction evolved within the time, during which the samy

‘has been exposed to oxygen: ‘Thus, the initial minute temperature rise after a given elapsed  tim
proportional to:the sample amount (Table 1), and the time taken to- produce a given temperature;rise
of 50,4V (1.25°C) is inversely proportional to the sample amount (F1g 12), assuming. the zero-ordér
reaction to take place at the initial stages, other conditions being equal. T

“This apparatus showed. to" be very useful for studymg ‘the spontaneous heating behavior of:a chie

range of substances and the effects of temperature, coexistent substances and atmosphere on it;; with
relatively small: sample amoumts and with easy procedures,. However, the modification of; 1_18

design may naturally be made as desired; to suit _speciai requirements and to get a more improved
sensitivity. . ‘
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Fig.1 Block diagram of the spontaneous heating apparatus
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2. glass wool

3. sample holder assembly
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Fig' 2 Zero suppression 'circuit
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Fig.3 Sample holder assembly
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Table 1 Relationship between the sample
amount and the temperature inc-
rement(observed and calculated,
assuming a reaction of constant
heating rate), during the initjal
110 minutes in Fig. 11
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% .
. temperature - 4
samp € | increment de defcated
: amount A {obs—~calcd) efcale
: obs. | caled.
fo Ml I uv TAYS 4
50 90 90 0 0
35 60 ; 63 . —3 —4.7
25 45 45 0 0
15 25 27 —2 —~7. 4
10 10 18 —8 —44
’ f-empirical formula
i « observed va:lu_e
20
5
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-5 100 &
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_ 1723 .
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Flg 12 Relationship between the sample
g ‘amount and the time taken to pro-
ol duce ‘a temperature rise of 50 4V
20 . (1.25°C) in Fig 11
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UDC 54.082.6 : 614.841.22 :
Construction and Performance of a Spontaneous Heating Apparatus
by T.Kotoyori and M. Naito

Research Report of the Research Institute of Industrial Safety

RIIS-RR-27-2, 1~12(1978)

Applying the PID-SCR temperature control technique, a new adiabatic appara-
tus was made. The lowest limit of the sensitivity of this apparatus is 55 uW.
This apparatus proved to be useful for studying the spontaneous heating behavi-
or of a wide range of substances and the effects of factors such as temperature,
coexistent substance and atmosphere on it, with small sample amount and with
good reproducibility. Q.3 figures, 1photo, 1 table, 10references)
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