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3. The investigation of induction periods in the reaction of hydrogen peroxide

by Mieko KUMASAKT*

Abstract; Chemical industries and laboratories have utilized various kinds of chemicals. In disposal process,
they are gathered into a waste disposal tank for following disposal treatment such as incineration. The gathering
involves risk of unexpected reactions; the waste processes generally proceed without enough care while
development and production process require for careful quantitative hazard estimation.

Hazard increases in waste disposal tank when induction period exists prior to exothermic reactions. In a
disposal process, a tank is left unobserved after disposal since chemicals appear not to start a reaction until
induction period completes. Then unexpected runaway reaction or explosion cause severe damage. Even if
personnel know necessity of screening test with small amount, the hazard is not obvious during a short period.
The test result allows for mixing of large amount of chemicals and causes runaway reaction consequently.

This research focuses on induction period in the reaction between hydrogen peroxide and copper chloride by
which a tank car exploded during transporting waste disposal chemicals. This report describes the experimental
investigation of the effect of CuCl2 on hydrogen peroxide and comparing it with two other copper(Il) compounds
(nitrate: Cu(NO3)2; and copper sulfate: CuSO4) and three iron(III) compounds (chloride: FeCls; nitrate:
Fe(NO3)3; and sulfate: Fe2(S04)3).

The experiments were performed using a reaction calorimeter. During the experiments at 35°C, 2x10™ mol of
copper compounds slowly reacted with H202 and generated a precipitate. The iron compounds allowed the
hydrogen peroxide to violently decompose. A 1x10™* mol solution of CuClz, however, produced a violent
decomposition at 35°C. At 15°C, a moderate heat release occurred.

Based on these results, the concentration and temperature dependence of the catalytic ability of CuCl2 were
postulated to contribute to the induction period observed in the accident.
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Fig. 1 Reaction heat flow at 35°C as a function of time
for the reaction of 0.02mmol of FeCl3 with H202
(by injection of 0.2mmol/g of the metal solution)
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Fig. 2 Reaction heat flow at 35C as a function of time for
the reaction of 0.02mmol of Fe(NO3)3 with H202

(by injection of 0.2mmol/g of the metal solution)
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Fig. 3 Reaction heat flow at 35C as a function of time for
the reaction of 0.02mmol of Fe2(S04)3 with H202
(by injection of 0.2mmol/g of the metal solution)
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Fig. 4 Reaction heat flow at 35C as a function of
time for the reaction of H202 with 0.02mmol of
copper(ll) compounds (by injection of
0.2mmol/g of metal solutions): (1) CuCl2
(circle), (2) Cu(CO3)2 (cross), (3) CuSO4
(triangle)
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Fig. 5 Reaction heat flow at 35°C as a function of
time for the reaction of H202 with CuCl2 (by
injection of 1.0, 0.5, 0.2mmol/g of metal
solutions): (1) 0.1mmol (circle), (2) 0.05mmol
(cross), (3) 0.02mmol (triangle)
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Fig. 6 Reaction heat flow at 35°C as a function of
time for the reaction of H202 with Cu(NO3)2
(by injection of 1.0, 0.5, 0.2mmol/g of metal
solutions): (1) 0.1mmol (circle), (2) 0.05mmol
(cross), (3) 0.02mmol (triangle)
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Fig. 7 Reaction heat flow at 35°C as a function of
time for the reaction of H202 with CuSOs4 (by
injection of 1.0, 0.5, 0.2mmol/g of metal
solutions): (1) 0.1mmol (circle), (2) 0.05mmol
(cross), (3) 0.02mmol (triangle)
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Fig. 8 Reaction heat flows as a function of time for
the reaction of H202 with 0.1mmol of CuCl2
(by injection of 0.1mmol/g of metal solutions):
(1) at 35°C (white circle), (2) at 15C (black
circle). Inset: enlarged figure.
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Fig. 9 Reaction heat flow at 35°C as a function of
time for the reaction of H202 with 0.1mmol of
CuSO04 in presence of 0.2mmol of KCI. At
30min after the beginning of the experiment,
CuSO4 was added to the reaction mixture (by
injection of 0.1g of 1.0mmol/g of metal
solution). Inset: heat release caused by the
injection of KCI.
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