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The reaction of potassium bromate with cornstarch

Miyako AKIYOSHI*, Hiroki TANAKA*, Midori SAKAMOTO**
Hidetsugu NAKAMURA®* and Yasutake HARA*

The thermal reactivity and the combustion reactivity of potassium bromate/starch binary
mixtures as the one of the concrete break agents were studied by thermal analysis, the heat of
reaction, the burning temperature and the burning rate.

The binary mixtures reacted vigorously just after melting of potassium bromate. As the heat
of reaction, the burning temperature and the burning rate had a maximum at the stoichometric

composition in eq.(1) , it became clear that the reaction proceeds mainly according to eq.(1) .

1. Introduction

The break agent'’ , which used the bromate and an
organic compound, has been used as the one of the
main agents of a concrete breaker. However, the
organic compounds, such as dinitrotoluene,which is
currently being used, is expensive and has the pro-
blem of treatment during production. In this report,
the thermal reactivity and the combustion reactivity
of potassium bromate (KBrOj;) and cornstarch
(starch) instead of the organic compounds were
studied in order to solve these problems.
2. Experimental
2.1 Reagents

Wako pure chemical reagent grade potassium
bromate purified from water was screened to under 63
pgm. Starch from the Japan Cornstarch Corporation
was used after vacuum drying for a week at ordinary
temperature. Its water content was 1.5wt.%§ and
mean particle size was about 12~15zm.
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Table 1 Composition of mixtures

No Starch/KBrO; | Weight fraction [Oxygen balance
(g/100g) (Wt./Wt.) of starch
1 33/67 0.327 -19.4
2 24/76 0.244 - 7.2
3 20/80 0.195 -0
4 16/84 0.162 + 4.9
5 14/86 0.139 + 8.2

Five kinds of samples were prepéred by mixing
KBrO; and starch according to eq.(1) for sixty
minutes using a V-type mixer. Their compositions are
shown in Table 1.

1/n—([CsH1006] n+ 4 KBrO;

— 4KBr+ 6CO2+ 5H,0 (W

2.2 Apparatus and method

Thermal analysis was carried out using a Rigaku
TAS-200 Thermal Analyzer. The sample container
was a hermetically sealed aluminum crucible which
had pinholes in the center of its cover. The heating
rate was 20k/min. The atmosphere was air for the
KBrO; or starch, and argon when using their mix-
tures.

The heat of reaction was measured using a Shimad-
zu CA- 4 Type Automatic Bomb calorimeter under
argon.

Burning experiments were carried out -under nor-
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(1) ;KBr0O3 5mg;, in air
(2);Starch 2.5mg, in air
(3);Mixture(0.B.=0) 2mg, in Ar

Fig. 1 DTA and TG curves of KBrOs, cornstarch and
their mixtures

mal or pressurized conditions with argon. Samples
were loaded in the aluminum cylinder at 60% of
theoretical maximum density. The burning rate was
determined by the time that was needed for the com-
bustion wave to proceed 10mn.

3. Results and Discussion

3.1 Thermal analysis

Fig. 1 shows the results of the thermal analysis for
KBrOs, starch and the stoichiometric mixture in
eq.(1) .

The decomposition of KBrO3, as has been shown by
many workers?’, takes place soon after melting at
390C producing oxygen and KBr. The weight loss in
this reaction was 29% compared with the theoretical
value of 28.7%.

Starch released the water contained at about 100°C
and caused the exothermic reaction just after melting
at 280°C. The complicated shape of the exothermic
peak shows that the main reaction of the oxidation of
starch accompanies the decomposition such
as the cleavage of the main chain. However, the ox-
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idation proceeds completely showing a weight loss of
about 100%. '
The mixture shows an exothermic reaction at 280C

" and 375C. These are identical with the melting

temperature of starch and KBrOs, respectively. So,
the former peak shows the partial reaction of starch
with solid KBrO; due to the melting of starch. The lat-
ter peak, on the other hand, was ascribed to the com-
plete reaction of dissolved starch and KBrQOis. The
weight loss exceeded the theoretical value of 43% bas-
ed on eq.(1) because of sample scattering due to the
vigorous exothermic reaction.

Fig. 2 shows the DTA curves for the mixtures of
various compositions. There was no difference in the
temperature at which the two exothermic peaks
started. Though it was supposed the reaction describ-
ed above took place, there was a difference in the
peak area. The peak at '280'(: became large as the con-
tent ofstarch increased. In addition to this, the peak at
375 had a maximum in the mixture which had an ox-
ygen balance that was equal to zero. In excess KBrQOs,
another exothermic peak was noticed at 450°C which
was caused by the thermal decomposition of excess
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Fig. 3 Effects of sample weight on DTA curves of
KBrQ:/cornstarch mixtures
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Fig. 4 Heat of combution of KBrO3/cornstarch mix-
tures
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KBrO;.

The binary mixtures caused a vigorous exothermic
reaction with increasing sample weight. Fig. 3 shows
the DTA curves for various amounts of sample. When
the amount of sample exceed 2.7mg, the reaction
finished only in one step instead of in two steps. The
amount that caused this one step reaction changed
with the composition showing the greater the starch
content, the smaller the sample weight. Consequently,
it is concluded that the vigorous reaction of starch
with KBrO3 occurred due to melting of the KBrO;
caused by the heat produced in the former reaction.

Kayaku Gakkaishi, Vol. 57, No. 3, 1996

Oxygen balance (g/100g)
10 -10 -20
1 ! T T
0
)
S~
Exl
]
&
o
v
0}
o~d
g
g O—'()—"Oﬂ)\0
=
m
0 ) | 1 1
0.15 0.2 0.25 0.3 0.35
-Fraction of starch
0:0.1 MPa, (P;1.1 MPa, ;2.1 MPa

Fig. 5 Burning rate of KBrOs/cornstarch mixtures

3.2 The heat of reaction

Fig. 4 shows the results of the heat of reaction
measured under three pressurized conditions. The
heat of reaction had a maximum when the oxgen
balance was equal to zero. This result was similar to
the area of the exothermic peak in the DTA curves.
Hence, it was suggested that these reactions proceed-
ed according to eq.(1) . The heat of reaction showed
a slight increase with increasing ambient pressure.
3.3 The burning rate

A linear burning rate is affected by the bulk density
and the diameter of the burning tube. A preliminary in-
vestigation showed that the linear burning rate was
constant from 609§ to 70% of theoretical maximum
density, when the diameter of burning tube is greater
than 6 mn.

Fig.5 shows the results of the burning rate
measurement for various compos'itions under
pressurized conditions using argon. The burning rate
had a maximum value at the stoichiometric mixture at
all conditions. The burning rate was affected by the
ambient pressure and increased with increasing
pressure. This indicates that the gas phase reaction
has a considerable influence on the combustion
analogous to the solid propellant combustion. Fig. 6
shows the results of the burning temperature measure-
ment under atmospheric conditions. The burning
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Fig. 7 Burning rate characteristics of KBrQOs/corn-
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temperature was also affected by the composition
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Table 2 Pressure exponent of burning rate

Weigg:ltsfg}%tlx;on of Pressure exponent
0.327 0. 364
0.244 0.347
0.195 0.365
0.162 0. 363
0.139 0.365

similar to the burning rate and heat of combustion?®’ .
Fig. 7 shows the vieille plots for the burning rate
data. In order to express the influence of the pressure
on the burning rate, the pressure exponent was
calculated using vieille's equation (Table 2) of
V=aP". It became clear that the pressure exponent
was about 0. 36 and was independent of the composi-
tion.
4, Conclusion

The thermal reactivity and the combustion reactivi-
ty of potassium bromate/starch binary mixtures were
studied by thermal analysis, the heat of reaction, the
burning temperature and the burning rate to obtain
the basic data as the one of the concrete breakagents.

These binary mixtures vigorously react just after
melting of the potassium bromate. As the heat of reac-
tion, the burning temperature and the burning rate
had a maximum value at the stoichometric composi-
tion in eq.(1) , it became clear that the reaction pro-
ceeded mainly according to eq.(1) .

Furthermore, the burning rate was dependent on
the ambient pressure, and the pressure exponent was
about 0. 36 for each composition.
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