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Thermal Decomposition of Potassium Perborate

by Toshiyuki NAGAISHI*, Yoshifumi TANISAWA®*
Masaru MATSUMOTO* and Shunichi YOSHINAGA*

The thermal decomposition of potassium perborate was carried out by means of
thermal analysis and kinetic measurements. The decomposition process consists of three

steps described as follows:

( i ) 2KBO; . H, 0’ =2KBO; . H’ 03+01

(ii) 2KBO; « H3 O3 =2KBO3;+H3 04
(iii) H303=H;0+1/20,

The overall kinetics obeys the first-order reaction, 1n (1—a)=kt.
The activation energy and pre-exponential factor were determined to be 33. Okcal/mol

and 1. 37X 10", respectively.

1. Introduction

It is well known that there exist many metal
perborates and addition compounds of metal bor-
ates with hydrogen peroxide. Their structures and
physico-chemical properties are presented in Gme-
line? or Mellor's book®. W.Machu described the
manufacturing and applications of metal perborates
in his book®. Sodium and magnesium perborates
are used industrially for bleaching purpose.
However, the thermal analysis for metal perborates
has been litle studied, though the thermal decom-
position of sodium perborate was reported by this
author®. Potassium perborate was prepared bya
method similar to that employed for sodium salts,
but the chemical constitution was different. C. von
Girsewald? obtained 2KBO; - HyO and 2KBO; »
H;0; « The latter compound deflagrated at 150C
to 160°C, when rapidly heated, but if heated slowly,
the active oxygen is quantitatively evolved. It was
felt from our search of the literatures that little at-
tension was paid to the thermal decomposition of
potassium perborate. The aim of this paper is to
study the thermal decomposition of potassium per-
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borate as well as to obtain the kinetic data.

2. Experimsntals

2.1 Moterials used and preparation of the

perborate

Potassium meta borate and hydrogen peroxide
obtained from Nakai Chemicals were chemical reag
ent grade. Potassium perborate was prepared by
mixing 100ml of the saturated potassium meta bo-
rate solution with 50m! of 35wt% hydrogen perox-
ide solution. Under cooling by ice, 150m] of meth-
anol was added to the mixture solution to precipi-
tate potassium perborate crystals. The precisitate
was filtrated, washed with methanol and dried in
vacuum at room temperature for 24 hours. The
chemical analysis of potassium perborate was
done by the standard volumetric method. The pu-
rity was above 97. 3% as for the peroxide content.

2.2 Thermal analysis

Thermal analysis for the decomposition of pota-
ssium perborate is the same method as described
carlier?. O; gas was measured by a gaschromato-
graphy at elevated temperatures in He flow.

2.3 Kinetic measurement

Three kinds of the method were used to obtain
the kinetic data as well as to observe the catalytic
effect of the reactant, the solid or gaseous products.
The first one is to measure the extent of reaction
from the chemical analysis of the reactant. The
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second one is to measure the weight loss on TG
under isothermal condition. The last one is to use
gas burette method® by which the volume of gas
evolved is measured.

3. Result

3. 1 Thermal analysis

The DTA and TG traces of potassium perborate
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Fig. 1 DTA and TG curves, and three curves of
evolved gas analysis (GB), Oz gas evolved
(GCG) and the perborate decomposed
(CA) at elevated temperaters.
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Fig. 2 Mass spectra at three different temperatures,
(a) at 140°C, (b) at 150C, (c) at 180°C.
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are shown in Fig. 1 (a). The DTA trace has two
exothermic peaks at around 140 °C and 250 C, re-
spectively. The TG trace has also two weight loss
regions corresponding to the DTA trace. The ob-
served weight loss at 300 'C was 27. 3% which is
agreed with the calculated value of 28. 7% based on
the follwing overall scheme:

2KBO; + Hy O3 =2KBO;+H;0+3/20,

The final product was KBO; identified by X-ray
diffraction. Fig. 1 (b) shows the three curves cor-
responding to O, gas evolution, the decomposition
of peroxide and the evolved gas analysis. The ini-
tial temperature at which eithe.r the CA curveis fall-
ing or both GCG and GB curves are rising, is the
same as that of DTA and TG. However, these curves
have not two distinct regions unlike DTA and TG.
It is suggested from this fact that two step reactions
may occur consecutively and may partly overlap
each other.

In Fig. 2, mass spectra are shown under various
temperatures. It should be noted that (1) the evolu-
tion of Q3 is the largest, (2) the mass peak 34, that
of hydrogen peroxide was detected, and (3) the
evolution of H3 O increased with the evolution of
hydrogen peroxide.

3.2 Kinetic measurement

The kinetics of the decomposition of potassium
perborate were measured under three different
methods as stated in Experimentals.

It is revealed that the kinetic law obeys the first-
order reaction, In (1—a)=kt(1), regardless of the
different methods used. Fig. 3 shows the applica-
bility of the equation (1), from which the linearity
is proved to be good. The Arrhenius plots are
shown in Fig. 4. All of the observed points were
fitted on the same line. The activation energy and
logarithm of preexponential factor were determined
to be 33. Okcal/mol and 32. 55, respectively.

4. Discussion

4.1 The decomposition mechanism

The decomposition scheme of potassium perbo-
rate was deduced on the basis of the resultsobtained
from the thermal analysis, X-ray diffraction, mass
spectrometry, the evolved gas analysis and chemical
analysis of peroxide as follows:

(i) 2KBOj, + H3 O3 =2KBO; - H3 03+ 03

(100°C~)
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Fig.3 The first-order plot.

(a) Measured from the perborate decomposed by the method

of chemical analysis and (b) Measured from weight

TG.

(ii) 2KBO; H;0,=2KBO;+H;0; (200C~)

(iii) HyO3=H;0+1/20; (200C~)
The suggested mechanism is consistent with the
result of mass spectra and other measurements.
The reactions ( i ) and (ii) may occur consecutive-
ly and partly overlap. The reaction (ii) was con-
sidered because hydrogen peroxide was detected
by the mass spectrometer. The reactions (ii) and
(iii) may occur simultaneously.

4.2 Kinetic measurement

It was found that the kinetic law obeyed the same
rate law, the first-order reaction, independent of
three different methods adopted. The Arrhenius
plot was fitted on the same line. It was deduced
from these facts that the catalytic effect of the react-
ant and the products including both gaseous and
solid phases on the decomposition, was not recog-
nized. In contrast to the decomposition of sodium
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loss on

perborate, the rate constants of each reaction step
(i) and (ii) or (iii) could not be obtained in the
decomposition of potassium perborate. It is not
sure to which reaction step the rate constant derived
from this experiment belongs. This rate constant
may be rather called as overall one. The rate deter-
mining step may be deduced to be the reaction (ii),
taking both the temperature ranges studied and the
activation energy into account.

5. Conclusion

The solid state decomposition of potassium per-
borate occures in three steps, expressed by the fol-
lowing equations:

(i) 2KBO; - H; 03 =2KBO; + H; 03+ 0,

(ii) 2KBO; » H;0,=2KBO;+H, 0,

(iii) H303=H,;0+1/20,
The rate law obeys the first-order reaction. The
catalytic effect of the reactant, gaseous productsand

IRARG20E



x1031/7,x
e —
1.9 2.0 2. 2.2

CA
-1 o~ GB
- ®~ T6
n
el -
E
r 3
(-2 B
~l.3}
-4

-5F

Fig. 4 Arrhenius plot.
CA is derived from the measurement of the
perborate decomposed by chemical analy-
sis; GB from that of volume of gas evolved
by gas burette; TG from weight loss meas-
urement.

solid products on the decomposition was not recog-

nized. The rate constant, & was derived as 1. 37

X 1014 exp ( — 33000, cal/mol/RT), min~! The

rate determining step was deduced to be the reac-

tion (ii).
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(i) 2KBO; - H; 0,=2KBO, - H1 0,+0;

(ii) 2KBO; - H;03=2KBO;+H3;0;
(iii) H;0:=H;0+1/20,
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