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Stability testing of sodium percarbonate is required in order to predict the perfor-
mance of the product. The results in this note demonstrate that microcalorimetry can be 
used to assess the stability of mixtures of SPC and Zeolite in terms of heat flow. The results 
were found to be in agreement with conventional stability testing including analysis of the 
hydrogen peroxide content by iodometric titration.

Introduction
Sodium percarbonate (SPC) is used as an oxidising bleaching agent in many ap-

plication, e.g. laundry and automatic dishwasher detergents. Detergents usually include a 
variety of ingredients such as tensides, enzymes and perfumes. In order to increase the ef-
ficiency of tensides inorganic absorbers such as Zeolite are commonly added to trap Ca2+/ 
Mg2+ in the washing water. However, Zeolite can also trap Fe2+/Fe3+as well as H2O and both 
of these might reduce the stability of SPC although the main destabilising effect is probably 
caused by water. A number of patents on coating procedures and manufacturing conditions 
can be found in the literature. The purpose of this study was to evaluate microcalorimetry 
as a tool for studying the stability of SPC samples.

2Na2CO3 * 3H2O2(s) "   2 Na2CO3(s) + 3H2O2 (1) 	 k1, ∆H1 	 (1)

3H202(1) " 3H2O(l) + 1.5 O2(g)			   k2, ∆H2 	 (2)

Na2CO3(s) " 2Na+(aq) + CO3
-2(aq)			   k3, ∆H3 	 (3)

Background
SPC is an adduct between sodium carbonate and hydrogen peroxide. The overall de-

composition of SPC is highly exothermic. In the presence of water dissolution of SPC oc-
curs under formation of sodium carbonate and liquid hydrogen peroxide (reaction 1). The 
hydrogen peroxide formed is unstable and will decompose under formation of water and 
oxygen (reaction 2). For this reason the decomposition of SPC can be regarded as autocata-
lytic. The decomposition of hydrogen peroxide is wanted during use but must be avoided 
during transportation and storage. This is done by keeping the relative humidity low.

The hydrogen peroxide is an acid that will dissociate to HOO- and H+ (pKa=11.62 
at 25°C), The HOO- formed can oxidise double bonds of chromophoric groups responsible 
for yellowing of textile fibres. This reaction is termed the bleaching step and the amount of 
oxygen available for bleaching is termed active oxygen.
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Conventional stability testing versus microcalorimetry 
Conventional stability testing of SPC includes oven aging at an elevated tempera-

ture and controlled relative humidity and regular removal of samples for analysis of hydro-
gen peroxide content by iodometric titration. In contrast to this technique microcalorimetry 
makes use only of one sample and stability data is obtained continuously in terms of heat 
flow, i.e. from start of reaction throughout the test. 

Calorimetry is a non-specific technique and thus, the monitored heat flow reflects 
contributions from all physical processes and chemical reactions. For this reason the moni-
tored heat flow will reflect the influence of manufacturing conditions (granular size, surface 
coating etc) as well as experimental parameters (sample amount, atmosphere, temperature 
etc).

Experimental
Samples consisting of 1:1 mixtures by weight of SPC and Zeolite were used for all 

measurements if other not indicated. SPC differing in granule size and surface coating were 
used. 0.5 g of SPC and 0.5 g of Zeolite was loaded into 4 ml disposable glass ampoules 
which were subsequently sealed using a standard lid. Mixing was done by shaking the am-
poules for 2 minutes. Small 0.3 ml glass vials (microhygrostats) partly filled with saturated 
cupper chloride solution were inserted into the ampoules in order to control the relative 
humidity close to 70 % at 30°C. Precautions were taken to avoid any contamination of 
the SPC sample with the salt solution. Microcalorimetric measurements were performed 
with TAM III - a multichannel microcalorimetric system that allows up to 48 samples to be 
studied in parallel. 4 ml minicalorimeters were used for the measurements. The microca-
lorimetric measurements were run continuously at 30°C. After one week the samples were 
moved to a block heater kept at the same temperature. After 2 and 3 weeks respectively the 
ampoules were moved back to the calorimeters for continued measurements. These mea-
surements were run for shorter periods.

Results and Discussion
The influence of Zeolite on the stability of SPC was tested by performing a set of 

three experiments. SPC, Zeolite and a 1:1 mixture of SPC and Zeolite were loaded into 
glass ampoules which were sealed at ambient atmosphere and subsequently loaded into the 
calorimeters. 

Figure 1 shows the response in heat flow at low relative humidity from SPC, Zeolite 
and a mixture of the two. The mixture shows a much larger response compared to the pure 
samples indicating the destabilizing influence of Zeolite on the SPC. The heat flow shows 
a small autocatalytic effect indicating the influence of water formed during decomposition 
of hydrogen peroxide. It is concluded that Zeolite has a destabilising effect on SPC. 

The influence of humidity on the stability of SPC was studied by preparing two 1:1 
mixtures of SPC and Zeolite. A microhygrostat partly filled with saturated cupper chloride 
solution was loaded into one of the ampoules in order to control the relative humidity close 
to 70 %. The second ampoule was closed in ambient atmosphere. 

Figure 2 shows that the stability of the SPC sample exposed to increased humidity 
from the microhygrostat is reduced significantly compared to the sample which was pre-
pared under low relative humidity (ambient atmosphere). The results show that in order to 
prolong the life time of SPC the relative humidity must be kept low. 

In order to increase the stability of SPC it is common to apply a surface coating on 
the percarbonate granules. The main purpose is to prevent the granules for exposure to water 
vapour and catalytic impurities. Two different grades of SPC were used, one without coat-
ing and one with a protective surface coating of sodium sulphate. Two experiments were 
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performed in order to check the 
repeatability; 1:1 mixtures of 
each of the two grades of SPC 
and Zeolite were prepared and 
loaded into glass ampoules. Mi-
crohygrostats were added to all 
ampoules in order to control the 
relative humidity close to 70 %. 

Figure 3 shows that the 
magnitude of the heat flow 
curves is lower for the coated 
sample indicating the protective 
influence of the coating. Further-
more, the almost overlapping 
curves of each experiment indi-
cate an excellent repeatability. 
The somewhat less repeatability 
of the non-coated samples is in 
agreement with similar varia-
tions in the peroxide content of 
non-coated samples subjected 
to oven ageing. 

To check the reliability 
of microcalorimetry as a tool for 
stability testing of SPC samples 
a set of samples (1:1 mixtures of 
SPC and Zeolite) representing 
different manufacturing and ex-
perimental conditions were pre-
pared. A similar set of samples 
were prepared and stored in an 
oven at 30°C and 70 % relative 
humidity during a four week 
period. Samples were removed 
after 1, 2 and 4 weeks and the 
hydrogen peroxide content was 
determined using iodometric ti-
tration. 

Figure 4 shows that a 
close relation between the mi-
crocalorimetric response and 
the hydrogen peroxide content 
was found for all samples studied. SPC samples showing a high hydrogen content, after 
storage in hot and humid climate, are considered to be more stable than samples contain-
ing a lower content of hydrogen peroxide. These samples did also exhibit heat flow curves 
of lower magnitude. The close relation between the hydrogen peroxide content and the 
magnitude of the heat flow indicates that the heat flow monitored reflects the rate of decom-
position of the hydrogen peroxide. Furthermore, the microcalorimetric data shows that the 
stability of SPC can be predicted from microcalorimetric data after only a few hours/days 
of measurement.

Figure 1. Influence of Zeolite on the stability of SPC 
at 30˚C. The ampoules were sealed under ambient 
atmosphere. Heat flow normalised with respect to 
the total amount of sample is shown versus time.

Figure 2. Influence of humidity on the stability of 
SPC samples (1:1 mixtures per weight of SPC and 
Zeolite) at 30˚C in ambient atmosphere. The micro-
hygrostat was partly filled with a saturated copper 
chloride solution. Specific heat flow (normalized 
with respect to the total amount of SPC) is shown 
versus time.
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Conclusions
Microcalorimetry has 

proved to be a well suited tech-
nique for multi sample stability 
testing of sodium percarbon-
ate samples. The influence of 
humidity, surface coating, and 
granular size on the stability 
of various sodium percarbon-
ate samples could all be deter-
mined. The microcalorimetric 
results obtained for a range of 
different samples were all in 
agreement with results obtained 
by conventional stability test-
ing including oven aging and 
analysis of the hydrogen perox-
ide content. Several advantages 
of using TAM III for stability 
testing of sodium percarbon-
ate compared to conventional 
stability testing can be distin-
guished. A major advantage is 
that the same sample is used 
during the entire measurement. 
Another advantage is that TAM 
III offers multi sample stability 
testing - up to 48 samples can 
be studied in parallel. Further-
more, microcalorimetry offers 
stability data to be monitored 
continuously from start of reac-
tion throughout the test. The ex-
cellent long-term stability of the 
calorimeter makes it possible to 
perform also long-term mea-
surements for extended periods, 
e.g. weeks, although the stabil-
ity in the present study could be 
predicted after only a few days.

Figure 3. Influence of a 
protecting surface coating on SPC samples (1:1 mixtures per weight of SPC and Zeolite) 
at 30˚C under humid conditions. Specific heat flow (normalised with respect to the total 
amount of SPC) is shown versus time. The double curves represent repeated experiments.
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Figure 3. Influence of a protecting surface coating 
on SPC samples (1:1 mixtures per weight of SPC 
and Zeolite) at 30˚C under humid conditions. Spe-
cific heat flow (normalised with respect to the total 
amount of SPC) is shown versus time. The double 
curves represent repeated experiments.

Figure 4. Comparison of the stability of various 
SPC samples in terms of heat flow and residual 
amount of hydrogen peroxide. Specific heat flow 
(normalised with respect to the total amount of 
SPC).
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