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B The most important active
oxygen products in washing
and cleaning

Table 1 lists the most important active
oxygen products used in detergents and
cleaning agents. In terms of volume, per-
carbonate and the perborates lead by a
considerable margin.

e Sodium Perborate Tetrahydrate

« Sodium Perborate Monohydrate

* Sodium Percarbonate

e Caroat®

 Hydrogen Peroxide

 N,N-Phthalimido-peroxy-hexanoic
acid (PAP)

Table 1 Active oxygen products in
laundry and detergent formulations

B What are active oxygen
products?

Active oxygen products are characterised
by the presence of a peroxy group (Fig. 1).
This is a highly reactive bonding form,
which produces the desired oxidising
and bleaching action in washing and
cleaning processes. The simplest techni-
cally manageable active oxygen com-
pound is hydrogen peroxide (H,0,). This
is a liquid product that is used as an ex-
tremely environmentally friendly oxi-
dant in various branches of industry; it
is, for example, the most favoured bleach-
ing agent in the paper and textile indus-
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Abstract

cals. In the evaluation of these products in media publications of

consumer organisations (such as »Stiftung Warentest« or »0eko-
test« in Germany), environmental aspects play an important role, with at-
tention focusing also on the bleaching components. Sodium perborates
and sodium percarbonate, for example, make up a significant proportion of
the chemicals used in the detergents industry, with consumption in Europe
of the order of 550,000 t pa (calculated as sodium perborate tetrahydrate).
The present article provides an overview of the most important active oxy-
gen products, which, on account of their bleaching action, remove a variety
of stains; they also have a deodorising effect and contribute significantly to
laundry hygiene.
Sustainability depends to some degree on safe handling of chemicals. Be-
cause of the reactivity of active oxygen products, safety assessments and
safety measures, particularly for the transport, storage and processing of
large quantities, are of major importance.

D etergents and cleaning agents are archetypal environmental chemi-
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Fig. 1 Chemical structure of hydrogen proxide, sodium perborate and
sodium percarbonate
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tries. Itisalso used in disinfection of food
packaging, in the cosmetics industry as
a bleach, and in the detergents and
cleaning industries in liquid bleach addi-
tives.

Sodium perborate is a solid »carrier« of
H,0,. Sodium perborate is a »true« per-
oxy compound in the sense that the per-
oxy group is linked to the borate carrier
by a chemical bond (1). This chemical
bond, which is, moreover, part of a 6-ring
system, imparts to the perborate very
high stability and a relatively low ten-
dency to decomposition. It is highly sta-
ble in storage even in washing powder
formulations.

The first washing powder with active
oxygen and therefore with an incorpo-
rated bleach component was introduced
by Henkel as Persil in 1907. The product
was initially formulated with sodium
perborate tetrahydrate, thus the conven-
tional and laborious grass bleaching
could be displaced.

In grass bleaching, the washing is spread
out on grass and moistened with water.
In this moist medium, atmospheric oxy-
gen is converted into hydrogen perox-
ide and ozone, by high-energy sunlight
in a reaction catalysed by chlorophyll (2)
(Fig. 2).

Sodium perborate tetrahydrate, and sub-
sequently also sodium perborate mono-
hydrate, have established themselves as
bleaching components in the detergents
industry in twentieth-century Europe.
Over the last ten years, sodium percar-
bonate, another solid »carrier« of hydro-
gen peroxide, has gradually replaced
perborate in many formulations. Percar-
bonate will be described in more detail
below.

Fig. 2 »The Lawn Bleach« -
Max Liebermann (1847-1935)
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B The importance of active oxygen
products in washing and
cleaning

In countries where wash temperatures
are very low, such as the U.S., Japan and
parts of southern Europe, hypochlorite
bleaches continue to predominate, al-
though perborate and percarbonate are
also used in many cases. Hypochlorite
has a strong bleaching action at these
wash temperatures and is of decisive
importance for laundry hygiene; how-

ever, it has the disadvantages of damage
to colour and fibres, and a pronounced
odour of chlorine.

When dissolved in the wash or cleaning
liquor, perborates and percarbonate re-
lease hydrogen peroxide. This is capable
of removing by oxidation a number of
tenacious stains such as those caused by
tea, coffee, various types of fruit, toma-
toes, etc. from the textiles or materials
to be cleaned (Fig. 3).

Colorants in tea, coffee, fruit, etc. are
very strongly fixed at the surface of the
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Fig. 3 Bleaching with perborate and percarbonate
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fibre and are not readily released from
the fibre by surfactants. The chromophores
in these stains are generally compounds
with conjugated double-bond systems
(Fig. 4). On oxidation of the double bonds,
these lose their chromophoric properties
and are therefore bleached (3). At the
same time, the oxidised form of the stain
can sometimes be more easily detached
from the fibre.

The bleaching power of the hydrogen
peroxide formed in situ depends on the
temperature, pH, time and concentra-
tion. The most important factor is the
temperature. Optimal bleaching action is
attained at wash temperatures of 95°C
(Fig. 5). However, on account of the tem-
perature-sensitive synthetic fibres and
textile dyes that are commonly used to-
day, and the need to save energy, the
95°C wash is now only of secondary im-
portance (4).

To compensate for the reduced bleach-
ing action at lower wash temperatures,
detergents and cleaning agents general-
ly contain activators. The most impor-
tant activator used in Europe is TAED
(tetraacetylethylenediamine). In the al-
kaline wash liquor, TAED reacts with hy-
drogen peroxide in situ with formation
of peracetic acid. This attains its optimal
bleaching action at temperatures as low
as 40-60°C.

Peracetic acid is also an excellent disin-
fectant and therefore contributes signif-
icantly to laundry hygiene.

Fig. 6 shows a selection of possibilities for
activating perborate or percarbonate. The
TAED method described above is the clas-
sical chemical activation method. It caus-
es organic peracids to be released in situ
in the wash liquor. The use of TAED is es-
tablished in Europe. In the U.S., by con-
trast, the predominant activator is NOBS
(nonanoyloxybenzene sulfonate in the
form of the sodium salt), an ester com-
pound that releases the medium-chain
pernonanoic acid on reaction with hy-
drogen peroxide. TAED and NOBS to-
gether constitute more than 98% of the
activator market. Compounds very simi-
lar to NOBS are used in Japan.

TAED and NOBS are not sufficiently ac-
tive at low wash temperatures (below
30°C). The chemical activators suitable at
these temperatures are nitrile quats (5),
which release highly reactive imidoper-
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Fig. 6 Activation systems

carboxylic acids. However, the ecotoxi-
cological profile of some nitrile quat rep-
resentatives restricts the applicability of
this class of substances. Moreover prepa-
ration in granulate form represents a
considerable technical challenge.

Catalytic systems (6) offer a further op-
tion. Metal complexes, for example, have
proved valuable in automatic dishwash-
ing. Hydrogen peroxide, or preferably
peracetic acid, »dock« to the metal cen-
tre to form species with bleaching ac-
tion, such as oxo compounds. For laun-
dering purposes, however, the problems
of fibre damage have not been satisfac-
torily solved. Radicals may also be

scEnmded apeces
[2.g. metal complex)

formed that cause oxidative degradation
of the textile fibres.

Other powerful catalysts such as en-
zyme/mediator systems (e.g. laccase me-
diators for pulp bleaching) and oxygen
transfer reagents are also conceivable.
Possible radical formation from media-
tors, which givesrise to fibre damage and
the danger of toxic decomposition prod-
ucts when mediators are used, and high
costs inhibit their practical application.
Enzymes act in a highly specific manner.
Mediators are therefore necessary to ob-
tain a broad spectrum of action. Oxygen
transfer occurs with adequate efficiency
only via the peracetic acid formed from
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