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INFTRODUCTION

Over 50 years ago wash-day involved the boiling of predom-
inantly cotton textiles with products such as soap and soda
to effect the cleaning process. Washing machines were a
rarity. Today automatic washing machines, synthetic fibres
and tumble driers are part of everyday life, and cost-effective
washing products and conditioners are demanded by an
increasingly more discerning consumer.

A review of this market is particularly opportune now, as
the past two years have witnessed the growth of ‘green
consumerism’ and its impact on the detergent sector. This
paper concentrates on developments in Western Europe but
with some references to the situation in the United States
and Japan.

Work by German chemists in both World Wars 1 and 2
pioneered development of synthetic detergents from oils
and fats; sodium lauryl sulphate (derived from coconut fatty
alcohol) was an outcome of this technology. Tide, the first
synthetic powder detergent, was based on the use of sodium
laury! sulphate as the surfactant component and phosphate
as a detergent ‘builder’. This rapidly spurred-on the devel-
opment of other detergent materials such as the tetrapropyl-
ene-derived, branched-chain alkylbenzene sulphonates,
anti-redeposition agents, fluorescent brighteners and addi-
tives to improve the storage and processing of detergent
powders.

The 1950s saw the unveiling of Wisk in the United States,
the first liquid laundry detergent. The launch of Wisk was the
stimulus for a proliferation of heavy-duty liquids, few of
which survived. The arrival of these liquid products was also
influenced by the advent of blow-moulded plastic bottles as
areplacement for less attractive, less practical cans and glass
bottles. Whereas Europe in the 1950s predominantly washed
at high temperatures, the United States moved towards
lower wash temperatures that enabled coloured garments to
be laundered safely in automatic washing machines.

The most significant development in the West in the
1960s was the growing environmental awareness and con-
cern for bicdegradable detergent components to overcome
problems at sewage treatment plants and foam in water
courses. The result was an under-publicised and often
forgotten fact that the industry on both sides of the Atlantic
voluntarily changed from branched-chain alkylbenzene sul-
phonates. For nearly 27 years detergents have been based
on biodegradable surfactant components, contrary to the
impression given with some of the information supplied with
today's ‘green’ detergents, which would have one believe
biodegradability is something new and exclusive to these
products. This was among the first major environmental
moves by any industry and was ten years ahead of any UK
or EEC legislation. It should be noted, however, that some
countries in Africa and the Far East continue to use biolog-
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ically ‘hard’ (non-biodegradable) branched-chain alkyiben-
zene sulphonates even today.

The 1960s also saw an increased use of non-icnic
surfactants in some heavy-duty powders. At this time en-
zymes were beginning to be introduced into pre-soak formu-
lations, and some heavy-duty powders in the United States
also contained enzyme.

Today the Western European detergent and cleanser
market has a total value of approximately 20 billion Deut-
schmarks, of which 60-65% (approx. 4.3 million tonnes) is
in the laundry detergent sector. Europe represents only 10%
of the world's population, but it has a 27% share of the world
detergent market. While between 1980 and 1985 the
average growth rate for detergents in terms of value was
7.5%, a lower growth rate of about 4% was forecast for the
period 1985-90. In addition to demographic developments,
the increased awareness of environmental problems and the
associated reduced usage of detergents for cleaning prod-
ucts are primary causes for this slowing down in consump-
tion. The European market continues to be dominated by
three major ‘soapers’, namely Procter and Gamble (P & G),
Lever and Henkel. Figures for their market share in 1985
are shown in Table 1.

TABLE 1

European market share of
detergent producers

Market
Company share (%)
Procter and Garnble 28
Lever 24
Henkel 15
Colgate 5
Others 28

MODERN LAUNDRY PRODUCTS

Modern laundry products have to meet a broad range of

performance criteria covering the quick and effective remov-

al of dirt and stains, generally in an automatic washing
machine. Today's powders are sophisticated and complex
mixtures of many chermicals:

— Surfactants to aid soil removal and to keep loosened soil
in suspension; soil may comprise particulate dirt, body
soil, germs and bacteria, food, household and garage
stains, etc.

— Sodium sulphate as a cheap, inert filler, although high



sulphate levels can be a problem and produce soft TABLE 2
‘creepy’ powders
- Builders to remove calcium and magnesium ions from  Typical domestic powder detergent formulations
hard water and soiled clothes and to maintain the alkalin-
ity of the wash liquor at a level consistent with good
detergency
~ Anti-redeposition agents to prevent dirt being redeposit-
ed on the fabric from which it has been removed Component
— Bleach to remove coloured stains from tea, coffee, fruit
juice, etc. by rendering them colourless or soluble; special
activators for bleaches are required for effective low-  Surface-active agents® 14.00 13.00

temperature stain removal Sodium tripolyphosphate (STPP) 25.00
Zeolite®™ 25.00

Parts (by weight)

Phosphate Zero phosphate

- [Lluorescent brighteners to nrevent uellowigg by frans-

e - B e .




mechanical agitation, the onus for improved performance
falls on the detergent.

FABRICS AND WASH TEMPERATURES

The growth in the use of synthetic fibres and fibre blends
such as polyester/cotton, the application of textile finishes
and an increased trend towards coloured fabrics, as well as
energy-saving considerations, have all led to the lowering of
wash temperatures. It is estimated that only 5% of UK wash
loads are now ‘boil’ washed, with 70% of the wash being
carried out at temperatures of 50°C or lower. Up to the year
2000, cotton will continue to be the most important fibre,
accounting for nearly 50% of all textiles. As for the rest, it
is expected that there will not be any significant shift in the
synthetic fibre market over the next decade. Polyester fibres
have an approximately 50% share of the synthetic fibre
market whereas polyamide (26% share) has gradually
diminished in importance.

On the other hand, today’s fibre producers emphasise the
development of physical modifications of conventional syn-
thetic fibres and blends of synthetics with cotton. The fibre
industry is now working towards the improvement of wearer
comfort of synthetic textiles, in attempts to match some of
the characteristics of cotton or wool. Techniques include the
production of membranes or laminates, micro-fibre fabrics
(e.g. Trevira) and functional knitwear, all of which enable the
rapid transportation of body moisture through the textile.

Increased production of sports and leisure wear and
washable outer garments that can be machine washed as an
alternative to dry cleaning will increase in the 1990s, placing
further demands on both the detergent formulator and the
machine manufacturer.

DEVELOPMENT OF WASHING MACHINES

The good washing performance and the low energy and
water consumption of the automatic drum-type washing
machine will ensure its continued usage in the European
market for many years to come. Where the top-loading
agitator type of machine is still in use, gradual replacement
by the front-loader is to be expected. The European style of
washing machine is now being made in Japan. These
machines usually have built-in heating coils and have longer
wash cycles than their European counterparts. However,
replacement of the top-loading, heaterless Japanese ma-
chines by Eurcpean style front-loaders is proving slow to
take place.

The reduction in energy and water consumption of
European washing machines has also led to reduced deter-
gent consumption. The most up-to-date drum-type washers
circulate extremely small volumes of water, resulting in the
laundry being cleaned by ‘showering’; they also incorporate
dosage systems for heavy-duty liquid detergents. The pre-
dominance of drum machines also ensures the growth of
‘automatic’ powders (or liquids} in which low or controlled
foam profiles are essential for effective washing and rinsing.

LAUNDRY DETERGENT POWDER DEVELOPMENT
The increased use of synthetic fibres and blends with cotton
and the need to save energy have led to lower washing
temperatures and increased surfactant usage. Moves to-
wards non-phosphate or low-phosphate powders in parts of
Europe has involved the introduction of heavy-duty powders
containing an average of 13% by weight of surfactant, of
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which 7% would be the anionic linear alkylbenzene sulpho-
nate (LAS) and 6% non-ionic fatty alcohol ethoxylate based
on fatty alcohols of C4—C;5 carbon chain length, with an
average of 6-9 moles ethylene oxide. This compares with
typical phosphate-based detergents with 9% LAS and 3%
nen-ionic material.

Surfactants

As far as anionic surfactants are concerned, LAS will
continue to be the most important surfactant by volume in
the 1990s. The 1988 Aachen (Germany) symposium [1] on
the environmental effects of LAS concluded that 90% of
LAS from detergents is removed by conventional sewage
treatment and that the rest is virtually completely biodegrad-
able in top soil, with half-life values varying from 3 to 25
days.

Nevertheless, it is expected that anionics based on renew-
able feedstocks will make inrcads into the traditional
LLAS market. This will include long-chain fatty alcohol
sulphates derived from both tallow and palm oil. In Germany
in particular, powder detergents based on salts of o-sul-
phonated fatty acids and esters to replace LAS are well
established.

On the petrochemical front, alternatives to LAS based on
a linear, highly biodegradable alkyl chain include paraffin
(alkane) sulphonates and a-olefin sulphonates. Paraffin sul-
phonates are produced commercially and used in powder
detergents in continental Europe. However, these materials
cannot be produced using conventional sulphonation plants
and the highly specific, highly capital-intensive production
units required for their manufacture will limit their prolifer-
ation. In the past feedstock limitations, processing costs,
product consistency and concern over sulphone by-products
has limited the development of o-olefin sulphonates. Japan
seems to be the only country in which they have made any
impact in the detergent field.

With non-ionic surfactants for use in European heavy-
duty detergents, an increased in the use of low ethoxylated
non-ionics has been apparent. The more hydrophobic non-
ionics are more effective in oil and grease removal, partic-
ularly at lower washing temperatures.

Alkylpolyglycosides are a new class of non-ionic product
derived from glucose, a ‘renewable raw material’, which are
expected to gain increasing use in both laundry and other
cleaning products in the 1990s. They have a performance
similar to conventional non-ionics and are very mild to the
skin. In July 1989 Henkel acquired the alkylpolyglycoside
(APG) technology from Tate and Lyle (previously Horizon
Chemicals, a division of A E Staley). APG capacity from this
unit is approximately 1300 tonnes but in the longer term
Henkel is planning an approximately 25 000 tonne produc-
tion unit, scheduled to be on-stream in 1992. Trials of APG-
containing detergents are currently in progress in Europe.

Builders

Despite the fact that phosphate-built detergents remain the
most cost-effective type of laundry product, phosphate has
increasingly lost its importance in Western Europe, the
United States and Japan due to legislation or voluntary bans.
Sodium tripolyphosphate (STPP) not only softens water but
assists by complexing with soils and dirt and suspending
them in the wash liquor. thus preventing redeposition and
greying of the fabric. However, in slow-moving rivers and in



lakes excessive phosphate levels have lead to eutrophication
of the water: a marked increase in plant and algal growth.
Detergents are only a minor source of phosphates, with
over-zealous use in agriculture being a major contributor in
this problem.

In the UK eutrophication (excess nutrients) is limited to a
few areas such as the Norfolk Broads and Lough Neagh in
Northern Ireland. The Lund report of 1979 and the Moss/
Lund revision of this report [2] in 1990 provide an excellent
overview of the UK situation. It was concluded that general
removal of phosphate from detergents (20-25% of phos-
phorus entering UK waters) to tackle eutrophication would
be futile since the problem would persist owing to the
presence of phosphate from agriculture (50-60%), human
waste (20-25%]) and other minor sources. Phosphate strip-
ping at sewage works is seen as the only effective way of
removal from rivers and lakes, a technique well tried and
used throughout Sweden. In the 1990s it is likely that
phosphate-free powders will gain wide acceptance inthe UK
market, but eutrophication by detergent phosphates is not
regarded as a problem in the UK.

Even today, no single substitute can match the perform-
ance of phosphate. Nevertheless manufacturers in the UK
have cut down the phosphate contents of their detergents by
around half to 20% in recent years, not so much for
environmental reasons but to introduce more cost-effective
formulations. The main demand for replacement builders
has been in continental Europe, where Switzerland has
banned phosphates completely and in ltaly a maximum of
1% phosphate is permitted. Non-phosphate detergents now
account for around two-thirds of the sales of heavy-duty
powders in Germany following legislative action, and in the
Netherlands up to one-third of powders are phosphate-free
following a voluntary agreement with the manufacturers.

The main phosphate replacement is a zeolite/sodium
carbonate/polycarboxylate blend {3]. The consumption of
zeolites, hydrated aluminosilicates, is growing at an estimat-
ed 20% annually in Europe, and considerable investment in
their production is in hand. Degussa AG (Germany) is
doubling capacity to 150 000 tonnes per annum, whereas
UCB and Solvay of Belgium have a joint venture with the
Montedison subsidiary Ausidet SpA to start-up a 40 000
tonnes per annum zeolite plant in Belgium in 1990. Ausidet
already produces 75 000 tonnes per annum of zeolites in
[taly. PQ Corporation in the USA now produces up to
85 000 tonnes per annum, but only 55-60% of US zeolite
capacity is currently in use.

The consumer frequently underdoses detergent. At
recommended dosage levels, phosphate and non-phos-
phate detergents show equivalent soil removal characteris-
tics. However, in under-use conditions the drop in
performance of the phosphate-free product is greater than
with the phosphate-based product. On the other hand,
phosphate-based products at low dosage rates can lead to
deposits of sparingly soluble calcium phosphate on the
fabric, leading to incrustation and greying of the fabric over
several washes.

Recent patents have reflected the growing development
of co-builders, with their increased environmental accepta-
bility in terms of biodegradability and general environmental
compatibility. NTA (nitrilotriacetic acid) and EDTA
(ethylenediamine tetra-acetate) have both been promoted as
co-builders with zeolites, but minimal performance advan-

tages plus concern regarding their ability tc sequester heawy
metal ions have limited their acceptability.

In the United States up to 32% of the population is
affected by phosphate bans. Partly as a result of this. sodium
citrate [4] has been developed over the past five years as an
alternative builder, particularly in liquid products, represent-
ing 38% of the total market. Citrate usage in Europe is
limited with Pfizer (Ireland) currently being able to satisfy all
of Europe’s demands.

The composition of STPP- and zeolite-based powder
detergents are given in Table 4. ASTM Terg-o-tometer
detergency scores show the performance of the STPP-based
detergent to be comparable with that of the zeolite-based
product, at 1.5 g/ dosage levels (40°C/150 mg/| calcium
as calcium carbonate, calcium:magnesium ratio 2:1).

TABLE 4
Compostions of typical STPP and zeolite-based
detergents
Parts (by weight)
Component STTP  Zeolite
Sodium tripolyphosphate (STPP) 25.0
Zeolite A 30.0
Non-ionic¢ surfactant
{Cya_15 alcohol + 9EQ) 2.0 11.0
Anionic surfactant (sodium
alkylbenzene sulphonate) 12.0 3.0
Soda ash 10.0 15.0
Silicate (RU) 5.0 50
Polyacrylate (MW4500) 0.5
Carboxymethylcellulose 1.0 1.0
Sodium sulphate 45.0 34.5

Anti-redeposition agents

Apart from the surfactant and builder systems helping to
prevent dirt and soil returning to the fabric, other anti-
redeposition agents can be employed. The redeposited soil
on cotton fabrics tends to be essentially particulate in nature,
whereas on synthetics it tends to be of a fatty composition.
Blends of anti-redeposition agents such as carboxymethyl-
cellulose for cotton and ethylhydroxyethylcellulose for poly-
ester are particularly effective in maintaining the whiteness
of fabrics.

Bleaching agents [5]

Bleaching is one of the most important processes in textile
washing and involves removal of coloured stains, which are
mainly of natural origin. The physico-mechanical action of
cleaning agents alone cannot remove these materials, which
act like dyestuffs and are chemically bonded to the fibre.
These chromophores have to be degraded by chemical
means. A separate bleaching with sodium hypochlorite is
still popular in the United States whereas in the UK and most
of Europe powders containing peroxygen bleaches have
been well established for many years.
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Stain removal may be effected by chemicals with both
oxidising and reducing properties. Use of sodium hypochiorite
and other hypochlorite salts is more restricted nowadays as
they can have an adverse reaction on fabric dyes and on the
fibre itself, also they are not compatible with other detergent
components requiring a separate bleaching step. In addition
they can lead to fibre yellowing.

In Europe and Japan bleaching is performed using inor-
ganic peroxides. These materials may be considered to be
providers of hydrogen peroxide in a solid form that is
convenient to handle, and hence can be readily incorporated
into powder products. In practice the most effective product
is sodium perborate, which in the form of its tetrahydrate
(PBS-4) was the first solid peroxide developed on an indus-
trial scale and was the only one used for many years.

More recently two other peroxy compounds have been
developed on an industrial scale: sodium percarbonate
(PCS) and sodium perborate monohydrate (PBS-1). The
terms perborate monohydrate and tetrahydrate are not
strictly correct as perborates are real peroxides of the
general structure shown in Figure 1. Conversely percar-
bonate is a simple adduct of sodium carbonate and hydrogen
peroxide, and so has much lower stability than perborates
and is more often used as a separate bleaching agent. With
the progressive reduction in washing temperatures in auto-
matic machines from 85-90°C to about 50°C, PBS-4 alone
became ineffective, as it only develops good bleaching
performance at temperatures in excess of 70°C (Figure 2).

2Na*  x Hgo

where x = 6 for PBS-4 and x = 0 for PBS-1

Figure 1 — Structure of perborates
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Figure 2 — Effectiveness of stain removal as a function of
temperature (washing machine tests/red wine stain)

To ensure effective bleaching action at 60°C or below,
development work was directed at retaining perborate but
improving its low-temperature performance by addition of
ingredients able to react with peroxide in solution and to
form more effective bleaching agents in situ. This reaction
is known as perhydrolysis and results in the formation of
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peracids. The peracid precursors are known as bleach
activators, many of which have been synthesised and patent-
ed, but few produced on an industrial scale. The most
commonly used activator is tetra-acetvlethylenediamine
(TAED) (Figure 3) [6-8], which forms peracetic acid from
peroxy compounds by the mechanism shown in Scheme 1.

H3COC, COCH,

N—CH,—CH,—N_

H,coC” COCH,4

Figure 3 — Tetra-acatylethylenediamine (TAED)

HsCOC,_ _COCH,
“N—CH,—CH,—N + 2H;0p —=
HsCOC COCH,
TAED
o H,COC COCH,

2 HC—C—-0-0OH + HN—CH, —CH, —NH

Peracetic acid Inactive

Scheme 1

Another bleach activator is penta-acetylglucose (PAG),
which also vields peracetic acid by reaction with PBS (Figure
4). However, its use seems to be limited, possibly due to
problems of storage stability in powder formulations. The
latest type of bleach activator, nonanoyloxybenzene
sulphonate (SNOBS), has been introduced into powder
washing detergents in Germany. In this case, perhydrolysis
affords nonanoic peroxyacid (Scheme 2). This acid is more
effective than peracetic acid, possibly due to its surface
active properties.

H,COC
0
COCH,
H,COC
H,COC COCH;

Figure 4 — Penta-acetylglucose (PAG)

NaOSS—QOCOCEHW + HO, —
SNOBS
0
NaOSSOOH + H;y7,Cq—C—O—0H

Scheme 2

Much effort has been directed towards avoiding activa-
tor/peroxide interactions by the development of granular
forms of suitable shape and size, but these have not com-
pletely solved the problem. Activators are also expensive
when compared with other ingredients, and hence less than
the stoichiometric ratio of activator to perborate is used in
activated compositions. For example, a formulation for use



at 90°C (without activator) may contain 25% by weight of
perborate, whereas an activated blend for use at 60°C would
contain, say, 20% perborate and 2% TAED. Nevertheless,
this reduced level of activator still improves the bleaching
power in a perceptible way.

As phosphates were increasingly replaced by zeolites, it
was found that the latter have a negative effect on the
storage stability of PSB-4, resulting in loss of active oxygen,
water formation and caking. The mechanism for decom-
position is not yet known. The presence of sodium carbon-
ate causes further deterioration because of its relatively high
alkalinity. It has been subsequently found that the perborate
PSB-1 is best used with phosphate-free or low-phosphate
powders to avoid caking. In Western Europe PBS-1 con-
sumption {1988) was about 40 000 tonnes (equivalent to
60 000 tonnes of PBS-4 or 10% of total PBS-4 sales}.

With rapid bleaching now being required in the 40-60°C
range, newer peracids with higher oxidation potentials and
hence faster bleaching kinetics are being evaluated. These
properties are not easy to combine and compounds such as
the magnesium salt of mono-peroxyphthalic acid (known as
H48) and diperoxydodecandioic acid (DPDDA) have not
met all the required criteria. Low-temperature bleaching is
still an unsolved though very important problem.

In the United States, well established bleach-containing
European style detergents are now being introduced as the
latest state of art and billed as ‘'multi-purpose detergents’.
Procter and Gamble launched Tide with Bleach (perborate
activated with SNOBS) in January 1990, and Chlorox Super
Detergent is being test marketed in California by the Chlorox
company.

Detergent enzymes [9,10]

The concept of using enzymes in detergents dates back to
1913, although at that time only pancreatic enzymes were
available. In modern detergents proteases are used to digest
the protein that bind stains and soils to the fabric. Recent
work has confirmed that blends of proteases such as alcala-
se, esperase or savinase exhibit definite synergism, making
them more effective than single proteases used alone.

The growth of heawy-duty liquid detergents (HDLDs) has
afforded further opportunity for the use of enzymes. Work
has been undertaken to overcome storage stability prob-
lems, caused by the denaturing of the enzyme protein by
alkaline ingredients and sequestrants. Protected enzyme
systems have been developed in which the enzyme is
dispersed in a silicone matrix that does not dissolve on
storage of the detergent. Under wash conditions the matrix
is disrupted and the enzyme released.

Further developments in HDLD formulations involve the
use of amylases to increase the efficiency of removal of
starch-based stains, e.g. food stains. Novo has developed the
detergent amylases Termarnyl and BAN. More recently
lipolase has been developed to further assist in stain remov-
al. Lipolase is a fat-splitting genetically-engineered enzyme
that is regarded by Novo Industri A/S, its Danish producer,
as a breakthrough. Initial results suggest lipolase performs
well in some formulations but badly in others.

Today at least one cellulase {celluzyme) has been devel-
oped to offer a good softening effect on cotton fabric. It also
has a colour brightening effect and is active in the removal
of particulate soil by removing the microfibrils from the
cotton fibres.

Heavy-duty liquid detergents [11,12]

Liquid laundry detergents were launched in North America
on a large scale about 15 years ago. Rapid market accept-
ance led to a market share of approximately 20%, which
remained static until about 1984 . Thereafter further product
innovation has led to liquids gaining approximately 40% of
the market today. The new liquid brands are also linked with
the names of other successful powder types, namely Tide,
Surf and Dynamo. Such liquids offer good performance to
match phosphate-free and bleach-free powders. The US
market is dominated by built-liquids with high surfactant
levels {in excess of 40% in one top brand).

Europe, the UK in particular, was initially slow to accept
liquids. However, with product improvements and a high
marketing profile, the growth of liquids in Europe has been
dramatic in the 1980s, with more than 25% of the UK
detergent market now accounted for by liquids, whereas in
Germany the figure is in excess of 20% and in France about
10%. The swing to liquids has also boosted consumption of
non-ionic surfactants. It is predicted that the non-ionics'
share of the detergent market will reach 30%, with anionics
accounting {or 60% and cationics 10%.

There are four classes of liquid currently available:

— Structured liquids with phosphate builder

— Structured liquids with zeolite builder

- Concentrates based on soap, non-ionic and anionic
surfactants and very low builder levels

- Concentrated soap (non-ionic mixtures in which soap is
the major component),

Products with added fabric conditioner have also intro-
duced recently.

Performance tests confirm that a built-liquid is essential to
meet the performance of a powder product at equivalent
dosage levels. Stain removal is greatly enhanced by incor-
poration of enzymes, but the benefit of bleach in a powder
is very clearly seen in detergency tests and is probably one
of the reasons for the limited acceptance of liquids, partic-
ularly in Europe. A gap exists in the market place for a good
liquid detergent containing bleach.

It has been recently reported [13] that ICI researchers
hope to patent a new bleach formulation that will permit
sodium perborate, the conventional washing powder
bleaching ingredient, to be added to liquid laundry deter-
gents. Trials of this structured liquid bleach (SLB) have vet to
be undertaken, but it is clear that it cannot be used in
biological detergents due to potential interaction of SLB
with enzymes.

The future of heavy-duty liquids seems assured, although
the formulations currently sold (in general) still do not match
the perfcrmance of powder products. However, recently
introduced higher-density, phosphate-free, sulphate-filler-
free products, sold on the back of ‘less bulk/less packaging’,
do seem fo reap a performance penalty. This is most likely
due to a lack of surfactant, since there are not enough
inorganic solids to carry the desired level of surfactant liquids
and keep a free-flowing product.

Environmental considerations will be increasingly impor-
tant in the future development of liquid products. The
environmentalist ‘bandwagon’ may lead to more low-phos-
phate or phosphate-free formulations even in areas where
eutrophication is not a problem. All surfactants currently in
use exhibit excellent primary biodegradation, but builder-
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free formulations imply higher levels of surfactant and hence
more pressure on the sewage works. Likewise, ultimate
biodegradation to carbon dioxide and water may become
the vardstick by which the envoronmental acceptabilty of
household detergents are judged, and could influence the
choice of surfactant components in the future. Packaging of
liquids in plastic bottles is environmentally less acceptable
than powders in cartons. Higher-density powders can also
be packaged in much smaller carton sizes. However, in-
corporation of effective bleaching systems into liquids will
increase their attractiveness. Work has already been carried
out to produce non-aqueocus phosphate-containing liquid
concentrates [11] and patents have been published by ICI,
Unilever and Colgate, although none have been commer-
cialised yet. For example, with these concentrates the
contents of an 800 ml bottle would be sufficient for about 20
washes, compared with current liquids in a 3 | bottle or
powder in a 6-8 1 box to achieve the same washing power.
If the consumer can be persuaded to use smaller quantities
then cost-effective performance will result. Economies in
transportation, storage and supermarket display space will
also accrue.

CONCLUSIONS

The last two years have seen the greatest changes in
domestic laundry products since the voluntary introduction
of biodegradable surfactants over 25 years ago. This is
reflected in the diversity of washing products available, not
only in powder or liquid form, but also designed for special-
ised areas such as the coloured/fine wash sector and the
machine washing of wool garments. Environmental concerns
have been addressed, and the labels on detergent packages
and bottles provide consumers with information on product
content and biodegradability. Nevertheless, there is still a
degree of ‘negative labelling’ and inaccurate statements,
which must leave the consumer very confused at times.
Fortunately the problem of environmental labelling is being
addressed by the EC, although agreement may take time to
achieve.

Looking behind commercial claims and counterclaims we
see developments both in the powder and liquid fields that
address the basic problems of washing efficiency at lower
temperatures, reduced bulk and packaging, development of
higher-density powders or non-aqueous liquid concentrates,
even more effective detergency by optimising surfactant
choice and levels, blends of enzymes and more effective
bleaching systems. This very competitive market will clearly

witness a continued high level of product development to
ensure both the real and perceived consumer needs of the
1990s are fully met.
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