The chemical components of detergents and their roles in the washing process

Laundry detergents are formulated from six groups of substances
. surfactants
bui | ders
bl eachi ng- agent s
enzynes
fillers
other mnor additive

Sur f actants

Are organic chenicals, obtained through conplex chem cal reactions, from oil or
fat raw materials. They have wetting, enulsifying and dispersing properties,
enabling the renoval of dirt ("soil") from fabrics and keeping the soi
suspended i n the washi ng wat er.

Detergents usually contain several types of surfactants such as soaps (anionic),
al kyl benzenesul phonate (anionic), ethoxylated fatty alcohols (non-ionic). The
mxture is carefully balanced to control foanming and provide the appropriate
washing efficiency (for the required washing tenperatures, types of fabric and
wat er hardness), at a price the consuner is willing to pay.

However, surfactant efficiency is very nmuch reduced in hard water and their
detergent properties are not conplete even in soft water.

Bui | ders

Buil ders are key detergent conponents which renove the calcium and nagnesi um
ions presents in hard water and in soils, thus lowering the concentration of
surfactants necessary to perform the detersive action. Sone builders also
prevent the deposition of calcium and magnesium salts on fabrics and washi ng-
machi nes.

Sodi um tripol yphosphate (STPP) is the nobst wdely used builder and, i
conjunction with surfactants, allows nodern detergents to performefficiently i
all washing conditions, allowing the use of other essential ingredients to b
m ni m sed.

STTP also plays a nunber of other roles in detergents including nmaintaining
al kalinity during washing (assists the renoval of fatty soils), protection the
washi ng machi ne agai nst corrosion, helping to suspend dirt in the wash water and
prevent it redeposing on fabrics.

Zeolite A (a sodium aluminium silicate) is a synthetic builder, wused i
phosphate-free detergents, necessarily in conjunction with other chenmicals. |
nost nodern P-free detergents, zeolite is used with PCAs (polycarboxylates), bu
ot her chenicals have also been used in sone detergents, for exanple NTA (nitril
tri acetic acid), EDTA, sodiumcarbonate, citrate ...

Zeolite absorbs, by ion-exchange, sonme of the calcium (but not the nagnesiun
present in hard waters and soils, but the rate at which it is able to absorb
calcium ions is nmany tinmes slower than for STPP. Neither does it perform the
other roles played by STPP in detergents. It is thus significantly |ess
efficient than STPP and its use without any other change in the detergent
formula would result in generally poor detergency and a severe increase of
deposits on fabrics.
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Bl eachi ng _agents

Bl eaching agents elinmnate stubborn stains and ensure hygiene by Kkilling
bacteria through a chemical oxidation performed by a peroxygen generator,
usual ly sodium perborate. The latter is usually active only above 60°C and so,
for lower washing tenperatures, an activator is added : eg. tetra acetyl
et hyl ene di ani ne (TAED).

Enzynes

In particular : proteases, |ipases and anylases. Catalyse the degradation of
sone stains and thus facilitate their elimnation.

Ot her conponents

Used in small quantities to ensure specific wash enhancing properties,
essentially :

enzyme stabilising agents ;

fl uorescent whitening agents which enhance the whiteness of fabrics and
prevent natural yell ow ng

anti-redeposition agents : cel l ul ose derivatives (such as
car boxynet hyl cel | ul ose) which help repel dirt fromfabrics

anti foans such as silicone to control the level of foam so that the
washi ng machi ne can operate properly ;

perfunes ;
corrosion inhibitors, such as sodiumsilicate.

Fillers

Enabl e the adjustnent of the active matter in the detergent to the doses used.
Filler products include sodium sulphate in powders, water and solvents in
liquids.
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STPP  ( phosphat es) ful fil sever al I npor t ant functions in
det er gent s

- counteract the effects of calcium and magnesium salts present in hard water
and in soils, thus allowing surfactants to function correctly. Phosphates
prevent these ions conmbining with surfactants and rendering these inactive.
They also condense to increase the surface activity of surfactants.
Phosphat es thus enabl e the detergent to actually wash correctly.

- prevent the deposit of calcium and magnesi um incrustations on fabrics and on
the washi ng nmachi ne’ s heating el enents

- stabilise alkalinity at the correct |evel throughout the washing process thus
giving good soil renmpoval and enabling the other conponents of the detergents
to function effectively

- "anti-redeposition" properties. Phosphates help break up large particles of
dirt into smaller ones, which can be washed out, and they help prevent fine
dirt particles from conbining and thus keep them in suspension in the wash
wat er. Phosphates also help emulsify oily materials. Deposits on fabrics trap
dirt and provide a breeding ground for bacteria. In addition, they cause
washed fabrics to becone harsh, grey, and to wear out nore quickly

- help the efficient manufacture, storage and use of detergents by stabilising
detergents' physical properties.

- facilitate dissolving of detergents. Phosphates are highly soluble, and so
facilitate and accelerate the dissolution of the detergent in the wash water,
ensuring optiml performance. This is particularly inportant in tablet
formul ati ons, where the tablets nust remain hard to handl e, but dissolve very
rapidly on contact with the wash water in order to disperse the concentrated
surfactants they contain.

- redissol ve cal ci um and nagnesi um conpounds present in the washing machi ne from
previous washes, thus reactivating any renmaining detergents and inproving
det ergent perfornance.

No other single chenical offers all, or even nost, of these different
properties, so that P-free detergents systematically contain a nunber of
“ new chemicals as well as necessitating a conplete change and

rei nforcenent of other elenents of the fornul ati on.

The formul ati on of phosphate-free detergents

After 30 years of research no adequate substitute for STPP has been found : that
is, a single substance which can take its place in a detergent fornula wthout
requiring other wundesirable additions to the formula and w thout decreasing,
bel ow an acceptable level, the |l evel of cleanliness and hygi ene achi eved.

In fact, a phosphate-free formula is wusually conpletely different from a
phosphat e-contai ning one, using several new chemcals along with a different
bal ance of existing ones, with a series of changes being necessary to resolve
the successi on of problens which ari se when STPP is not used.

Phosphate-free fornulations as a general rule contain sonme or all of the
foll ow ng chem cal s
- Zeolite A as a principal builder, this is an artificial, insoluble

compound based on alum niumand silicate

- PCAs (polycarboxylates), non-biodegradeable I|ong chain petrochemca
nmol ecul es, wused to reduce deposition of calcium and nmagnesium salts
which result fromthe poor ion renoval properties of zeolite A

- reinforced surfactant system : higher total surfactant |oad and/or
nmodi fi ed proportions of different surfactants

i ncreased enzynme content

perborate activators added or |levels increased to inprove bl eaching.
sodi um carbonate to maintain alkalinity

- smal|l anounts or increased | evel s of organo-phosphates and citrates




| TYPI CAL LAUNDRY DETERGENT FORMULATI ONS ( CONVENTI ONAL POWDERS)

% P- BASED P- FREE change
SCDI UM TRI POLYPHOPHASTE ( STPP) 20- 25 0 - -
ZECQLI TE 0 25 + +
POLYCARBOXYLATES ( PCAs) 0 4 + +
ORGANI C PHOSPHONATES 0to 0.2 0.4 +
SCDI UM SI LI CATE 6 4 )
SODI UM CARBONATE 5 15 + 4+
SURFACTANTS 12 15 +
SCDI UM PERBCRATE 14 18 +
ACTI VATOR 0to 2 2.5 + +
SCDI UM SULPHATE 1to 24 9 - -
ENZYMES 1 0.5 +
ANTI REDEPCSI TI ON AGENTS 0.2 1 0
OPTI CAL BRI GHTENI NG AGENTS 0.2 0.2 0
PERFUNVE 10 0.2 0
WATER 5

| TYPI CAL LAUNDRY DETERGENT FORMULATI ONS ( COVWPACT POWDERS)

% P- BASED P- FREE change
SODI UM TRI POLYPHOPHATE ( STPP) 50 0 0
ZEQLI TE 0 20- 30 +
PCOLYCARBOXYLATES ( PCAs) 0 5 +
ORGANI C PHOSPHONATES 0 0.2 -
SCDI UM SI LI CATE 5 4 0
SCDI UM CARBONATE 4 15- 20 + +
SURFACTANTS 14 15 0
SCDI UM PERBORATE 10 13 *
ACTI VATOR 3 5 + +
SCDI UM SULPHATE 4 5 -
ENZYMES 0.8 0.8 +
ANTI REDEPOSI TI ON AGENTS 1 1 0
OPTI CAL BRI GHTENI NG AGENTS 0.3 0.3 +
PERFUVE 0.2 0.2 0
WATER 8 5 0

* the nonohydrated perborate bl each used in conpacts is significantly nore

used in conventionals.

power ful tetrahydrated perborate
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The environnental inplications of chemcals used in P-free
detergents

Because phosphates fulfil several inportant functions in a detergent, there is
at present no known single chenical "substitute". The production of a phosphate-
free detergent necessarily involves the inclusion of a nunber of conplex, new
chemicals and a conplete restructuring on the detergent's fornula, often wth
significant increase in other existing ingredients.

For each of these chemcals, there are a nunber of environnental uncertainties
or other disadvantages exenplified by the follow ng possible effects :

Zeolite A:
I ncreases suspended solids.
May cause fouling of pipework.
Significantly increases sludge volunes in sewage treatnents plants.

Make di sposal of sludge nore difficult (lower <calorific wvalue if
incinerated, |ower value as fertiliser if spread on fields).

In order to conpensate for its shortconings as a detergent builder, the use of
zeolite A necessitates the addition of two or nore of the foll owing chem cals

Pol ycar boxyl ates - PCAs :
Very poor biodegradability.
Can prove difficult to renpbve in sewage worKks.
May accunul ate in sl udge.

Anal ytical techniques inadequate and ultimate fate in the environnment
uncertain.

Phosphonat es :
Poor |y bi odegradabl e.
NTA, EDTA :
Can nobilise heavy netals.
Build up in aquatic environment.
Heal th and environmental risk difficult to evaluate by possibly significant.
EDTA is very poorly bi odegradabl e.
NTA bi odegrades poorly in certain conditions.

NTA banned or |limted in several countries (State of New York,
Switzerland ...)

bot h EDTA and NTA are not authorised in detergents eligible for the European
Uni on Ecol abel

| ncreased concentrations of surfactants :

Significantly i ncrease bi ol ogi cal oxygen demand in water (BAD)
Significantly increase load on sewage works and on the environnent
(ecotoxicity).




