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ABSTRACT OF THE DISCLOSURE 
A detergent composition, preferably phosphate-free, is 

built using conventional builders, optionally including an 
organic sequestering agent, and contains as the active 
System a coacervate system containing an alkyl or alkyl 
aryl polyoxyalkylene carboxylic acid and a non-ionic de 
tergent. The coacervate system is suitable for washing 
fabrics and for use in automatic dish washing machines. 

This is a continuation-in-part of application Ser. No. 
58,202 filed July 24, 1970, now abandoned. 

This invention relates to a detergent composition, more 
particularly to a heavy-duty househould detergent com 
position containing a particular active system and which 
is preferably phosphate-free. 
Many detergent compositions have been formulated 

over the past 25 years and those sold commercially for 
household use have employed as the active system mainly 
anionic Surfactants, typically alkyl-aryl sulphonates and 
long-chain alcohol sulphates. 

In accordance with the present invention, the active 
System is provided by a coacervate consisting of two essen 
tially non-ionic surfactants. The members of the coacer 
vate active System are an alkyl or alkyl-aryl polyoxy 
alkylene carboxylic acid or derivative thereof and a dif 
ferent non-ionic surfactant. 
The alkyl or alkyl-aryl polyoxyalkylene carboxylic acids 

may be represented by the formula: 

: i. R. R. R-O--d-di-O--d-: O g-i-cooh 
Li, l, J. l, k L. l 

where R is a long chain alkyl radical or long chain alkyl 
aryl radical, R1, R2, R3, R4, R5 and Rs are each hydrogen 
or a lower alkyl radical and may be the same or different, 
m is a small integer and n is a number. 

Typically R is a long straight chain alkyl group con 
taining from 8 to 30 carbon atoms, particularly 8 to 18 
carbon atoms and more particularly from 12 to 18 carbon 
atoms. R also may be a branched chain alkyl group, such 
as a tridecyl group. In addition, R may be an alkyl phenyl 
group in which the alkyl group is an octyl, nonyl, or do 
decyl group. Mixtures of compounds having different R 
groups may be employed. 

R1, R2, R3 and R4 are usually each hydrogen, although 
one or more of such groups may be lower alkyl groups, 
such as methyl or ethyl. It is possible that the alkyleneoxy 
chains include units in which some of the carbon atoms 
have alkyl groups attached thereto and some solely hydro 
gen. Such chains may include blocks in which each unit 
has at least one of the carbon atoms substituted by an 
alkyl group and blocks in which each unit has unsubsti 
tuted carbon atoms. Alternatively, such chains may in 
clude the above-described units in random order. 

in may have an average value which is a whole number 
but need not be. A typical range of average values of n 
is 1 to 9, with about 3.5 to 7.5 being preferred. 

Rs and Rs are usually hydrogen, although each may 
be a lower alkyl group, such as methyl or ethyl. m gen 
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2 
erally is 1, although it may be another small integer, 
generally not exceeding 3. 
Such alkyl and alkyl-aryl polyoxyalkylene carboxylic 

acids may be formed by alkoxylation of the corresponding 
long chain alkanol or alkyl-arylol, such as by ethylene 
oxide, propylene oxide or mixtures thereof used simulta 
neously or sequentially, followed by carboxylation of the 
resulting alcohol. Alkylene oxides other than ethylene 
oxide or propylene oxide, for example, butylene oxide, 
may be employed, but it is preferred to employ these 
materials. 

Particular preferred alkyl polyoxyalkylene carboxylic 
acids are those formed by ethoxylation of a C to Ca 
long chain alkanol with from 4.5 to 8.5 moles of ethylene 
oxide. Ethoxylation is a well known and well described 
process and need not be further described. The resulting 
alkyl polyoxyalkylene alcohols, which are themselves non 
ionic surfactants and may be used as the non-ionic sur 
factant part of the coacervate system, are converted to a 
sodium salt of a carboxylic acid of the above formula by 
the Williamson synthesis, involving reaction with a halo 
carboxylic acid, usually monochloracetic acid, generally 
in the presence of sodium hydroxide or metallic sodium. 
The free acid may be recovered from the sodium or other 
alkali metal salt by neutralization. 
The alkyl or alkyl-aryl polyoxyalkylene carboxylic acids 

may be used as the free acid in the formulations or in 
the form of salts, such as an amine salt, for example, 
with monoethanolamine or an alkali metal salt, for ex 
ample, the sodium salt. These materials frequently are 
liquid in the free acid form and often solids in the alkali 
metal salt form. 
The other component of the active system is another 

non-ionic surfactant. One preferred form of this other 
component is the alkoxylated product of a long chain alkyl 
phenol. Such long chain alkyl groups generally contain 
more than 8 carbon atoms, typically the octyl, nonyl or 
dodecyl groups. The alkylated phenols may be formed 
by alkylation of the phenol with the corresponding olefins. 
Another preferred form of the second component is an 
alkoxylated long chain alkanol. 
The alkoxylation generally is performed using ethylene 

oxide or propylene oxide. Such alkoxylation processes are 
well known and need not be further described. A typical 
non-ionic detergent used in the systems of the present 
invention is that formed by ethoxylation of octyl or nonyl 
phenol with from 3.5 to 15 moles of ethylene oxide. 
The long chain alkanol may be straight or branched 

chain and typically contains from 8 to 30 carbon atoms, 
preferably from 12 to 18 carbon atoms. Ethoxylation with 
3.5 to 15 moles of ethylene oxide yields a preferred prod 
luct. 
A coacervate is a hydrophilic sol in which one liquid 

is dissolved or suspended in another. The coacervate active 
system used in the compositions of the invention consists 
generally of a homogeneous sol of the two components, 
although the sol may be heterogeneous. The system may 
be formulated by mixing together the alkyl or alkyl-aryl 
polyoxyalkylene carboxylic acid or salt thereof and the 
non-ionic detergent in the weight ratio of 6:1 to 1:6, par 
ticularly about 4:1. 

It has been found that the above-described coacervate 
active system has a detergency superior to the sum of the 
components of the system. 
The active system may be formulated to provide heavy 

duty household washing detergents using additives. The 
resulting formulation may be in free-flowing solid form 
or liquid form, depending on the nature and quantity of 
the additives. Many additives have been commonly used 
in detergent formulations and many of these materials 
may be used in making formulations incorporating the 
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present invention. Such additives may be alkalis and fillers, 
such as, phosphates, sulphates, silicates and carbonates, 
oxygen release compounds, soil suspension agents, optical 
brighteners, tarnish inhibitors, softeners, foam stabilizers 
and germicides. 
The phosphates used in the formulation of household 

detergents generally have been mainly sodium tripoly 
phosphates and to a lesser extent tetrasodium pyrophos 
phate or mixtures thereof. 
The phosphates used in the formulation of household 

detergents generally have been mainly sodium tripoly 
phosphates and to a lesser extent tetrasodium pyrophos 
phate or mixtures thereof. The phosphates have a number 
of effects, such as sequestering calcium or magnesium ions 
in the water, redissolving insoluble salts of these metals 
in the fabric washed, deflocculation of insoluble ma 
terials, such as clay, emulsification of oils and peptization 
of solids. Commercially available heavy-duty household 
detergents contain up to 60% by weight of phosphates, 
generally around 40 to 50%. 
The presence of phosphates in household detergents 

is alleged to be linked with the growth of algal blooms 
in water bodies. Such allegations have resulted in a search 
for suitable replacement materials. In at least one juris 
diction a complete ban on the presence of phosphates in 
detergents has been called for. 

In the built compositions based on the active system 
disclosed above, phosphate materials may be present, but 
it is preferred to replace such phosphate by organic 
sequestering or chelating agents, for example, the sodium 
or other alkali metal salt of the acids, nitrilo triacetic acid 
(otherwise known as NTA), ethylene diamine tetracetic 
acid (otherwise known as EDTA), diethylene triamine 
pentacetic acid (known as DTPA), hydroxyethylene di 
amine triacetic acid (known as HETA) and hydroxy 
ethylene amino diacetic acid (known as HEADA). 

It also is possible in certain instances to omit such 
sequestering or chelating agents altogether and obtain 
a product having satisfactory detergent properties. 
The quantity of organic chelating agent present in the 

composition depends to a large degree on the quantities 
of the other components present. 
The sulphate used may be sodium sulphate. The sul 

phate mainly is present as an inert filler but may have 
some effect on the foaming and detergency properties of 
the final product, depending on the nature and quantities 
of the active materials present. 
As mentioned above, another class of builders used are 

silicates. Silicates have the ability to soften water by the 
formation of precipitate which may be readily rinsed 
away. In addition, silicates are able to Suspend soil in 
solution and prevent the redeposition of the soil on the 
cloth. In addition, silicates have a good buffering action. 
Lastly, silicates have the effect of inhibiting corrosion of 
steel and aluminum by the detergents or other materials 
present. Silicates therefore are very useful materials in 
the formulation. Sodium silicate has commonly been used, 
although potassium silicate has been employed. 

Further materials added as builders are carbonates. 
The carbonates generally used are sodium carbonate or 
soda ash, sodium bicarbonate, Sodium sesquicarbonate 
and potassium carbonate. These materials provide alkalin 
ity and also soften water by precipitation of calcium and 
magnesium carbonates, at pHs above about 9. The final 
formulation, constituted in accordance with the inven 
tion, generally forms an aqueous solution having a pH 
of about 9 to 10.5 when in the standard concentration 
of 1 cup (150 gms.) in 10 gallons of water. 

Oxygen-releasing compounds which may be present in 
clude sodium perborate. This material has a bleaching ef 
fect on the fibres and in addition adds to the alkalinity 
and buffering properties of the detergent. Other bleach 
ing materials may be incorporated into the composition. 
It is common practice in North America to use chlorine 
water as a bleach separately from the detergent composi 
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4. 
tion and hence these oxygen-releasing compounds often 
are omitted entirely. 
While the active system removes soil from the surface 

of fibres, it is often necessary to include in the built de 
tergent an anti-redeposition agent. The material almost 
universally employed for this purpose is carboxy-methyl 
cellulose (otherwise known as CMC). Commonly car 
boxy-methyl celluloses having an average degree of sub 
stitution (i.e. the number of carboxy-methyl groups added 
per glucose unit) between 0.4 and 0.6. The quantity of 
CMC present in the final composition is small, generally 
of the order of one-twelfth to one-tenth of the weight of 
active material. Other anti-redeposition agents include 
carboxyl-methyl-hydroxy-ethyl cellulose and polyvinyl 
pyrrollidone. 

In order not only to clean the fabric washed but also 
to brighten the appearance of the fabric, optical brighten 
ers commonly are included in detergent compositions and 
may be included in those of the present invention. The 
brighteners usually are dyestuffs which are absorbed by 
the fibres from the washing solution, but are not removed 
Subsequently during rinsing. The dyestuffs convert ultra 
violet light into visible light on the blue side of the 
Spectrum, thereby complementing any yellowishness pres 
ent in the fibre. 
Foam stabilizers generally take the form of alkylol 

amides. While these materials have little or no detergent 
power they act as foam boosters and increase the de 
tergency of the active ingredient synergistically. In addi 
tion, these materials act as skin-protecting agents, the 
emollient effect of the alkylolamides helping to overcome 
the skin defatting tendency of the detergents. Typical of 
such materials are coconut monoethanolamide (otherwise 
known as CMEA), coconut diethanolamide and coconut 
monoisopropanolamide. 

Other materials may be present in the compositions. 
For example, borax may be included as a buffering agent. 
In addition, borax may be used where water softening 
and detergent Synergism are required at lower pH values 
when the high alkalinity of other builders may irritate 
the skin. 

Recently a trend to include enzymes in detergent formu 
lations has developed in the detergent industry. Such en 
Zymes may be included in the formulations of the present 
inyention. Enzymes remove stubborn protein stains from 
fabric, such as blood, perspiration and egg-yolk by split 
ting the protein molecules into amino-acids. Such enzymes 
require time to act and this involves pre-soaking the fab 
ric prior to normal washing. In addition, many enzymes 
are Sensitive to phosphate materials and hence are com 
monly included in pre-soaking compositions separate from 
the normal Washing composition. Some phosphate-resist 
ant enzymes have been developed and are included in 
the normal detergent formulation. In the formulations of 
the present invention containing organic sequestering 
agents, such phosphate-sensitive enzymes may be in 
cluded. 
The built heavy-duty formulations of the present in 

vention generally contain the coacervate system as the 
main active system. It may be possible in certain cases, 
generally in the interests of economy, to replace part of 
the coacervate system by an anionic surfactant, typically 
an alkyl aryl sulphonate such as dodecyl benzyl sul 
phonate, or a non-ionic detergent different from those 
forming the coacervate system. 
The detergent compositions of this invention generally 

are in the form of a solid free-flowing powder. The in 
corporation of the coacervate active system into the ad 
ditives to form the powder. A number of techniques have 
been devised by the detergent industry to enable liquid 
active materials to be incorporated into the remaining 
materials to provide a powder product. 
There is a limit to the quantity of active material which 

may be incorporated into a powder, and this limit is de 
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pendent on the nature of the materials involved and on 
the method adopted. 
The two methods which are preferred for the formula 

tion of the powders are spray drying and drum drying. 
The coacervate is mixed with the required proportions of 
fillers, etc. usually omitting bleaches and optical bright 
eners which are blended later. This mixture then is spray 
dried. The spray drying process is used frequently in the 
detergent industry and its advantages and method of use 
are well known and need not be described further. 

In the drum process, the mixture is heated on the ro 
tating drum and the product generally is recovered in the 
form of flakes. 
Other methods include simple absorption of the liquid 

coacervate onto the inorganic salts. This methods is some 
what limited in its application and is generally not em 
ployed. 

It is also possible to mix previously dried coacervate 
with the other solid ingredients. In this instance, the co 
acervate is dried first and then mixed with the solids. This 
method again is limited in its application. 

In the formation of the built detergent composition, 
it has been found desirable first to form the coacervate 
system and then blend the system with the remainder of 
the ingredients. 
The detergent compositions of the present invention 

operate satisfactorily at temperatures above 65 F., and 
this may be employed as cold water detergents or in au 
tomatic or semiautomatic washing machines operating at 
elevated temperatures around 140 F. or higher. 

In addition, the coacervate system may be used to 
formulate low to medium sudsing dish washing materials 
for automatic dish washing machines. 
The present invention is further illustrated by the fol 

lowing examples: 
EXAMPLE 1. 

The following are typical formulations of built heavy 
duty household detergent compositions incorporating a 
coacervate system as the main active material (all per 
centages are by weight). These formulations are biode 
gradable. 
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6 
formed from the coacervate system described in Exam 
ple 1, four of which (9 to 12) contain no chelating agent, 
one of which (10) is low in alkali and one of which two 
(11 and 12) additionally contain a foam stabilizer. The 
numbers are in grams weight. 

TABLE II 
8 9 10 1. 12 

Coacervate----------------------- 120 120 120 120 333 
Hartopol A.B-80---- 13 3 13 113 ------ 
Sodium sulphate--- 470 620 920 620 620 
Sodium silicate... 180 180 180 175 75 
NTA tris0diums 150 ------------------------------ 
Soda ash 450 450 50 450 450 
CMC 8 8 8 8 8 
Tinopal 0.35 0.35 0.35 0.35 0.35 
Tinopal DMS-- 4.2 4.2 4.2 4.2 4.2 
CMEA--------- 4. 4. 

EXAMPLE 3 
Heavy-duty household detergent formulations in ac 

cordance with this invention were compared for washing 
efficiency with six well-known brands of detergent, one 
including enzymes and the others not. A number of differ 
ent stains, namely oil strain, coffee stain and dirt stain 
were imparted to a sample of bleached and finished cot 
ton fabric and a bleached and finished mixed 50-50 cot 
ton-polyester blend fabric. 
The samples each were washed in a top-loading auto 

matic washing machine for 25 minutes at 140 F. in Sam 
ples of water having 125 p.p.m. and 300 p.p.m. hardness 
using 150 g. of detergent. After washing, the fabric was 
rinsed and spin dried. Following tumbler drying, the 
fabric was subjected to reflectance measurements using a 
Zeiss EIrepho reflectometer against a standard magnesium 
oxide block at 457 mu on the visible spectrum under 
standard illuminant C (6700 K.). 

Cleaning efficiency is determined by the following 
formula: 
Percent cleaning efficiency 

Reflectance of washed cloths-Reflectance of soiled 
cloths 

Reflectance of clean cloths-Reflectance of soiled 
cloths 

The results are reproduced in the following Table III: 
(In the table the formulation in accordance with this in 

X100 

TABLE 
3 

Coacervate ---------------------- 12.0 8.0 
artopol AB-802. 6.0 6.0 

Sodium sulphate--- 42.7 33.2 
Sodium silicate.------ 6.0 12.0 
NTA trisodium salt- 10.0 10.0 
Soda ash 22.5 30.0 
CMC 3. 0.63 
Nonionic'------------------------------------------------ 
Tinopal R 0.023 
Tinopal DMS 6-- 0.279 
Borax-------------------------------------------------------- 
Calco fluorMR new.------------------ -------------------- 

The coacervate system used included ()C13-15 alcohol ethoxylated with 5.5 moles of ethylene oxide attached to CHCOOH and (ii) an octyl phenol ethoxylated with 52% by 
weight of ethylene oxide in the weight ratio 4:1. 

2 Eartopol AB-80 is a dodecylbenzylsulphonate. 
8 CMC is carboxymethyl cellulose and the material employed is marketed under the 

name Carboxei D-435. 
4 The non-ionic was one sold under the name Rexol 25-J and consisted of anonyl phenol 

ethoxylated with 9.5 moles (i.e. 62 to 64% by weight) of ethylene oxide. 
5, 6.7 These materials are optical brighteners. 

EXAMPLE 2. 
The following illustrates five further formulations 

vention identified as 13 is formulation 2 with 25 ccs of a 
5.25% solution of sodium hypochlorite added thereto.) 

TABLE III 
Formulations Standard products 

Pp. 2 8 g is A B o F 
oils; - - - - - - - - - - 125 68.6 71.7 ------------ 66.4 68.6 70.9 69.2 70.6 70.3 

- - - - - - - - - - - - - - - - - - - a-- a-- - - - - : S: S: , E. E. E. S. S. 33 
- - a V - - - - - - - - - - - .0 58.5 6.4 6-4 66.5 64.0 Cotton/polyester------------------- 300 59.9 58.8 51.4 62.0 57.0 54.5, 41.4. 49.4 53.2 38.0 

Coin: - - - 125 74.5 74.0 -...------- 75.8 70.8 76.2 77.0 78.8 77.5 

as a --- : 3:52:39.8403 E3 E3; ; ; ; ; ; M M V - - - - - - - - - - - - .0 63,7 69.0. 75.0. 75.3 76.2 Cotton/polyester------------------------ 300 49.5 46.0 5.5 75.0 65.5 44.0 55.5 71.0 69.2 69.4 

Dirst, - - - - - - - - - - - 125 89.4 90.2 ----------. 91.6 85.5 90.2 93.4 93.8 92.6 

as a -a - - - - - - - - - - - - - - - - - - - - - - - - - 2: 3:39:29: 3 g : ; ; ; ; - - - - - V 0 - - - - - - - - - - - - .2 82.6 87.2 88.6 87.8 88.6 Cotton/polyester-------------------- 300 84.8 87.5 86.5 86.2 88.8 86.5 87.2 90.0 88.5 88.0 
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EXAMPLE 4 

The foaming characteristics of the formulations 1 to 6 
in Example 1 were tested as against those of the three 
commercially available detergents A, B and C referred to 
in Example 3. 
An 0.3% concentrated solution in 125 p.p.m. hardness 

water was made up and shaken at 140 F. The volume of 
foam was measured initially and then after 5 minutes. 
The results are reproduced in the following Table IV: 

TABLEV 

0 min. 5mins. 

10.0 2.2 
9.5 2.4 
9.7 2.5 
9.4 2.3 
10.2 2.5 
8.3 1.9 
5.0 1.7 

16, 0 4.0 
3.0 40 
8.3 3.7 
7.5 4.3 
2.0 1.0 

EXAMPLE 5 
The following are typical formulations of built heavy 

duty household detergent compositions incorporating two 
different coacervate systems (all percentages are by 
weight). 

TABLEW 

14 15 

Coacerwate: 
A'. -------------------- 8.0 ---------- 
B.------------------------------ 8.0 

Soda ash.-- 50 50 
Sodium silicate 20 20 
CMC------------ 0.5 0.5 
Sesqui carbonate----------- 21, 5 21.5 

1 Coacervate A includes (). C13-1s alcohol ethoxylated With 5.5 moles of 
ethylene oxide attached to CHCOOH and (ii), an octyl pheno) ethoxy 
lated with 52% by weight of ethylene oxide in the weight ratio.4:1. 

Coacervate Bincludes (i) C-16 linear alcohol ethoxylated with 6.6 
moles of ethylene oxide and attached to CH3COOH and (ii) C11-13 linear alcohol ethoxylated to greater than 67% content of ethylene oxide, in 
the weight ratio of 4:1. 

In each case the coacervate system in acid form was 
first neutralized in situ with soda ash before the addition 
of the other builders. 

EXAMPLE 6 

Washing tests utilizing formulations 14 and 15 from 
Example 5 above were conducted on oil stained cotton 
and 50-50 cotton/polyester swatches. 
The samples each were washed in a top-loading auto 

matic washing machine at 140 F. in water having 300 
pp.m. hardness and thereafter processed in the same 
manner as in Example 3. Reflectance measurements were 
carried out as described in Example 3. The results are 
tabulated below: 

TABLE VI 

Average value 
Formulation 14 
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46.6 Cotton --------------------------------. { 520 

Cotton --------------------------------- 50.7 
Polyester ------------------------------- 52.2 

8 
TABLEW-Continued 

Formulation 15 
53.4 

Cotton ------------------ as a sle - rena re - an - - - { 55.0 

Cotton --------------------------------- 53.7 
Polyester ------------------------ sal - - - an 54.4 

Modifications are possible within the scope of the in 
vention. 

I claim: 
1. A phosphate-free heavy duty household detergent 

composition in the form of a solid free-flowing powder 
and consisting of 0 to about 43.7% by weight of sodium 
sulphate, about 6 to about 12% by weight of sodium 
silicate, 0 to about 20% by weight of the trisodium salt of 
nitrilotriacetic acid, about 10 to about 44% by weight of 
soda ash, 0 to about 6% by weight of borax, the total 
Sodium salts content being about 77.7 to about 85.2% of 
the composition, up to about 2% by weight of an anti 
redeposition agent, up to about 0.3% by weight of opti 
cal brighteners, 0 to about 0.27% by weight of a foam 
stabilizer and about 14 to about 20% of detergent active 
components consisting of (a) about 8 to about 20% of a 
coacervate system consisting of (i) an alkyl polyoxyethyl 
ene acetic acid or amine or alkali metal salt thereof, in 
which the alkyl group contains from 12 to 18 carbon 
atoms and containing from 4.5 to 8.5 oxyethylene groups 
and (ii) and alkyl phenol in which the alkyl group con 
tains from 8 to 12 carbon atoms ethoxylated with from 
3.5 to 10 moles of ethylene oxide, the weight ratio of 
(i): (ii) being about 4:1, (b) 0 to about 6% by weight of 
an alkyl aryl sulphonated anionic surfactant and (c) 0 to 
about 6% by weight of an ethoxylated alkyl phenol non 
ionic detergent other than component (ii) of said co 
acervate System, said composition when dissolved in water 
in the proportion of 150 grams to 10 gallons of water pro 
viding an aqueous solution having a pH of about 9 to 
10.5. 

2. The composition of claim 1 wherein said coacervate 
System consists of (i) a C18-15 alcohol ethoxylated with 
about 5.5 moles of ethylene oxide attached to a 

-CHCOOH 
group and (ii) an octyl phenol ethoxylated with about 
52% by weight of ethylene oxide, in the weight ratio of 
4:1. 

3. The composition of claim 2 wherein said alkyl aryl 
Sulphonate is dodecylbenzyl sulphonate. 

4. The composition of claim 2 wherein said non-ionic 
detergent is a nonyl phenol ethoxylated with about 9.5 
moles of ethylene oxide. 
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