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This invention relates to cleansing and laundering com 
positions, and more particularly, cleansing and launder 
ing compositions containing polyelectrolyte builder mate 
rials that serve to enhance the cleaning capacity of deter 
gent compounds. - 
The property possessed by some materials of improving 

detergency levels of soaps and synthetic detergents and 
the use of such materials in detergent compositions is 
known. Such cleaning boosters are called “builders." 
“Builders' permit the attainment of superior cleaning 
performance both as regards quality of finished work and 
lower cost, than is possible when so-called unbuilt com 
positions are used. 
The behavior and mechanism by which builders per 

form their function is not fully understood although sev 
eral explanations for their behavior are available. Never 
theless, an unequivocal criterion does not exist which 
would permit one to perdict accurately which class of 
compounds possess valuable builder properties and which 
compounds do not. 

This may be explained in part by the complex nature 
of deterency and the countless factors which contribute 
to overall performance results. Builder compounds have 
been found to have some effect, for instance, in such 
areas as stabilization of solid soil suspension, emulsifi 
cation of soil particles, the surface activity of aqueous 
detergent solutions, solubilization of water-insoluble mate 
rials, foaming or Sud producing characteristics of the 
washing solution, peptization of soil agglomerates, neu 
tralization of acid soil, and the inactivation of mineral 
constituents present in the washing solution. Thus, any 
theoretical discussion of the boosting capacity of a builder 
compound should give due consideration to all the signifi 
cant individual actions involved in the detergent process 
and must apply equally to all usual conditions of soil 
ing and washing. 

Examples of known builder materials are water-soluble 
inorganic alkaline builder salts which can be used alone 
or in combination, including alkali metal carbonates, 
borates, phosphates, polyphosphates, bicarbonates and 
silicates. 

Examples of known organic builder materials are alkali 
metal, ammonium or substituted ammonium aminopoly 
carboxylates, e.g., sodium and potassium ethylenediamine 
tetraacetate, sodium and potassium N (2-hydroxyethyl)- 
ethylenediaminetriacetate, sodium and potassium and tri 
ethanolammonium - N - (2-hydroxyethyl)-nitrilodiacetate. 
Alkali metal salts of phytic acid, e.g., sodium phytate, 
are also suitable as organic builders. 
The ever increasing interest in built detergent composi 

tions has resulted in an expanding list of available builder 
compounds. Despite the expanding list, however, cer 
tain disadvantages and shortcomings are recognized in 
known builder compounds. Perhaps the most widely 
acknowledged limitation regards the series of condensed 
inorganic polyphosphate compounds such as alkali metal 
tripolyphosphates, and higher condensed phosphates. 
These compounds, which constitute the most widely com 
mercially used builders when used in detergent composi 
tions have a strong tendency to hydrolyze into less con 
densed phosphorus compounds which are relatively in 
ferior builders and, which may, in fact, form undesirable 
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precipitates in aqueous washing solutions. Such lower 
forms include orthophosphate. 

it is a primary object of this invention to provide a new 
and improved class of polyelectrolyte builder compounds. 
A further object is to provide a new class of highly effec 
tive polyelectrolyte builder compounds comprising water 
Soluble salts of polymeric aliphatic polycarboxylic acids, 
as described hereinafter. Another object is to provide 
built detergent compositions containing members of the 
newly discovered class of polyelectrolyte builder mate 
rials. These and other objects will become apparent from 
the following detailed description of the invention. 
The attached drawing, FIGURE I, is a graph showing 

cleaning grades obtained as a function of builder con 
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centration of several representative polyelectrolyte builder 
compounds, as hereinafter more fully described. 

It has now been discovered that water-soluble salts of 
polymeric aliphatic polycarboxylic acids having certain 
specific structural relationships as to the position of the 
carboxylate groups and meeting certain requirements as 
to molecular weight and equivalent weight possess ex 
traordinary builder properties capable of enhancing the 
deterency levels of a broad spectrum of detergent sur 
factants. 
The water-soluble salt can be alkali metal or ammonium 

or substituted ammonium salt. The alkali metal can be 
Sodium or potassium. The salt can be used in a partially 
or fully neutralized form. - 

According to this invention, the essential structural 
features which are necessary in order for the water-soluble 
salts of polymeric aliphatic polycarboxylic acids to have 
builder properties are the following: 

(1) A minimum molecular weight of about 350 cal 
culated as the acid form. 

(2) An equivalent weight of about 50 to about 80 
calcuated as the acid form. 

(3) At least 45 mole percent of the monomeric species 
comprising the polymer aliphatic polycarboxylic acid 
Species having at least two carboxyl radicals separated 
from each other by not more than two carbon atoms. 

(4) And, the site of attachment to the polymer chain. 
of any carboxyl-containing radical being separated by not 
more than three carbon atoms along the polymer chain 
from the site of attachment of the next carboxyl-contain 
ing radical. Specific groups of compounds satisfying the require 
ments set forth above and illustrating the novel builder 
compounds of this invention are listed below: 

(a) Water-soluble salts of a homopolymer of an ali 
phatic polycarboxylic acid having the following empirical 
formula: 

X Z. 

--d- 
y door n 

wherein X, Y, and Z are each selected from the group consisting of hydrogen, methyl, carboxyl and carboxy 
methyl; at least one of X, Y, and Z being selected from 
the group consisting of carboxyl and carboxymethyl, pro 
vided that X and Y can be carboxymethyl only when Z 
is Selected from carboxyl and carboxymethyl; wherein 
only one of X, Y and Z can be methyl, and wherein n 
is a whole integer having a value within a range, the 
lower limit of which is three and the upper limit of 
which is determined primarily by the solubility char 
acteristics of the salts in an aqueous system. 
Examples of these compounds are water-soluble salts 

of the following aliphatic polycarboxylic acids: Poly 
(maleic acid), poly(itaconic acid), poly(mesaconic acid), 
poly(fumaric acid), poly(aconitic acid), poly(methylene 
malonic acid), poly (citraconic acid), etc. 
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(b) Water-soluble salts of a copolymer of at least two 
of the monomeric species having the empirical formula 
described above in (a). Examples include (itaconic/ 
aconitic acid) copolymer, (itaconic/maleic acid) copoly 
mer, (mesaconic/fumaric acid) copolymer, (methylene 
malonic/citraconic acid) copolymer, etc. 

(c) Water-soluble salts of a copolymer of a member 
from a group of alkylenes and monocarboxylic acids with 
the aliphatic polycarboxylic compounds described in (a), 
said copolymers having the general formula: 

R it 7 
--- (--- 

H. R. (1-m) Y CO OHA in 

wherein each R is selected from the group consisting of 
hydrogen, methyl, carboxyl, carboxymethyl and carboxy 
ethyl; wherein only one R can be methyl; where in is at 
least 45 mole percent of the copolymer, wherein X, Y, Z 
are each selected from the group consisting of hydrogen, 
methyl, carboxyl and carboxymethyl, at least one of X, 
Y, and Z being selected from the group consisting of 
carboxyl and carboxymethyl, provided that X and Y can 
be carboxymethyl only when Z is selected from carboxyl 
and carboxymethyl; wherein only one of X, Y, and Z 
can be methyl; and wherein n is a whole integer within 
a range, the lower limit of which is three and the upper 
limit of which is determined primarily by the solubility 
characteristics of the salts in an aqueous system. 

In writing the formula above in subparagraph (c) there 
is no implication as to the order in which the components 
appear; such components may be regularly or randomly 
placed along the polymer chain. Moreover, the poly 
mers described herein can be linear polymers or they 
may even be of a branched or cross-linked variety, pro 
vided that they are soluble to the extent described here 
inafter as being necessary. 

Examples of compounds which suitably can be co 
polymerized with the polycarboxylic acids mentioned in 
subparagraph (a) and which do not interfere with de 
sirable solubility characteristics in aqueous systems are 
ethylene, propylene, acrylic acid, methacrylic acid, cro 
tonic acid, 3-butenoic acid, 3-methyl-3-butenoic acid. 
Specific examples of copolymeric compounds, wherein the 
ratios are mole ratios, are 1:1 copolymer of ethylene and 
itaconic acid with an equivalent weight of 79; a 1:1 co 
polymer of propylene and maleic acid with an equivalent 
weight of 79; a 1:3 copoiymer of acrylic acid and itaconic 
acid with an equivalent weight of 66; a 1:4 copolymer of 
3-butenoic acid and maleic acid with an equivalent weight 
of 61.1; a 1:9 copolymer of isocrotonic acid and citra 
conic acid with an equivalent weight of 66.2: a 1:19 co 
polymer of methacrylic acid and aconitic acid with an 
equivalent weight of 62.2; a 1.2:1 copolymer of a 4 
pentenoic acid and itaconic acid, with an equivalent 
weight of 78.3. The equivalent weights, as mentioned 
previously, are calculated as the acid form. The term 
equivalent weight as used herein has the usual meaning 
ascribed to that term. It implies the equivalent of a sub 
stance in grams, which is calculated by dividing its for 
mula weight by its valency. In the present case of the 
acids, the valency is the number of replaceable hydrogen 
atoms. 
There are, other monomeric species which can be co 

polymerized in minor amounts with the aliphatic poly 
carboxylic compounds described in (a) above and result 
in a copolymer having an equivalent weight within the 
range specified as being required in order to be a suitable 
builder. However, certain organic substituents when they 
appear in such additional monomeric species substantially 
and materially interfere with the builder properties of the 
salts of the copolymer especially when they are interposed 
between carboxyl groups on a methylene carbon along 
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4. 
the polymer chain. These interfering substituents are es 
sentially non-carboxyl containing organic radicals which 
have a molecular weight in excess of about 16. Examples 
of such interfering radical substituents include methoxy, 
acetoxy, dimethyl, and phenyl as illustrated by the follow 
ing monomers; vinyl methyl ether, vinyl acetate, iso 
butylene, acrylamide and styrene. 

ithin the scope of this invention, it is possible to en 
ploy monomer units containing such exemplified inter 
fering groups only if they are present in the copolymer in 
an amount limited to a maximum of about 27.5 mole 
percent of the total monomer units. Thus, the follow 
ing copolymers are outside the limits of suitable composi 
tions according to this invention: 1:1 copolymer of vinyl 
methyl ether and maleic acid, 1:1 copolymer of vinyi 
acetate and itaconic acid, 1:1 copolymer of isobutylene 
and maleic acid, 1:1 copolymer of acrylamide and aco 
Initic acid, and 1:1 copolymer of styrene and maleic acid. 
The structural features of the operable and preferred 

polymers and copolymers have, as a matter of conven 
ience, been defined herein in terms of the carboxylic-acid 
containing monomers from which such polymers and co 
polymers theoretically can be derived. It is recognized, 
however, that in many cases it is desirable or even pref 
erable to form such polymers and copolymers in practice 
by employing derivatives or precursors of such carboxylic 
acid-containing monomers in the polymerizations leading 
to the desired polymers and copolymers. Thus, the mono 
meric species employed, can in many cases, be such deriva 
tives or precursors of the designated acids as the anhy 
drides, the full or partial esters of such acids, amides, 
nitriles, etc., or mixtures of same, which after polymeriza 
tion can be converted to the carboxylate salts by appro 
priate chemical reactions. For example, when maleic 
anhydride was polymerized using 5% benzoyl peroxide 
as initiator following the procedure described by Lang, 
Pavelich and Carey in J. Polymer Sci., issue 162, p. S32 
(1961) and subsequently converted to sodium polyma 
leate by treatment with aqueous sodium hydroxide, a 
highly preferred builder polymer was obtained. Use of 
potassium hydroxide in place of sodium hydroxide also 
yields a highly preferred builder which is particularly 
desirable for use in liquid formulations because of its 
excellent solubility. 

Likewise, copolymers of ethylene and maleic anhydride, 
methyl acrylate and ethyl fumarate, ethyl aconitate and 
ethyl itaconate, acrylonitrile and butyl maleate, etc., and 
homopolymers of ethyl fumarate, itaconic anhydride, etc., 
will upon conversion to the carboxylate salts yield suit 
able builder materials provided that such materials are 
also within the limits defined hereinbefore and herein 
after. 

Excellent cleaning results are obtained with salts of the 
homopolymers of the aliphatic polycarboxylic acids de 
scribed in subparagraph (a) above. Specific examples 
of monomeric aliphatic polycarboxylic acids in this group 
include maleic acid, fumaric acid, itaconic acid and aco 
nitic acid, and these constitute the preferred type builder 
compounds of this invention. 
On inspection, it will be noted that the preferred builder 

compounds of this invention either have carboxyl groups 
attached to vicinal carbon atoms along the polymer chain 
such as in fumaric and maleic acids, or they have a car 
boxyl group and a carboxyl containing group attached 
geminally to a carbon atom of the polymer chain. An 
example of this latter configuration is itaconic acid. Aco 
nitic acid, as illustrated hereinafter, has a carboxymethyl 
radical and a carboxyl radical attached to the same carbon 
atom as well as vicinally located carboxyl groups. 

Also, according to this invention, two carboxyl groups 
can be geminally attached to a carbon along the polymer 
chain, for example, poly(methylenennalonic) acid. Such 
polymeric compounds may tend to decarboxylate under 
certain conditions of use. For this reason, the fact that 
such compounds may, on occasion, involve special proc 
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essing and formulating considerations, this type of gemi 
nally carboxylated builder is less preferred. 

Maleic acid is a stereoisomer of fumaric acid having 
the formula CH(COOH)=CH(COOH). The relation 
ship of these two acids is best shown by the following 
formulas: 

H--coot: H--coot Hooc--H H-C-COOH 
Fumaria Acid Mialeic Acid 

Trans-Butenedioic Acid Cis-Butenedioic Acid 
Both of these isomeric acids may be prepared by the 

distillation of malic acid, HOCH(COOH) CHCOOH. 
Both of these acid forms have been found suitable but 
maleic acid is the preferred because of its greater Solu 
bility in water. The polymerized form of maleic acid is: 

H H. 
-C ? 
booH & COOH COOH.n 

Itaconic acid, also called methylene succinic and meth 
ylene butanedioic acid, has the following formula, 
CHO, graphically represented as: 

If H-C- g-H 
COOH COOH 

Itaconic Acid 

The polymerized form is: 

Aconitic acid, CHOs, also called 1,2,3-propenetri 
carboxylic acid is a tribasic acid obtained from Aconitum 
equisetum, Adones and Achellea species, or can be made 
from citric acid. It also occurs in beets and Sugar cane 
and has the following structural formula: 

COOH 

H &H, 
(-) 
dooH tooH 

Polymerized form of aconitic acid is: 
H COOH 

COOH. H-C-H 
(booH Il 

The degree of polymerization, n, of the novel poly 
electrolyte builder compounds of this invention has a sig 
nificant and practical bearing on the builder effectiveness 
of these compounds. The lower limit for n has been 
established as three resulting in compounds having a 
molecular weight on the order of not less than about 350. 
Builder properties of the compounds of this invention 
drop off substantially as the molecular weight goes be 
low 350. 

It is somewhat more difficult to establish an absolute 
value for an upper limit of the degree of polymerization 
above which the polyelectrolyte builder compounds no 
longer function as efficient builders. The fact is that 
practical considerations appear to be the primary deter 
mining factor as the degree of polymerization increases. 
For instance, as the molecular weight of a polymeric ma 
terial increases, it is generally acknowledged that the wa 
ter solubility thereof decreases. It is essential to the 
present invention that the polyelectrolyte builder com 
pounds must be adequately soluble in water under regular 
usage conditions. Recommended builder concentrations 
generally range from about .01% to about .50% by 
weight of the washing solution. The upper operable limit, 
therefore, so far as the scope of this invention is con 
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6 
cerned, is reached when it is no longer possible to get 
enough of the builder compound into solution to act as 
a builder. 
The higher builder concentrations on the order of .50% 

by weight may be found necessary under certain Washing 
conditions such as a water hardness of 21 grains equiv 
alent CaCO3 per gallon or higher. In such situations, 
any of the polyelectrolyte builder compounds of this in 
vention could be selected whose solubility characteristics 
would allow a builder concentration in an aqueous Solu 
tion to the necessary amount. In more general house 
hold situations builder concentrations of .03% to about 
.06% are found to be adequate. 

It can be appreciated according to the preceding dis 
cussion that the degree of polymerization of these com 
pounds can vary within a very wide range. Generally, 
however, the degree of polymerization, n, can be within 
the range of 3 to about 5,000. This corresponds to a 
molecular weight range for the compounds of this inven 
tion from 350 to about 1,500,000. A preferred range for 
the degree of polymerization, n, is from about 4 to about 
500. This represents a preferred molecular weight range 
for the polyelectrolyte builder compounds of this inven 
tion of about 500 to about 175,000. 

It is extremely difficult to accurately determine molec 
ular weights of polymeric compounds. Such figures will 
generally vary depending upon the method used to de 
termine them. It is widely recognized, for instance, that 
any molecular weights of polymeric materials which are 
given by manufacturers constitute an average of the 
molecular weights of the molecules present. Moreover, 
molecular weight ranges are usually given which vary 
widely depending again upon the method used to measure 
the molecular weights. Among the several methods fre 
quently used to measure molecular weights of polymeric 
compounds are osmometric, end-group, cryoscopic, ebul 
lioscopic, light-scattering and ultracentrifuge. Each of 
these methods are presently in varying degrees of develop 
ment and each one has special types of polymeric com 
pounds to which it is best adapted. 
The minimum molecular weight of 350 mentioned above 

was arrived at empirically and, to a great extent, is based 
on the knowledge and experience acquired from working 
with these polyelectrolytic polycarboxylic polymers. 

Viscosity is a property more frequently used by polymer 
chemists as characterizing polymeric compounds than are 
molecular weights. This is no doubt due to the compara 
tively easier and less complicated methods for obtaining 
viscosity data. To make such data meaningful, it is 
necessary to also give the test conditions under which the 
measurements were run. Since there is a recognized cor 
relation between the viscosity of polymeric compounds 
and their relative molecular weights and since such figures 
can be more meaningful and can frequently be more avail 
able than molecular weights, the polymeric builder com 
pounds used in the examples of this invention are char 
acterized in terms of specific viscosity. In all cases the 
viscosity characterization corresponds to a molecular 
weight substantially above 350. 

According to this invention extraordinary cleaning re 
sults can be obtained by using the above polyelectrolyte 
builder compounds with a wide range of active detergent 
surface active materials and mixtures thereof. The build 
er compounds are effective when used singly or mixtures 
thereof can be used. 

In general, in the detergent compositions of this in 
vention, the essential ingredients are (a) an organic water 
soluble detergent surface active material as defined and 
illustrated below and (b) a novel polyelectrolyte builder 
compound meeting the structural requirements specified 
and exemplified above. The detergent compositions of 
this invention, therefore, contain the essential ingredients 
in a ratio of polyelectrolyte builder to detergent surfactant 
in the range of about 1:3 to about 10:1 by weight, with 
such compositions providing in aqueous solution a pH of 
about 9 to about 12. The preferred ratio of polyelectro 
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lyte builder to detergent surfactant is about 1:2 to about 
5:1 and the optimum pH range is 9.5 to about 11.5. 
The detergent surface active compounds which can 

be used within the compositions of this invention include 
anionic, nonionic, Zwitterionic, ampholytic detergent com 
pounds and mixtures thereof. These suitable substances 
are outlined at length below. 

(a) Anionic detergent compositions which can be used 
in the compositions of this invention include both soap 
and non-soap detergent compounds. Examples of suitable 
Soaps are the scdium, potassium, ammonium and alkylol 
ammonium salts of higher fatty acids (Co-C20). Par 
ticularly useful are the sodium or potassium salts of the 
mixtures of fatty acids derived from coconut oil and tal 
low, i.e., sodium or potassium tallow and coconut soap. 
Examples anionic organic non-soap detergent compounds 
are the water soluble salts, alkali metal salts, of organic 
Sulfuric reaction products having in their molecular struc 
ture an alkyl radical containing from about 8 to about 22 
carbon atoms and a radical selected from the group con 
sisting of sulfonic acid and sulfuric acid ester radicals. 
(Included in the term alkyl is the alkyl portion of higher 
acyl radicals.) . Important examples of the synthetic de 
tergents which form a part of the compositions of the pres 
ent invention are the sodium or potassium alkyl sulfates 
especially those obtained by sulfating the higher alcohols 
(C8-C18 carbon atoms) produced by reducing the glycer 
ides of tallow or coconut oil; sodium or potassium alkyl 
benzenesulfonates, such as are described in United States 
Letters Patents No. 2,220,009 and No. 2,477,383 in which 
the alkyl group contains from about 9 to about 15 carbon 
atoms; other examples of alkali metal alkylbenzene sul 
fonates are those in which the alkyl radical is a straight 
chain aliphatic radical containing from about 10 to about 
20 carbon atoms for instance, 2-phenyi-dodecanesulfonate 
and 3-phenyi-dodcanesulfonate; sodium alkyl glyceryl 
ether sulfonates, especially those ethers of the higher alco 
hols derived from tallow and coconut oil; sodium coconut 
oil fatty acid monoglyceride sulfates and Sulfonates; 
sodium or potassium salts of sulfuric acid esters of the 
reaction product of one mole of a higher fatty alcohol 
(e.g., tallow or coconut oil alcohols) and about 1 to 6 
moles of ethylene oxide; sodiuin or potassium salts of 
alkylphenol ethylene oxide ether sulfate with about 1 to 
about 10 units of ethylene oxide per molecule end in 
which the alkyl radicals contain about 9 to about 12 car 
bon atoms; the reaction product of fatty acids esterified 
with isethionic acid and neutralized with sodium hydrox 
ide where, for example, the fatty acids are derived from 
coconut oil; sodiuin or potassium salts of fatty acid amide 
of a methyl tauride in which the fatty acids, for example, 
are derived from coconut oil; and others known in the art, 
a number being specifically set forth in United States Let 
ters Patents Nos. 2,486,921, 2,486.922 and 2,396,278. 

(b) Nonionic synthetic detergents may be broadly de 
fined as compounds aphatic or alkylaromatic in nature 
which do not ionize in water solution. For example, a 
well known class of nonionic synthetic detergents is made 
available on the market under the trade name of "Pur 
onic.' These compounds are formed by condensing ethyl 
ene oxide with an hydrophobic base formed by the con 
densation of propylene oxide with propylene glycol. The 
hydrophobic portion of the molecule which, of course, ex 
hibits water insolubility has a molecular weight of from 
about 1,500 to 1,800. The addition of polyoxyethylene 
radicals to this hydrophobic portion tends to increase the 
water solubility of the molecule as a whole and the liquid 
character of the product is retained up to the point where 
polyoxyethylene content is about 50% of the total weight 
of the condensation progluct. 

Other suitable nonionic synthetic detergents include: 
(1) The polyethylene oxide condensates of alkyl 

phenols, e.g., the condensation products of alkyl phenols 
having an alkyl group containing from about 6 to 12 car 
bon atoms in either a straight chain or branched chain con 
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8 
figuration, with ethylene oxide, the said ethylene oxide be 
ing present in amounts equal to 10 to 25 moles of ethylene 
oxide per mole of alkyl phenol. The alkyl substituent in 
such compounds may be derived from polymerized propyl 
ene, diisobutylene, octene, or nonene, for example. 

(2) Those derived from the condensation of ethylene 
oxide with the product resulting from the reaction of pro 
pylene oxide and ethylenediamine. For example, com 
pounds containing from about 40% to about 80% poly 
oxyethylene by weight and having a molecular weight of 
from about 5,000 to about 11,000 resulting from the re 
action of ethylene oxide groups with a hydrophobic base 
constituted of the reaction product of ethylene diamine 
and excess propylene oxide, said hydrophobic base having 
a molecular weight of the order of 2,500 to 3,000, are 
satisfactory. 

(3) The condensation product of aliphatic alcohols 
having from 8 to 18 carbon atoms, in either straight chain 
or branched chain configuration, with ethylene oxide, e.g., 
a coconut alcohol-ethylene oxide condensate having from 
10 to 30 moles of ethylene oxide per mole of coconut also 
hol, the coconut alcohol fraction having from 10 to 14 car 
bon atoms. 

(4) Long chain tertiary amine oxides corresponding to 
the following general formula, RR2R3N->O, wherein R1 
is an alkyl radical of from about 8 to 18 carbon atoms, and 
R and R3 are each methyl or ethyl radicals. The arrow 
in the formula is a conventional representation of a semi 
polar bond. Examples of amine oxides suitable for use in 
this invention include dimethyldodecylamine oxide, di 
methyloctylamine oxide, dimethyidecylamine oxide, di 
methyltetradecylamine oxide, dimethylhexadecylamine ex 
ide. 

(5) Long chain tertiary phosphine oxides correspond 
ing to the following formula RR'R''P->O, wherein R is 
an alkyl, alkenyl or monohydroxyalkyl radical ranging 
from 10 to 18 carbon atoms in chain length and R' and 
R'' are each alkyl or monohydroxyalkyl groups con 
taining from 1 to 3 carbon atoms. The arrow in the 
formula is a conventional representation of a semi-polar 
bond. Examples of suitable phosphine oxides are: 

dimethyldodecylphosphine oxide, 
dimethyltetradecylphosphine oxide, 
ethylmethyltetradecylphosphine oxide, 
cetyldimethylphosphine oxide, 
idimethylstearylphosphine oxide, 
cetylethylpropylphosphine oxide, 
diethyldodecylphosphine oxide, 
diethyltetradecylphosphine oxide, 
bis(hydroxymethyl) dodecylphosphine oxide, 
bis(2-hydroxyethyl) dodecylphosphine oxide, 
2-hydroxypropylmethyltetradecylphosphine oxide, 
dimethyloleylphosphine oxide, and 
dimethyl-2-hydroxydodecylphosphine oxide. 

(6) Dialkyl sulfoxides corresponding to the following 
formula, RR'S->O, wherein R is an alkyl, alkenyl, beta 
or gamma-monohydroxyalkyl radical or an alkyl or beta 
or gamma-monohydroxyalkyl radical containing one or 
two other oxygen atoms in the chain, the R groups rang 
ing from 10 to 18 carbon atoms in chain length, and 
wherein R’ is methyl or ethyl. Examples of suitable 
sulfoxide compounds are: 

dodecyl methylsulfoxide 
tetradecyl methylsulfoxide 
3-hydroxytridecyl methylsulfoxide 
2-hydroxydodecyl methylsulfoxide 
3-hydroxy-4-decoxybutyl methyl sulfoxide 
3-hydroxy-4-dodecoxybutyl methylsulfoxide. 
2-hydroxy-3-decoxypropyl methylsulfoxide 
2-hydroxy-3-dodecoxypropyl methylsulfoxide 
dodecyl ethylsulfoxide 
2-hydroxydodecyl ethylsulfoxide 
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The 3-hydroxy-4-decoxybutyl methyl sulfoxide has 
been found to be an especially effective detergent surfac 
tant. An outstanding detergent composition contains 
this sulfoxide compound in combination with the poly 
maleate builder compound of this invention. 

(c) Ampholytic synthetic detergents can be broadly 
described as derivatives of aliphatic secondary and tertiary 
amines, in which the aliphatic radical may be straight 
chain or branched and wherein one of the aliphatic sub 
stituents contains from about 8 to 18 carbon atoms and 
one contains an anionic water solubilizing group. Ex 
amples of compounds falling within this definition are 
sodium-3-dodecylaminopropionate and sodium-3-dodecyl 
aminopropanesulfonate. 

(d) Zwitterionic synthetic detergents can be broadly 
described as derivatives of aliphatic quarternary am 
monium compounds in which the aliphatic radical may 
be straight chain or branched and wherein one of the 
aliphatic substituents contains from about 8 to 18 carbon 
atoms and one contains an anionic water Solubilizing 
group. Examples of compounds falling within this defi 
nition are 3-(N,N-dimethyl-N-hexadecylammonio) pro 
pane-1-sulfonate and 3-(N,N-dimethyl-N-hexadecylam 
monio)-2-hydroxypropane-1-sulfonate which are especial 
ly preferred for their excellent cool water detergency 
characteristics. 
The anionic, nonionic, ampholytic and zwitterionic 

detergent surfactants mentioned above can be used 
singly or in combination in the practice of the present 
invention. The above examples are merely specific 
illustrations of the numerous detergents which can find 
application within the scope of this invention. 
The foregoing organic detergent surfactant compounds 

can be formulated into any of the several commercially 
desirable composition forms for example, granular, flake, 
liquid and tablet forms. 
A granular detergent composition can contain a poly 

electrolyte builder of this invention and a detergent Sur 
factant in the weight ratio of about 1:3 to about 10:1. 
The preferred ratio of builder to surfactant is about 
1:2 to about 5:1. Another embodiment of this inven 
tion is a built liquid detergent composition containing 
a polyelectrolyte builder described above and a deter 
gent surfactant in a weight ratio of builder to deter 
gent of about 1:3 to about 10:1. The preferred ratio 
for built liquid compositions of polyelectrolyte builder 
to detergent is about 1:2 to about 3:1. 
The detergent compositions described by this inven 

tion employing a polyelectrolyte builder compound as 
defined above can have special applicability in the area 
of built liquid detergents. This area presents special 
problems to the formulator in view of the peculiarities 
inherent in aqueous systems and the special requirements 
of solubility of the ingredients and, more especially their 
stability in such mediums. It is well known, for instance, 
that sodium tripolyphosphate, while outstanding in its 
behavior in granular compositions, is generally regarded 
as being unsuited for built liquid detergents. It has a 
strong propensity to hydrolyze into lower forms of phos 
phates. Thus, as a practical consideration there has 
been a necessity of resorting to alkali metal pyrophos 
phates, such as KPO, in order to prepare a built liquid 
detergent. This has been true notwithstanding the known 
inferiority of pyrophosphates to sodium tripolyphosphate 
in some compositions, for example, as a builder for 
heavy duty detergency. 
In view of the increasing acceptance by the general 

public of built liquid detergents for virtually all washing 
and cleaning situations including laundering and dish 
washing, it is a very significant contribution of this in 
vention that an improved liquid detergent product is 
made possible that will provide detergent levels com 
parable to and in some aspects superior to a sodium 
tripolyphosphate built liquid product without the trouble 
some stability problem presented by sodium tripolyphos 
phate. 
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Most of the built liquid detergents commercially avail 

able at the present time are either water based or have 
a mixture of water and alcohol as the liquid vehicle. 
Such vehicles can be employed in formulating built liquid 
detergent compositions according to this invention with 
out fear of encountering stability problems. Accord 
ingly, a sample built detergent composition of this inven 
tion can consist essentially of a polyelectrolyte builder 
as defined herein and an organic detergent surfactant in 
the ratios described above and the balance being a ve 
hicle medium, for example, water, a water-alcohol mix 
ture, liquid nonionic surfactant compounds, etc. 

In a finished detergent formulation of this invention 
there will often be added in minor amounts materials 
which make the product more effective or more attrac 
tive. The following are mentioned by way of example. 
Soluble sodium carboxymethylcellulose can be added in 
minor amounts to inhibit soil redeposition. A tarnish 
inhibitor such as benzotriazole or ethylenethiourea can 
also be added in amounts up to about 2%. Fluorescers, 
perfume and color, while not essential in the composi 
tions of the invention, can be added in amounts up to 
about 1%. An alkaline material or alkali such as so 
dium hydroxide or potassium hydroxide can be added in 
minor amounts as supplementary pH adjusters. There 
might also be mentioned as suitable additives, water, 
brightening agents, bleaching agents, sodium sulfate, and 
sodium carbonate. 

Corrosion inhibitors generally are also added. Soluble 
silicates are highly effective inhibitors and can be added 
to certain formulas of this invention at levels of from 
about 3% to about 8%. Alkali metal, preferably po 
tassium or sodium, silicates having a weight ratio of 
SiO:MO of from 1:1 to 2.8:1 can be used. M in this 
ratio refers to sodium or potassium. A sodium silicate 
having a ratio of SiO3:NaO of about 1.6:1 to 2.45:1 is 
especially preferred for economy and effectiveness. 

In the embodiment of this invention which provides a 
built liquid detergent a hydrotropic agent may at times 
be found desirable. Suitable hydrotropes are water solu 
ble alkali metal salts of toluenesulfonate, benzenesulfo 
nate, and xylenesulfonate. The preferred hydrotropes 
are the potassium or sodium toluenesulfonates. The hy 
drotrope salt may be added if so desired, at levels of 0% 
to about 12%. While a hydrotrope will not ordinarily 
be found necessary, it can be added if so desired. 
The specific action of the builders of this invention will 

vary to some extent, of course, depending upon the ratio 
of active detergent to builder mixture in any given de 
tergent composition. There will be considerable varia 
tion in the strengths of the washing solutions employed 
by different users, i.e., some users may tend to use less 
or more of the detergent compositions than will others. 
Moreover, there will be variations in temperature and in 
soil loads as between different washing operations. Fur 
ther the degree of hardness of the water used to make up 
the washing solutions will also bring about apparent dif 
ferences in the cleaning power and whiteness maintenance 
results. Finally, different fabrics will respond in some 
what different ways to different detergent compositions. 
The best type of detergent composition is one which ac 
complishes an excellent cleaning and whiteness mainte 
nance effect under the most diverse cleaning conditions. 
The built detergent compositions of this invention are 
valuable in this respect. 
The following examples serve to illustrate, but not 

limit, the novel compositions of the present invention. 
Each example provides in solution a pH within the range 
specified above as being necessary for builder action, that 
is, about 9 to about 12. All percentages in the examples 
are by weight. 

EXAMPLE I 

An excellent granular detergent composition giving 
outstanding cleaning results in washing situations has 
the following composition in the percentages indicated. 
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Percent 
Sodium dodecylbenzenesulfonate (dodecyl) group 

derived from tetrapropylene) --------------- 17.5 
Potassium toluene Sulfonate ------------------- 2.0 
Sodium poly(itaconate-acrylate) (4:1 on a molar 

basis) (specific viscosity of 1% by weight, in di 
methyl formamide at room temperature .40; 
equivalent Weight 65.8) --------------------- 47.0 

Sodium silicate (ratio of SiO2:NaO of 2:1) ------ 60 
Sodium sulfate ------------------------------ 3.8 
Coconut fatty acid ethanolamide --------------- 2.7 
Water ----------------------------------- Balanc 

The sodium poly(itaconate-acrylate) builder in EX 
ample I can be replaced at an equal percentage basis by 
sodium salts of: a 1:1 copolymer of ethylene and ita 
conic acid with an equivalent weight of 79; a 1:1 co 
polymer of propylene and maleic acid with an equivalent 
weight of 79; a 1:4 copolymer of 3-butenoic acid and 
maleic acid with an equivalent weight of 61.1; a 1:9 co 
polymer of isocrotonic acid and citraconic acid with an 
equivalent weight of 66.2; a 1:19 copolymer of meth 
acrylic acid and aconitic acid with an equivalent Weight 
of 62.2; a 1.2:1 copolymer of 4-pentenoic acid and ita 
conic acid, with an equivalent weight of 78.3, said equiv 
alent weights calculated as the acid form, said Salts hav 
ing comparable viscosities to the builder of Example I. 

EXAMPLE II 

Another excellent granular detergent composition has 
the following ingredients. 

Percent 
Sodium dodecyl benzenesulfonate (dodecyl group 

being a straight chain aliphatic radical) -------- 9.5 
Hydrogenated marine oil fatty acid -------------- 2.2 
Sodium polyitaconate (specific viscosity of 1% by . 

weight in dimethylformamide at room tempera 
ture .13; equivalent Weight 65) --------------- 59.6 

Sodium silicate (ratio of SiO2:Na2O of 2:1) ------ 9.7 
Sodium sulfate ------------------------------ 13.5 
Water ---------------------------------- Balance 

EXAMPLE I 

Excellent cleaning results are obtained using a granular 
detergent composition prepared according to this inven 
tion and having the following ingredients. 

Percent 
Sodium dodecylbenzenesulfonate (dodecyl group de 

rived from tetrapropylene) ------------------- 2GO 
Potassium toluene Sulfonate -------------------- 2.0 
Trichlorocarbanilide ------------------------- 7 
Sodium poly(itaconate-aconitate) (1:1 on molar 

basis) (specific viscosity of 1% by weight in 
dimethylformamide at room temperature . 12; 
equivalent Weight 60.8) --------------------- 330 

Sodium silicate (ratio of SiO2:NaO of 2:) ------ 6.0 
Sodium sulfate ------------------------------ 32.3 
Water ------------------------------------- 6.0 

Sodium poly(itaconate-maleate), sodium poly(mesa 
conate-fumerate) and sodium poly(methylenemalonate 
citraconate) copolymers can each be used as a builder in 
the above formula in place of the sodium poly(itaconate 
aconitate) copolymer of Example III. These sodium 
Salts have equivalent weights and viscosities comparable 
to the copolymer of Example II. 

EXAMPLE IV 

An especially effective and efficient granular detergent 
composition according to this invention has the following 
composition. 
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Percent 

3 - (N,N-dimethyl- N - dodecylammonio) - 2 - hy 
droxypropane-1-sulfonate ------------------- 25.0 

Sodium poly (ethylene-maleate) (1:1 on molar basis) 
(specific viscosity of 1% by weight in dimethyl 
formamide at room temperature 1:58; equivalent 
Weight 72) ------------------------------- 25.0 

Sodium sulfate ------------------------------- 30.0 
Sodium silicate (ratio of SiO2:NaO of 1.5:1) ----- 20.0 

EXAMPLE V 

An excellent built liquid detergent composition accord 
ing to this invention has the following composition. 

Percent 
Sodium dodecylbenzenesulfonate (the dodecyl radi 

cal being a polypropylene, predominantly tetrapro 
pylene averaging 12 carbon atoms) ------------ 6.0 

Dimethyldodecylamine oxide ------------------- 6.0 
Monoethanolammonium polymaleate (specific vis 

cosity of 1% by weight in dimethylformamide at 
room temperature .21; equivalent weight 58) --- 20.0 

Potassium toluenesulfonate -------------------- 8.0 
Sodium silicate (SiO2:Na2O of 2.45:1) ---------- 3.8 
Carboxymethyl hydroxyethyl cellulose ----------- 0.3 
Water ---------------------------------- Balance 

This composition performs equally well in laundry 
usage as well as dishwashing usage. The builder's resist 
ance to hydrolysis allows longer shelf life, a feature not 
found with sodium tripolyphosphate built liquid composi 
tions. 

EXAMPLE VI 

Superior cleaning and whiteness maintenance results 
are obtainable with a built liquid heavy duty granular de 
tergent composition having the following ingredients. 

Percent 
3 (N,N-dimethyl - N - coconutammonio) - 2 - hy 

droxypropane-1-sulfonate ------------------- 12.0 
70% potassium polymaleate: 30% polynaieic acid 

(1.4:1 on molar basis) (specific viscosity of 1% 
by weight in dimethylformamide at room tem 
perature .39; equivalent weight 58) ---------- 20.0 

Potassium hydroxide ------------------------- 5.8 
Sodium silicate (SiO3:Na2O=1.6:1) ------------ 38 
Potassium toluene Sulfonate ------------------- 8.5 
Sodium carboxymethyl hydroxyethyl cellulose ---- 3 
Fluorescent dye --------------'o - as maw w x- w x - - - - 2 

Perfume ---------------------------------- 15 
Benzotriazole ------------------------------ .02 
Water ------------------------------------ 49.3 

This composition is effective at cool water temperatures 
on the order of about 40 F. to about 100 F. 

EXAMPLE VI 

Another effective cool water heavy duty built granular 
composition consists of the following ingredients. 

Percent 
3 - (N,N-dimethyl- N - hexadecylammonio) - pro 

Pane-1-sulfonate -------------------------- 17.0 
Sodium polyitaconate (specific viscosity of 1% by 

Weight in dimethylformamide at room temperature 
.29; equivalent weight 65) ------------------- 45.0 

Sodium silicate (SiO2:Na2O=2.5:1) ----------- 6.0 
Sodium carboxymethylcellulose ----------------- 5 
Sodium sulfate ------------------------------- 28.0 
Water ------------------------------------- 3.5 

The Sodium polyitaconate builder of Example VII can 
be replaced by Water-Soluble salts of: poly(maleic acid), 
poly(mesaconic acid), poly(fumaric acid), poly(methyl 
enemalonic acid) or poly(citraconic acid) with equally 
good results, said salts having equivalent weights and vis 
cosities comparable to the builder of Example VII. 
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EXAMPLE VIII 
An excellent built liquid composition of this invention 

has the following ingredients. 
Percent 

Condensation product of dodecylphenol and ethyl 
eneoxide, 11 moles of ethylene oxide per mole of 
dodecyl phenol----------------------------- 12.0 

Potassium poly(itaconate-acrylamide) 5:1) (specific 
viscosity of 1% by weight in dimethylformamide 
at room temperature .92; equivalent weight 72.1) - 30.0 

Sodium silicate (SiO2:Na2O=2.5:1) ------------- 8.0 
Potassium toluene Sulfonate -------------------- 9.0 
Sodium sulfate ------------------------------- 5.0 
Water -------------------------------------- 36.0 

EXAMPLE X 

Wash-wear tests using standardized detergent composi 
tions described below were conducted to discover the rela 
tive effectiveness of representative samples of the novel 
builder compositions of this invention. Sodium tripoly 
phosphate (STP) was used as a standard basis of com 
parison as a builder in these tests due to its current wide 
use in the industry. The several representative builder 
compounds were prepared into detergency compositions 
using sodium dodecylbenzenesulfonate as a detergent ac 
tive, the dodecyl group being derived from tetrapro 
pylene. This active will be referred to as ABS which is 
widely used in commercially available detergent composi 
tions. The results of these tests, presented in FIGURE 1, 
conclusively show the outstanding performance advan 
tages of the detergency compositions prepared according 

... to this invention. 
The wash-wear tests involved washing naturally soiled 

...white dress shirts in the following manner. Shirts carry 

... ing detachable collars and cuffs were worn by male sub 
jects under ordinary conditions for two normal working 
days. Following wearing, the collars and cuffs were 
washed for 10 minutes in a small agitator-type machine 
using solutions of the detergent compositions to be eval 
uated. The washing conditions were as hereinafter speci 
fied. After a washing and drying cycle the collars and 
cuffs washed by a composition being evaluated were visu 

5 

10 

4. 
terminations and this type of grading scheme was to estab 
lish the relative builder performance of several com 
pounds of this invention as compared to a known accept 
ed standard in the detergent industry, i.e., sodium tripoly 
phosphate. 
The washing solutions used in these white shirt de 

tergency tests contained .03% by weight active detergent 
compound, in each instance ABS, and a representative 
polyelectrolyte builder at concentration levels ranging 
from .03% to .06% by weight. No fluorescers, bleaches 
or anti-redeposition agents were used so as not to mask 
the builder properties. The washing solution was stand 
ardized to a pH of 10 and the water used contained 7 
grams per gallon hardness. Temperature of washing solu 
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tion was 140 F. 
The respective grades obtained in the manner described 

above were charted on a graph and are presented in FIG 
URE 1. It is readily apparent by observing the figure 
that the cleaning results produced by the polyelectrolyte 
built ABS-compositions of this invention are surprisingly 
and markedly superior to sodium tripolyphosphate (STP) 
built ABS-compositions at equal builder concentrations. 
Thus, in tests run at .03% builder concentration, only one 
builder compound of this invention performed relatively 
on a par with STP at .03%; all other builder samples 
tested at that concentration showed up very substantially 
better. The same relative superior results were obtained 
with tests run a .045% and .06% builder concentration. 
The cleaning grades obtained with such polyelectrolyte 
builder compounds as sodium polymaleate, sodium poly 
itaconate, sodium (itaconate-acrylate) copolymer, and 
sodium (itaconate-aconitate) copolymer were substantial 
ly better relatively, than the cleaning grades of sodium 
tripolyphosphate. 
The polyelectrolyte polymeric builder compounds of 

this invention which were tested in the manner described 
above and for which performance data is presented in 
FIGURE 1 had the following properties and character 
istics. The specific viscosity figures given below were ob 
tained by using a conventional Cannon-Fenske flow-type 
viscometer under the specific conditions mentioned in the 
footnotes of Table I. 

TABLE 

Specific Wiscosity 
Refer- Equivalent 

ences to Mole Weight 
Fig. 1 Ratio (as acid) 1%. 1 in .06%2 in 

dimethyl Water 
formamide 

Sodium polymaleate--- 58 .13 05 
Sodium polyitaconate 65 .29 07 

Do------------- 65 .32 .08 
Do.--- 65 -------------- 16 
Po-:-------------------------------- 65 ... O 40 Sodium (Itaconate-aconitate) copolymer.-----. 60.8 12 04 

Sodium (itaconate-acrylate) copolymer-------- VII 66.6 .37 ... 3 
Sódium (ethylene-maleate) copolymer-------- VII 72 1.58 .81 
Sodium (ethylene-maleate) copolymer (cross 

... linked) ------------------------------. IX 72 , 6-7, 6 48-69 Sodium (vinylmethylether-maleate) copoly 
9T----------------------------------- X 87 .88 35 Sodium (isobutylene-maleate) copolymer------ XI 86 .72 .30 

1%by weight as acidin dimethylformamide at room temperature. 
2.06% by weight as sodium salt in water at room temperature. 

ally compared with similarly soiled collars and cuffs which 
were washed in a standard detergent composition under 
the same conditions. The visual comparison was made 
by a group of five people who were unfamiliar with the 
procedure and purpose of the test and who formed their 
judgment independently. 
The combined data from the visual judgments were con 

verted and were expressed on a scale such that a value 
of Zero represents the cleaning ability of water alone and 
a value of 10 represents the cleaning ability of a very 
excellent detergent composition used under optimum 

65 

70 

As seen from the figure under the test conditions em 
ployed, best cleaning results are obtained by using so 
dium polyitaconate and sodium polymaleate. At lower 
concentration on the order of .03%, these two polyelec 
trolyte builders attain cleaning performance superior to 
a sodium tripolyphosphate built composition used at 
.045% concentration. Moreover, sodium polyitaconate 
at .03% scored a cleaning grade fairly comparable to 
that obtained with sodium tripolyphosphate used at .06% 
concentration. These results evidence a superior builder 
efficiency that is one of the more important advantages 

laboratory conditions. The primary purpose of these de- 75 associated with the compositions of this invention. 
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Excellent builder performances were scored by sodium 
(ethylene-maleate) (1:1 cross-linked copolymer on a 
molar basis) as well as the sodium (itaconate-acrylate) 
(1.6:1 copolymer on a molar basis) and the sodium 
(itaconate-aconitate) (1:1 copolymer on a molar basis). 
These latter examples of polyelectrolyte builders also 
afford relatively higher cleaning levels than STP at each 
builder concentration tested. 
The two graph lines at the lower right hand quadrant 

of the figure are samples of polyelectrolyte aliphatic 
polycarboxylic compounds which do not meet the specific 
essential structural requirements set forth previously for 
desirable builder characteristics. From the formulas 
below, it will be seen that they contain interfering branch 
groups which boost their equivalent weights outside of the 
required range. 
Sodium poly(vinylmethylether/maleate) has the fol 

lowing structure: 
H. H. H. H 

-(-t-t-t- 
h () booH tooH 

ÖH, -l 
whereas sodium (isobutylene-maleate) copolymer has 
the following structure: 

H CH3 H. H 

-6-6-6-6- 
h &H, dooH COOH 

Both of these compositions have been used in de 
tergency compositions for various purposes. FIGURE 
1 clearly shows their inferior performance as detergency 
builders and such compounds are clearly excluded from 
this invention. 
The points identified as A, B, C, and D represent clean 

ing grades scored by additional built compositions using 
different samples of builder compounds at builder con 
centrations of .03% and .06%. Points A, B and D, 
for instance, represent cleaning levels accomplished by 
sodium polyitaconate-built ABS detergent compositions 
wherein the sodium polyitaconate builder compounds 
had specific viscosities different from the previous sample 
as seen from Table i. Point C on the other hand repre 
sents a cleaning grade achieved by an additional evalua 
tion of a different sample of sodium (ethylene-maleate) 
linear copolymer, also at a .03% builder concentration 
with ABS. It is significant to note that the cleaning 
levels reflected by these four additional examples, A, 
B, C and D are all markedly better than the STP clean 
ing results at the same concentration, and further, that 
the cleaning grades obtained by a polyitaconate builder 
and represented by points A and B are, respectivley, 
comparable to and Superior to the cleaning grade ob 
tained with sodium tripolyphosphate used at a builder 
concentration of .045%. All of these results attest to 
the improved efficiency of the polyelectrolyte builder 
compounds of this invention. Moreover, equally good 
results are obtained with other detergent compounds such 
as any of those listed earlier. 

While sodium tripolyphosphate was the builder used 
for comparison in these tests, similar comparative results 
are obtained if, in the testing procedure, an excellent or 
ganic alkaline builder salt such as sodium ethylene 
diaminetetraacetate or potassium nitrilotriacetate is used 
in place of STP, especially at lower concentrations. 

Another of the many advantages offered by the poly 
electrolyte builder compounds of this invention is the 
surprising discovery that they are less corrosive to alumi 
num and other metals than known builder compounds. 
The foregoing description and examples describe and 

illustrate certain operable and preferred embodiments 
of the present invention. It is not intended that the in 
vention should be so limited since variations and modi 
fications thereof will be obvious to those skilled in the 
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S 
art, all of which are within the spirit and scope of this 
invention. 
What is claimed is: 
E. A cleansing and laundering composition compris 

1ng 
(1) an organic water-soluble detergent surfactant select 
ed from the group consisting of anionic, nonionic, 
Zwitterionic, and ampholytic deterent surfactants, and 
mixtures thereof, and 

(2) a polyelectrolyte builder material consisting of 
water-soluble salts of a polymeric aliphatic polycar 
boxylic acid selected from the group consisting of 

(a) water-soluble salt of the homopolymer of an 
aliphatic polycarboxylic acid having the follow 
ing empirical formula: 

X Z. 

Y CO Old 

wherein X, Y, and Z are each selected from the 
group consisting of hydrogen, methyl, carboxyl, 
and carboxymethyl, at least one of X, Y, and Z 
being Selected from the group consisting of car 
boxyl and carboxymethyl, provided that X and 
Y can be carboxymethyl only when Z is selected 
from carboxyl and carboxymethyl, wherein only 
one of X, Y, and Z can be methyl, and wherein in 
is a whole integer having a value within a range, 
the lower limit of which is three and the upper 
limit of which is determined by the solubility 
characteristics in an aqueous system; 

(b) a water-soluble salt of a coplymer of at least 
two of the monomeric species having the empiri. 
cal formula described in (a); and, 

(c) a water-soluble Salt of a copolymer of a mem 
ber selected from the group of alkylenes and 
monocarboxylic acids with the aliphatic poly. 
carboxylic compounds described in (a), said co 
polymers having the general formula: 

it i \ / 7. 
--- (--- 

H. R. (-rm) Y COO FI/ 

wherein R is selected from the group consisting 
of hydrogen, methyl, carboxyl, carboxy 
methyl, and carboxyethyl; 

wherein only one R can be methyl; 
wherein in is at least 45 moie percent of the 

copolymer; 
wherein X, Y, and Z are each selected from 

the group consisting of hydrogen, methyl, 
carboxyl, and carboxymethyl, at least one of 
X, Y, and Z being selected from the group 
of carboxyl and carboxymethyl provided 
that X and Y can be carboxymethyl only 
when Z is selected from carboxyl and car 
boxymethyl, wherein only one of X, Y and 
Z can be methyl; and 

wherein n is a whole integer within a range, 
the lower limit of which is three and the 
upper limit of which is determined primarily 
by the solubility characteristics in an aque 
Ous system; 

said polyelectrolyte builder material having a 
minimum molecular weight of 350 calcu 
lated as the acid form and an equivalent 
weight of about 50 to about 80, calculated as 
the acid form, the ratio of said polyelec 
trolyte builder to said detergent surfactant 
being in the range of from about 1:3 to 
about 10:1, by weight. 

2. A cleansing and laundering composition compris 
ing 

(1) an organic water-soluble detergent surfactant se 
lected from the group consisting of anionic, nonionic, 
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Zwitterionic, and ampholytic detergent surfactants and 
the mixtures thereof, and 

(2) as a polyelectrolyte builder material, a water 
soluble salt of a homopolymer of an aliphatic poly 
carboxylic acid having the following empirical for 
mula: 

X Z. 

-C-C- 

y dooh I 
wherein X, Y and Z are each selected from the 
group consisting of hydrogen, methyl, carboxyl 
and carboxymethyl, at least one of X, Y and 
Z being selected from the group consisting of 
carboxyl and carboxymethyl, provided that X 
and Y can be carboxymethyl only when Z is 
selected from carboxyl and carboxymethyl, 
wherein only one of X, Y and Z can be methyl, 
and wherein n is a whole integer having a value 
within the range the lower limit of which is three 
and the upper limit of which is determined pri 
marily by the solubility characteristics in an 
aqueous system, said polyelectrolyte builder 
material having a minimum molecular weight 
of 350 calculated as the acid form and an equiv 
alent weight of about 50 to about 80 calculated 
as the acid form, the ratio of said polyelec 
trolyte builder to said detergent surfactant being 
in the range of from about 1:3 to about 10:1, by 
weight. 

3. A cleansing and laundering composition comprising 
(1) an organic water soluble detergent surfactant se 

lected from the group consisting of anionic, nonionic, 
Zwitterionic, and ampholytic detergent surfactants, 
and mixtures thereof, and 

(2) as a polyelectrolyte builder material, a water-soluble 
salt of a coplymer of at least two of the monomeric 
species having the empirical formula described in 
claim 2, said polyelectrolyte builder material having 
a minimum molecular weight of 350, calculated as 
the acid form, and an equivalent weight of about 50 
to about 80, calculated as the acid form, the ratio 
of said polyelectrolyte builder to said detergent sur 
factant being in the range of from about 1:3 to about 
10:1, by weight. 

4. A cleansing and laundering composition comprising 
(1) an organic water soluble detergent surfactant se 

lected from the group consisting of anionic, nonionic, 
Zwitterionic, and ampholytic detergent surfactants and 
mixtures thereof, and 

(2) as a polyelectrolyte builder material, a water-soluble 
salt of a copolymer of a member selected from the 
group of alkylenes and monocarboxylic acids with the 
aliphatic polycarboxylic compounds described in 
claim 2, said copolymers having the general formula: 

(). (...) it k /-\ k cooH/ 
wherein R is selected from the group consisting of 

hydrogen, methyl, carboxyl, carboxymethyl, and 
carboxyethyl, 
wherein only one R can be methyl; 

wherein m is at least 45 mole percent of the co 
polymer, 
wherein X, Y and Z are each selected from the 
group consisting of hydrogen, methyl, carboxyl 
and carboxymethyl, at least one of X, Y and 
Z being selected from the group consisting of 
carboxyl and carboxymethyl provided that X and 
Y can be carboxymethyl only when Z is selected 
from carboxyl and carboxymethyl, wherein only 
one of X, Y and Z can be methyl; wherein in 
is a whole integer within a range, the lower 
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which is determined primarily by the solubility 
characteristics in an aqueous system, said poly 
electrolyte builder material having a minimum 
molecular weight of 350, calculated as the acid 
form, and an equivalent weight of about 50 to 
about 80, calculated as the acid form, the ratio 
of said polyelectrolyte builder to said detergent 
surfactant being in the range of from about 1:3 
to about 10:1, by weight. 

5. A cleansing and laundering composition as defined 
in claim 1, wherein the ratio of the polyelectrolyte builder 
to the detergent surfactant is from about 1:2 to about 
5:1, by weight. 

6. A cleansing and laundering composition as defined 
in claim 1, which provides in solution a pH of from 
about 9 to about 12. 

7. A cleansing and laundering composition as defined 
in claim 6, which provides in solution a pH of from 
9.5 to 11.5. 

8. A built liquid composition of claim 1 wherein the 
ratio of the polyelectrolyte builder to the detergent sur 
factant is from about 1:2 to about 3:1, by weight. 

9. A cleansing and laundering composition comprising 
as a detergent surfactant an anionic water-soluble alkali 
metal salt of an organic sulfuric reaction product having 
in its molecular structure an alkyl radical having from 
8 to 22 carbon atoms and a radical selected from the 
group consisting of sulfonic acid and sulfuric acid ester 
radicals, and a builder compound as defined in claim 1, 
the ratio of said builder compound to said detergent sur 
factant being in the range of from about 1:3 to about 
10:1, by weight, and said composition providing in 
aqueous solution a pH between about 9 and about 12. 

10. A cleansing and laundering composition as de 
fined in claim 9 wherein the anionic detergent surfactant 
is selected from the group consisting of alkali metal sul 
fates in which the alkyl substituent contains from about 8 
to about 18 carbon atoms, alkali metal alkylbenzenesul 
fonates in which the alkyl group contains from about 9 
to about 15 carbon atoms, and a builder compound as 
defined in claim 1, the ratio of said builder compound 
to said detergent surfactant being in the range of from 
about 1:3 to about 10:1, by weight, and said composition 
providing in aqueous solution a pH between about 9 
and about 12. 

11. A cleansing and laundering composition as defined 
in claim 2 wherein the polyelectrolyte builder compound 
is a water soluble salt of a homopolymer of an aliphatic 
polycarboxylic acid selected from the group consisting 
of poly(maleic acid), poly(itaconic acid), poly(measconic 
acid), poly(fumaric acid), poly(methylenemalonic acid), 
and poly(citraconic acid), wherein the ratio of said 
polyelectrolyte builder to said detergent surfactant is 
from about 1:3 to 10:1 by weight, and the composition 
provides in an aqueous solution a pH of from about 9 
to about 12. 

12. A cleansing and laundering composition as defined 
in claim 11 wherein the ratio by weight of builder to 
detergent is from 1:2 to about 5:1 and the pH in aqueous 
solution is between 9.5 and 11.5. 

13. A cleansing and laundering composition as defined 
in claim 3 wherein the polyelectrolyte builder compound 
is a water soluble salt of a copolymer selected from the 
group consisting of (itaconic acid and aconitic acid) 
copolymer (itaconic acid and maleic acid) copolymer, 
(mesaconic acid and fumaric acid) copolymer and (meth 
ylenemalonic acid and citronic acid) copolymer. 

14. A cleansing and laundering composition as de 
fined in claim 4 wherein the polyelectrolyte builder com 
pound is selected from the group consisting of a 1:1 
copolymer of ethylene and itaconic acid with an equiva 
lent weight of 79; a 1:1 copolymer of propylene and 
maleic acid with an equivalent weight of 79; a 1:3 co 
polymer of acrylic acid and itaconic acid with an equiva 
lent weight of 66; a 1:4 copolymer of 3-butenoic acid 
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and maleic acid with an equivalent weight of 61.1; a 1:9 
copolymer of isocrotonic acid and citraconic acid with 
an equivalent weight of 66.2; a 1:1.9 copolymer of meth 
acrylic acid and aconitic acid with an equivalent weight 
of 62.2; a 1.2:1 copolymer of 4-pentenoic acid and itaconic 
acid, with an equivalent weight of 78.2, said equivalent 
Weights calculated as the acid form, and said ratios being 
mole ratios. 

15. A cleansing and laundering composition compris 
ing 3-hydroxy-4-decoxybutyl methyl sulfoxide as a deter 
gent surfactant and a sodium polymaleate builder com 

20 
pound, said polymaleate builder compound having a 
minimum molecular weight of 350, calculated as the acid 
form, and an equivalent weight of about 50 to about 80, 
calculated as the acid form, the ratio of said builder to 
Said detergent surfactant being from about 1:3 to about 
10:1, by weight. 
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