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Our inveniion relates to detergent composi-
tions of matter and methods for improving and
Increasing the effectiveness of detergents.

The term *“detergent” i{s employed generically
In a sense to include any compound or compo-
sition having a cleaning action. By the term
we intend to include more specifically the usual
soluble soaps of fatty acids in all the forms and
compositions and the so-called non-soaps, such
as the sulfoderivatives of higher fatty com-
pounds. With regard to the latter, we also use
the term generically without distinction as to
whether the most efficacious action is obtained
in an alkaline or an acid medium.

Hardness in water has previously been con-
sidered an undesirable characteristic, particu-
larly when the water is to be used with the soap
type of detergents in washing or cleaning. The
literature and the petents contain many dis-
closures pertaining to the treatment of hard
waters for the purpose of eliminating, or at least
minimizing, the undesirable results when used
with detergents.

The hardness of water comprises salts of
alkaline earth metals, such as calcium and mag-
nesium, and other metals, such as iron. These
may be rendered innocuous by taking them out
of solution in the form of an insoluble precipi-
tate. This is a cumbersome method and in-
volves a separate operation and extensive equip-
ment. They may also be rendered innocuous by
“sequestering” the hardness, in which case it
is converted into a component which does not
yield calclum ions in sufficient concentration to
react to form a soap precipitate. This, however,
requires a relatively large amount of the seques-
tering compound.

Another approach to the problem of hardness
in water has been to modify the detergent chem-
ically so that it becomes relatively unaffected
by the hardness of water in which it may be
used. An example of such compositions would
be the so-called “non-soap” detergents, such as
the sulfated higher tatty alcohol or higher fatty
amide types which are substantially insensitive
to hardness. These compounds Iin most in-
stances and unless used in combination with
other ingredients, are relatively not as effective
in detergent action as ordinary soap.

We have found, however, contrary to the prior
conceptions of the necessity and desirability for
removing the hardness or at least minimizing
its effect upon detergents, that hardness can be
utilized under controlled conditions to materially
increase the effectiveness of detergents. In fact
we have found that with a soft water or one of
reduced hardness, it may be desirable to pro-
vide a controlled hardness in order to obtain an
improved cleansing effect from a given detergent,

It is an object of our invention, therefore,
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2
to provide a method for increasing the effective-
ness of detergents.

It is a further object of our invention to
provide a composition intended primarily for
use as & detergent which will have an improved
cleansing action in the presence of water.

We have found that the tendency of the sofl
particles, such as oleaginous and inert solid
particles, to disperse and remain suspended in
the wash water may be increased by providing a
proportion of relatively insoluble colloidal-like
particles. The effect preferably is accomplished
if there is present a substance having such a
high negative valency as to maintain the par-
ticles in a state of dispersion.

We have found as a result that the cleansing
properties of a given detergent may be materially
increased. A maximum removal of soil is ob-
tained when the wash water containing the dis-
persion is removed from the article being
cleansed. Likewise, as a result of our discovery
the tendency for the soil to re-form or settle on
the cleansed article is minimized.

The detergents, soaps, for example, act to
emulsify the oily materials and deflocculate the
solid or dirt particles. The soil must remain
suspended or dispersed in the wash water so as
to be removed with it rather than remain or be
redeposited on the article to be cleansed.

The stability of an emulsion or suspension is
dependent upon the negative potential carried
by the dispersed particles and any condition
tending to increase the dispersing potential tends
to reduce the possibility of agglomeration or
flocculation,

‘The colloidal particles which we propose to use
in controlled amounts in accordance with our
invention are maintained in a highly dispersed
condition by providing them with a high neg-
ative potential by the addition of components
of relatively high negative valency. Thus, nu-
cleating points are provided for the soil which
in turn acquires a negative dispersing charge,
probably either by wetting as with an oil particle
or by a surface adsorption as with a dirt particle.
The negative potential nucleating points ma-
terially assist the action of the detergent by
dispersing the soil and stabilizing the dispersion
to permit removal with the wash water.

In the preferred embodiment of our inven-
tion, we control the formation of the insoluble
colloidal particles to be dispersed by the addi-
tion of a suitable proportion of a compound ca-
pable of forming salts having a solubility less
than that of the hardness normally present in
water. Such compounds act to precipitate the
hardness of water, for example, to provide the
desired colloidal particles. Included in this class,
for example, are sodium tetraphosphates, sodium
polymetaphosphate, i. e., sodium hexametaphos-
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phate, trisodium phosphate, tetrasodium pyro-
phosphate, or ofher alkaline metal phosphates,
soap, calcium sensitive non-soap detergents, or
other soluble materials which will precipitate
hardness.

The colloidal particles formed with the hard-
ness of water are then maintained in a dispersed
condition by the presence in the water of an
added substance capable of {ncreasing the nega-~
tive potential of the formed colloidal particles to
such a degree that they remain suspended.
Agents that may be employed most desirably be-
cause of their relatively high negative valency
are alkall metal polymetaphosphates, tetrasodium
pyrophosphates, and related compounds having
a valency of 4 or more.

It will be apparent that in the case of tetra-
sodium pyrophosphates and similar high nega-
tive valency compounds which also exert a pre-
cipitating action on the hardness of the water,
that only a single compound need be added to per-
form both functions.

It is important to observe that in utilizing sub-
stances of the type of tetrasodium pyrophosphate
and sodium hexametaphosphate, for example,
that only limited amounts may be utilized in
practicing our invention for if amounts are added
greater than that necessary to form a precipitate
with the water hardness, that 1s to say a calcium
salt of the phosphate, the desired colloidal pre-
cipitate will disappear and the calcium bhecomes
“sequestered.” It is well known that if a small
amount of sodium hexametaphosphate or tetra-
sodium pyrophosphate, for example, are added
to the hard water, a precipitate will be formed
which may be sufficient to cloud the water. Upon
addition of more of the phosphate, the original
precipitate will redissolve and the water again
becomes clear. The redissolving of the pre-
cipitate is the result of the formation of soluble
complexes with the added phosphate which do not
yield calcium ions in sufficient concentration to
result in precipitation. For example, one anion
of tetrasodium pyrophosphate is necessary to pre-
cipitate two cations of calclum hardness. One
additional anion of tetrasodium pyrophosphate
is necessary to form the complex with or se-
quester the calcium pyrophosphate.

The usefulness of the pyro- and hexameta-
phosphates, for example, in connection with soap
is ordinarily ascribed to this action of, in effect,
removing the calcium ifons from solution by se-
questering them and thus preventing the forma-
tion of insoluble calcium soaps. It has previously
been considered as necessary and desirable in
washing that sufficlent of the phosphate be added
to avoid the cloudy effect and redissolve or se-
quester the calcium. In accordance with our in-
vention we prefer the conditions in which the
water may be cloudy for such condition is evi-
dence of a fine colloidal precipitate which we have
found can be utilized to increase the effectiveness
of detergents. Thus, preferably only such small
amounts of the water hardness precipitating
agent of the “sequestering” type should be added
as to form the precipitate. Subsequent “se-
questering” should be minimized in order to ob-
tain the maximum effect desired in accordance
with our invention,

A careful control of the amount of such pre-
cipitating agent to be added is particularly neces-
sary if the “sequestering” type of agent is also
to be utillzed as the colloidal dispersing agent be-
cause of its high negative valency. For this rea-
son, in utilizing substances of the type of hexa-
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‘metaphosphates or tetrasodium pyrophosphates,
it is desirable only to 4dd the minimum amount
which will furnish the necessary colloidal dis-

_persion so that any additional amount of the

phosphate added will be effective to disperse the
colloidal particles by increasing their negative po-
tentlal without material “sequestering” or redis-
solving. )

Our invention and the result obtained is inde-
pendent of the alkalinity of the added ingredient.
For example, when a non-soap detergent is used
which is more effective in an acid solution, and
an alkaline high negative valency compound is
used, there may also be added an acid salt. This
will usually be done only in the case of certain
non-soap detergents. When o6ur invention is
used with soap as the detergent, and a relatively
highly alkaline negative valent compound, such
as tetrasodium pyrophosphate is used, the alka-
linity need not be, and preferably is not, de-
creased. The amount used may be so small as
to make it unnecessary to modify or correct the
resulting or normal alkalinity of the wash water.

It is possible to utilize our invention with deter-
gents which have a tendency to react with the
hardness of water forming insoluble compounds,
such as soluble salts of fatty acids which form
calcium soaps or non-soap detergents that are
sensitive to water hardness. For example, when
ordinary soap is used with hard water, the cal-
clum soap precipitate formed may be employed
with advantage to obtain an improved detergency
in accordance with our invention. Such preeipi-
tates may be used with the colloidal precipitates
formed by the other addition agents. In such
cases the proportions of high negative valency
dispersing agents could desirably be so adjusted
as to act to disperse any such calcium or mag-
nesfum soaps present in addition to other precipi-
tated hardness.

One of the properties heretofore considered
particularly desirable in the so-called “non-soap”
detergents has been their insensitiveness to the
hardness in water. That is, they do not react to
form, for example, insoluble calcium compounds
as do the soluble salts of fatty acids. As g result,
certain non-soap detergents have been used in
considerable quantities in districts known to have
water of an undesirable hardness. By the use of
the so-called “non-soap” detergents, it has been
possible in the hard water districts to wash with-
out the formation of the well-known scum (cal-
cium soaps) which is characteristically formed
when ordinary soaps are used.

We have found, however, that although the -

resistance fo hardness may be one of the desirable
features in a detergent, yet the detergent effec-
tiveness may be less than that desired as a result,
of this characteristic. We have found that the
effectiveness of the non-soap detergents can be
increased by providing in the wash water nucleat-
ing points for the soil, comprising colloidally dis-
persed particles along with an ingredient for
supplying high negative potentials, as already
pointed out. :

This may be accomplished in several ways. It
has been found desirable to increase the sensi-
tiveness of the non-soap detergents to water
hardness by means of which insoluble calcium
salts, for example, of the non-scap detergents
are formed as with soap. The precipitate is
maintained in a dispersed condition by the added
material of high negative potential as described
above, and thus provides nucleating points for
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the soil.
gent effectiveness are thereby improved.

"As an alternative or complementary procedure,
non-soap detergents may be utilized having a
reduced solubility. In such case, although they
might not react with the hardness to form insolu-
ble particles, yet their reduced solubility would
cause them to become absorbed by the soll parti-
cles, thus giving to such particles a negative
potential. The potential thus acquired tends to
hold the soil particles in a dispersed condition
facilitating removal with the wash water.

Compounds of the type obtained by condensing
8 higher fatty acid with the alkaline metal salt
of g hydroxy alkane sulfonic acid, such as myris-
tic oxyethane, are believed to be compounds of
the latter type and are highly desirable in utiliz-
ing the water hardness to increase the detergent
effect.

Certain of the salts of the sulfonated straight
chain alcohols, sometimes referred to as the
“gardinols,” and some of the “santomerse’” com-
pounds, such as the alkyl-substituted aromatic
sulfonates, as for example, dodecyl benzene so-
dium suifonate, appear to form relatively insolu-
ble calcium salts, for example, and thus may be
utilized in the formation of dispersed nucleating
points in accordance with our invention,

Such compounds of low solubility may be de-
sirably combined with the higher fatty acid
amides having the formula

/Xl
R—CO—N
Xa

in which R is an aliphatic, an aliphatic-aromatic,
or a cyclo-aliphatic radical, in which X1 is hy-
drogen or a radical denoted by R, and in which
X3 is hydrogen or g radical denoted by R, sald
compound having a total number of carbon atoms
of at-least 8 and containing at least one sulfonic
or sulfonic acid group the hydrogen of which
may or may not have been replaced by a metal
to form a corresponding sulfate or sulfonate
group. Examples of such compounds are the al-
ky1 taurides, such as

CsHSO0sNa

R—CO—N
CH;

Additional examples of this general type are as
follows:
CuHu(080,H)—C O—NH;s
CrHu(080:Na)—C 0—NH—C:H;
CaHy
CuHu(OBO|Na)—-CO—N/
CsH;
C:H—80:Na
CHy—CO-—N
CuHn
CiH1—80:Na
CyHy—CO—N
CoHy

and

CsH—8O0sH.NHy—CHs
CuHy—CO—N
CHjy

The soil dispersing action and deter- -
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In the same connection it probably 1s destrable
to use the higher fatty acid taurides having at
least 14 to 18 carbon atoms or more in order to
reduce their solubility. Desirable combinations
of these detergent ingredients are disclosed in our
copending application Serial No. 253,020, flled
January 26, 1939, now Patent No, 2,279,314, ssued
April 14, 1942,

It will be noted as a result of our invention that
the norma] hardness of water formerly consid-
ered detrimental is utilized and made highly de-
sirable for the purpose of increasing effectiveness
of a detergent of either the soap or non-soap
type for cleaning purposes. Water hardness var-
ies considerably between districts, but we have
found that an ordinary hard water will average
about 300 parts per milllon and formulas may
be adjusted utilizing such hardness as a standard
or may be adjusted to the hardness of water in
a selected district.

It the natural water hardness is not believed
to be sufficient to form the desired dispersion of
colloidal particles, a hardness, so-called, may be
included in the detergent composition which will
react with the detergent or ingredient of high
negative valence, such as tetrasodium pyrophos-
phate or both, to form a precipitate suitable to
be dispersed by an added substance of a high
negative valency and thus become available for
nucleating points, It may even be found desir-
able in all cases to include such a hardness sub-
stance in the desired commercial formula in or-
der to assure its presence. Calcium sulfate, cal-
cium chloride, calcium acetate, calcium nitrate
or other water soluble calcium, magnesium or
iron salts may be utilized for this purpose. How-
ever, with regard to the magnesium and iron
salts, care would have to be taken to avoid pos-
sible undesirable secondary effects. With deter-
gents which are sensitive to calcium hardness,
such as soap and a certain few non-soap de-
tergents, care also desirably must be taken not
to have present in the composition such amounts
of hardness as to form an excessive amount of
precipitate, but rather to have only such amounts
present as will form a precipitate and in such an
amount as can be maintained in a dispersed con-
dition by the imposed electric charge from the
added substance having the high negative va-
lency.

It will now be appreciated that in accordance
with our invention many detergents are more
effective in hard waters than in soft. It can also
be appreciated that as a result of the practice
of our invention, it is now possible to obtain a
detergency with both soaps and non-soaps in
soft waters, that 1s, waters free from hardness,
which will be the equivalent of waters containing
& substantial hardness.

As already pointed out, it has long been known
that calclum fons may be precipitated from non-
acld solutions by the additions of & small amount
of substances such as tetrasodlum pyrophosphate
and that the precipitate of the calcium pyrophos-
phate may be redissolved by an excess of tetra-
sodium pyrophosphate over that necessary to
form the precipitate.

We have demonstrated by a photoelectric
means, which translates the amount of precipi-
tate into a galvanometer deflection, that the
additions of very small amounts of tetrasodium
pyrophosphate to water having a calcium hard-
ness of 750 parts per million results in a rapidly
Increasing precipitation up to an over-all con-
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centration of about 0.1% of the pyrophosphate.
Additional amounts of tetrasodium pyrosphos-
phate then were found to bring about a gradual
re-solution of the precipitate until at an over-all
concentration of about 0.55% tetrasodium pyro-
phosphate re-solution of the calcium pyrophos-
phate precipitate is substantially complete. Only
the phosphate was added to the water in order
to avold any clouding effect which would tend to
minimize the sensitivity of the galvanometer,

With a water hardness of about 300 parts per
million, it has been found, utilizing the same
technique, that a maximum precipitation of cal-
cium pyrophosphate occurs at concentrations of
about 0.04% tetrasodium pyrophosphate with a
substantially complete re-solution of the calcium
pyrophosphate at about 0.09%. ’

The phenomena of precipitating the calcium
salts with a phosphate, for example, while avoid-
ing any substantial subsequent sequestering of
them may be utilized to advantage with deter-
gents including the socap and non-soap types. It
has been found that substantially less than 10%
of tetrasodium pyrophosphate, for example,
based upon the weight of a soap permits the
desired formation and utilization of precipitated
colloidal particles as dispersed nucleating points
in the presence of a soap in ordinary concentra-
tions and with water of average hardness,

Other such precipitating substances would be
used in relatively proportional amounts with de-
tergents. In some instances, only a portion of
the available hardness need be precipitated as
the colloidal-type particles to secure the desired
effective detergent action. Also, as already
pointed out, & part of the hardness may be pre-
cipitated by soap or a non-soap detergent if the
latter is calcium sensitive. In either event, less
precipitating agent of the phosphate type may
be used than would be otherwise necessary.

In a composition comprising 65% of soap and
35% of other ingredients, it has been found that
a maximum detergent effectiveness is obtained
with tetrasodium pyrophosphate in amounts of
2% % based upon the weight of the soap composi-
tion. In some cases, depending on the hardness
of the water, and the amount of soap employed in
a given washing operation, 5% or 8% of tetraso-
dium pyrophosphate may be preferred. Suitable
adjustment of the composition may be made
based upon the relationship between the tetra-
sodium pyrophosphate . and other equivalent
phosphates used.

In connection with non-soap detergents, we
have found that amounts of tetrasodium pyro-
phosphate of between about 10% and 50% or
more based upon the weight of the detergent,
may be used, having in mind the object of ob-
taining a desirable and effective colloidal-type
precipitate of the hardness, so as to increase de-
tergency. The amount to be used will depend
in general upon factors similar to those involved
with soap. However, it should be noted that with
regard to non-soap types of detergents, smaller
amounts of such detergents will be used because
of their greater detergency effectiveness. Thus,
the amount of detergent gvailable as a hardness
precipitating agent is less. Also, the non-soap
detergents usually are less effective as precipitat-
ing agents. Both of these factors call for a
greater proportion of the pyrophosphate type of
addition agent in order to obtain the necessary
precipitate of nucleating points. By way of
illustration, the amount of pyrophosphate in &
standard formula of a non-soap detergent may
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be at least five times the amount in a standard
soap formula.

If an added agent of the type of tetrasodium
pyrophosphate is used with a detergent composi-
tion containing soap, it would not be necessary
to have more of such added agent present than
the amount of soap necessary to precipitate the
hardness of the water for we have found that the
soap would act to precipitate the hardness first
thus making such added agent avallable to dis-
perse the precipitate by imposing upon it & neg-
ative potential, ’

In general, the amount of tetrasodium pyro-
phosphate, for example, which would be suf-
ficlent to precipitate the hardness of a water of
average hardness would also be sufficlent to
maintain the precipitate dispersed in a relatively
permanent suspension, and so improve the deter-
gent effectiveness of the composition. In using
added agents with a high negative potential of
the type of tetrasodium pyrophosphate, however,
it should be kept in mind that although larger
amounts might be added, that redissolving or
sequestering of the precipitate should be avoided
for to do so would diminish the available nu-
cleating points which act to increase the deter-
The dispersion brought about by
the high negative potential agent acting upon
the precipitate should at least be sufficient to
permit removal of the soil and dirt in a sus-
pended condition upon separation of the wash
water.

In compositions containing non-soap deter-
gents of a type relatively ineffective as hardness
precipitating agents, a sufficient amount of a high
negative potential dispersing agent must also be
added to obtain and maintain the desired dis-
persion of the colloidal-like particles. If hard-
ness of the water Is precipitated with the same
agent as is used to obtain the dispersion, the
amount added must be such as to form the pre-
cipitate and still have sufficient present to His-
perse it. In general, with substances of the type
of tetrasodium pyrophosphate, an amount ap-
proximately equivalent to the amount of precipi-
tating agent would be sufficient to obtain the
desired dispersion.

In general, with regard to detergent composi-
tions of either the soap or non-soap type, the
amount of added dispersing agent can be ad-
justed most effectively if it is also effective as a
colloidal dispersing agent even though it may
have the property of redissolving the precipitate
when used In excess. Of this type of added
agent, tetrasodium pyrophosphate appears to be
the most desirable, The negative valency of this
substance is 4. Other salts having a similar
or higher negative valency may be used If de-
sired with suitable adjustment of the propor-
tions dependent upon their precipitating and
dispersing characteristics relative to tetrasodium
pyrophosphate. .

We have been able to demonstrate by machine
and hand washing tests made on wool, silk, rayon,
and cotton standard soiled cloths, as well as in
standard dishwashing tests, that the detergent
effectiveness of a soap composition, for example,
is materially increased, if substances of the type
of tetrasodium pyrophosphate are added to the
soap or soap solution in amounts as low as 5%
and substantially less than 10% based on the
weight of the soap composition. Washing tests
have been run employing amounts of soap that
would give equal amounts of suds. Also, tests
have been run employing amounts of soap having
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equal weights of fatly acids. Relatively soft
water was used in one series of tests and a water
of approximately standard average hardness of
300 parts per million used in another serfes.

Soap compositions, at least of the spray-dried
type, used in laundering and dishwasbhing are
normally used in concentirations between .2%
and .5%, particularly in laundering, although
greater concentrations, as much as 1%% to
1% %, may be used in dishwashing.

The cloth washing tests, for example, have
shown that the addition of tetrasodium pyro-
phosphate In the amount of 5% to a soap com-
position gives a material Increase in detergency
as compared with a similar composition but with-
out the tetrasodium pyrophosphate. These tests
demonstrate, however, that the addition of fur-
ther increased amounts of tetrasodium pyro-
phosphate do not give any appreciable Increase
in detergency, but unexpectedly, 10% of tetra-
sodium pyrophosphate with a similar composi-
tion brings about a decrease in the detergent
effect.

These washing tests have also demonstrated
that there is an increase in detergent efficlency
when similar compositions are used with hard
water as compared with soft water, indicating
the advantage of operating under conditions
where there is controlled dispersion of suspen-
soids, obtained by precipitating the water hard-
ness and dispersing it in accordance with our
invention,

The amount of so-called added hardness, that
is, material available in the composition to form
a precipitate of a colloidal nature, which can he
maintained suspended, is, in general, related to
the hardness of the wash water with which it
is to be used and act only to replace or supple-
ment the natural hardness. It will be appre-
clated, therefore, that the amount to be added
would In no case be greater than that found
desirable for providing the greatest increase in
detergent efficiency, and would probably not be
greater than the equivalent of a water hardness
of three hundred parts per million. In view of
the fact that most waters available in metro-
politan districts already contain a natural hard-
ness, the amount of so-called artificial hardness,
for example, calcium sulfate, to be added would
be the minimum amount which would provide
an improved detergent effect.

Preferred examples of our soap composition in
accordance with our invention are as follows:

Per cent
A. Soap, anhydrous_ . ______________ 62
Sodium silicate. —— 8
Sodg ash 7
Tetrasodium pyrophosphate. . _______ 8
Salt, ete—_- ———— - 1
Water _ 14
B. Soap, anhydrous - - 65
Sodium silicate. - 10
Soda ash —— - 3
Tetrasodium pyrophosphate .. ____. 5
Salt, ete — 1
Water 16
C. Soap, anhydrouS. oo oo cemceme 65.5
Sodium silicate —— ———- 140
Soda SN e 1.0
Hexametaphosphate - 25
Salt, etc -—- 10
Water 16.0
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Preferred examples of a non-soap composition
embodying our invention are as follows: .

Per cent
D. Myristic methyltauride 10
Palmitic methyltauride 10
Tetrasodium pyrophosphate 20
Sodium sulphate 39
Calcium sulphate - 10
Balt, etc 8
Starch - 5
E. Myristic methyltauride 10
Palmitic oxyethane. 10
Tetrasodium pyrophosphate 18
Sodlum bisulphate. 9
Sodium sulphate 42
Salt, etc 6
Starch ---- 5
F. Stearic methyltauride b
Myristic methyltauride 10
Palmitic oxyethane e ———— 15
Disodium-dihydrogen-pyrophosphate .___.._ 12
Sodium sulphate 49
Salt, ete — 9

Variations within limits, dependent upon equiv-
alency and relative effectiveness, may be made
in the ingredients employed and in their propor-
tions without departing from our invention and
all such variations are to be included in our in-
vention as defined in the claims. While we have
set forth certain explanations for the Improved
results obtained as the result of the practice of
our invention, it should be appreciated that some
elements of any explanation may be theoretical
In nature. As a result, we do not wish to be
limited to the particular theory or explanation
explaining the improved results obtained. Other
theorles or explanations than those disclosed may
be developed which will satisfactorily explain the
desired results. Our invention is directed to the
improved detergents disclosed and claimed here-
in and the methods for improving the detergency
of soap and non-soap detergents as described
herein and claimed.

‘We claim:

1. In a process of removing soil from an article
by washing with water, the steps comprising add-
ing to sald water a water soluble alkaline earth
compound to impart a hardness of approximately
the equivalent of 300 parts per million to said
water, adding a water-soluble compound that
forms a water-insoluble precipitate with the al-
kaline earth compound, and maintaining said
precipitate in an insoluble but dispersed condi-
tion by the presence in said solution of a water
soluble phosphate having a negative valency of
at least 4. .

2. A detergent composition capable of improved
effectiveness when used in hard water, compris-
ing soap, a ‘water-soluble alkaline earth com-
pound in an amount to form a hardness in the
water of approximately the equivalent of three
hundred parts per million when said composition
is used in the amount ordinarily employed in 8
detergent operation, and a water-soluble phos-
phate having a negative valency of at least 4
in an amount to disperse the precipitate resulting
from the addition of said composition to said hard
water but insufficlent to sequester sald precipi-
tate when the composition is employed in said
amount ordinarily used i{n a detergent operation.

3. In a process of removing soil from an article
by washing in hard water, the steps comprising
introducing a finely divided precipitate into said
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water by adding soap and a water-soluble chemi-
cal capable of reacting with the hardness in the
said water to form a precipitate, and maintaining

sald precipitate in an insoluble but dispersed con- .

dition by the presence in said water of a water-
soluble phosphate having a negative valency of
at least 4. .

4. In a process of removing soil from an article
by washing in hard water, the steps comprising
introducing a finely divided precipitate into said
water by adding soap and a water-soluble chemi-
cal capable of reacting with the hardness in the
sald water to form a precipitate, and maintaining
said precipitate in an insoluble but dispersed con-
dition by the presence in said water of about
21 % to 8% of tetrasodium pyrophosphate based
on the weight of sald soap.

LLOYD F. HENDERSON.
BERNARD L. MAXWELL.
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water by adding soap and a water-soluble chemi-
cal capable of reacting with the hardness in the
said water to form a precipitate, and maintaining

sald precipitate in an insoluble but dispersed con- .

dition by the presence in said water of a water-
soluble phosphate having a negative valency of
at least 4. .

4. In a process of removing soil from an article
by washing in hard water, the steps comprising
introducing a finely divided precipitate into said
water by adding soap and a water-soluble chemi-
cal capable of reacting with the hardness in the
sald water to form a precipitate, and maintaining
said precipitate in an insoluble but dispersed con-
dition by the presence in said water of about
21 % to 8% of tetrasodium pyrophosphate based
on the weight of sald soap.
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