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This invention concerns certain new liquid detergent 
compositions. It relates more particularly to aqueous de 
tergent compositions suitable for use in the household and 
in the laundry where mildror heavy-duty perfomance is 
required in either soft or hard Water, and comprises aque 
ous solutions containing alkyl diphenyl ether sulfonates 
and water-soluble alkali metal polyphosphate salts. 

It is an object of the invention to prepare clear aqueous 
liquid detergent compositions containing alkyl diphenyl 
ether sulfonates `and alkali metal polyphosphate salts, 
which compositions are suitable for cleansing and washing 
purposes in both soft «and hard wate . Another object is 
to provide concentrated aqueous liquid detergent composi 
tions comprising alkyl diphenyl ether sulfonates and alkali 
metal polyphosphate salts dissolved in water to form clear 
solutions, which compositions can be marketed in liquid 
form and are suitable for use `for cleaning or washing 
heavily soiled surfaces or fabrics. Other and related ob 
jects may appear from the following description of the 
invention. . - 

According to the invention clear aqueous liquid deter 
Agent compositions can readily he prepared by dissolving 
certain alkyl diphenyl ether sulfonates and alkali metal 
polyphosphate salts in water in proportions as hereinafter 
delined. 

'I'he new compositions are transparent liquid solutions 
possessing excellent detergent and sudsing properties in 
both soft and hard water. The alkyl diphenyl ether sulfo 
nates are unusual in that they have a remarkably high 
solubility in water, thus Ipermitting the preparation of clear 
heavy-duty liquid detergent compositions in highly concen 
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trated form, thereby greatly reducing the cost of packag 
ing and marketing the liquid compositions. 
. The basic or essential ingredients of the liquid detergent 
compositions are (l) synthetic surface active agents which 
are alkyl diphenyl ether sulfonates, i.e. alkali metal salts 
of alkyl diphenyl ether sulfonic acids, having the general 
formula: 

wherein R represents an alkyl radical containing from 9 
to 15 carbon atoms, n is an average number between 1 
and 1.3, X represents a mon‘ovalent alkali metal selected 
from the group consisting of sodium and potassium, and 
m is an average number between 1.8 and 2.4, and (2) at 
least one alkali metal polyphosphate salt selected from 
the group consisting of sodium tripolyphosphate, potas 
sium pyrophosphate, potassium trípolyphosphate and mix 
tures of potassium pyrophosphate and sodium pyrophos 
phate. 

~ The alkyl diphenyl ether sulforiate and the alkali metal 
polyphosphate salt are dissolved in water to form trans 
parent aqueous solutions containing said ingredients in 
proportions within the lines ABCDA of the trilinear dia 
gram of the accompanying drawing, and with or without 
additives such as corrosion inhibitors, foam boosting and 
stabilizing agents or anti-redeposition agents. 

. The materials are selected so that the total concentra 
tion of the metal salt of the alkyl diphenyl ether 
sulfonic acid and the alkali metal polyphosphate salt is not 
less than 10 and not more than 55 percent by weight of 
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the solution and within the ranges defined by the trilinear 
diagram of the drawing. 
The proportions of the ingredients will vary depending 

upon the combination of sodium or potassium alkyl di 
phenyl ether sulfonate used and the alkali metal pyrophos 
phate or tripolyphosphate employed. More specifically, 
the ingredients can lbe employed in proportions of from 
_5 to 50 parts by weight of the potassium alkyl diphenyl 
ether sulfonate and from 5 to 45 parts of potassium pyro 
phosphate, per 100 parts by weight of the aqueous liquid 
composition, or with from 5 to 45 parts ‘by weight of a 
mixture of potassium pyrophosphate and sodium pyro 
phosphate containing not more than 5 parts by weight of 
sodium pyrophosphate, per 100 parts by weight of the 
composition, and within the Álines ABCDA of the trilinear 
diagram of the drawing. The ingredient sodium ‘alkyl di 
phenyl ether sulfonate can be employed in amount corre 
sponding to from 5 to 25 parts by weight with from 5 to 
35 parts lby weight of potassium pyrophosphate or with 
from 5 to 35 parts by weight of -a mixture of potassium 
pyrophosphate and sodium pyrophosphate containing not 
more than 5 parts by weight of so‘dium pyrophosphate, per 
100 parts by weight of the aqueous -liquid composition and 
within the lines AEFGHIA of the trilinear diagram of the 
drawing. The sodium or potassium alkyl diphenyl ether` 
sulfonate can be used in amounts of from 5 to 40 parts. 
by weight with from 5 to 40 parts by weight of potassium 
tripolyphosphate (K5P3O10) per '100 parts by weight of` 
the aqueous liquid composition 'and Within the lines. 
AJKLMNOA of the trilinear diagram of the drawing.. 
The potassium alkyl diphenyl ether sulfonate can be em-A 
ployed in amounts of from 5 to 20 parts by weight with` 
from 5 to 45 parts by weight of sodium tripolyphosphate 
(NasPaOw) per 100 parts by weight of the liquid composi 
tion and within the lines APQRA of the trilinear diagram 
of the drawing. 
The alkyl diphenyl ether sulfonates to be employed in 

preparing the liquid detergent compositions consist essen 
tially of diphenyl ether modified by having an average of 
from l to 1.3 alkyl radicals and from 1.8 to 2.4 sulfonate: 
radicals as nuclear substituents, each alkyl radical contain 
ing from 9 to 15 carbon atoms. 
The Áalkyl diphenyl ether sulfonate starting material can 

be prepared -by a series of steps. In brief, an alkyl di 
phenyl ether is prepared by reacting Ian olefin or an olefin 
halide such as tripropylenes, tetrapropylenes, pentapropyl 
enes, or dodecyl bromide, with diphenyl ether at reaction 
temperatures between 50° and 100° C. in the presence of 
a Friedel-Crafts type catalyst, e.g. aluminum chloride. 
The reacted mixture is -washed with water to remove the 
catalyst and is subjected to distillation to obtain a fraction 
consisting principally of monoalkylated diphenyl ether or 
a mixture of mono and ̀ dialkylated diphenyl ethers, such 
that the distillate contains an average number of from l to 
1.3 lalkyl substituents per diphenyl ether nucleus. In an 
alternate procedure, the distillation can be carried out so 
as to separate the Ámono Ian‘d dialkylated diphenyl ethers 
from one l‘another and from lower or higher boiling in 
gredients, after which the mono- and dialkylated diphenyl 
ether fractions can be combined in proportions such as to 
provide a mixture having an average number of nuclear 
alkyl substituents not exceeding 1.3 per diphenyl ether 
nucleus. 
The alkyl diphenyl ether or mixture of mono- and di 

alkyl diphenyl ethers is reacted with a sulfonating agent 
such as chlorosulfonic acid or sulfur trioxide while hav 
ing the reactants dissolved in an inert liquid polychlo 
rinated aliphatic hydrocarbon solvent such as methylene 
chloride, carbon tetrachloride, perchloroethylene, sym 
tetrachloroethane or ethylene dichloride, and at reaction 
temperatures between 20° and 60° C. The sulfonating 
reaction can be carried out employing the sulfur trioxide 
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er chlorcsulfonic acid in amounts corresponding to from 
2 to 3 gram molecular proportions of the sulfonating 
agent per gram molecular equivalent diphenyl ether 
nucleus in the starting material, 'The sulfonating reac 
tion proceeds readily with the introducing> of sulfonic 
acid radicals ontoA carbon atomsyof the aro-matic nuclei 
of the alkyl diphenyl others in amounts corresponding to 
from 1.8 to 2A sulfon-ic acid radicals per diphenyl ether 
nucleus, as determined by test, but it is `diflicult to i11-Y 
troduce three or more _of such radicals. For this reason, 
the sulfonating _agent is usually employed in amounts of 
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9.4 pounds of anhydrous `aluminum chloride was placed 
in a reaction vessel equipped with a stirrer and means 
for heating or cooling the contents. The mixture was 
stirred and heated to a temperature of 80° C. Thereafter, 
a charge of 119 pounds oía polypropylene fraction boil 
ing at .temperatures between VV185" and 210° C. at 760 
millimeters absolute pressuu'e> and consisting of tetra 
propylenes as the principal components, was added over 

' a period of 4 hours, together with a4 total of 0.5 pound 

from 2 4to 2.5 moles per diphenyl ether nucleus in the Y 
starting material to be sulfonated. . 

' Upon completing the sulfonating reaction, the mixture 
is neutralized or made slightly alkaline, e.g. is brought 
to a pHV value Ibetween 7 and 8, withyan alkali such as 
sodium hydroxide or potassium hydroxide or an Yaqueous 
solution of the same, to convert the alkyl diphenyl ether 
tothe corresponding salt,v i.e. thesodium or potassium 
salt of the alkyl diphenyl ether sulfonic acid. The 
aqueous and organic layers are separated. The salt or 
alkyl diphenyl ether sulfonate is recovered by heating the 
aqueous layer to evaporate the water. In an alternate 
procedure the neutralized or slightly alkaline mixture 
can be heated to vaporize and distill volatile ingredients 
such as water and the organic solvent employed as the 
reaction medium for the sulfonating reaction from the 
non-volatile material. The alkyl diphenyl ether sulfon-ate 
is obtained as a dry or substantially anhydrous free-dow 
ing powder containing 75 percent by weight or more 
of ,the alkyl diphenyl ether sulfonate in admixture with 
lesser amounts of inert materials, principally _alkali sul 
fates, e.g. sodium sulfate or potassium sulfate, ,with lesser 
amounts of alkali chlorides and water. The presence 
of such inert materials in small quantities is not disadvan 
tageous in «the invention. , f A 

In practice, the liquid ,detergent compositions of the 
invention are prepared by dissolving an amount based 
on the active ingredient, of the alkyl diphenyl ether sul 
fonate and the> inorganic polyphosphate ~salt, e.g. potas 
sium pyrophosphate or potassium tripolyphosphate, in 
sufficient water -to make 100 parts by weight of solution 
and containing said ingredients in a. total concentration 
between 10 and 5 5 percent b-.y weight of the solution. The 
compositions may contain additives such as corrosion 
inhibitors, foam boostingV and stabilizing agents or anti 
redeposition agents. ln preparing the compositions or 
liquid detergent compositions, obviously care should be 
taken to avoid the addition of materials that will promote 
the formation of highly insoluble compounds or pre 
cipitation by common-ion effects, etc.> The materials are 
selected so that the total concentration of the alkyl di 
phenyl other sulfonate and the alkali metal polyphos 
phate salt is not less than 10 and not more _than 55 per 
cent by weight of the solution and within «the ranges de 
fined by the trilinear diagram of the drawing. At higher 
concentrations «the solutions tend to become opaque or 
cloudy or are viscous liquids which are difficult to pour. 
The alkyl diphenyl ether sulfonate and the alkali metal 
polyphosphate salt are preferably employed in propor 
tions relative to one another of from 1 to 1.5 parts by 
weight of the alkali metal polyphosphate salt per part 
of the alkyl diphenyl ether sulfonate. The compositions 
of the invention are transparent, aqueous solutions con 
taining the alkyl diphenyl ether sulfonate andthe alkali 
metal polyphosphate in high concentration and are elîec 
tive heavy duty liquid detergent compositions for cleans 
ing or washing heavily soiled cotton clothes such as are 
encountered in home laundry washing. 
The following examplesv illustrate ways in which the 

principle of theinvention has been applied, but are notv 
to be construed as limiting its scope. 

EXAMPLE 1 
_ (A) A Charge ef 18o permis ofgdiphenyi allerhand; 

of gaseous hydrogen chloride, While maintaining the 
reacting mixture at Vten‘iperatures between 78° and 85° C. 
Stirring kand heating of the mixture was continued for 
a period of 0.5 _hour after -addition of the tetrapropylenes. 
The reacted mixture 4was washed with water to remove 
the catalyst, then was distilled; . A fraction of the al 
kylated diphenyl ether product boiling at 185°-245’ C. 
at 8 millimeters was separated. The product was a mix 
ture ofy mono- and dialkylated diphenyl ether and con 
tained an average of 1.14 tetrapropyl radicals per di 
phenyl'ether nucleus. , 

(B) A charge of the -alkyly diphenyl ether product 
boiling at 185°'245° C. at 8 millimeters prepared in 
part A above was dissolved methylene chloride to form 

' a solution containing 6.6 percent by weight of the alkyl 
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diphenyl ether. The solution was fed to a reaction zone 
underV pressure and into adm-ixture with sulfur trioxide 
in amount corresponding to 2.3 moles of the sulfur tri 
oxide per diphenyl ether nucleus in the alkyl diphenyl 
etherstarting material. The resulting mixture was mainv 
tained Vin »the reaction zone under a pressure of 30 pounds 
per square inch, gauge pressure, at react-ion tempera 
tures between 40°- and 60° C. for a period of l0 seconds, 
then was withdrawn. The material withdrawn from the 
reaction zone was mixed with an equal volume of water, 
then with an aqueous 50 weight percent solution vof 
sodium hydroxide in amount sutlicient to bning the result-l 
ing mixture to a pH value of 8. The aqueous and or~ 

. ganic layers were separated. The aqueous layer was 
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spray dried and the solids collected as a free-ñowing 
lightV yellow powder. The product consisted of 90.53 
percent by weight of alkyl diphenyl ether sulfonate, 
being diphenyl ether modified tby having an average of 
1.14 tetrapropyl radicals and 2.27 sulfonate radicals of 
the formula SO3Na as nuclear substituents per diphenyl 
ethery nucleus, 3.36 percent of sodium sulfate, 2.54 per 
cent of sodium chloride and 3.57 percent of water. ’ " 

(C) In each of a series of lexperiments a charge of 
the `alkyl diphenyl ether4 sulfonate powder obtained in 
part B above was dissolved in water having 150 partsv 
per million of hardness, together with potassium pyro 
phosphate in amounts -as stated in the following table 
to form liquid detergent compositions. A number of the 
compositions were tested »for detergency. The1 procedure 

' for determining Ya detergency value for the composition 
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w-as to add 4 grams of the liquid detergent composition 
to one liter of water having 150 parts per million of hard-lV 
ness, Vplace the solution, together with three swatches of 
soiled cloth, American Conditioning House No. 115, in 
a Terg-O-Tometer beaker and Wash the swatches at a 
temperature of 120° F. for l0 minutes at 100 cycles per 
minute. After washing, the swatches lare removed ̀ from 
the wash water, wrung by hand and rinsed in water havfÄ 
ing a hardness of 150 parts per million. . The swatchesy 
are then returned tothe Terg-O-Tometer and rinsed for 
5 minutes at 100° F. »in water having 150 partsA per mil 
lion` of hardness. Thereafter, the swatches are removed 
from the rinse watençwrung through a hand wringer,4 
placed between paper towels and pressed dry with a hand 

' iron. A reflectance value for the dried swatches was" 
70 

75 

measured using a photovolt reflectometer Model y610. 
The reflect-ance value for the swatches of soiled vcloth 
washed with‘the alkyl diphenyl ether sulfonate detergent 
composition was compared toV theV reliectance value for 
swatches of` cloth prepared asa ¿standard gby subiecting 
other,V testpiecesof 'the ‘soiled cloth to a similar Terg-_O-A 
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Tometer washing test employing a similar proportion of 
alkyl benzene sulfonate (Ultrawet K) and a similar 
amount of potassium pyrophosphate on a weight basis, 
1n one liter of Water having 150 parts per million of 
hardness. The detergency value for the aqueous corn 
position -is calculated as the product of the average re~ 
ñectance value for the swatches washed with the alkyl 
diphenyl ether sulfonate wash solution divided by the 
average reflectance value for the swatches washed with 
the alkyl benzene sulfonate, standard, wash solution multi 
plied by 100. Thus, the detergency for the composition is 
expressed as the percent of the detergency value of the 
standard wash solution. A value greater than 100 per~ 
cent indicates that the alkyl diphenyl ether sulfonate deter 
gent composition has greater detergency or washing prop~ 
erties than has the standard wash composition. rI‘able 
I identities the detergent compositions and gives the pro 
portions in percent by weight of the essential ingredients 
based on the weight ofthe liquid> solution.V The table ¿also 
indicates the solubility of the ingredients in the Iaqueous 
solution and gives a detergency. value for certain of the 
compositions. For purpose of comparison compositions 
which are not clear solutions and are outside the scope 
of the invention are included in the table. 

Table I 

Starting Materials Product 

Run  Alkyl  

N o.  Di henyl K4P¢O7, Water, Detergency 
~ ther Wt. Wt. Solution, compared 

Sulionate, Percent Percent Kind to Standard, 
Wt. Percent 

Percent 

5 45 50 lnsoluble._..- ............ -_ 
5 35 60 clear ...... __ 101 

10 35 55 .--_-do __________________ __ 
15 35 50 ___-_do____._ ____________ __ 
20 30 50 ..___d0-__ - 103 
25 25 50 -..___d0_____- ............ __ 
25 15 60 _____do .... _- 101.5 
30 l0 60 inso1ub1e__-- ............ ._ 

EXAMPLE 2 

A charge of 20 parts by weight of tetrapropyl diphenyl 
ether sulfonate and 30 parts of potassium pyrophosphate 
was dissolved in 50 parts of water. A clear detergent 
solution was obtained. The tetrapropyl diphenyl ether 
sulfonate employed in the experiment was prepared by 
procedures _similar to those described in parts A and B 
of Example 1 and consisted of diphenyl ether modiiied by 
having an average of 1.07 tetrapropyl «radicals derived 
from tetrapropylenes and 2.23 sulfonate groups of the 
formula ~SO3Na as nuclear substituents. The material 
was obtained as a light yellow powder having the com 
position 77.20 percent by «weight tetrapropyl diphenyl 
ether sulfonate, 19.161~ percent sodium sulfate and 3.64 
percent water. A detergency value for the liquid com 
position was determined employing procedure similar to 
that employed in part C of Example 1.-- The composi 
tion had -a detergency value of 971.5 percent. 

_EXAMPLE 3 
Atripropyl diphenyl ether sulfonate consisting of di 

phenyl ether modiiied by having an average of one tri 
propyl radical derived ̀ from' tripropylenes and 1.8 sul 
fonate groups of'the ̀ formula -SOaNa as nuclear sub~ 
stituents was prepared by procedures-similar to those de-v 
scribed in parts A and B of Example 1. The tripropyl di` 
phenyl ether sulfonate was obtained `as a light yellow 
powder having the _composition 89.97 percent by weight 
tripropyl diphenyl ether sulfonate, 5.76 percent sodium 
sulfate, 0.17 percent sodium chloride and 4.10 percent 
water. Y - 

A charge of 20 parts by weight of the tn'propyl diphenyl 
ether sulfonate and 30 parts of potassium pyrophosphate 
were dissolved in 50 parts of water. A clear liquid deter' 
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6 
gent composition was obtained. The composition had a 
detergency value of 100 percent. 

EXAMPLE 4 

A pentapropyl diphenyl ether sulfonate consisting of 
diphenyl ether modified by having an average of one 
pentapropyl radical derived from pentapropylenes and 
2.17 sulfonate groups of the formula -SOaNa as nuclear 
substituents was prepared by procedures similar to those 
described in parts A and B of Example 1. The penta 
propyl diphenyl ether sulfonate was obtained as a light 
yellow powder having the composition 87.16 percent by 
weight pentapropyl diphenyl ether sulfonate, 7.90 percent 
sodium sulfate, 0.09 percent sodium chloride and 4.75 
percent Water. Twenty parts by weight of the pentapropyl 
diphenyl ether sulfonate and 30 parts of potassium pyro» 
phosphate were .dissolved in 50 parts of water. A clear 
aqueous liquid detergent solution was obtained. The solu 
tion had a detergency value of 103 percent. 

EXAMPLE 5 

A tetrapropyl diphenyl ether sulfonate consisting of di 
phenyl ether modified by having an average of 1.14 tetraî 
propyl radicals derived from tetrapropylenes and 1.95 
sulfonate groups of the formula 5803K as nuclear sub 
stituents». was prepared by procedures similar to those 
described in parts A and B of Example l, except that the 
tetrapropyl diphenyl .ether sulfonic -acid was neutralized 
vwith potassium hydroxide to lobtain the corresponding 
salt. The tetrapropyl diphenyl ether sulfonic acid, potas 
sium salt, was obtained as a free-ilowíng powder. 
Twenty parts by weight of the tetrapropyl diphenyl ether 
sulfonate and 30 parts of potassium pyrophosphate were 
dissolved in 50 parts of Water. A clear aqueous solution 
was obtained. The solution had good detergency proper 
ties. , 

EXAMPLE 6 

A charge of 20 parts by weight of tetrapropyl diphenyl 
ether sulfonate similar to Ithat described in part B of 
Example 1 was dissolved in 70 parts of water containing 
l0 parts of- potassium tripolyphosphate. A clear aque 
ous `solution was obtained. The liquid composition had 
good detergency properties. 

EXAMPLE 7 

_ A dodecyl diphenyl ether sulfonate consisting of di 
phenyl ether modified by having 1.27 dodecyl radical 
derived from dodecyl bromide «and 2.14 sulfonate groups 
of the formula -SO3Na as nuclear substituents was dis 
solved in water together with potassium pyrophosphate 
in amounts of 20 parts by weight of the dodecyl diphenyl 
ether ysulfonate, _3‘0 parts of the potassium pyrophosphate 
and 50parts of water. A cle-ar aqueous solution was 
obtained. The liquidI composition had good detergency 
properties. ï 

_ EXAMPLE 8 

A liquid detergent vcomposition was prepared by clis 
solving 5 parts by weight of tetrapropyl diphenyl ether 
sulfonate similar to that described in part B of Example 
1, 15 parts of potassium pyrophosphate, 5 parts of sodium 
silicate having an Na-„O/SiOz ratio of 1:1.8 and 0.2 part 
of sodium carboxymethyl cellulose (detergent grade) in 
75.parts of water. A clear aqueous solution was ob 
tained. The liquid composition had good detergency 
properties and was suitable for washing heavily soiled 
fabrics. 

' » EXAMPLE 9 _ 

In each of a series of experiments, a potassium tetra 
propyl diphenyl ether sulfonate having an average of 1.14 
tetrapropyl radicals derived from tetrapropylenes and 1.95> 
sulfonate groups of the formula ̀ 403K as nuclear sub~ 
stituents per diphenyl ether nucleus, and similar to that 
employed in Example 5, was mixed with water and 
potassium pyrophosphate in proportions as stated in the 
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following table. The mixture Vwas stirred ‘and heated to 
a temperature of 90° C. _then allowed to cool to room 
temperature. After standing for three days the mixtures 
were examined. Table II identifies the mixtures and 

heated to a temperature off 90° C., then allowed _to cool 
to room temperature. After‘standing for three days the 
mixture was examined. Table _IV ideutiñes thev mixtures 
and indicates the solubility ofthe-product. " ‘ 

gives the proportions ofthe ingredients based on the 5 Ta‘ble IV 
weight of the mixture. >The table also indicates the solu- Y ~ 
bility of the ingredients 1n the aqueouszllqmd. Starting Matms'ls Broduct 

Table Il 

Y ' -' 1o n N Nametia' Y un o. Drop? ` 

Starting Materials , Product Diphenyl KiPsOiu, Water, Solution. . 
Ether Wt. Wt. Kind 

K_Tetra_ Sulfvorrêate, Percent Percent 
Run No. propyl ,  ` ' Percent 

Diuhenyl KtPlOv, Water, Solution. 
Ether Wt. Wt. Kind ' 

Suifonate, Percent Percent ' 5 5 90 clear. 
Wt. s 40 55 Do. 

Percent ‘ 5 50 45 insoluble. 

~. la r. ‘t ce b 
i .2 e das" a i5 ‘nii ‘ 6 50 45 insoluble 25 30 4g along. 

l0 45 45 clear. a() 25 45 D0` 
¿8 gg ät; hllesguble -30 ao 4o insoluble. 
à? _ '. ig illisoliible îg 5g elegir? 
0 0631’. 

so 25 45 no.V 40 5 55 D9' 
35 2o 45 Do. 25 

Y g3 1g i? ggf The compositions in Table IV which form clear solu 
55 . 5 4o >opaque Y tions are within the lines AIKLMNOA ofY the trilineai 
gg g Clegg diagram of the drawing. Y 
25 5 ,7° » m' EXAMPLE V12 

The compositions in Table Il whichV form clear solu 
tions are within the lines ABCDA of the tri-linear diagram 
of the drawing. l ' 

' EXAMPLE l0 

In each of a series of experiments, a potassium'tetra' 
propyl diphenyl ether sulfonate similar to that employed 
in Example 9, was mixed with Water and sodium tripoly 
phosphate in proportions as stated in the following table. 
The> mixture was stirred and heated` to a temperature of 
90° C. then allowed to cool vto room temperature and 
stand Vfor three days. Table III identiiies the mixtures 
and indicates the solubility of the ingredients in the aque 
ous liquid. 

Table III 

Starting Materials Product 

K~Tetra 
Run No. propyl ' ' 

Diphenyl N asPsOiu, ‘ Water, Solution, 
Ether Wt. Wt. Kind 

Sult‘vcèrêate, Percent Percent 
Percent 

5 5 90 clear. 
5 20 75 o. 
5 25 70 insoluble. 

10 2O 70 clear. 
10 25 65 insoluble. 
15 2D 65 clear. 
20 20 60 insoluble 
25 15 50 clear. 
30 15 55 insoluble 
35 l0 55 clear. 
30 15 55 insoluble 
45 5 50 clear. 

30 

35 

40 

In each of a series of experiments, a sodium tetra~ 
propyl diphenyl ether sulfonate similar to that employed 
in Example 11 was mixed with water and potassium 
pyrophosphate in proportions as stated in the following 
table. The mixture was stirred and heated to a tempera 
ture of 90° C. then allowed to cool and stand at room 
temperature for a period of three days. Table V iden 
tiñes the mixtures and indicates the solubility of the in 
gredients in the aqueous liquid. ' 

Table V 

Starting Materials Product 

Na-Tetra 
Run No. propyl 

Dipbenyl K‘PiOy, Water, Solution, 
Ether Wt. Wt. Kind 

Sul‘fgxêate, Percent Percent 
Percent 

5 5 90 clear. 
5 35 60 Do. 
5 40 55 insoluble. 

10 35 55 clear. 
10 40 5() insoluble. 
15 35 50 clear. 
15 40 45 insoluble. 
20 30 50 clear. 
20 35 45 insoluble. 
25 25 50 clear. 
25 30 45 insoluble. 

28.5 2l..5 50 Do. 
25 20 55 clear. 
25 15 60 Do. 
30 10 60 insoluble'. 
«25 10 65 Do. 

23. 5 11. 5 65 clear. 
25 5 70 insoluble. 

21. 5 8. 5 70 clear. 
20 5 “ 75 Do. 

The compositions which form clear solutions in Table 
III' are within the lines APQRA of the trilinear diagram 
of the drawing. 

EXAMPLE 1l 

In each of a series of experiments, a sodium ̀ tetrapropyl 
diphcnyl ester sulfonate having an average of 1.14 tetra 
propyl radicals derived from tetrapropylenes and 2.27 
sulfonate groups of the formula -SOaNa as nuclear sub 
stituents per diphenyl ether nucleus and similar t0 that 
describedin part B of Example l, was mixed with water 
and potassium tripolyphosphate in proportions as stated 
in.A the Yfollowing table. The mixture was stirred and 

65 

75 

The compositions in Table V which form clear solu 
tions are within the lines AEFGHIA of the trilinear dia 
gram of the drawing. 
We claim: 
1. A clear transparent aqueous liquid detergent com 

position consisting of a transparent aqueous solution con. 
taining (l) an alkyl diphenyl ether sulfonate having the 
general formula: 

wherein R represents an alkyl radical containing from 9_ 
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to 15 carbon atoms and n is an average number from 
1 to 1.3, X represents a member ofthe group consisting 
of sodium and potassium and m is an average number 
from 1.8 to 2.4, and (2) an inorganic phosphate selected 
from the Igroup consisting of sodium tripolyphosphate, 
potassium tripolyphosphate, potassium pyrophosphate 
and mixtures of potassium pyrophosphate and sodium 
pyrophosphate, said solution containing a combination 
of ingredients in proportions by weight, based on 100 
parts by weight of the solution, which> combination is se 
lected from the group consisting of: (a) from 5 to 50 
parts by weight of the potassium alkyl diphenyl ether 
sulfonate (l) and from 5 to 45 parts of inorganic phos 
phate (2) selected from the group consisting of potassi 
um pyrophosphate and mixtures of potassium pyrophos 
phate and sodium pyrophosphate, which mixtures con 
tain not more than 5 parts by weight of sodium pyro 
phosphate, and in a total concentration between l0 and 
55 percent by weight of the solution and within the lines 
ABCDA of the trilinear diagram of the drawing; (b) 
from 5 to 25 parts by weight of the sodium alkyl diphenyl 
ether sulfonate (l) and from 5 to 35 parts by weight of 
the inorganic phosphate (2) selected from the group con 
sisting of potassium pyrophosphate and mixtures of potas 
sium pyrophosphate and sodium pyrophosphate, which 
mixtures contain not more than 5 parts by weight of so 
dium pyrophosphate, and in a total concentration be 
tween 10 and 50 percent by weight of the solution and 
within the lines AEFGHIA of the trilinear diagram of 
the drawing; (c) from 5 to 40 parts by weight of the alkyl 
diphenyl ether snlfonate (1) and from 5 to 40 parts of 
the inorganic phosphate (2) consisting of potassium tri 
polyphosphate, and in a total concentration between 10 
and 55 percent by weight of the solution and within the 
lines AJKLMNOA of the trilinear diagram of the draw 
ing; and (d) from 5 to 45 parts by weight of the potassi~ 
um alkyl diphenyl ether sulfonate (l) and from 5 to 20 
parts by weight of the inorganic phosphate (2) consist 
ing of sodium tripolyphosphate, and in a total concentra 
tion between 10 and 50 percent by weight of the solution 
and within the lines APQRA of the trilinear diagram of 
the drawing, said inorganic phosphate (2) being in pro 
portions of from l to 1.5 parts by weight per part by 
weight of the alkyl diphenyl ether sulfonate (l). 

2. A liquid detergent composition as claimed in claim 
l, wherein the aqueous solution contains from 5 to 50 
parts by weight of the potassium alkyl diphenyl ether 
sulfonate (1) `and from 5 to 45 parts of potassium pyro 
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phosphate per 100 parts by weight of the solution, and in 
a total concentration between l0 and 55 percent by weight 
of the solution and within the lines ABCDA of the tri 
linear diagram of the drawing. 

3. A liquid detergent composition as claimed in claim 
l, wherein the aqueous solution contains from 5 to 40 
parts by weight of the sodium alkyl diphenyl ether sul 
fonate (l) and from 5 to 40 parts of potassium tri 
polyphosphate per 100 parts by weight of the solution 
and in a total concentration between 10 and 55 percent 
by weight of the solution and within the lines 
A-JKLMNOA of the trilinear diagram of the drawing. 

4. A liquid detergent composition as claimed in claim 
l, wherein the aqueous solution contains from 5 to 25 
parts bym/eight of the sodium alkyl diphenyl ether snl~ 
fonate (l) and from 5 to 35 parts of potassium pyro 
phosphate per 100 parts by weight of the solution and in 
a total concentration between l0 and 50 percent by 
weight of the solution and within the lines AEFGHIA 
of the trilinear diagram of the drawing. 

5. A liquid detergent composition as claimed in claim 
4, wherein the potassium pyrophosphate and the sodium 
alkyl diphenyl ether sulfonate are employed in propor 
tions corresponding to from l to 1.5 parts by weight of 
the potassium pyrophosphate per part of sodium alkyl di 
phenyl ether sulfonate. 

6. A liquid detergent composition as claimed in claim 
l, wherein the aqueous solution contains from 5 to 25 
parts by weight of the sodium alkyl diphenyl ether sul 
fonate (1) and from 5 to 35 parts of a mixture of potas 
sium pyrophosphate and sodium pyrophosphate, which 
mixture contains not more than 5 parts by Weight of so 
dium pyrophosphate, per 100 parts by Weight of the solu 
tion and in a total concentration between 10 and 50 per 
cent by weight of the solution and within the lines 
AEFGHIA of the trilinear diagram of the drawing. 
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