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The present invention relates to mechanically worked
compositions consisting largely or entirely of inorganic
salts and organic synthetic sulfate and sulfonate deter-
gents and to a method for making such compositions.

Uniformity of composition and of texture, good physi-
cal toughness and cohesiveness, and desirable surface ap-
pearance and feel are best attained in solid soaps and
synthetic detergents by the mechanical working of compo-
sitions which have a substantial degree of plasticity. Such
worked products are commonly referred to as “milled,”
even though some alternative means of working such as
plodding and/or extruding may be employed in their
manufacture.

Sodium soaps and some of the organic sulfate and
sulfonate detergent salts have a high degree of plasticity
when within suitable ranges of temperature and moisture
content, as is well known, and therefore lend themselves
admirably to the manufacture of milled soaps and other
milled detergents. Inorganic salts, as a rule, are devoid
of plasticity and can be incorporated only to a limited
extent in milled soaps and milled detergent compositions.
When a milled detergent is to be made from a synthetic
detergent which is itself low in plasticity, or substantially
devoid of plasticity, the amount of ordinary inorganic salt
which can be tolerated is quite low. If, in any given case,
the amount of unplasticizable inorganic salt is excessive,
the composition will lack cohesiveness and toughness, will
tend to crumble, will be dull in surface appearance, and
undesirable in texture.

Mechanical working is the most practical means by
which synthetic detergents containing large amounts of
inorganic salts can be made into flake or bar form. Such
compositions because of their lack of plasticity are, how-
ever, extremely difficult to mill or extrude. They are
quite temperature sensitive, abrade the equipment, dis-
color, and tend to pile up and halt the operation of the
mills and extruders. Furthermore, anionic detergents
tend to be crystalline and do not readily enmesh water,
as do soaps.- Some anionic detergents exhibit plasticity
within a narrow temperature range. However, even when
these detergents are plastic, their plasticity is inadequate to
permit good mechanical working in the presence of large
amounts of inorganic salts. Without the addition of a
plasticizer, or binder such as insoluble soaps, starch,
waxes and carboxymethylcellulose, detergent bars or
flakes containing large amounts of inorganic salts cannot
be made successfully by milling or extruding.

Our discovery of a plastic inorganic salt combination
greatly increases the range of formulations of satisfactory
milled synthetic detergents. It is particularly advantage-
ous in that it includes tripolyphosphates which are recog-

nized as excellent detergency builders for synthetic de-

tergents. Detergent- tnpolyphosphate compositions are
comparable to soaps in detergency in soft water and are
greatly superior to soaps in detergency in hard water.
The second component of our unique plastic inorganic
salt complex is sodium sulfate, a material which accom-

10

15

20

25

30

35

40

45

50

65

60

65

70

panies synthetic organic detergents as ordinarily made,

2

Without the formation of the tripolyphosphate-sodium
sulfate complex, which is inherent in the practice of our
invention, it would in many cases be necessary to go to
the added expense of removing the sodium sulfate before
attempting to use the synthetic detergent in making a
milled product.

It is an object of this invention to provide mechamcally
worked organic synthetic detergent compositions contain-
ing large amounts of inorganic salts, and to provide a
method for making such detergent compositions, It is a
further object to provide mechanically worked synthetic
organic detergent bars, ribbons and flakes containing,
as builders, crystalline inorganic complexes. It is a further
object to provide mechanically worked synthetic organic
detergent bars, ribbons, and flakes containing, as a builder,
a crystalline sodium sulfate-sodium tripolyphosphate com-
plex which can be identified by its characteristic X-ray
diffraction pattern. It is a further object to provide
heavily built milled detergent flakes which will not crack
during processing. Other objects and advantageous
features will become apparent from the following detailed
discussion.

This invention is based on the discovery of heretofore
unrecognized crystalline plasticizable inorganic com-
plexes and, in particular, a crystalline sodium sulfate-
sodium tripolyphosphate complex which under certain
conditions becomes plastic in nature. The plasticity of
these complexes makes possible the production of me-
chanically worked water soluble, anionic, synthetic or-
ganic detergent compositions containing large amounts
of inorganic builder.

One means of accomplishing the mechamcal workmg
of the detergent compositions of the present invention is
the process of milling. In the milling operation, the
plastic detergent composition is passed between a series
of rotating rolls, successive members of the series rotat-
ing at higher speeds and at lower clearances, the deter-
gent composition being thus subjected to mechanical
working, shearing and compacting. The action of .the
milling rolis can be supplemented by plodding and extrud-
ing, whereby the detergent composition is mechanically
worked, with shearing and compacting, by being forced
through one or more orifices of restricted size by the pres-
sure of an Archimedean screw revolving within a closed
barrel. In fact, oft repeated high pressure extrusions
through small orifices accomplish a mechanical working
and compacting to coherent solid form similar in nature
and effect to passage through a series of milling rolls, due
to linear flow of the detergent composition under pres-
sure, presumably with adjacent layers flowing at different
relative speeds. The mechanical working accomplished
by either plodding and extruding or milling results in a
rise in temperature, which may be regulated by adding or
extracting heat, as desired. It will be understood that
our process is capable of producing mechanically worked
detergent compositions by passage over and between mill-
ing rolls, or by repeated extrusion through restricted ori-
fices, or by an equivalent manner of working or kneading,
such as by means of pin-barrel plodders, twin-screw
kneading machines and the like and that the term “me-
chanically worked” is employed herein to describe such
milling and/or extrusion. The final product may be in
bar form, or in flake or ribbon form, or in other forms
such as threads of spaghetti-like noodles, depending upon
the size and shape of the extrusion orifice.

Since our invention is concerned in part with hereto-
fore unrecognized, crystalline plasticizable inorganic
complexes, we shall first describe the properties and
methods of preparation of these complexes We have
been able to produce such complexes using the following
four systems: potassium tripolyphosphate-sodium sulfate,
potassium tripolyphosphate-potassium sulfate, sodium tri-



polyphosphate-potassium sulfate, and sodium tripoly-
phosphate-sodium sulfate. Attempts to ascertain the ex-
act physical structure and chemical composition of the
complexes have been handicapped by difficulties in ob-
taining absolutely pure preparations. Preparations have
been obtained using the sodium tripolyphosphate-sodium,
sulfate system, however, in which the complex was the
only. crystalline material present, the remainder of the
preparation consisting of amorphous material. We there-
fore have been. able to determine the X-ray diffraction
pattern of the pure sodium sulfate-sodium tripolyphos-
phate complex, and this pattern is reproduced in the
drawing. Copper Ke«; radiation (A=1.54050 A.) was
used in the determination of this pattern.

The X-ray diffraction pattern shown in the drawing can
be characterized by the spacings of the strong diffraction
lines at the following approximate values of the angle
20: 18.9°, 22.8°, 25.4°, 31.9°, 33.2° and 46.7°. These
values of the angle 26 correspond respectively to the fol-
lowing values of interplanar spacing d: 4.69 A., 3.90 A,
350 A, 280 A, 270 A, and 1.94 A,

X-ray diffraction studies have been made on all of
the sodium and/or potassium systems hereinbefore de-
scribed and in each case there was a disappearance of
some of the X-ray diffraction lines characteristic of the
individual components of each system. The disappear-
ance of characteristic lines, in conjunction with the ap-
pearance of new lines, indicates the formation of a new
crystalline substance. Since we have been able to char-
acterize through X-ray diffraction techniques the sodium-
sulfate-sodium tripolyphosphate system, we have found
that system to be particularly useful, and much of the
discussion which follows is limited in description with
reference to that system. However, the other sodium
and/or potassinm systems hereinbefore described may be
readily substituted for the straight sodium system.

It has been found that the X-ray diffraction patterns
of different samples of complex may vary in intensity,
although the spacings of the strong diffraction lines will
be identical. This is caused by the presence of non-crys-
talline complex or complex having poorly crystallized
or strained crystals which alter the absolute line intensi-
ties, background intensities, and line shapes of the diffrac-
tion patterns.

A crystalline plasticizable inorganic complex can be
made by roll drying or spray drying aqueous solufions

NazH;_ P3Oy,

containing 5 to 40% of dissolved Na,S80, and
wherein x is a value in the range of from 4 to 5, with
the optimum ratio of NayS0O, to MNaH;_ .P30;, being
initially about 7:3 by moles. The complex has been
made using the following tripolyphosphate salts:

Na5P3010'6H20, Na5P3OmII, N35P3O]_UI, and Na4HP3010,

and mixtures of the tetrasodium and pentasodium tripoly-
phosphates such as Na4.5H0,5P3010.

The degree of co-crystallization of sodium sulfate and
Na,H;_ P30y is greatly influenced by drying rate. When
roll drying is employed, considerable amounts of complex
are formed with a drying time of one minute, When
the drying time is increased to 10 or 15 minutes only
moderate amounts of complex are formed. However,
a drying time of 22 minutes results in the formation of
relatively minor amounts of complex, and no complex
is formed when the drying time is increased to 40 min-
utes. It is apparent from the above that the mixture
must be dried rapidly, i.e. the drying time should not
exceed about 5 minutes and preferably will not exceed
about one minute. The word “drying” is intended to
mean the driving off of water until the inorganic con-
stituents have substantially entirely crystallized from solu-
tion to form the complex.

In addition to the roll and spray drying methods, the
complex can be made by rapid precipitation of the salts
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from solution. Formation of the complex by this preci-
pitation method, of interest mainly as a means of study-
ing the complex, may be described as follows: A fresh
aqueous solution containing 40% dissolved

Na2804+Na4HP3010

in a 7:3 molar ratio is poured suddenly into a 5 to 20
fold larger volume of very hot ethylene glycol, so that
the final mixture is at 230° F. or higher. The precipitate
is formed very rapidly and can be filtered off so quickly
that the inorganic ingredients need not be hot for more
than a minute or two and excessive hydrolysis of the

. tripolyphosphate will not occur.
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The mechanically worked, substantially non-soap de-
tergent compositions of the present invention contain as
essential ingredients at least one water-soluble anionic
synthetic sulfate or sulfonate detergent and, as am in-
organic builder, one-or more of the following crystalline
complex. inorganic salts: sodium tripolyphosphate-sodium
sulfate, sodium tripolyphosphate-potassium sulfate, potas-
sium tripolyphosphate-potassium sulfate, and potassium
tripolyphosphate-sodium sulfate. This complex is an
essential component of milled synthetic detergent com-

" positions which without this component would have in-
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sufficient plasticity to form a coherent milled pro_duct.
The complex can be further defined as being of a tripoly-
phosphate salt chosen from

NasP3019, NagHP;014, KsP3010, KHP;3010

and mixtures of any of these and of an inorganic sulfate
salt chosen from Na,SO, and K;80,. The sodium tri-
polyphosphate-sodium sulfate inorganic builder will have
the X-ray diffraction pattern set forth in the drawing.
Although this pattern usually will be superimposed on
other patierns, the presence of the complex may neverthe-
less be determined without difficulty by those skilled in
the art.

‘In the practice of this invention we utilize these in-

: organic builders, converted to their plastic states, for
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the manufacture of non-curling, non-cracking, non-brit-
tle milled detergent flakes, as well as other milled or
extruded detergent products such as bars or cakes. A
process for making milled flakes may be described as
follows.

To a crutcher are added at least one water-soluble
anionic synthetic sulfate or sulfonate detergent, sodium
sulfate (taking into account any sodium sulfate which
accompanies the anionic detergent by reason of a neu-

- tralization step), and a sodium salt of a tripolyphosphate

50

or a mixture of tripolyphosphates having the following
general formula NayHs_,P3019, wherein x is a value in
the range of from 4 to 5. Water is then added to the
crutcher mixture in an amount sufficient to put the in-

" organic constituents substantially entirely into solution,

1]

when sufficiently warmed and agitated. The inorganic
constituents, and particularly the tripolyphosphates,
should be in solution. High moisture content of the

paste minimizes the formation of suspended
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. lization is essential for formation of the complex.
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Na 5P30'10 M 6H20

crystals prior to the drying step. These crystals render
a portion of the tripolyphosphate unavailable for co-
crystallization with sodium sulfate, and this co-crystal-
If
the crutcher mixture which is to be dried contains un-
dissolved sodium sulfate or NayHs ,P30i4, the product
obtained upon drying will contain in addition to.the
NazP3045-6Ho0, other undesirable crystal species such
as NaySOy, NagP30yp and Na,Py0;. These suspended
crystals have an adverse effect upon the subsequent me-
chanical working of the detergent compositions. In or-
der to aid in the solution and admixture of the ingredients
comprising the crotcher mixture, the mixture is gen-
erally heated, although this operation is not essential,
We have employed temperatures in the range of from
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about 70° F. to about 180° F., and we prefer to heat
the crutcher mixture to a temperature of from aboqt
160° F. to about 180° F. If the cruicher mixture. is
held at too high a temperature for too long a period
of time, the tripolyphosphates may hydrolyze to f0r§n
pyrophosphate and orthophosphate, neither of which will
combine with sodium sulfate to form a plasticizable com-
plex. We have been unable to obtain a plasticizable
complex using sodium sulfate in combination with any
one of the following phosphates: NayHPO,, NasHP,Oy,
and Na4P207.

The next step involves drying the crutcher mixture
as rapidly as possible to promote co-crystallization of the
sodium sulfate and Nay,Hs_ P3O;. Roll drying and
spray drying are both satisfactory; however, s.low dry-
ing methods such as tunnel drying are not satisfactory,
since exposure of the tripolyphosphate in the presence
of water to elevated temperatures for extended periods
of time results in excessive hydrolysis of the tripolyphos-
phate. Even under the most carefully controlled con-
ditions as much as 20% of the tripolyphosphate may be
lost by hydrolysis. Using a roll drying technique, we
prefer to employ steam pressures of 12-30 pounds per
square inch gage. Using a spray drying technique we
prefer that the exit air temperature be from about 200°
F. to about 275° F. It has been observed that the
complex in the dry state is unstable at temperatures of
425° F. and above.

There are two alternatives which may be pursued fol-
lowing the drying step. The stock can be continuously
fed to mechanical working equipment or it can be stored
and at a later time be mechanically worked. Continuous
operation is preferable since frequently a large part of
the amorphous acid impurities which are formed by hy-
drolysis of the tripolyphosphate crystallize out as a re-
sult of exposure of the product to the atmosphere (e.g.
crystalline NagHP,07-H,0), without, however, affect-
ing the amount of complex present. There may also be
an increase in the crystal size of the crystalline com-
plex. In addition, if the stock is held at too high a water
content for too long a period of time, the complex may
dissociate with the formation of N2,S0, and tripolyphos-
phate hexahydrate. All of these changes affect the
plastic nature of the stock and as a result make me-
chanical working more difficult and the products formed
less satisfactory. This change in the plastic nature of
the stock is, at a given temperature, a function of time
and moisture level. At room temperature, stock con-
taining 4.5% water becomes increasingly crystalline and
difficult to mill after one week; stock at 9% water be-
comes undesirably crystalline after about one day; at
2-4% water, the stock should be stored no longer than
7 to 10 days. Under usual operating conditions the stock
will be stored no longer than one day.

The amount of water initially present in the dried
product which is to be mechanically worked will vary
considerably depending upon the nature of the synthetic
detergent which is used. As noted hereinbefore some
synthetic detergents possess some degree of plasticity.
As a general proposition, it may be stated that the greater
the plasticity of the synthetic detergent, the lower is the
percentage of water which the dried product need con-
tain for optimum mechanical working efficiency. For
example, if the active synthetic detergent consists of alkyl
benzene sulfonate, which possesses a relatively high de-
gree of placticity, the initial water level could be reduced
to as low as about 2% by weight of total product. How-
ever, if the active synthetic detergent is relatively devoid
of plasticity (e.g. alkyl glyceryl ether sulfonate) an ini-
tial water level as high as 12% by weight of total prod-
uct may be necessary. Furthermore, -the suitable water
level range will vary depending upon the type of me-
chanical working equipmest which is employed, the
duration of mechanical working, and the temperature of
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the product during mechanical working. Geneéfally the:
dried product will contain initially from about 6% to’
about 10% by weight of water. S

These stocks at any moisture level have no plasticity
under ordinary storage conditions. Temperature adjust-
ment to above 100° F. and preferably in the range of
from about 110° F. to about 130° F. usually brings’
the stock into a plastic state such that it may easily be
mechanically worked into flake form. However, be-
cause of the inherent plasticity of certain synthetic de-
tergents, especially within certain temperature ranges
which vary with individual detergents, the optimum: tem-
perature is to some extent dependent on the synthetic
detergent present in the composition:

When the stock is fed continuously to the mechanical
working equipment directly from the driers, a moisture
and temperature adjustment is made, if the stock is not
already within the desired ranges.

The final step in the manufacture of the milled flake
which comprises a part of the present invention is the:
mechanical working of the plastic ‘stock. Assuming no
pretreatment other than moisture and temperature adjust-
ment, double milling is desirable to produce a well milled
uniform flake. One milling step may be omitted by plod-
ding the stock prior to milling. To ‘maintain stock
plasticity it is preferred that the surface temperatures
of the first rolls be at about from 110° F. to 130° F. The
temperature on the first rolls can be as high as about
175° F. if there is sufficient cooling on the last roll to
prevent the cut flakes from deforming. Removing cut
flakes from the mills requires a shift from the plastic-
sticky range to a non-plastic, or semi-plastic, non-sticky
range. This may be accomplished on the flake surface
by reducing the ‘surface temperature of the last roll ‘to
about 70° F., when the temperatures of the first rolls are
in the range of 110° F. to 130° F. The temperature of
the last roll may have to be as low as 50° F. when the

. temperature of first rolls substantially exceeds 130° F.
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Water ‘soluble 'salts of sulfonic acids which exhibit
detergent effect, such as the higher alkylated benzene sul-
fonic acids -(e.g. sodium salt of the sulfonic acid derived
from the condensation product of benzene and a chlori-
nated kerosene fraction containing predominantly twelve .
carbon -atoms per molecule, or the sodium salt of ‘the
sulfonic acid derived from the condensation product of
benzene and polypropylenes having from 9 to 15 ‘carbon
atoms and averaging 12 carbon atoms) ‘may be employed
in the practice -of the invention. Also, water-soluble
salts of higher mono fatty acid esters of 1,2-dihydroxy-
propane-3-sulfonic acid (sodium salt of the coconut ‘oil
fatty ‘acid monoester of this sulfonic acid is a specific
example) will find use in the practice of this invention.
In addition, water-soluble salts of higher fatty acid mono-
esters ‘of lower molecular weight hydroxy alkyl sulfonjc
acids (e.g. oleic acid ester of the sodium salt of isethionic
acid) and of ‘the ‘higher fatty acid amides of lower molec-
ular atkyl ‘sulfonic acids (e.g. ammonium 'salt of oleic
acid amide of N-methyl taurine) may be employed.
Likewise, mechanically worked detergent compositions
containing large amounts of inorganic salts may be pre-
pared from synthetic detergents such as the water-soluble
salts of the higher alcohol esters of sulfocarboxylic acids.
(e.g. sodium salt of the lauryl alcohol ester of sulfoacetic
acid), ethers-of high molecular alcohols and lower hy-
droxy sulfonic acids (e.g. ‘monolauryl ether of 1,2-di~
hydroxy propane-3-sodium sulfonate), and the water
soluble ‘alkyl glyceryl ether sulfonates in which the alkyl
group contains from 10 to 18 carboh atoms (e.g. the
sulfonated and neutralized reaction product obtained by
reacting epichlorohydrin ‘and cocomit fatty alcohols con-
taining from 10 to 18 carbon atoms).

Other synthetic detergents which areuseful in the prac-
tice of our invention include the water-soluble salts of
high molecular -aliphatic ‘sulfuric acid esters such. as the
alkali: metal, ammonium and-substituted ammonium salts’
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of sulfuric acid esters of normal primary aliphatic alco-
hols having twelve to eighteen carbon atoms, particularly
those whose principal active ingredient is a water-soluble
salt of lauryl sulfuric acid or oleyl sulfuric acid. Specific
examples are the sodium alkyl sulfate obtained from the
mixed higher alcohols produced by the reduction of co-
conut oil, palm kernel oil, or other oils of the coconut oil
group (a group of tropical nut oils characterized by their
-high content of combined fatty acids having from ten to
fourteen carbon atoms) tallow or sperm oil. Also, water-
soluble salts of sulfuric acid esters of higher fatty acid
monoglycerides (e.g. sodium salt of the coconut oil fatty
acid monoester of 1,2-dihydroxy propane-3-sulfuric acid
ester) and of the sulfated higher fatty acid alkylolamides
(e.g. sodium salt of sulfated coconut oil fatty acid eth-
anolamide) may be employed. Included among these
synthetic detergents are the water-soluble salts of higher
alkyl polyethylene oxide sulfuric acid esters (e.g. the
sulfated and neutralized reaction product of about three
moles of ethylene oxide with one mole of the higher al-
cohols produced by the reduction of coconut 011 fatty
acids having 10 to 14 carbon atoms).

These sulfate and sulfonate detergents may be used
singly or in combination in the practice of the present in-
vention. The above examples are merely specific illus-
trations of the numerous detergents which can be in-
corporated into milled detergent compositions in the
presence of large amounts of inorganic salts, and are
not intended to be limitations.

The molar ratio of Nay,SO, to NayHs P30y in the
crutcher mix should be in the range of from about 2:1
to about 3:1.

If all of the Na,SO, and NaH; P30, which was
originally added to the crutcher, combined to form the
complex, the ease of mechanical working and the co-
herent properties of the final product would be at an
optimum. However, the molar ratio of Na,SO, to
Na H;_ P30y, in the mechanically worked product will
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generally not be the same as the molar ratio of the in-

organic salts which were put into the crutcher mix, be-
cause of the loss of some of the tripolyphosphate by
hydrolysis. The experimental work which has been com-
pleted indicates that the molar ratio of sodium sulfate to
tripolyphosphate in the complex is about 3:1. If a 3:1
ratio is added to the cruicher, there will usually be some
free sodium sulfate in the final product, assuming some
loss of tripolyphosphate by hydrolysis.  We have found
that with the normal loss of 20% to 25% of the tripoly-
phosphate through hydrolysis .2 molar ratio of sodium
sulfate to tripolyphosphate of 7:3 in the crutcher mix
often gives a product showing the X-ray diffraction pat-
tern of only the complex with no free sodium sulfate or
tripolyphosphate, the hydrolytic decomposition products
of the tripolyphosphates usually being amorphous and
therefore not showing an X-ray diffraction pattern. As
a consequence, a 7:3 molar ratio sodium sulfate to
NayH;_4P30yp in the crutcher mix is preferred in the
practice of this invention.

In broad terms, the mechanically worked detergent
compositions of the present invention contain from about
10%. to about 50% by weight, based on total product,
of active synthetic detergent and from about 30% to
about 70% by weight, based on total product, of sodium
sulfate and NagHjs ,P30:. Preferably these composi-
tions will contain from about 15% to about 30% by
weight of detergent, based on total product, and from
about 40% to about 60% by weight of sodium sulfate and
NaH;_,P;0y4, based on total product. Generally, the
sum of the active detergent, sodium sulfate, and

NayHs_zP3010

will be at least 60% of the total product. The ratio of
sodium sulfate to Na,Hs_,P30;, in the final product will
usually range from about 2:1.to 4:1. In order for the
composition to have the desired coherence a preponder-
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ance of the sodium sulfate and NagH;_,P30;¢ should be:
in the form of a complex having the X-ray diffraction pat-
tern shown in the drawing. Ideally, substantially all of
the sodium sulfate and tripolyphosphate in the composi-
tion will have combined to form the complex in the 3:1
molar ratio of sodium sulfate to Na H;s_,P304q, as demon-
strated by an X-ray diffraction analysis showing only
complex and no uncombined sodium sulfate and tripoly-
phosphate. Until the complex can be prepared in pure
form, i.e. free of all other material either crystalline or
non-crystalline for making X-ray calibration curves and
its composition proved constant, the amount of complex
present in any given detergent composition cannot be
determined by direct analysis for complex.

However, it is possible to indirectly analyze quantita-
tively for the complex by a combination of physical and
chemical analyses for the alkali metal sulfate which is
one of the components of the complex.

This indirect analytical technique will be described
with reference to the sodium-snlfate-sodium tripolyphos-
phate complex system. Chemical analyses can be made
for total Na;SO, in any given preparation, and such
methods of analysis are well known to those skilled in
the art. 1t is reasonable to assume that any uncomplexed
NaySO4 will exist as free NaySOy, and in the preparations
of the present invention virtually all of this NaySO,
will exist in the crystalline state as Na,SO4V. X-ray dif-
fraction quantitative analytical techniques have been em-.
ployed for the quantitative analysis of uncomplexed
NagSO,.V in the presence of sodium tripolyphosphate.

All X-ray diffraction analyses were accomplished with
a Geiger counter powder diffractometer which measures
and records the relative intensities of the diffraction lines.
Copper Ka; radiation (A==1.5405G¢ A) was used. This
diffractometer is a parafocusing X-ray diffraction device
which utilizes a Geiger counter for directly measuring the
intensity diffracted at any particular angle 2. A com-
plete description of this device may be found in “X-ray
Diffraction Procedures,” Klug and Alexander, published
by John Wiley and Sons, Inc., New York City, 1954, at
page 235. By means of this device, the intensity diffracted -
at the various 26 values can be shown as a line graph.

The procedure which can be used for measuring the
amounts of Na,SO,V present in a given preparation can
be adapted from the one set forth by Klug and Alexander
(op. cit.) beginning at p. 422. In this procedure, an
internal standard is mixed with Na,SO,V, in a fixed pro-
portion.

Magnesium oxide has proved to be a satisfactory- in-
ternal standard for use in quantitative determination of
the free NaySO4V in a preparation which contained tri-
polyphosphate, and the diffraction line at a spacing of
2.11 A, (42.9° 28) produced by the magnesium oxide was
selected for measuring the intensity ratio of Na,SO4V to
the internal standard.

The amount of Na,SO,V present in a preparation is.
determined using the diffraction line intensity at a spac-
ing of 3.20 A. (28.1° 26).

The difference between total sodium sulfate as deter-
mined chemically, and uncombined sodium sulfate, as
determined by X-ray difiraction analysis, represents the
sodium sulfate which is complexed with sodium trlpoly-
phosphate in the 3:1 molar ratio.

It is common to employ various auxiliary materials in
synthetic detergent compositions. The detergent compo-
sitions of the present invention may include any of these
substances employed by the art in admixture with such
detergent compositions generally, provided that the use of
any such materials does not adversely affect the plastic
properties of the mix during the mechanical working step.
These auxiliary materials may be inorganic or organic
in structure and may be mixed with the active detergent.
and plasticizable complex in any suitable manner. Such
conventional inorganic auxiliary materials as the alkali
metal silicates, chlorides, carbonates, the alkali metal
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phosphates (e.g. metaphosphate, pyrophosphate, ortho-
phosphate), etc. may be employed in these compositions.
Suitable organic materials may be added, such as glycerol,
carboxymethylcellulose, organic suds builders (such as
coconut ethanolamide, i.e. the monoethanol amide of
coconut. oil fatty acids), tarnish inhibitors, fluorescent
brightening agents, perfumes, coloring matter etc. The
addition of soap to the synthetic detergent compositions
is not essential to provide these compositions with the
plasticity necessary for mechanical working. The in-
organic complex by itself provides sufficient plasticity.
However, it may be desirable that soap be present in the
synthetic detergent compositions of this invention as a
supplemental and less expensive washing agent and as a
low temperature sudsing agent.

The stability of compositions made according to this
invention is truly remarkable, even after extended periods
of time. Tt would normally be expected that detergent
flakes containing up to 60% of inorganic salts would,
after a period of time, crack, crumble, acquire 2 hard
crystalline feel, and Iose whatever coherent properties
they might have originally possessed. However, the
detergent flake compositions of this invention after
ageing for up to two years still retain their original form,
waxy feel, and glossy appearance. Furthermore, the
brittleness of these flakes is about equal to that of sub-
stantially pure mechanically worked soap flakes stored
under similar conditions for the same period of time.

. The following examples are additionally illustrative
of the nature of the present invention, and it will be
understood that the invention is not limited thereto.

Example 1

A detergent composition is prepared by crutching at
170° ‘F. about a 40% solids water solution containing
on a solids basis, about 30% pentasodium tripolyphos-
phate, 33.5% sodium sulfate, 6% sodium silicate
(8i03/Nay0, 1.6), 1.6% sodium chloride, 10% alkyl
glyceryl ether sulfonate (the sulfonated and neutralized
product obtained by reactmg epichlorohydrin and coco-
nut fatty alcohols containing 10 to 14 carbon atoms),
10% tallow alkyl sulfate (the sodium alkyl sulfate ob-

tained from the mixed higher alcohols produced by the

reduction of tallow), 4% coconut ethanolamide (the
monoethanolamide of coconut oil fatty acids), 4% of
the sodium soap derived from castor oil, and 0.4%
glycerol. The solution is roli dried for five minutes using
steam pressure of 25 pounds per square inch, gage. The
resultmg composmon which contains about 8% water
by weight, is adjusted in temperature to 130° F. and
extruded through a pellet-forming plodder. The ex-
truded stock is then put through a three roll milling de-
vice with the surface temperature of the first rolls being
120° F. and the surface temperature of the final roll being
75° F. The cooled non-plastic, non-sticky sheets are then
cut into ribbons and these ribbons into flakes as they are
removed from the rolls,

If the product is desired in bar form rather than flake
form it is unnecessary to cool the final roll below 100°
E.  The milled detergent composition commg from the
final roll may be fed to a plodder, extruded in continuous
bar form, cut into individual cakes, stamped (or pressed)
into desired shape and pattern and the cakes wrapped
and packed; or the milling may be omitted altogether
and ‘the bar formed by simply extruding the crutcher mix
in bar form.

Example 1I

A detergent composition is prepared by crutching at
180° F. about a 30% solids water solution containing on
a solids basis about 35% pentasodium tripolyphosphate,
31% sodium sulfate, 14% alkyl glyceryl ether sulfonate
(the sulfonated and neutralized reaction product ob-
tained by reacting epichlorophydrin and coconut fatty
alcohols containing 10 to 15 carbon atoms), 14% tallow
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alkyl sulfate (the sodium alkyl sulfate obtained from-
the mixed higher alcohols produced by the reduction of
tallow), and 6% of the sodium soap derived from castor
oil. The crutcher mixture is then spray dried to a mois-

- ture level of about 5% by weight of the product, the

exit air téemperature being 250° F. The moisture level
of the spray dried product is then adjusted to 7% by
weight of the product, and the temperature is adjusted
to 110° F. This product is then put through a three rofl
mill with the surface témperature of thé first rolls being
110° F. and the surface temperature of the final roll
being 75° F. This milling operation is then repeated
under the same temperature conditions, The cooled non-
plastic, non-sticky .sheets are then cut into ribbons and
these cut into flakes and the flakes removed from the
rolls.

The following are examples of mechanically worked.
dried detergent compositions which can be obtained in
flake, ribbon, or bar form by the process of the present
invention as described in either of the preceding ex-
amples.

Example III
Percent
Sodium coconut alkyl sulfate (the sulfated and neu- -
tralized product obtained from the mixed higher
alcohols produced by the reduction of coconut

oil fatty acids having 10 to 14 carbon atoms) ___ 15
Alkyl benzene -sulfonate (the sodium salt of the

sulfonic acid derived from the condensation prod-

uct of benzene and polypropylenes having from 9

to 15 carbon atoms and averagmg 12 carbon -

AtOMS) o e e e et 20
NagHP30 g oot i 23
Sodium sulfate _______________________________ 20
Coconut ethanolamide (same as in Example I) ... 4
Sodium silicate - — e 6
Sodium chloride oo 4
Water e e 8

Example IV
Percent

Alkyl glyceryl ether sulfonate (the sulfonated and

neutralized reaction product obtained by reacting

epichlorohydrin and cocenut faify alcohols con- ,

taining 10 to 14 carbon atoms) - —o—______. 18
Na5P301’0 ___________________________________ 29
Sodium sulfate — oo ___ 30
Sodium soap of castor 0il .o ________ 4.6
Coconut ethanolamide (same as in Example I) .. 4
Sodium chloride oo o . 6
Glycerine — oo 0.4
Water ——— e 8

An equivalent amount of potassium sulfate can replace
the sodium sulfate in this example and/or an equivalent
amount of KzP;0;4 can replatce the NazP;0y,.

Having thus described our invention, what we claim is:

1. In the process of making a coherent mechanically
worked synthetlc detergent composition from ingredients
comprising essentially, water, sodium sulfate,

NazHs—4P3040

wherein x is a value in the range of from 4 to 5, and at
least one water-soluble anionic synthetic orgamc detergent
salt selected from the group consisting of anionic sulfate
and sulfonate synthetic detergents, the steps which com-
prise: (1) blending a mixture of water, from about 10%
to about 50% by weight of total solids of said synthetic
detergent salt, and from about 30% to about 70% by
weight of total solids of said sodium sulfate and
NagH;—xP30y¢, the molar ratio of sodium sulfate to
NayH;—;P30;¢ being from about 2:1 to about 3:1 and
the water content being such that the inorganic constitu-
ents are substantla_lly entlrely in solution, (2) drying the
mixture ‘until said inorganic constituents have substan-
tially -entirely -crystallized -from solution and over a
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period of time not exceeding about five minutes, thereby
promoting co-crystallization of the sodium sulfate and
NagH;—;P301 to form a complex having an X-ray dif-
fraction pattern corresponding to that shown in the
drawing characterized by strong diffraction line values of
the angle 26 of 18.9°, 22.8°, 25.4°, 31.9°, 33.2° and
46.7°, and (3) thereafter mechanically working the mix-
ture at an initial water content of from about 2% to about
12% by weight of total product and at a temperature of
from about 50° F. to about 175° F., said water level and
temperature being such that the mixture can be effectively
mechanically worked as a plastic coherent mass.

2. The process of claim 1 in which the molar ratio of
sodinm sulfate to Na,H;—;P30;q in step 1 is about 7:3.

3. The process of claim 1 in which the molar ratio of
sodium sulfate to Na,Hz—4 P304 in step 1 is from about
2:1 to about 3:1 and the water level in step 3 is from
about 6% to about 10% by weight of total product.

4. The process of claim 1 in which the molar ratio of
sodium sulfate to NayHs—,P301p in step 1 is from about
2:1 to about 3:1, the water level in step 3 is from about
6% to about 10% by weight of total product and the
temperature in step 3 is from about 110° F. to about
130° F. '

5. The process of claim 1 in which the molar ratio of
sodium sulfate to NagH;—P30yq in step 1 is from about
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2:1 to about 3:1, the water level in step 3 is from about -

6% to about 10%, by weight of total product, the tem-
perature in step 3 is from about 110° F. to about 130° F.,
and the detergent salt consists of approximately equal
parts by weight of the sulfated and neutralized fatty alco-
hols produced by the reduction of tallow and alkyl
glyceryl ether sulfonate wherein the alkyl group contains
from 10 to 18 carbon atoms.

6. In the process of making a coherent mechanically
worked synthetic' detergent composition from ingredients
comprising essentially water, sodium sulfate,

NayH;—P3010

wherein x is a value in the range of from 4 to 5, and water
soluble anionic synthetic organic detergent salts compris-
ing approximately equal parts by weight of the sulfated
and neutralized fatty alcohols produced by the reduction
of tallow and alkyl glyceryl ether sulfonate wherein the
alkyl group contains from 10 to 18 carbon atoms, the
_ steps which comprise: (1) blending a mixture of from
about 15% to about 30% by weight of total solids of said

synthetic detergent salts, from about 40% to about 60% .

by weight of total solids of said sodium sulfate and
Na,H;—4P501, and an amount of water such that the
inorganic constituents are substantially entirely in solu-
tion, the molar ratio of sodium snlfate to Na,H;—zP3010
being about 7:3, (2) drying the mixture until said inor-
ganic constituents have substantially entirely crystallized
from solution and over a period of time not exceeding
about one minute, thereby promoting co-crystallization
of the sodium sulfate and NaH;—P301, to form a com-
plex having an X-ray diffraction pattern corresponding
to that shown in the drawing characterized by strong
diffraction line values of the angle 26 of 18.9°, 22.8°,
25.4°, 31.9°, 33.2° and 46.7°, and (3) thereafter mechan-
ically working the mixture as a plastic coherent mass at
an initial water level of from about 6% to about 10% by
weight of total product and at a temperature of from
about 110° F. to about 130° F. )

7. A coherent mechanically worked synthetic detergent
composition comprising essentially from about 10% to
about 50% of at least one detergent salt selected from the
group consisting of water soluble synthetic organic sulfate
and sulfonate detergents and from about 30% to about
70% of inorganic salts consisting of Na,SO4 and

Na Hz~zPs010 .
wherein x is a value in the range of from 4 to 5, within the

moler ratip range of 2:1to 4:1, with a prepondex:anog of
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the inorganic salts being in the form of a complex having -
an X-ray diffraction pattern characterized by strong dif-
fraction line values of the angle 29 of 18.9°, 22.8°, 25.4°,
31.9°, 33.2° and 46.7° as shown in the drawing, said

- complex having a molar ratio of said inorganic sulfate to

phosphate salts of about 3:1, and the above percentages
being by weight of the total product, said values of the
angle 2¢ corresponding respectively to values of inter-
planar spacing d of 4.69 A., 3.90 A., 3.50 A, 2.80 A,,
2.70 A. and 1.94 A, :

8. A coherent mechanically worked synthetic detergent
composition comprising essentially from about 10% to
about 50% of at least ome detergent salt selected from
the group consisting of water soluble synthetic organic
sulfate and sulfonate detergents and from about 30% to
about 70% of inorganic salts consisting of Nay,SO, and
NayH;— P30, wherein x is a value in the range of from
4 to 5, within a molar ratio range of 2:1 to 4:1, the sum
of the said detergent salt and inorganic salts being at
least 60% of the total product and a preponderance of
the inorganic salts being in the form of a complex which
exhibits an X-ray diffraction pattern characterized by
strong diffraction line values of the angle 2¢ of :18.9°,
22.8°,25.4°,31.9°, 33.2° and 46.7° as shown in the draw-
ing, said complex having a molar ratio of said inorganic
sulfate to phosphate salts of about 3:1, the above per-
centages being by weight of total product, said values of
the angle 24 corresponding respectively to values of inter-
planar spacing d of 4.69 A., 3.90 A., 3.50 A, 2.80 A,
2.70 A. and 1.94 A.

9. A coherent mechanically worked synthetic detergent
composition comprising essentially from about 15% to
about 30% of at least one detergent salt selected from
the group comsisting of water soluble synthetic organic
sulfate and sulfonate detergents and from about 40% to
about 60% of inorganic salts consisting of NaySO, and
Na,Hs— P304, wherein x is a value in the range of from
4 1o 5, in a molar ratio of about 3:1, substantally all of
said inorganic salts being in the form of a complex having
an X-ray diffraction pattern characterized by strong dif-
fraction line values of the angle 20 of 18.9°, 22.8°, 25.4°,
31.9°, 33.2°, and 46.7° as shown in the drawing, the
above percentages being by weight of total product, said
values of the angle 20 corresponding respectively to values
of interplanar spacing d of 4.69 A., 3.90 A., 3.50 A,
2.80 A., 2.70 A. and 1.94 A,

10. The composition of claim 9 in which said detergent
salt comprises approximately equal parts by weight of the
sulfated and nentralized fatty alcohols produced by the
reduction of tallow and alkyl glyceryl ether sulfonate
wherein the alkyl group contains from 10 to 18 carbon
atoms.

11. In the process of making a coherent mechanically
worked synthetic detergent composition from ingredients
comprising essentially, water,. an inorganic sulfate salt
selected from the group consisting of NayS0O, and K;S0y,
an inorganic tripolyphosphate salt selected from the
group consisting of NagP3Oy, NagHP30y, K;P3O1,
K HP;0,, and mixtures of any of these, and at least one
water-soluble anionic synthetic organic detergent salt
selected from the group consisting of anionic sulfate and
sulfonate synthetic detergents, the steps which comprise:
(1) blending a mixture of water, from about 10% to about
50% by weight of total solids of said syathetic detergent

 salt, and from about 30% to about 70% by weight of

total solids of said sulfate salt and said tripolyphosphate
salt, the molar ratio of sulfate salt to tripolyphosphate
salt being from about 2:1 to about 3:1 and the water
content being such that the inorganic constituents are sub-
stantially entirely in solution, (2) drying the mixture
until said inorganic constituents have substantially entirely
crystallized from solution and over a period of time not
exceeding about five minutes, thereby promoting co-
crysfallization of the sulfate salt and tripolyphosphate salt
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to form a crystalline plasticizable complex, and (3) there-

after mechanically working the mixture at an initial water
content of from about 2% to about 12% by weight of
total product and at a temperature of from about 50° F.
to about 175° F., said water level and temperature being
such that the mixture can be effectively mechanically
worked as a plastic coherent mass.
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