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- Our invention relates particularly to a method
for softening water, such, for -instance, as water
which is hard by reason of the presence of cal-
cium or other salts; and for dissolving these salts
in such a manner as to decrease or eliminate the
hardness of the water, and particularly by the
use of soluble thiotetraphosphates.

The object of our invention is to provide a more
advantageous method for the softening of water
so as to eliminate the hardness thereof, by dis-
solving the said salts with the aid of soluble

- thiotetraphosphates, that is to say, the thiotetra-

phosphates of the alkali metals. These thio-
tetraphosphates have been recently discovered by
us and are the subject of U. S. Patents Nos.

2,025,503 and 2,033,913, as, for exdample, sodium

mono thiotetraphosphate, NagP4O128, or sodium
trithiotetraphosphate, NagP:O10S3, or the corre-
sponding potassium or ammonium salts. .

The water softening may be carried out ac-
cording to our method by using the true alkali
thiotetraphosphates, made in accordance with

_ the procedures described in the above patents.
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‘We particularly recommend the sodium thiotetra-
bhosphates for our purposes as being most cheap-
ly made and giving excellent results, though any
other soluble thiotetraphosphate or thiotetra-
phosphates may be used for our purposes and in
our process. (

‘While our invention is capable of being carried
out in many different ways, for the purpose of
fllustration we have described hereinafter only
certain embodiments of our invention.

The water softener made in accordance with
our invention may be applied in such & manner
as to soften the water containing soluble calcium
salts with or without the presence of other sol-
uble salts, as, for instance, magnesium salts, for
the following uses:

As a water softener By keeping the alkali earth
bases in a soluble condition,

In laundries to save soap by combining with

the alkali earth bases in the washing water.
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In deliming leather as in the tanning industry.
In dissolving the lime compounds which may
occur in soiled textiles. - _
. To prevent deposits of alkali earth salts form-

. ing in hot water systems. :
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- in automobile
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To prevent deposits af alkali earth compounds
in steam boilers and their feed lines.
" 'To prevent deposits of alkali earth compounds
water cooling systems. :
To prevent {;he formation of alkali earth hases
as precipitates in the water to be frozen in arti-
ficial ice machines, :

(ClL. 210—23)

To prevent the formation of alkali earth pre-
cipitates on the outside of cans from the cooling
water of the canning industry.

To prevent streaky dyeing in textiles by keeping
any alkali earth compounds in a condition of
solubility. :

Preventing the formation of soap spots on the
cloth in dyeing,

To clean, cement or brick walls from lime
deposits. :

As a softener for water in washing living ani-
mals or in baths for human beings;-

Por cleaning or washing dishes.

For softening water in which anything may be
washed and thus saving soap.

Washing rayon, for instance.

Scouring wool. .

Kier boiling in bleacheries.

Boiling off silk. :

Causing increased penetration of dye in tex-.
tiles by cleaning off traces of alkali earth com-
pounds.

As so applied it is found that the water sof-
tening by adding an alkali metal thiotetraphos-
phate is much more effective than previous meth-
ods of water softening. For example, to soften
the water used in laundries for the washing of
fabrics, or in preventing the deposit of alkali
earth compounds in steam boilers and other feed
lines, with water containing soluble lime salts
with or without the presence of magnesium salts,
ete., we add to 1000 gallons of water containing,
for instance, 48 parts by weight of calcium per
million of water, in the form of soluble salts,
usually sulphates, bicarbonates or chlorides, 3
pounds of a sodium thiotetraphosphate or 3.6
pounds of a potassium thiotetraphosphate as
made in accordance with either of the above men-
tioned patents already referred to. As a result
of this treatment the relatively large concentra-
tion of free calcium ions in the water is very
greatly reduced or entirely eliminated by com-
bining them into soluble only slightly ionized
compounds or radicals dueé to the presence of the
thiotetraphosphate. It will be found that in the
softening of the water for steam boilers and feed
lines the calcium and other similar compounds
are prevented from being deposited to form a scale
in the steam boilers and feed lines, notwithstand-
ing the heating and concentration that takes
place. Similarly, the water may be softened in
substantially the same way in connection with
any of the other water softening operations, and
particularly in the other industries listed ahove.
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We have found that water may be softened in this .
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way, in accordance with our process, much more
effectively inasmuch as less of the alkall metal
thiotetraphosphate is required to completely
soften the water than will be required of other
materials previously used for such purposes. This
can be readlly demonstrated by a simple test of
the water softening properties of these thio-
tetraphosphates.
amount of the water softening substance required
to be added to keep the calcium in solution.
While we have mentioned above thiotetraphos-
phates made only by the two different procedures
in U. S. Patents Nos. 2,025,503 and 2,033,913, we
do not wish to confine ourselves to the products of
these two processes. It will be understood that
there can be other processes for making soluble
thiotetraphosphates and it is readily seen that

there are many thiotetraphosphates wherein the-

oxygen atoms of a tetraphosphate may be re-
placed by a sulphur atom. -For instance, the
sodium monothiotetraphosphate, NasP4O12S may
be prepared according to U. S. Patent No.
2,025,503, but there are many other possible thio-

-tetraphosphates, for example:

NagP+O1iSz NasP:OsSs
NagP401053 NagP40sSe
NagP10sS¢ NasP4Os3S10
NasP40sSs NagP4O281u
NasP:07Ss NasPsOSia
NagP1OeST NasPsS13

In addition we may have the potassium or ammo-
nium radical replace in whole or in any part the
sodium radicel, either one or both giving thio-
tetraphosphates containing various bases, as, for
example, NasKP:012:S or NasKNHP:0128. In
other words, we may write the formula of the
thiotetraphosphates containing any or all of the
alkali metal basic radicals in place of the Nas

- 40 €iven in the above examples of the different thic-

This is demonstrated by the -

2,087,628

tetraphosphates where otie or more of the sulphur
atoms replaces the oxygen atoms in its formula.

The property of a thiotetraphosphate to give it

N

water softening quality is probably, in our-opinion,
its ready solubility in water and all soluble thio-
tetraphosphates will be found to have the power
of softening water.

While we have described our invention above
in detail we wish it to be understood that many
changes may be made therein without departing
from the spirit of the same.

We claim:

1. A process which comprises adding to hard
water a water-soluble salt of a thiotetraphos-
phoric acid so as to combine with an alkali earth
metal to prevent the deposition of an alkali earth
metal compound therein.

2. A process which comprises adding to hard
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water a water-soluble salt of a thiotetraphos- -

phoric acid so as to combine with calcium to pre-
vent the deposition of a calcium compound there-
in..

3. A process which compnses adding to ha.rd
water an alkali metal salt of -a thiotetraphos-
phoric acid so &s to combine with an alkali earth
metal to prevent the deposition of an alkali earth
metal compound therein.

4. A process which comprises adding to hard
water a water-soluble salt of monothiotetraphos-
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phoric acid so as to combine with an alkali earth 30

metal to prevent the deposition of an alkali earth
metal compound therein.
5, A process which comprises adding to hard
water a water-soluble salt of trithiotetraphos-
phoric acid so as to combine with an alkali earth
metal to prevent the deposition of an alkali earth
metal compound therein.

AUGUSTUS H. FISKE.
CHARLES S. BRYAN.
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