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The present invention relates to the treatment of Form 
II anhydrous sodium tripolyphosphate, and more par 
ticularly to a process for converting fast hydrating Form 
II anhydrous sodium tripolyphosphate into slow hydrat 
ing Form 11 anhydrous sodium tripolyphosphate. 
Sodium tripolyphosphate, also called sodium triphos 

phate, is either anhydrous or hydrated and the anhydrous 
crystalline form may be either Form I or Form H, the 
anhydrous tripolyphosphate produced in the high tem 
perature regions being known as Form I, While the an— 
hydrous tripolyphosphate produced in the low tempera 
ture regions is known as Form II. The Form I variety 
hydrates quite rapidly, while the Form II variety hydrates 
at a much slower rate than the Form I variety. This 
property of rapid hydration causes lumping in aqueous 
slurries and accordingly the soap and detergent industry 
has preferred to employ the Form II variety to avoid hy 
dration as much as possible. 

Detergent compositions containing tripolyphosphates 
have advantages over detergent compositions containing 
other phosphates, such as pyrophosphates or orthophos~ 
phates. Repeat washing tests in hard water indicate that 
clothes washed with detergent compositions containing 
tripolyphosphates have a lower ash content than clothes 
washed with detergent compositions containing a pyro 
phosphate. A given weight of a tripolyphosphate se 
questers more calcium from the Wash Water than does a 
pyrophosphate, and hence clearer solutions are obtain 
able in hard waters with detergent compositions contain 
ing tripolyphosphates than with detergent compositions 
containing pyrophosphates. 
Under the conditions for the preparation of detergent 

compositions containing Form If sodium tripolyphosphate 
in granulated, powdered or ?ake form, di?iculty has been 
encountered due to the formation of the hexahydrate and 
subsequent thermal decomposition of the hexahydrate into 
less desirable and sometimes objectionable pyrophos 
phates and orthophosphates. One undesirable result of 
such decomposition is a drop in the pH of solutions of 
theresulting product. The art has compensated for this 
result by adding additional alkaline material to the compo 

.'. sition rather than by devising ways of avoiding the decom 
position. Another adverse result of the decomposition is 
the release of free silica by the reaction of the acid phos 
phate formed with the silicate usually present in such 
compositions. This free silica causes solutions of the 
product to have a turbid, cloudy appearance which the 
consumer ?nds unsightly. Also, when sodium tripoly 
phosphate becomes hydrated to the hexahydrate, this 
causes troublesome viscosity changes, i.e., an increase in 
viscosity, in a spray mix of the detergent composition 
both in the crutcher and during the time between com 
pletion of the mixing operation and the arrival of the mix 
at a spray nozzle. It is noted that all these undesirable 
complications result from that portion of the tripolyphos 
phate which hydrated in the slurrying operation. Hence, 
minimizing the degree of hydration permitted can be ex 
pected to minimize the undesirable side reactions. 
Form II anhydrous sodium tripolyphosphate from dif 

ferent suppliers and from different lots from the same sup 
plier or which have been exposed to different conditions 
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in transit or in storage have markedly different rates of 
hydration upon addition to an aqueous mixture. These 
diifering hydration rates make it impossible to obtain a 
uniform spray-dried detergent product without frequent 
adjustment of the processing conditions. 

This tripolyphosphate may be graded into fast hydrat 
ing and slow hydrating types by the following test pro 
cedure. Preheat under running hot tap water a Wide 
mouthed Dewar ?ask of approximately one pint capacity, 
a four-bladed glass stirrer and a thermometer, and then 
quickly assemble the apparatus so that the stirrer just 
clears the bottom of the ?ask and the thermometer bulb 
just clears the stirrer blades. Add 25 grams of anhy 
drous sodium sulfate and 100 cc. of boiling water to the 
flask and start the stirrer \motor. When the sodium 
sulfate solution has cooled to 170° F., add 75 grams of 
the Form II anhydrous sodium tripolyphosphate to the 
?ask and start a stopwatch. Record temperature readings 
of the slurry every minute for 15 minutes. By this test 
procedure the slurry of the fast hydrating Form II an 
hydrous sodium tripolyphosphate will thicken and the 
temperature will rise, for example, from 170° F. to 186° 
F, while the slurry of the slow hydrating Form II an~ 
hydrous sodium tripolyphosphate will remain thin and 
the temperature will fall, for example, from 170° F. to 
152° F. after the original heat of solution noted in the 
?rst minute. It has been found that the hydration char 
acteristics as revealed by this test accurately foretell the 
behaviors in full detergent slurrying. Thus, the fast hy 
drating Form Il anhydrous sodium tripolyphosphate will 
hydrate extensively and lead to the undesirable complica 
tions noted above, While the slow hydrating Form II an 
hydrous sodium tripolyphosphate will undergo only mini 
mum hydration and side reactions. 

In accordance with the present invention it was found 
that a fast hydrating Form II anhydrous sodium tripoly 
phosphate may be converted into a slow hydrating Form 
II anhydrous sodium tripolyphosphate by heating the fast 
hydrating Form II anhydrous sodium tripolyphosphate. 
In general, the temperature of heating may be from about 
100° C. to about 380° C., the time of heating, of course, 
being less at the higher temperature. For example, con 
version is obtained by heating the fast hydrating Form II 
anhydrous sodium tripolyphosphate for about six hours or 
more at a temperature of about 100° C. or for about one 
hour or more at a temperature of about 380° C. 
The fundamental di?erence between the fast and slow 

hydrating varieties of Form II anhydrous sodium tripoly 
phosphate cannot be readily established by wet chemical 
analyses, X-ray diffractograms, Form I content, or par 
ticle size determinations. While it will be appreciated 
that the invention is not to be limited by any theory ex 
pressed herein, it is believed that Form II anhydrous so 
dium tripolyphosphate exists in both a fast hydrating and 
a slow hydrating variety because of small variations in 
adsorbed Water on the tripolyphosphate. Apparently, the 
fast hydrating Form II anhydrous sodium tripolyphos 
phate contains more adsorbed water than the slow hydrat 
ing Form II anhydrous sodium tripolyphosphate which 
adsorbed water catalyzes the rate of hydration and the 
fast hydrating variety is therefore converted into a slow 
hydrating variety by heating the fast hydrating variety to 
thereby remove the adsorbed water. 
By the process of the present invention, therefore, it is 

now possible to produce a spray-dried detergent composi 
tion containing sodium tripolyphosphate wherein an aque 
ous solution of the composition will show only a minimum 
drop in pH compared with the aqueous crutcher slurry 
from which the spray-dried product is prepared. One is 
also now able to provide a spray~dried detergent composi 
tion containing sodium tripolyphosphate wherein an aque 
ous solution of the composition will not show a large 
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amount of Objectionable silica ?oc when the detergent 
composition contains a silicate as a component thereof. 
In addition, the process of the present invention makes 
possible the avoidance of troublesome increases in vis 
cosity in a spray mix of ‘a tripolyphosphate detergent 
composition both in the crutcher and during the time 
between the completion or" the mixing operation and the 
arrival of the mix at a spray nozzle. These advantages 
result directly from preventing substantial hydration of 
the tripolyphosphate to the thermally unstable hexahy 
drate and its subsequent decomposition on spray-drying 
to acidic ortho- and pyrophosphates. 
The process of the present invention will be further 

illustrated by the following examples which set forth not 
only the process of the invention, but also demonstrate 
quite clearly the bene?cial results ?owing from the use 
thereof. 

Example 1 

A lot of Form II anhydrous sodium tripolyphosphate 
as received from the supplier was divided into two por 
tions. 75 grams of one portion was added to 100 cc. of 
water containing 25 grams of anhydrous sodium sulfate 
and having a temperature of 170° F. in accordance with 
the above test procedure. During the next 15 minutes 
the slurry thickened and the temperature thereof rose as 
shown below, thereby indicating that the tripolyphosphate 
was a fast hydrating variety. 

Time (minutes): Temperature of slurry (° F.) 
10 __________________________________ .._ 170 

1 __________________________________ __ 173 

2 __________________________________ __ 173 

3 __________________________________ __ 174.5 

4 __________________________________ __ 177 

5 __________________________________ __ 179 

6 __________________________________ __ 180 

7 __________________________________ __ 181.5 

8 __________________________________ __ 183 

9 __________________________________ __ 183.5 

10 __________________________________ __ 184 

11 __________________________________ __ 185 

12 __________________________________ __ 185 

13 __________________________________ __ 185.5 

14 __________________________________ __ 186 

15 __________________________________ __ 186 

The second portion was heated in a tray for 17 hours 
at 110° C. and then cooled to room temperature. 75 
grams of this heat-treated second portion was added to 
100 cc. of water containing 25 grams of anhydrous so 
dium sulfate and having 'a temperature of 170° F. in ac 
cordance with the above test procedure. During the 
next 15 minutes the slurry remained thin and the tempera 
ture thereof ‘decreased after the original heat of solution 
noted in the ?rst minute as shown below, thereby indi~ 
cating that the fast hydrating =Form II anhydrous sodium 
tripolyphosphate had been converted into the slow hydrat 
ing variety by the heat treatment. 

Time (minutes): Temperature of slurry (° F.) 
0 __________________________________ __ 170 

1 __________________________________ __ 172 

2 __________________________________ __ 170.5 

3 ___ .._.__ ___.._ 168 

4 __________________________________ __ 167 

5 __________________________________ __ 165 

6 __________________________________ __ 163 

7 _.. __ _ _ _ _ _ _ _ _ _ _ __ 162 

8 __________________________________ __ 160 

9 ___ 159 

1:0 _ 157.5 

11 __________________________________ _.. 156 

12 __ ____ __ 155 

13 __ ___.. 154 

14 __________________________________ _._ 153 

15 __________________________________ .... 152 

4 
Example 2 

A lot of Form 11 anhydrous sodium tripolyphosphate 
as received from the supplier was divided into four por 
tions. 75 grams of one portion was added to 100 cc. of 

5 water containing 25 grams of anhydrous sodium sulfate 
and having a temperature of 170° F. in accordance with 
the above test procedure. During the next 15 minutes 
the slurry thickened and the temperature thereof rose as 
shown below, thereby indicating that the tripolyphosphate 

10 was a fast hydrating variety. 

Time (minutes): Temperature of slurry (° F.) 
O‘ ___________________________________ __ 170 

1 ___________________________________ __ 172.5 

15 2 ___________________________________ __ 172.5 

3 ___________________________________ __ 173 

4 ___________________________________ __ 174.5 

5 ___________________________________ __ 176 

6 ___________________________________ __ 177.5 

20 7 ___________________________________ __ 179 

8 ___________________________________ __ 180 

9 ___________________________________ __ 181 

10 __________________________________ __ 182 

11 __________________________________ __ 182.5 

25 12 __________________________________ __ 183 

13 __________________________________ __ 183 

14 __________________________________ __ 183 

15 __________________________________ __ 184 

30 _ 

One hundred grams each of the other three port1ons 
were spread evenly in six inch moisture dishes and oven 
dried at 100° C. for 6 hours, at 100° C. for 16 hours, 
and at 380° C. for 1 hour respectively. Each of the 

35 three portions was then packed hot into separate dry 
Mason jars and allowed to cool to room temperature. 75 
grams of each of these three heat-treated portions was 
separately added to 100 cc. of water containing 25 grams 
of anhydrous sodium sulfate and having a temperature of 

4.0 170° F. in accordance with the above test procedure. 
During the next 15 minutes each of the three slurries 
remained thin and the temperatures thereof decreased 
after the original heat of solution noted in the ?rst minute 
as shown below, thereby indicating that the fast hydrating 

A_ Form II anhydrous sodium tripolyphosphate had been 
"9 converted into the slow hydrating variety by each of these 

three heat treatments. 

50 'l‘ripolyphosphate Heat Treatment 

Time (minutes) 6 hours 16 hours 1 hour“ at 
at7100° C. at100° 0. 320° C», 

Temperature of Slurry (° F.) 

170 170 170 
173 172 171.5 
172 170 170 
170 168 168 

168. 5 166. 5 166. 5 
167 165 165 

165.5 163 163.5 
164 162 162 

162.5 160.5 160 
161 159 159 
150 158 157.5 

158.5 157 156 
158 155.5 155 

157.5 154.5 154 
157 153.5 153 
157 152.5 152.5 

Example 3 
70 

Two samples of an aqueous slurry of the following 
typical detergent composition (calculated on a powder 
basis) having an overall water content of 40% were 
agitated in a crutcher for 45 minutes at a temperature 

75 of 160° F. 
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Percent 
Sodium polypropylene benzene sulfonate (C12 alkyl) 

(sodium oronite) ________________________ __ 18.0 
Laurie isopropanolamide _____________________ -__ 3.2 

Sodium toluene sulfonate ____________________ __ 2.0 

Sodium tripolyphosphate ____________________ __ 40.0 

Sodium silicate (NagOzSioz of 1:2.0) _________ __ 6.0 
Sodium carboxymethylcellulose ______________ .__ 0.5 

Water _ _ 7.0 

Sodium sulfate ____________________________ __ 20.0 

Miscellaneous impurities ____________________ __ 3.3 

Total 100.0 

One of these two samples (Formula A) contained fast 
hydrating Form II anhydrous sodium tripolyphosphate as 
received from the supplier. The other sample (Formula 
B) contained sodium tripolyphosphate from the same lot 
as that in Formula A. However, the sodium tripolyphos 
phate in Formula B was tray-dried for 17 hours at 110° 
C. and then cooled to room temperature before addition 
to Formula B. Just prior to spraying, a portion from the 
slurries ‘of Formula A and Formula B was separately 
quenched in hot ethyl alcohol to arrest further hydration. 
These portions were examined by means of X-ray diffrac 
tion patterns to determine the percent of tripolyphosphate 
which had hydrated to the hexahydrate. Other portions 
of the slurry were removed and the viscosities and pH 
values of 1% solutions were measured. These data are 
presented below. 

Percent 
Sodium Viscosity of 

Formula Tripoly~ pH Slurry 
phosphate 
Hydration 

A ............................. ._ 100 9. 95 thick. 
B _____________________________ __ 10 10.0 moderately thin. 

The remaining portions of Formulas A and B were then 
spray-dried in a tower having an air inlet temperature of 
540° F. and an air outlet temperature of 240° F. to form 
spray-dried detergent products. Insoluble silica ?oc sedi 
ments were compared and pH’s determined on 1% solu 
tions of these spray-dried products and sodium tripoly 
phosphate decomposition estimated by X-ray diffraction 
on air-dried insoluble-in-alcohol fractions of the powders. 
This data is set forth below. 

Sodium Tri- Silica 
Formula polyphosphate pH Floo 

Decomposition 

A lav-2n 9. 4 large. 
B slip-hi- ____ __ 9. 7 slight. 

From an examination of the above data the following 
bene?cial results ?owing from the process of the invention 
will be readily apparent. The amount of sodium tripoly 
phosphate Which was hydrated into the hexahydrate in 
Formula A containing the fast hydrating Form II an 
hydrous sodium tripolyphosphate as received from the 
manufacturer was remarkably higher (100% hydration) 
than was true in Formula B which contained slow hydrat 
ing Form II anhydrous sodium tripolyphosphate (10% 
hydration). The data also show that the viscosity of 
the aqueous crutcher slurry of Formula A increased until 
it became thick due to the presence of a large amount of 
hexahydrate, while the viscosity of the crutcher slurry of 
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Formula B did not change appreciably during crutching, 
but remained moderately thin and easy to handle. It will 
also be noted that the pH of Formula A changed from 
9.95 to 9.4 (a change of 0.5) from the time of crutching 
to the time when the spray-dried product was redissolved 
in water as compared with a pH change from 10.0 to 9.7 
(a decrease of only 0.3) for Formula B during the same 
interval. The spray-dried product of Formula A was 
also undesirable in that an aqueous solution thereof con 
tained a large amount of silica floc and hence was quite 
turbid as contrasted with an aqueous solution of the 
spray-dried product of Formula B which had only a 
slight amount of silica ?oc and hence would not be un 
sightly to the consumer. In addition, the spray-dried 
product of Formula A contained a large amount of de 
composition products (pyro- and orthophosphates) of the 
tripolyphosphate, while the spray-dried product of For 
mula B employing the slow hydrating variety of Form II 
anhydrous sodium tripolyphosphate produced in accord 
ance with the process of the invention contained only a 
slight amount of decomposition products. 

It will be appreciated that various modi?cations and 
changes may be made in the process set forth herein 
without departing from the spirit thereof and accordingly 
the process is to be limited only Within the scope of the 
appended claims. 

I claim: 
1. The process of converting fast hydrating Form II 

anhydrous sodium tripolyphosphate into slow hydrating 
Form II anhydrous sodium tripolyphosphate comprising 
heating the solid fast hydrating Form II anhydrous sodium 
tripolyphosphate alone at a temperature of from about 
100° C. to about 380° C. for a time of from at least about 
6 hours to at least about 1 hour respectively to remove 
the adsorbed water; said fast hydrating Form II anhydrous 
sodium tripolyphosphate being characterized by the fact 
that a stirred aqueous slurry thereof consisting of 100 
parts of water, 25 parts of anhydrous sodium sulfate, and 
75 parts of said fast hydrating phosphate at an initial tem 
perature of 170° F. will thicken and the temperature will 
rise during standing for 15 minutes and said slow hydrat 
ing Form II anhydrous sodium tripolyphosphate being 
characterized by the fact that a stirred aqueous slurry 
thereof consisting of 100 parts water, 25 parts of an 
hydrous sodium sulfate, and 75 parts of said slow hydrat 
ing phosphate at an initial temperature of 170° F. will re 
main thin and the temperature will fall during standing 
for 15 minutes. 

2. The process as set forth in claim 1 comprising heat 
ing the solid fast hydrating Form II anhydrous sodium 
tripolyphosphate alone at a temperature of about 100° C. 
for at least about 6 hours to remove the adsorbed water. 

3. The process as set forth in claim 1 comprising heat 
ing the solid fast hydrating Form II anhydrous sodium 
tripolyphosphate alone at a temperature of about 380° C. 
for at least about 1 hour to remove the adsorbed water. 
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