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spectively. I t  is to be expected that the  operator must 
learn to boil soap by this method in exactly the same 
sense that a man learns to boil soap in a kettle on the 
large scale, with this important exception in favor 
of the laboratory operation: it is possible to see what 
is taking place through the glass apparatus, while on 
the large scale the operator depends upon observation 
of the soap on a trowel. 

On the other hand it must be remembered that the 
large-scale operation is capable of finer manipulation 
through the use of closed steam coils for  which our 
boiling water bath is in no way a substitute. 

Nevertheless, the laboratory method is a useful de- 
vice capable of providing a reliable answer to many 
chemical problems connected with the making of soap. 
Where  larger quantities of soap are required for fur-  
ther processing, we use a battery of three steel ket- 
tles of 50 gallon capacity each, which we hope to de- 
scribe in a later paper. 
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T H E  data in this paper are the result of an in- 
tensive laboratory program to determine the val- 
ue of tetrasodium pyrophosphate as a soap build- 

er, with particular reference to its use in household 
built soaps. It  was felt that the first step in the pro- 
gram was to determine the effect of single builders 
with soap in order to obtain data on the specific ac- 
tion of each alkali. For  this reason a series of tests 
were run in which soap was combined with only one 
builder. The list of alkalies include tetrasodium pyro- 
phosphate, 1:3.3 silicate, 1:2 silicate, metasilicate, tri- 
sodium phosphate, disodium phosphate, soda ash and 
borax. 

Since most built soaps contain a mixture of two 
or more builders, the program was extended to in- 
clude both binary and ternary combinations of alkalies. 
To date, however, only the single and binary combina- 
tions have been completed. It  is expected that the 
ternary combinations will be completed within the 
next  few months and results of these tests could be 
the subject of a second paper. 

During the first series of runs the ratios of soap to 
builder were 95:5, 90:10, 80:20, 70:30, and 60:40. 
The 95:5 ratio was dropped soon af ter  the program 
was under way since the early results showed that this 
combination seldom showed an appreciable effect on 
the shapes of the curves. The  reason for  not increas- 
ing the amount of builder above 40% will be apparent 
from the data since they show that in most cases 
maximum detergency was almost always reached at 
higher ratios than 60:40 of  soap to builder. 

Three  concentrations were used for  each series of 
tests, namely, 0.10%, 0.15% and 0.20% in "sof t"  
water  (50 ppm hardness) and 0.27%, 0.32% and 
0.37% in "hard"  water (300 ppm hardness).  These 
points were chosen to represent, first, a decided de- 
ficiency in detergent strength, second, a slight defi- 
ciency and third, maximum soil removal. Previous 
tests had shown that the concentrations of detergent 
in the hard water tests would have to be increased 
appreciably over the concentrations used in the soft 
water tests. Hence, concentrations were increased 
in these tests so as to obtain approximately the same 
degree of soil removal as in the soft water series. 

All builders and soaps are used on the anhydrous 
basis. 

pH values and height of suds were determined for 
each wash test. These data are recorded on the charts. 

Description of Wash Tests 
The washing tests will be described but briefly in 

this paper since Committee D-12 of the A.S.T.M. is 
now conducting a cooperative program in an effort to 
set up a standard method for  this procedure. Mr. 
Harr is  is a member of this committee. A launder- 
ometer is used for all tests. The  cloth used is Indian- 
head, a cotton fabric, which has been desized and 
then soiled with a mixture of Oil-dag and vegetable 
oil. The test swatches are 6" by 5". The initial swatch 
is first given a ten minute wash in the detergent solu- 
tion. Af ter  the first wash, a strip representing a 
quarter  of the total is cut off, rinsed, dried, and the soil 
removal measured. The remainder of the swatch is then 
washed 10 minutes longer in a fresh detergent bath 
and another 1½"  strip removed. This procedure is 
repeated until the last strip, representing one-fourth 
of the original swatch, has been washed for  4 ten 
minute periods each time in a fresh detergent solution. 
Each determination was made in duplicate and the re- 
sults for  each series were then repeated. Each point in 
the curves therefore represents the average value of  
four  determinations. 

The soil removal is measured by a photoelectric 
photometer. The results shown in this paper are the 
average percent soil removal for  the four  washes. 

The temperature used in all cases was 140" F. 
(-+2") 

The soap used throughout the program was a well 
known medium titre soap. The alkalies used were 
all industrial grade products. 

Curves for  tetra sodium pyrophosphate, 1:3.3 sili- 
cate, 1:2 silicate and metasilicate in soft water  are 
presented in the first group of graphs. They show 
that there is little advantage to  be obtained from the 
use of builders in soft water, particularly at the higher 
concentrations. 1:3.3 silicate is actually detrimental 
rather than advantageous at the two lowest concentra- 
tions. 1:2 silicate and metasilicate give slightly better 
results at 0.15% than at 0.20%. This is believed to be 
due to the fact that the high concentration of hydroxyl  

4 



j a n u a r y ,  1 9 4 0  

ions reduces the surface activity through a salting-out 
effect on the soap. 

Group No. 2 shows the results of these same mate- 
rials in hard water. The curves for tetra sodium 
pyrophosphate indicate that maximum soil removal is 
obtained when the builder concentration is between 
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20 to 30%. 1:3.3 silicate shows an adverse effect at 
all concentrations and the results are believed to be 
due to a specific lack of water softening activity in the 
presence of soap. 1:2 silicate, because of increased 
pH over 1:3.3 silicate gives excellent results. It is 
noteworthy that at 0.32% concentration the soil re- 
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moral reaches a maximum with the 60-40 combination 
and that even at the highest concentration the 60-40 
combination is practically equal to that produced 
by the other combinations. As in the soft water tests, 
metasilicate exhibits better washing effects at the inter- 
mediate concentration than at the highest concentra- 
tion. 
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The pH values for tetra sodium pyrophosphate and 

1:3.3 silicate are ideal for household types of soaps 
where the hands must come in contact with the wash- 
ing solution. The pH's of the 1:2 and metasilicate 
solutions while satisfactory for commercial laundries 
are too high for household soaps. The figures for 
suds show that over the whole range of concentrations, 
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pyrophosphate gives greater lathering effect than any 
of the silicates. 

The results with trisodium phosphate and soda ash 
in both soft and hard water are set forth i~ group 
No. 3. The results of the soft water tests are quite 
similar to those shown in the first slide, i.e., no par- 
ticular advantages are obtained. Both of the products 
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show an advantageous effect in hard water, t{owever, 
tri sodium phosphate reaches maximum detergency 
when the soap builder strength is between 10 to 20% 
while with soda ash optimum results are obtained 
with only 10-15% builder. 

The pH of the trisodium phosphate solutions are all 
high ranging from 10.4 to 11.8 at the high concentra- 
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tions. The soda ash curves show that only about 10% 
of this material can be incorporated in soap if the pH 
is not to exceed 10.5. Sudsing effect of both of these 
products in hard water is noticeably less than that of 
tetra sodium pyrophosphate. 

Group N o .  4 exhibits the effect of both borax 
and disodium phosphate. Borax was run at only the 
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intermediate and highest concentrations since previous 
experience had indicated that this product is not effec- 
tive as a soap builder because of low pH. For the 
same reason di sodium phosphate was run at only the 
highest concentrations. The results show that both 
of these materials have an adverse effect and that un- 
less they are used in conjunction with stronger alkalies 
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they are detrimental rather than beneficial. 
Group No. 5 expresses the results with the first 

of  the binary combinations. At first, this series was 
run at 3:1, 1:1 and 1:3 ratios of  builder A to B, but 
was later reduced to 1:2 and 2:1 combinations since 

it was felt that these two combinations gave sufficient 
information. 

The results with tetra sodium pyrophosphate and 
t :3.3 silicate are shown in groups No. 5 and No. 6. 
The curves for both hard and soft water  show that the 
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addition of tetrasodium pyrophosphate to the silicate 
prevents the adverse effects obtained when silicate is 
used alone. Also, the results were better than when 
tetrasodium pyrophosphate was used alone. A notable 
effect of these combinations is that the maximum 
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washing efficiency is attained when the soap-builder 
combination approaches the 60:40 ratio whereas 
straight pyrophosphate showed this effect at about the 
75:25 ratio. It should also be noted that when the 
ratio of silicate to pyrophosphate is increased to 3:1 
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the washing effectiveness decreases. 
The pH ' s  of these combinations are ideal for house- 

hold soaps and the sudsing effect is excellent except 
for the mixtures containing the largest amounts of 
silicate in hard water. 

The curves for tetrasodium pyrophosphate and 1:2 
silicate are presented in groups No. 6 and No. 7. 
The results of  the soft water tests were unusually high 
when the pyrophosphate to silicate ratio was 2:1 (it 
should be noted here that the base line has been 
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changed from 30 to 35 average percent soil removal). 
The results in hard water were excellent for both 
ratios and it is important to note that maximum de- 
tergency is reached at proportions of 60:40 ratio of 
soap to builder. Pyrophosphate acts to modify the 
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alkalinity of the 1:2 silicate, so that even when the 
ratio of pyrophosphate to silicate is 1:2 the maximum 
pH attained is only 10:5. 

Groups No. 7 and No. 8 express the data for pyro- 
phosphate and meta silicate. These combinations 
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show an improvement over the pyrophosphate - -  1:2 
silicate combinations, particularly at the lower con- 
centrations. However, as the ratio of metasilicate to 
pyrophosphate is increased, the effectiveness of the 
builder combination decreases toward that of meta- 
silicate alone. The high pH's of these combinations 
! 
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exclude their use for household soaps but not for 
commercial laundry operations. 

The results with tetrasodium pyrophosphate and 
trisodium phosphate are shown in groups No. 9 and 
No. 10. No outstanding results are apparent except 
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that the lower concentrations in general give excellent 
soil removal. Pyrophosphate serves to modify the 
adverse effect of high pH produced by trisodium 
phosphate, particularly when the ratio of pyrophos- 
phate to trisodium phosphate is 3:1. In general, 
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though, at the high concentrations amounts of build- 
ers above 10% give pH's above 10.5. In the hard 
water tests, the average sudsing effect decreases as 
the proportion of trisodium phosphate is increased. 

Groups No. 10 and No. 11 exhibit the figures for 
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the tetrasodium pyrophosphate - -  soda ash combina- 
tions. A comparison of the results of this series with 
pyrophosphate ~ trisodium phosphate mixtures dem- 
onstrate that there are no essential differences in 
detergency produced by such combinations, although 
exceptionally good results were obtained in hard water 

o i l  4N~ s o a p  

at 0.37% concentration with the combination of 1:3 
pyrophosphate to soda ash at 20% of the total. The 
pH values of most of the combinations were saris- 
factory for household soaps but with large propor- 
tions of soda ash at high concentrations the pH tends 
to become too high. 
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The results with the trisodium phosphate - -  1:3.3 
silicate are given in group No. 12. A comparison of 
these results wth those for pyrophosphate - -  1:3.3 
silicate shows that the pyrophosphate combination 
maintains greater detergency in the soap containing 
large proportions of builders. The pH's of the 1:2 
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trisodium phosphate - -  1:3.3 silicate mixtures are 
satisfactory for household soap but except for the 
low builder combinations the 2:1 ratios give pH's 
above 10.5. 

Group No. 13 presents the data on trisodium phos- 
phate - -  metasilicate combinations. In comparison 
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high. p H  values are practically all too high for  house- 
hold soaps. 

Results of  the trisodium phosphate - -  soda ash 
curves are set forth in group No. 14. When  corn- 

pared with the pyrophosphate - -  soda ash curves, the 
results are generally inferior  and the effect of  adding 
large amounts of builder is more detrimental. Most 
of  the combinations gave high p H  values and showed 
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sudsing values distinctly inferior to the pyrophosphate 
- -  carbonate combinations. 

Group No. 15 gives the results of the Na~CO~ 
1:3.3 silicate combination. This combination gave 
fairly good results at a ratio of 2:1 of carbonate to 
:silicate. However, in the hard water tests the maxi- 
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mum effectiveness is reached when the percentage of 
builder is between 10 and 20%. When 40% builder 
is used the efficiency falls off rapidly. The results of 
the 1:2 ratio are notable for the very poor results 
obtained in the hard water tests. This can only be 
explained by the incompatibility of this combination 
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when used with soap. All of the combinations give 
satisfactory p H  values for household soaps but there 
is a striking deficiency in the sudsing effect in the 
hard water  series. 

Group No. 16 shows the soda ash - -  sodium meta- 
silicate combinations. There  are no outstanding el-  
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fects. The results in hard water  for the 2:1 ratio of 
Na2COa to metasilicate were rather poor in that the 
max imum results for  0.37% concentration were no 
better than the max imum obtained with 0.32% con- 
centration. With the reverse ratios excellent results 
were obtained with the 0.15% conc. in soft  water  but 
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the 0.20% concentration produces low results which 
may be attributed to lowered surface activity. The 
results from both combinations in hard water show 
that maximum effect is reached when the builder con- 
centration was only about 15 percent. Practically all 
of the combinations gave high pH values. 

Summary 
Tetrasodium pyrophosphate has been shown to 

possess the following outstanding advantages as a 
component in built soaps: 

I) Ability to increase suds. 
2) Ability to increase detergency. 

3) Ability to increase the amount of builder with- 
out diminishing the cleansing efficiency of the 
soap. 

4) Low pH for use in household soaps. 

Final conclusions as to its value in combination 
with other builders must await completion of the work 
on ternary and quaternary combinations which are 
now under way. 

The authors wish to acknowledge the work done 
by Mr. E. L. Brown who has conducted most of the 
actual launderometer tests in this investigation. 
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