The Chemistry of Detergency’

I. J. GRUNTFEST and E. M. YOUNG, Rohm and Haas Company,

Philadelphia, Pa.

ETERGENCY is one of many chemico-mechani-
D cal processes which have great technological

importance. llere, as in the separation of min-
erals, emulsification of liquids, grinding of solids, or
wetting of textiles, the complicated interactions among
the chemical and mechanical variables have inter-
fered with the interpretation of experiments.

From the standpoint of designing and selecting
detergents, it seems profitable to try to isolate the
essentially chemical aspeets of the problem from the
mechanical considerations which are also involved.
This appears to have been realized by Spring (1) in
1909, who discussed the process of detergeney in
terms of a chemical or pscudo-chemical reaction be-
tween the dirt and the detergent. More recently,
MeBain (2) eclaborated on this idea but does mnot
seem to have exploited it very much, particularly
with respect to solid soil. Others have performed
experiments which are also relevant, but their ideas
have not been explicitly formulated in chemical terms,
nor were their experiments very comprehensive,

The chemical variables in the detergency process
are the nature of the fibers of the fabrie, the nature
of the dirt, the nature of the detergent, and the com-
position of the detergent solution. These are the vari-
ables in the system which are of special interest for
the design and selection of detergent compounds.

Among the essentially non-chemical considerations
which we would like to avoid for the purposes of this
study are questions of the structure of the fabric
being washed, the size and shape of the dirt particles,
the distribution of the dirt in the fabrie, and agita-
tion. While these are obviously important practical
considerations, they are, to some extent, independent
of the chemistry of the process.

Resolution of the washing process into chemical
and mechanical phases is so important to understand-
ing detergency that even if very difficult experiments
were involved, they should be tried. It appears from
our work and that of others, however, that rather
simple experiments can be used. Furthermore, these
give some insight into the process of detergency which
is inaccessible from washing studies.

Three types of experiments will be briefly deseribed
and one of these will be elaborated to some extent.

The first experiment gives some indication of the
operation of the chemical factors in detergency. A
single cotton fiber is placed in a drop of an aqueous
suspension of a selected finely divided carbon and
observed under a mieroscope. Tt may be seen that
while the carbon particles bounce indifferently off
one another in the course of their Brownian move-
ments, when they collide with the fiber they remain
attached. In a short time a conspicuous concentration
of the carbon particles on the fiber may be noted.
When a proper amount of soap is added to the sus-
pension, the carbon particles do not stick to the fiber.
As far as we know, systematic experiments of this
type with a variety of soaps, soils, fibers, and solution
compositions have never been reported.
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Another type of experiment which is similar in
prineiple can also be easily performed. Spring (1)
and MeBain (3) have both reported that when aque-
ous suspensions of finely divided carbon are poured
onto a filter paper clear water comes through. If,
however, soap is added to the suspension, some of the
carbon passes through the filter. This can reasonably
be interpreted in terms of adhesion of the carbon to
the paper fibers. If they stick, the effective pore size
is reduced and no carbon passes. If they do not stick,
the effective pore size of the filter is larger. While
MceBain (3) has reported many experiments of this
kind, the range of variables covered is quite limited.
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A third experiment in the same general class in-
volves the exposure of a piece of clean fabric to a dirt
suspension. When a cotton fabrie is shaken in an
aqueous suspension of carbon, it becomes quite dirty.
However, if the suspension contains a proper amount
of soap, the fabric remains clean. Spring (1), Carter
(4), Powney and Noad (5), and Vaughn and Vit-
tone (6) have reported on experiments of this kind.

It is notable that here one of the conditions en-
countered in actual laundry practice is simulated.
That is, in the laundry dirty ecloth is exposed to
clean detergent solution and it is hoped to obtain
¢lean cloth and dirt in suspension. A good rating in
this whiteness retention test is therefore a necessary
condition for good detergency.

A number of these whiteness retention tests have
been conducted in our laboratory. The results show
good precision. The tests are easily and rapidly done
and the variables are easily controlled. The amount
of dirt picked up by the fabric is estimated by reflec-
tance measurements.

In addition to the usefulness of whiteness reten-
tion data for predicting the outecome of washing
trials, they also illuminate certain features of the
mechanism of detergency. Let us consider a series
of whiteness retention experiments involving differ-
ent amounts of finely divided carbon soil and various
concentrations of detergent. In these experiments
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4 x 4" squares of cotton sheeting were placed in
pint bottles containing 100 ml. of soil suspension and
shaken for 1 minute by hand. The cotton was then
removed, rinsed in clean water, ironed, and its reflec-
tance noted.

The results are shown in Figure 1. One of the
implications of these data is that there is a critical
concentration of soap, or possibly a eritical range of
concentration, above which the ecloth is recovered
almost perfectly white and below which it is guite
black.

Secondly, this eritical concentration depends on the
amount of dirt which is present. When this critical
concentration of soap is plotted against the amount
of dirt (Figure 2), a linear relationship is observed
and the intercept of the line seems to be exactly zero.
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F1a. 2. Critical ‘‘soap’’ coneentration.

The linear character of this relationship suggests
that the interaction between the dirt and the soap is
stoichiometric and might be dealt with by the usual
chemical methods. The zero intercept indicates that
in these experiments the cotton does not participate
in the reaction sinece the same amount of fabric is
used in all of the trials.

Another implication of the zero intercept is that
micelle formation is not essential to detergency. If it
were, the intercept would be expected at the critical
concentration for micelles for the particular soap.

The data shown were obtained using Triton N-100
and carbon. Similar experiments were done with
other detergents and soils. Their general behavior
was quite similar. One of the differences among the
various detergents, however, is their combining pro-
portion with respect to various kinds of dirt. That
is, different slopes are shown in graphs of eritical
soap concentration against amount of dirt (Figure 2).
Materials which show low combining weights are, of
course, effective at lower concentrations (i.e., if the
volume of solution is held constant).

Speectacularly low combining weights for finely
divided carbon are shown by certain polymeric deter-
gents and high molecular weight materials like car-
boxy methyl cellulose. It is possible that this is due
to the fact that these large molecules do not have
access to as much of the highly convoluted surface of
the carbon as do the smaller molecules.

A second difference among the various detergents
which may be noted are changes in the slope of the
curves of whiteness retention plotted against deter-

gent coneentration for any amount of dirt (Figure 1).
These differences may be related to the equilibrium
constant for the soap-dirt reaction as will be shown
later.

In addition to the combining proportions and slope
a third consideration which must be introduced is the
quality of the complex formed between soap and dirt
as a dirt. When the whiteness retention above the
critical soap concentration is very nearly 100%, it is
clear that the complex is quite ineffective as a dirt.
In some cases, however, the whiteness retention-con-
centration curves level off at much lower reflectances.
In these situations the dirtiness of the complex must
be considered.

When the dirtiness of the complex can be neglected
some very simple, heuristie, equilibrium ecalculations
can be made. Consider the reaction

Soap + dirt = Soap dirt
_ |soap. dirt]
" [Soap] [dirt]

For known initial soap and dirt concentrations the
value of K permits the amount of uncombined dirt
to be calculated.

By means of a separate group of experiments (Fig-
ure 3) the relationship between the amount of free
dirt in the solution and the reflectance of the exposed
cloth ean be determined. Using this graph, a theo-
retical curve can be computed for the relationship
between whiteness retention and soap concentration
for any value of K. These theoretical curves (Fig-
ure 4) look very much like the experimental curves
some of which were shown in Figure 1.
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F1g. 3. Whiteness retention without ‘‘soap.’’

The arguments on which these equilibrium calcu-
lations are based are admittedly very precarious. The
good agreement with experiment is, however, pro-
vocative. The reaction between soap and dirt could
have been studied much more directly by means of
adsorption experiments. The measurements reported
here, however, have a more immediate and obvious
connection with the process of detergency. The data
are very easily obtained and this makes it practical
to examine a wide range of the variables: fabrie,
soil, and detergent solution.
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One point of view which is highlighted by this ma-
terial is that the effects of the addition of builders to
detergent solutions may be primarily the alteration
of the soil and fabric rather than changes in the prop-
erties of the solution itself.

We realize, of course, that the removal of dirt and
the prevention of its deposition need not be identical

Report of the Glycerin Analysis

URING the two years sinee the last formal report

(1) to the Society, the Glycerin Analysis Com-

mittee has applied the recently revised methods
of analysis to six cooperative samples representing the
types of material most often encountered in the pro-
duction of commereial glycerin. These samples were:
a) salt and glyeerin lye from kettle soap boiling;
b) salt crude glycerin made by the evaporation and
concentration of 8. & G. lye; ¢) commereial C. P.
distilled glyeerin; d) salt plus added glyecerin in
water solution to simulate the salt recovered in the
evaporation of S. & G. lye; e) saponification erude
glycerin; and f) saponification sweetwater from
which saponification crude is made by evaporation
and concentration. The last two samples result from
the hydrolysis of fatty oils by various processes for
the manufacture of fatty acids.

Periodic Acid Method

The periodic acid method of analysis was applied
to all samples. The usefulness of this method has

processes. On the other hand, there are indications
that they are closely related. Detergent solutions will
not, in general, remove solid dirt from a surface just
by soaking. Some mechanical action is necessary. It
appears that the decomposition of the fabrie-dirt com-
plex can be considered to be a process promoted by
mechanical action. In plain water mechanieal action
may merely shift the dirt from one site to another on
a fiber or transfer it from fiber to fiber. Whereas in
the presence of detergent this transfer does not take
place.

While whiteness retention experiments have inter-
est in connection with detergency evaluations, we
were especially concerned with, first, the demonstra-
tion of the stoichiometry of the reaction between
dirt and soap and second, the relevance of the zero-
intercept, in the graph of critical soap concentration
against amount of dirt, to the function of micelles in
detergency.
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Committee 1947-1948

been demonstrated in our last report where it was
shown to be unaffected by the usual impurities found
in commercial and process samples. However its
standard deviation, on 1009, glycerin basis, for the
two crudes, the S. & (. lye, and the saponification
sweetwater is about 19 in comparison with about
0.5% for the C. P. distilled glyeerin. Several sug-
gestions for the improvement of this method will
receive consideration during the coming months.
Meanwhile the committee recommends that the ‘‘ten-
tative’’ status of the method be continued with the
following rewritten version of one section:

“Ea 6-46
F. Note:
3. The glycerol content of the sample tested must
be between 0.1200 and 0.1500 gram for samples con-
taining more than 10% glycerol except in cases like

sweetwater concentrate where the excess of periodic
acid given below is used to indicate when the proper

A.0.C. 8. GLYCERIN ANALYSIS COMMITTEE 1947-1948

Sample "“A"”—S8alt and Glycerin Lye

Number
Member 1 2 3 5 7 8 9 10 Average Standard o
Deviation Analyses
Liaboratory Analysis |
% Glycerin --Periodic Acid Method........, | 9.32 9.45 9.3 9.33 0.09 i)
Gross Acetin . 3.92 L. .. . 1
Dichromate.....coviveviisermnceeneninonnnssrnins | vviies aenene veees 27 0.02 3
...... . 1
12.03 12.1 12.08 .30 _ 9
Sample "F”—Saponification Sweetwater
Laboratory Analysis
9% Glycerin by Periodic Acid. 11.58 11.56 11.73 11.38 8 11.44 11.60 1124 11.55 11.53 0.13 9
% Glycerin Gross AcetiNu st cier ol JLBO e e e e e e e e 1




