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The location variability was shown to be closely
associated with maximum temperature during seed
development. Temperature appears to be the most
important environmental factor affecting these acids,
especially linolenie.

The percentages of the two acids are positively
correlated with each other.
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The Effect of Builders on the Sorption of Sodium Myristyl
Sulphate on Cotton and on Carbon
G. S. PERRY,! A. S. WEATHERBURN, and C. H. BAYLEY, Textile Research Section,

National Research Council, Ottawa, Canada

gent efficiency of soaps and synthetic detergents

is well known, but as yet no completely sastis-
factory theory of builder action has been proposed.
Tt is believed that the sorption of detergent ions by
both soil and fabric plays an important part in the
mechanism of detergency although the precise rela-
tionship between sorption and detergeney has not been
established (4,11). The present work was undertaken
in the hope that some further clarification might be
obtained of the mechanism of builder action and/or
of the role of sorption in the detergent process.

Data have already been presented relating to the

sorption of various soaps and synthetic detergents on
carbon black (7, 8, 13) and on textile fibers (12, 14).
While builders in general were not included in this
work, it was shown that the addition of sodium sul-
phate to solutions of synthetic detergents led to an
increase in the sorption of the detergent in all cases
(8, 12). The sorption of synthetic detergents on var-
ious textile fibers was also found to be influenced by
the pIH of the solution; the sorption of anionie deter-
gents was greater in acid than in alkaline media
3,12).
( Mea)(ler and Fries (4) noted that the addition of
salts to a solution of sodium alkybenzene sulphonate
inereased the sorption of the latter on cotton. Sodium
sulphate was more effective than tetrasodium pyro-
phosphate.

Boyd and Bernstein (1), on the other hand, have
recently reported that the addition of builders, in-
cluding sodium sulphate, sodium carbonate, and var-
ious phosphates, to solutions of sodium dodecylben-
zene sulphonate decreased the sorption of the latter on
cotton and on various synthetic soils. Their data
however do not refer to equilbrium sorption but rather
to the amount of sorbed material remaining after a
specified rinsing proeedure. ‘

Schneider (10) has studied the heats of immersion
of a carbonaceous soil in built detergent solutions and
has concluded that builders increase the rate of sorp-
tion of the detergent. Those builders which have a
high anionic charge were most effective.

THE BENEFICIAL EFFECT of builders on the deter-

1 Present address: Imperial College of Science and Technology, Lon-
don, England.

Materials and Methods

Sodium myristyl sulphate was prepared by the
method of Dreger et al. (2) and was recrystallized
several times from absolute aleohol. The melting
point was 182-3°C., and the infrared spectrum was
free of bands in the hydroxyl region.

The builders used are listed in Table I. The phos-
phate builders were obtained from Electric Reduction

TABLE I
Builders Used

Abbrevi- [Anionic ofp{l%

Compound A Analysis
ation charge solution
Sodium metasilicate SM —2 12.3 Na,0-29.4% ;
8i0,-29.29
Trisodium phosphate TSP —3 12.1 18.6% as P20;5
Tetrasodium pyrophosphate (TSP P | —4 10.3 53.2% as P20s
Sodium tripelyphosphate STPP —5 9.8 57.5% as P20g
Sodium hexametaphosphate SHMP, —6 7.6 64.2% as P205
Sodium carbonate, anhydrous | Na,COsg —2 10.6 | Reagent grade®
Sodium sulphate, anhydrous | Na,SO. —2 6.7 Reagent grade®

a Conforms to A.C.S. specification.

Sales Company Litd., Buckingham, Quebee, and the
silicate from National Silicates Litd., Toronto, Ontario.

The carbon black was uncompressed Standard
Micronex, supplied by the Binney and Smith Com-
pany, New York. The cotton was a fully-bleached
nainsook fabrie supplied by Tootal and Broadhurst
Liee Co., Manchester, England, and was prepared as
described previously (14).

The sorption of sodium myristyl sulphate on cotton
was determined at 50 =+ 2°C. by the method deseribed
previously (12) except that the weight of cotton used
for each determination was increased to 10 g. and the
volume of solution was decreased to 100 ml. The ini-
tial solutions contained 0.1% of sodium myristyl sul-
phate and 0-0.29% of the various builders.

The sorption on carbon was determined. at 50 + 2°
C. as in previous work (8) except that the volume
of solution used was 100 ml. instead of 150 ml. In
the first trials a econcentration of 0.19% sodium
myristyl sulphate was used, but difficulty was en-
countered in filtering the equilibrium solution: It had
been noted previously (8) that suspensions of carbon
black in detergent solutions at concentrations below
the eritical micelle concentration filtered readily, but
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when the concentration was- above the e.m.c., carbon
tended to pass through the filter paper. Since the
c.m.c. for sodium myristyl sulphate is approximately
0.002M (8) or 0.06%, for this portion of the work the
initial solutions were made up to contain 0.05% so-
dium myristyl sulphate and 0-0.4% of the various
builders. These suspensions filtered readily. All de-
terminations were carried out in duplicate and many
in triplicate.

Data and Discussion

Sorption on Cotton. The data for the sorption of
sodium myristyl sulphate on cotton are given in Fig-
ure 1. In spite of considerable scattering of the ex-
perimental points it would appear that there is an
approximately linear relationship between detergent
sorption and builder concentration. Consequently the
best straight lines through the points were calculated
by the method of least squares and are shown in
Figure 1. It is apparent that there is a small but
significant increase in the sorption of detergent with
increasing builder concentration in all cases and that
the less alkaline builders cause the greatest increase
in sorption (Figure 1, Table I).
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Fi1a. 1. Sorption of sodium myristyl sulphate from 0.1%
solution at 50°C. on cotton.

It has been shown previously (12) that the sorption
of sodium myristyl sulphate on cotton is less in alka-
line than in acid solution. This was attributed to an
increase in the negative charge on the cotton with
increasing pH (5) resulting in a corresponding in-
crease in electrostatic repulsion between fiber and de-
tergent anion. These findings are substantiated by
the present work to the extent that the less alkaline
builders caused the greatest increase in sorption of
detergent. On the other hand, all of the builders, with
the possible exception of S H M P, are more alkaline
than the detergent itself, and yet an increase in sorp-
tion in the presence of builder was noted in all cases.
This suggests that the effect of builders on sorption
is the resultant of two opposing tendencies, viz., a)
the effect of the pH of the solution, which in the case
of alkaline builders tends to decrease the sorption, and
b) the effect of the builder anion, which tends to in-
crease the sorption.

It has been suggested (6, 9) that builder action in
detergency is the result of sorption of the builder an-
ion on the soil and/or the fabric with a consequent
modification of the electrical charge relationships.
This view was not substantiated by the present find-
ings, since in one case, that of sodium myristyl sul-
phate + T S P, there was no measurable sorption of
the builder anion on the cotton (Table II). This has

TABLE II

Sorption of TSP on Cotton in the Presence of
0.1% Sodium Myristyl Sulphate

TSP PO, ~ - concentration, p.p.m.
concentration Tnitial Tinal
% solution solution
0.08 199 209
0.09 234 238
0.10 260 265

also been confirmed by Schneider (10) with respect
to the sorption of various builders on carbon.

The ability of builders to increase the sorption of
surface-active compounds is attributed by Schneider
(10) to an increase in the rate of sorption. He sug-
gests, in aceord with our previously expressed views
(12), that unassociated detergent anions are sorbed
but that micelles are not sorbed. When sorption takes
place at concentrations above the c.m.c., micelles dis-
sociate to replace the single ions which have been re-
moved by sorption. Thus the rate of micelle dissocia-
tion controls the rate of sorption. Schneider suggests
that builders, by virtue of their anionic charges, tend
to distort the gegenion sheath surrounding the micelle
and hence increase the rate of micelle dissociation.
Those builders which have the highest anionic charge
are therefore the most effective in increasing rate of
sorption. While the data obtained in the present work
are not sufficient to permit their use in a critical
evaluation of this theory, it is apparent that the re-
sults for sorption on cotton do not contradict it.

Sorption on Carbon. The data for the sorption of
sodium myristyl sulphate on carbon are given in Fig-
ure 2. The rapid increase in sorption at compar-
atively low builder concentrations suggests that these
curves are exponential in form, and this was con-
firmed by plotting the data on logarithmic scales.
The curves obtained were essentially linear.

In the absence of builder the sorption on earbon is
much higher than that on cotton, as might be expected
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Fie. 2. Sorption of sodium myristyl sulphate from 0.05%
solution at- 50°C. on carbon.
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from the difference in surface area of the two mate-
rials. (Vold and Phansalkar [11] give 1.64 m2/g. for
the specific surface of a cotton sheeting probably sim-
ilar to that used in the present work, and the surface
area of the carbon is given as 95 m?/g. [15]). While
the average level of sorption is much higher on carbon
than on cotton, the difference between builders is less
marked. For example, at 0.2% builder concentration,
the highest sorption obtained on cotton (with 8 H M
P) was about 43% higher than the lowest sorption
(with T S P) whereas the corresponding figure for
sorption on carbon was only about 14%. Within this
comparatively narrow range there is considerable
crossing of the curves so that it is not possible to
establish any clear-cut order of effectiveness of the
builders. It should be noted however, that at the high-
est sorption levels, e.g., with 0.4% S H M P, about
90% of the available detergent has been sorbed. If
a higher initial concentration of detergent had been
used, it is possible that a greater differentiation be-
tween builders might have been obtained, 4.¢., the max-
imum sorption is probably limited less by the action
of the builder than the amount of detergent available
for sorption.

Schneider’s theory (10) that builder action is
caused primarily by an increase in the rate of micelle
dissociation is not substantiated by the data for sorp-
tion on carbon. The concentration of detergent was
in all cases below the c.m.c., yet substantial increases
in sorption were observed in the presence of builders.
Furthermore it has been shown previously (8) that
under the experimental conditions employed, equilib-
rium is established in less than 10 min. Hence an
increase in the rate of sorption, unless also accom-
panied by a change in the equilibrium conditions,
would not be expected to increase the total amount
sorbed in 10 min. or longer. It is therefore concluded
that, while an increase in the rate of micelle dissocia-
tion may be a contributing factor in those cases where

it is applicable, the mechanism of builder action can-
not be explained satisfactorily on this basis alone.

Summary

In the case of sorption on cotton there was an ap-
proximately linear increase in sorption of the deter-
gent with increasing builder concentration. The
effectiveness of the builders in this respect increased
with increasing anionic charge and decreasing pH of
the builder. In the case of sorption on carbon the
addition of builder again led to an inecrease in sorp-
tion, but in this case the sorption was an exponential
funection of the builder concentration. The differences
in effectiveness of the various builders in increasing
sorption was less clear-cut than in the case of sorp-
tion on cotton, and there did not appear to be any
consistent correlation between the amount of deter-
gent sorbed and either the pH or the anionic charge
of the builder.
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A Disk Rheometer Applicable to Measuring

Shortening Flow-Properties

STEPHEN J. LOSKA JR. and ENDEL JASKA, Pillsbury Mills Inc., Minneapolis, Minnesota

shortening ‘‘consistency’’ in a numerical system
is a challenging problem. Shortening systems,
being transitory in nature susceptible to changes by
temperature, time, shear, and other variables, are not
simple rheological systems to study. Some of the
properties of shortenings have been measured by
various applications of viscometry. Gravenhorst (4)
applied a Brinnell type of ball penetrometer, using
a relatively constant shear rate and measuring the
stress variable. Clardy et al. (1) developed another
version of the constant shear rate-variable stress ap-
proach by using an orifice and ring forced through
the sample. The techniques of Rich (6), using the
A.8.T.M. Grease Penetrometer, and of Feuge and
Bailey (3), using the micropenetrometer test, are
modifications of a constant stress, variable-strain
principle.
These tests contribute greatly to the measurements
of shortening consistency but are limited to the ap-

THE RESOLUTION of the physiological concept of

plication of one shearing action. Recognizing that
shortenings are subject to changes by shearing or
‘“‘“working’’ and that the system is temperature-de-
pendent, test equipment was designed and a method
was developed which would determine the relative
viscosities of shortenings under a single shear appli-
cation; the change in viscosities of shortenings as a
result of controlled repeated shearing or working;
and the relationships of both of these properties as
a function of temperature.

In addition to these fundamental objectives, con-
sideration was given to sample dimensions so to facili-
tate sampling of pails, drums, cartons, and similar
unit-sizes. The aspect of laboratory preparation of
shortenings was not overlooked, and the sample shape
was made compatible with laboratory chilling-tech-
niques. Operator convenience and the speed of the
test were studied to achieve the compromise of maxi-
mum test output per man-day and maximum inter-
pretation. The method and equipment was designed



