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Abstract

A laboratory test has been developed for screen-
ing detergent compositions with respect to the
removal of sebum soil in the absence of particulate
soil. The fabries are uniformly soiled with an
aqueous emulsion of synthetic sebum and are then
laundered under controlled conditions in a Terg-
o-Tometer. The unremoved soil is rapidly aged,
and the resulting yellowness is measured instru-
mentally.

This test ecan be run in a minimum amount of
time and with a minimum amount of equipment.
It enables one to check many variables (such as
sequestering capacity, temperature effects, bright-
ener build-up under soiled conditions, etc.) on
various fabrics, with or without special treat-
ments. The results are in terms of yellowness,
which is recognized by the housewife, and are not
a measurement of total soil removal. These values,
when combined with grayness values derived from
the sebum airborne test, are good prognosticators
of practical performance.

Introduction

HIS PAPER is the third of a series of screening tests

presented on the evaluation of detergent compo-
sitions (1, 2). In each test method, synthetic sebum
was used as the fatty soil. The first procedure mea-
sured foam in the presence of sebum, the second was
a measure of airborne particulate removal when used
with sebum as a soil, and this paper is a measure of
the removal of sebum itself in terms of yellowness.
‘Washing conditions have been maintained very close
to those of practical laundering so as to measure foam,
grayness, and yellowness as developed in the home.

Utermohlen et al. (3) believed that the removal of
solid soil and of oily soil are separate phenomena and
are not related to any great extent. A pro and con
discussion of this topic by two experimental teams
working with electron microscopy equipment is found
in the work by Howarth et al. (4). Studies relating to
fatty soil removal by using radioactive tracers have
been reported by Wagg and Britt (5), Scott (6), Gor-
don (7), and Gilderson (8). Powe (9) and Oldenroth
(10) used gravimetric procedures for studying skin
soil removal. Huggins (11) and Clayton (12) are en-
gaged in detergent studies and are unsing synthetic
sebum as the oily soil.

The formation of yellowness on fabrics has been
studied by McLendon and Richardson (13, 14), Wagg
et al. (15), and Loeb (16). Privett (17) made a study
of the yellowing of oil films.

In observing soiled laundry, one notes that pillow
cases, shirt collars, T-shirts, sheets, ete., develop a
yellow color after repeated launderings or prolonged
storage (Fig. 1). This is attributed in part to the oxi-
dation and polymerization of certain fractions of the
body oils which have not been removed during wash-
ing. However it is not the sole cause. The nature of
the fabrie, various treatments applied to the fabrie,
excess alkali, bleaching effects, etc., all can be con-
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F1g, 1. What the housewife sees.

tributing factors. This paper deals essentially with
vellowness attributable to residual synthetic sebum.
In particulate removal, the green reflectance is mea-
sured which relates to grayness. This reflectance is
dependent on particle size, chemical composition, ge-
ometry, ete., and relates more to the effect of the soil
rather than the amount. If, in natural soiling, the
particulate is a white metallic oxide or silicate, it
could have a beneficial effect as compared with a light
absorbing surface, such as carbon or black metallic
oxides. Yellowness always detracts from white as does
grayness, but it usually detraets about three to four
times as much. Again, all the components of sebum do
not produce yellowness (measured by the blue reflec-
tance). Thus in this work the attempt is to measure
only the undesirable effects of the residuum.

Experimental Section

Apparatus
Terg-o-Tometer
Laboratory padder
Shaking deviee—""Charfish” shaker (Figure 2), de-
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Drying equipment optional: print dryer, clothes
dryer, or scorch tester.

Color difference meter

Reagents
Synthetic sebum (1)
Representative fabries

Procedure

Regular synthetic sebum or modified synthetic se-
bum is applied to the pretreated fabric as an aqueous
emulsion by means of the Charfish shaker. The
swatches of fabric are dried at a low heat (140-
160F), then washed under various conditions in the
Terg-o-Tometer. Aging is usually carried on by heat-
ing the fabric at some temperature between 200-300F
for approximately an hour. The developed yellowness
is measured on a color difference meter (18).

1) Preliminary work was done with synthetic sebum
applied to the fabriec and aged without washing. This
permitted exploration of the various factors which
enter into the yellowing of soiled clothing before
laundering. The fabriecs used were obtained from
Testfabries Inc. (Indianhead cotton, Nylon 66-spun
354 A, and Dacron 54, spun 754 AW). They are un-
real in the sense that they do not represent material
used in finished goods (no brighteners, finishes, ete.)
but real as far as chemical composition is concerned.

Wagg (15) soiled cotton with 4-5% petroleum spirit
solution of sebum components and washed them in
soap and alkali at 104F. They were then oven-heated.
He concluded that, of the three components tested,
squalene and linolenic acid caused yellowing whereas
cholesterol did not. McLendon and Richardson (13)
tested six components of sebum at low and high rela-
tive humidity. They concluded that cholesterol was
the only additive at low relative humidty which gave
an increase of more than one “b” unit.

At high relative humidity most of the compounds
yellowed the fabrie. The unsaturated compounds
caused more yellowing than the saturated compounds,
and cholesterol caused more yellowing than cetyl
aleohol. Experimental work as reported in this paper
consisted of treating the three types of fabriec with 2%
emulsions of each of seven ingredients of sebum. These
were aged in a clothes dryer at a mean temperature of
217F for one hour (Table I).

The swatches were shaken twice with the Charfish
shaker and padded twice. Although the amount of
wet pick-up was different, the dried swatches showed
between 4.5-5.09% sebum soil, based on the weight of

TABLE 1

Percentage of Sebum Pick-up and Yellowness Developed by
Individual Ingredients

‘Weight of padded

swatches Percent- Percent-
Weightof —m+———— age of age of
originals Wet Dry emulsion sebum
Cellulose 183 ¢ 32.2 19.2 75.9 4.9
Polyamide il4g 17.5 11.9 53.5 4.4
Polyester 105 g 15.0 11.0 43.0 4.8
“b” Units
Cellulose Polyamide Polyester
No agent 2.5 6.8 3.8
Linoleic acid 17.0 20.9 6.4
Cottonseed oil 9.0 144 8.0
Cholesterol 9.0 10.2 7.9
Oleic acid 8.2 13.2 5.6
QOlive oil 7.1 11.2 4.8
Squalene 6.7 10.8 3.8
Coconut oil 4.9 8.9 4.0
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TABLE II
Effect of Nitrogenous Material and Unsaturated Fatty Acids on Yellowing
“p
Cellulose Polyamide Polyester
Original 2.2 2.2 1.8
Aged original 2.7 3.4 1.9
Original + sebum 3.2 2.2 1.9
Original (aged) + sebum 8.0 4.8 2.3
Original + sebum +
2x emulsion (aged) 1i.0 5.2 2.6
Original -+ sebum -+
109% linoleic (aged) 13.6 11.6 3.5

the fabric. The data show that Nylon is affected most
by an increase in temperature and has the most yel-
lowness in the original. These factors must always be
considered when making cross-comparisons on sebum
removal. Cottonseed oil was ineluded because it may
be used in future synthetic sebum formulas.

It can be readily seen that not all fabrics are yel-
lowed to the same degree by the same agents. Franks
(19) concluded that the oxidation of ethyl linoleate
on a cotton substrate is more rapid than the corres-
ponding reaction in the bulk-ester phase. This appears
to be caused by the limited stability of the hydroper-
oxide on the cotton substrate. He further stated that
some of the oxidation products undergo a slow reaction
with the substrate, resulting in a partial insolubili-
zation of the yellow compounds. There could also be
a possible reaction between the polyamide and the
sebaceous material. Rochas (21) stated that the yel-
lowing of the Nylon fiber on account of a temperature
rise is connected with the formation of pyrrole rings.

2) Since linoleic acid was the most effective yel-
lowing agent and sinece O'Neill (20), Wagg (15), and
MeLendon (14) have reported the effeet of nitrogen-
eous products on yellowing, modified sebums with ex-
cess linoleic acid or excess amine soap were tested as
in Part 1. Table 1T shows the relationship between the
original fabric, the aged original fabric (one hour in
clothes dryer at mean temperature of 190F), the
original fabric plus sebum, the aged original fabric
plus sebum, the aged fabric with sebum plus double
the amount of emulsifying agent, and the aged fabric
with sebum plus 10% additional linoleic acid.

It is interesting to note that doubling the amine soap
caused an increase of 3 “b” units on cellulose at this
temperature but only about 0.4 “b” unit on the syn-
theties. The additional linoleic acid increased the
yellowness on cellulose by approximately 5.6 “b” units
over regular sebum and by about 6 “b” units on poly-
amide. The 1.2 “b” unit on the polyester is compara-
tively small. Privett et al. (17) have investigated the
vellowing involved in oil films and have concluded
that two distinet steps are involved: a) the formation
of colorless precursors by an oxidative process, and b)
the reaction of the precursors to give the yellow eom-
pounds.

It was previously believed by the authors that it
might be better to emulsify the sebum without the aid
of an agent, such as an amine soap. However, since
pnatural perspiration contains nitrogenous products

Synthetic Sebum Wt.%

Regular Modified
Palmitic acid 100 L
Stearie acid 5.0 e
Linoleic acid 5.0 20.0
Oleic acid 10.0 10.0
Cholesterol 5.0 5.0
Spermaceti 15.0 15.0
Coconut oil 15.0 15.0
Olive oil 20.0 20.0
Squalene 5.0 5.0
Paraffin 10.0 10.0
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TABLE III

Effect of Emulsion Concentration of Modified Synthetie
Sebum on Yellowness

“pn

Cellulose Polyamide Polyester
Original 2. 4.4 3.0
Aged original (no soil) 3.1 8.3 4.5
5% sebum emulsion 9.0 18.3 6.8
10 % sebum emulsion 12.0 20.3 71
159% sebum emulsion 17.0 28.2 8.3
20 % sebum emulsion 20.2 25.3 9.8

(10) which can increase yellowing and since soap is
also formed during the washing process because of the
fatty acids in the sebum, the presence of a small
amount of amine soap may add to the reality of the
soil rather than detract.

3) Based on the results in Part 2, a modified syn-
thetic sebum emulsion was made so that yellowing
could be developed in a minimum of time. The emul-
sion is made by adding 4 g of oleic acid and 8 g of
triethanolamine to 100 g of the melted sebum. The
modified sebum eliminated the need for multiple
washes which are usually performed with the regular
formula. Representative swatches were soiled in emul-
sions of varying concentrations (5%, 10%), 15%, 20%)
and aged in the clothes dryer for one hour at a mean
temperature of 217F (Table IIT).

Table ITI shows that the yellowing curve for cotton
and Nylon are almost linear with concentration. In
addition, they are almost parallel from 10% to 20%.
Again, Dacron shows little yellowing at any concen-
tration under these conditions.

4) By setting the regulator of the clothes dryer at
three different positions, data were collected regarding
the effect of temperature on yellowing. A 10% aqueous
emulsion of the modified sebum was applied to the
same fabrics used previously. These soiled fabrics
were aged for one hour at each of the respective tem-
peratures. By subtracting the aged original from the
aged soiled fabrie, the yellowing caused by sebum
alone can be calculated (Fig. 3). Loeb (16) used the
seorch test to show the heat yellowing of cotton fabric
and plotted the log of time against the reciprocal of
temperature as expressed in Rankine degrees. The
relationship was linear. He concluded that the regres-
sion equations which represented oily ecotton indicated
that the yellowing was a result of mechanisms different
from the other systems studied.

5) The experimental data that have been presented
so far deal with the yellowing effects of sebum on un-
washed material. The literature (6-10) is in agree-
ment that ordinary washing of soiled fabric leaves a
sebum residual of from 30-60%, depending on the
substrate, temperature, builders, ete. It is logical to
assume that a rapid aging of the residual sebum, after
washing under various conditions, should give “yellow
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soiling——modified sebum (209 linoleic); aging—clothes dryer,
one hour.

proof” of the efficiency of the active ingredients, build-
ers, brighteners, ete., which are involved in the clean-
ing operation. The yellowness may be measured as a
separate entity or as an expression representing white-
ness, but in either case the final result should correlate
with consumer use. The data from extraction pro-
cedures or radiotracer methods need not necessarily
correlate because they are most often expressed as a
weight percentage removal and do not of necessity
represent color changes because of the removal of
ingredients which develop color bodies.

A first step was to wash fabric soiled with the modi-
fied sebum in four detergent concentrations, The for-
mula was a typical heavy-duty powder with 20% LAS,
35% TPP, 7% silicate, Q@S moisture, and sulfate. The
test was run at 0.00, 0.05, 0.15, 0.25% concentrations.
Swatches without soil were wetted and aged with the
washed swatches so that the effect of aging on the
fabric alone could be discounted.

Interpretation of the data in Table IV would lead
to the conclusion that cellulose is cleaned much better
at low concentrations than the synthetics. Polyamide
improves most between 0.05 and 0.15% and shows no
sebum removal at the lower concentration. Polyester
makes the big jump at the high concentration. This
information should be important in designing compo-
sitions, especially for cleaning the synthetics. It con-
firms the work reported by Hunter et al. (22). Fig. 4
combines the lightness values with the yellowness
values and illustrates the change in whiteness (18) by
using the formula L-3b (aged blank added).

6) The precision of the method was tested by cal-
culating the mean and the variance for each set of
swatches used in determining the effect of hardness on
yvellowing (23). Cotton swatches (20 in each bucket)

TABLE IV
Effect of Detergent Concentraticn on Developed Yellowness

Percentage of concentration

K Aged
Original original 0.00 0.05 0.15 0.25
Fabrice b L b L b L b L b L b

Cellulose 93.5 +2.1 93.1 +3.0 89.2 +12.4 91,1 +10.2 91.8 4+ 8.1 92.1 + 6.4
Polyamide 92.2 +5.8 90.5 +8.9 79.4 —+20.0 £2.8 —+21.1 88.8 +16.2 90.9 +12.1
Polyester 93.3 +2.6 90.1 -+8.5 84.0 +13.2 27.7 +12.9 88.56 ~+10.9 91.1 -+ 4.7
“b” Units from Aged Original at Each Concentration “b”* Units Differences Between Concentrations
0.00 0.05 0.15 0.25 0.00-0.05 0.05-0.15 0.15-0.25

Cellulese 9.4 7.2 5.1 3.4 2.2 2.1 1.7

Polyamide 111 12.2 7.3 3.2 -1.1 4.9 4.1

Palyester 9.7 9.4 7.4 1.2 0.3 2.0 6.2
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Fic. 4. Effect of detergent concentration on whiteness (L-3b).
Conditions: soiling—modified sebum (209 linoleic); aging—
clothes dryer, one hour at 217F ; washing, 120F, 150 ppm hard-
ness; formula—209% LAS, 7% silicate, 359% TPP, 8% water,
Q. S. sulfate.

were washed in a typical heavy-duty composition at
0.15% detergent concentration at 120F and three
different hardnesses. The hardness had a caleium-to-
magnesium ratio of 3:2 and was expressed in terms
of calcium carbonate. After washing, the swatches
were aged for one hour in the clothes dryer at 217F.
The confidence limit was calculated to be = 0.4 “b”
value at the 95% level.

7) Optical brighteners are used to counteract yel-
lowness. The percentage used in some present-day
detergent compositions is 0.5% or more. This means
that the cost of this adjuvant is a significant portion
of the cost of a heavy-duty detergent. The testing of
the efficiency of optical brighteners has assumed great-
er importance (24). In many cases the brighteners
are screened solely on unsoiled cloth. This eliminates
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Fie. 5. Effect of heat and soil on brightener effect. Condi-
tions: soiling—modified sebum (209 linoleic); aging, clothes
dryer, one hour, 217F; washing, 0.159 detergent concentrate,
120F, 50 ppm hardness.
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Fic. 6. Effect of TPP on yellowness. Conditions: soiling,
regular sebum; aging, print dryer; washing, 0.15% detergent
concentration, 120F; formula—209% LAS, 7% silicate, 8%
water, Q. S. sulfate.

the reduction of ultraviolet intensity because of oil
absorption and the reduction of brightener efficiency
as a result of yellowing from residual sebum. The
exhaustion can also be influenced by the presence of
soil.

Four commercial heavy-duty detergent powders
were tested to show the effect of heat and developed
yellowing on brightening action. The products were
simply chosen at random from the grocer’s shelf and
will not be identified. The three fabrics were washed
in the products as usual. In the second part of the test,
additional swatches were washed in the products and
aged. In the last part of the test, a third set of swatches
was soiled with the modified sebum, then washed in
the respective products and aged (Table V).

Fig. 5 shows the relationship of the final “b” values.
A chart could be drawn to show the total chromaticity
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Fig. 7. Comparison of three compositions at two tempera-
tares. Conditions: soiling—modified sebum (209 linoleie);
aging—clothes dryer, one hour, 217F ; washing, 0.15% detergent
concentrate, 150 ppm hardness; formula—10% A. 1., 5% sili-
cate, 35% TPP; 429 sulfate.

TABLE V
Effect of Soil and Heat on Brightener Effectiveness
“a” and “b" Values
No soil No soil Soil
‘Washed ‘Washed Washed
No aging Aged, 217F, 1 hr Aged, 217F, 1 hr
Product (o] N D C N D (o] N D

w +1.9—-3.9 —0.2 4+ 1.3 —1.342.8 +1.8—-3.4 —0.8+3.1 —1.34+ 2.8 0.0 + 3.2 —1.9 4 9.0 —1.544.2
X +1.5—3.2 +0.9 — 0.8 —1.2+4 2.5 +1.56—29 ~—0.3+4+24 —1.2 424 —0.2 4+ 3.9 —1.7+4179 —1.6 4 5.3
Y +2.0 — 4.3 —0.2+1.3 —1.342.8 +1.7—384 —0.843.5 —1.3 4+ 4.6 —0.242.0 —2.0 4 8.6 —1.7+4+ 4.8
Z +2.0 —4.3 —0.541.9 —1.3+42.8 +1.7—38.4 —1.444.6 —1443.2 +0.3 +1.8 —2.1+4 8.5 —1.7 4+ 4.6
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TABLE VI
Effect of Detergent Composition-Temperature on Yellowness

Reduection in Yellowness

60F 120F
Cellulose Polyamide Polyester Cellulose Polyamide Polyester
LAS 50/50 NI LAS 50/50 NI LAS 50/50 NI LAS 50/50 NI LAS 50/50 NI LAS 50/50 NI
1.5 2.6 2.6 0.5 2.9 2.5 3.2 3.7 4.5 2.1 3.1 3.4 1.3 4.7 5.5 2.7 3.2 3.3

effect. However, omitting the red-green data, it may
be seen that on cotton the brighteners in W and X are
not affected by heat as much as Y and Z, but they are
less effective under soiled conditions than Y and Z.
The results on synthetics are somewhat unreal because
present-day fabries have brighteners incorporated
during the manufacturing process. Nevertheless, in
the case of Nylon, product X is the best, notwith-
standing its deterioration with heat. This same prod-
uct is the poorest with soiled Dacron. As usual, there
is not much brightening action with Dacron.

8)_In the early stages of this work a study was made
of the effect of TPP on reducing yellowness under
different hardness conditions. The experiment was
done in duplicate by using the regular sebum formula
and aging after each wash. The swatches were en-
closed in aluminum foil and dried in the Pako print
dryer. Fig. 6 shows the result of this testing. The
product used was a spray-dried detergent composition,
using linear alkyl benzene sulfonate as the active in-
gredient. In a test of this type, detergent, hardness,
temperature, metallic contaminants, bleach, fabrie,
ete., will influence the sequestering capacity. There-
fore it is safe to assume that it will correlate more with
practical laundering than the usual titration proce-
dure or particulate removal.

9) A final experiment, attempting to show the util-
ity value of the yellowing procedure, was made by
comparing three detergent compositions at two tem-
peratures. The compositions were mixtures of non-
ionics and anionics. The main purpose was to demon-
strate that the mechanism of soil removal is dependent
on fabric types and soil forms’ The data presented
may not be a final answer to the present-day develop-
ments but should serve as a stimulus to evaluate laun-
dering procedures more realistically in a future era.

An analysis of Table VI and Fig. 7 shows the im-
provement in detergency attributable to the addition

of a nonionic detergent. The greatest benefit on cellu-
lose and polyamide is at the high temperature. This
condition is reversed with polyester, where detergency
is better at the low temperature.

The results and conclusions can be varied by the
type of nonionic or anionic. ILikewise, finishes and
combinations of fibers can alter the situation. Never-
theless it is believed that the tool described can conple-
ment present-day procedures in arriving at a true
comparison.
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