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Abstract approved 

One purpose of this study was to evaluate three commercial 

detergents by comparing their removals at 7 0 and 120° F. of palmitic 

acid and clay components of a simulated natural soil which had been 

applied to wool yarns by immersion and abrasion methods. These 

detergents were a built soap and two cold water detergents designed 

for laundering wool. 

The methodology of detergency measurement became as impor

tant as the results because of controversy in the literature concerning 

the realism and accuracy of the techniques and soils. 

An artificial soil composed of clay and a simulated sebum solu

tion containing palmitic acid, olive oil, squalene, and n-decyl alcohol 

was modeled after analyses of natural soils. This was deposited on 



wool yarns by the widely-used immersion method and an abrasion meth

od, utilizing an abradant surface of vinyl to simulate skin. 

In order to obtain an accurate and quantitative rneasurement of 

detergency efficiency, radioactive tracer methods were us·~·d. Palm

14 
itic acid- C was utilized to trace the removal of the oil components 

59 
while clay labeled with Fe by ion exchange indicated the removal of 

14 
the particulate portion. The activity of the C -labeled soils was 

measured in a liquid scintillation counter. A new method of counting 

the yarns directly in the scintillation solution was patterned after the 

techniques for counting paper chromatograms developed by Wang and 

Jones ( 191). An Auto Gamma Spectrometer was used to measure the 

59 
activity of the Fe labeled soils. 

Because the effects of laundry variables on fabric character is-

tics often are as important as soil removal, the influences of the same 

detergents used at 70, 100, 120 and 140
0 

F. on dimensional changes 

in six lOOo/o wool fabrics of different types were compared. The fab

rics were unfinished plain and twill weaves, the same plain and twill 

weaves which had been finished for shrinkage resistance by interfacial 

polymerization, a bulky knit, and a fine knit. 

Variances within the detergents, temperatures, soils, and appli

cation methods and all interrelationships except that of temperature 

versus soil were significant for soil removal. 

Although quantitative relationships among variables were 



interdependent, some general trends were indicated in this study. 

One cold water detergent was superior to both the other cold water 

detergent and the built soap in soil removal at 70 and 120° F. In

creasing the temperature to 120° F. consistently resulted in greater 

removal of soil. 

A comparison of the two components of soil revealed that their 

removals are independent; the clay was displaced more easily than 

palmitic acid. The method of soil application had a great effect on 

the amount of soil removal. Such a reduction occurred in removal of 

abraded soil in comparison to that applied by immersion, that it was 

felt that the abrasion method may have been too severe. 

The radioactive tracer techniques proved to be an accurate, 

sensitive, and quick method of detergency evaluation. 

The results from the measurement of dimensional changes were 

less defined. In general, the dimensional change was dependent upon 

the type of fabric being evaluated. More change occurred in the 

knitted fabrics than in the woven; the bulky knit was particularly sus

ceptible. Of the woven fabrics, the twill weave unfinished fabric had 

the least resistance to dimensional change. In most instances, the 

addition of the shrinkage resistant finish effected a slight reduction 

in dimensional change. 

There was little relationship between the type of detergent and 

the amount of dimensional change in the woven fabrics; however, a 



slight relationship of one cold water detergent to change in dimension 

of knitted fabrics was found. The relation of increase in temperature 

to dimensional change was erratic for the woven fabrics. There was a 

direct relationship between temperature and dimensional change in 

the bulky knit when cold water detergents were used. 

It was felt that much more extensive research must be conducted 

before a specific conclusion may be made regarding the optimum de

tergent and temperature for the laundering of wool. 
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THE EFFECTS OF SELECTED COMMERCIAL DETERGENTS 
USED AT VARIOUS TEMPERATURES ON WOOL: SOIL 

REMOVAL AS EVALUATED BY RADIOACTIVE 
TRACER METHODS AND DIMENSIONAL CHANGES 

INTRODUCTION 

The search for cleanliness is limited neither to recent history 

nor to the human race. The importance of keeping clean to both the 

ancients and to animals is a familiar fact. Today's major agents for 

cleansing are soaps and synthetic detergents. The use of synthetic 

detergents is a recent occurrence while the employment of soaps has 

existed for centuries. Before soap was discovered, man utilized 

certain types of clays, powdered vegetable roots, and ashes of plants 

for cleansing agents ( 13 2). The first recorded a ccount of soap as an 

aid to soil removal was that of Galen, the second century physician of 

Rome. He des cribed it as a mixture of fat and lye that softened and 

removed dirt from the body and clothes (132). Soap has remained an 

important agent for soil removal for eighteen centuries. 

Soap was unrivaled as a cleansing agent for clothes until the 

discovery of synthetic detergents. The development of these in Ger

many resulted from the shortage of fats created by the Allied block

ade during World War I. When fats became too valuable to be used 

for soaps, research for a substitute resulted in the development of 

an alkyl sulfonate surface active agent which was patented in 1917 
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( 138). Sinc e the discovery of this first synthetic dete rgent, the de

velopment and utilization of these surfactants have had tremendous 

growth. By t he beginning of World War II. researchers had discov

ered all but a few of the basic chemical types of synthetic detergents 

in use today ( 138). The development of syndets has been stimulated 

because they do not form the insoluble calcium and magnesium salts 

i n hard water, so characteristic of the reaction of soap. 

Measu rements of the efficiencies of detergents and the effects 

of c ertain laundry variables on those efficiencies have been made 

since early in the present c entury. A question that has arisen re

c ently is the water tempe ratu re nec essary for optimum detergency. 

Although this variable has been studied i n the past, it is again an 

area of conce rn because of the recent availability of an all-purpose 

synthetic d etergent des igned for use in cold water . There have been 

questions about the adequacy of cold water for efficient soil removal. 

In addition, there are questions about the efficiencies of "speci

ality" detergents d e s igned for the laundering of woolens and synthetic 

fabrics in cool water. The latter detergents have been available for 

a number of years. They are produced for the purpose of eliminating 

the increased wrinkling of the synthetic fabrics and the increased 

shrinkage and impaired hand of woolen fabrics that may be caused 

by higher washing t emperatures. 

A review of the literature revealed only one investigation of 
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t:he efficiencies of the specialty cold-water detergents and no investi

gation of the all-purpose cold water product. However, it was dis

covered that controversies exist in the literature concerning the effi

ciencies of detergents and the effects of laundry variables on both 

fabric characteristics and detergency. 

In addition a search in the literature for the methodologies util

ized in measurements of detergency revealed a diverse number of 

t:"'chniques and soils as well as many dif:l:erences of opinion. As a 

result of the latter discovery, the methodology became a major fac

tor in this investigation as well as a comparison of the effects of se

lected detergents and water temperatures. 

A study of this kind could help in the development of more real

istic measurements of detergency efficiency. Also it is hoped that 

this study will reveal answers to questions concerning the effects of 

selected temperatures and detergents on both the soil removal from 

and the shrinkage of wool. 

Definitions basic to this study may be found in Appendix A. 
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REVIEW OF THE LITERATURE 

There have been innumerable studies made of the efficiend•.·s of 

detergents and the effects of different variables on those efficienc i ..·s. 

One would expect that many of the questi,ons would have been answ<·red. 

Although research has provided the solutions to several of the ISSues, 

disagreements remain about the interrelationship of variables that will 

yield optimum detergency. Furthermore., new issues, such as !. he 

water temperature necessary for maximum soil removal or the eftects 

of temperature on certain fabric and fiber characteristics, have d. ns

en from technological advancements. In addition to controversy about 

the results of research in the field of detergents, there is disagree

ment concerning the methodologies utilized in this research. 

It was found that evaluations of detergents can be classified into 

three categories. l) determination of the properties of the detergent, 

2) detergency measurement under simulated practical conditions, and 

3) tests of the detergent in actual operation (65; 71). 

Several authorities (65; 68; 70, p. 12-51; 71; 134; 154) dis

cussed the first classification which includes measurement of the 

critical micelle concentration, acid stability, alkali stability, metal

lic ion stability, surface and interfacial tension values, wetting abil

ity, lather values, and other properties of the detergent itself. 

It is the second type of testing which is used most widely and 

about which most of the controversy occurs. Early laboratory tests 
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of detergency efficiency were conducted in the 1920 1 s. In one of these 

McBain et al. assigned to ear::h detergent solution a carbon number 

which indicated the amount of finely divided carbon that the solution 

carried through filter paper (Ill, p. 3-5). In another early investi

gation, Fall measured detergency efficiency by determining the time 

that the de~:ergent solution kept manganese dioxide in suspension (44, 

p. 810-816). Since these early experiments, many methods of labor

atory measurement of detergency effic:ency have been devE::loped. 

The third classification of detergency measurement often is util

ized by companies to supp~ement l::iboratory investigations. It is felt 

by many authorities that this measurement gives a more complete 

appraisal of the detergent. Several authorities ( 37; 4 7; 94; 129, p. 

382; 137, p 130; 17 9) agreed that laboratory methods are good for 

screening poor detergents from premising ones, bu~: that for complete 

evalu.ation, some sort of consumer survey or actual testing situation 

IS needed. 

This review of the literature is divided into three areas: 1) lab

oratory methods of detergency research; 2) selected results of deter

gency research; 3) the laundering of wool. 

Laboratory Methods of Detergency Research 

Since laboratory testing will be used in this research, a more 

thorough discussion of these methods and the controversy surrounding 
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them will be made. It was found that the realism of the methodologies 

was the focus of most of the disagreements. 

The major emphasis in laboratory tests has been the develop

ment of methods whose results correlate with those of actual situa

tions. In the opinion of Schwartz .::!_ al. : 

"Realism" is, accordingly, a major requisite of any 
detergency test which will be useful in this situation. 
Realism or "accuracy" as it is sometimes called, means 
good correlation between laboratory evaluation and a 
practical field evaluation. In the field of laundering, 
household or commercial, realistic laboratory evalua
tions are particularly hard to attain ( 150, p. 490). 

In order to attain this realism, these authorities formulated the ful

lowing requirements for a sound evaluation procedure: 

( l) Satisfactory substrate and soiling composition; (2) a 
means for realistically applying the soil to the substrate; 
(3) a reproducible and realistic cleaning device i.e. means 
for controlling the mechanical factors in detergency ( 150, 

p. 490). 

Several researchers have utilized less common methods in their 

studies. One procedure that is less prevalent is the measurement of 

the soil that is in the wash liquor. This has been accomplished by 

gravimetric methods ( 148) or by the measurement of the light trans

mission of the wash liquor (23; 150, p. 491; 177; 178; 186). Barker 

and Kern ( ll) have stated that turbidity measurements such as these 

often give erroneous results. In general, however, laboratory meth

ods involve measurement of soil removal from artificially soiled 

cloth. One of the less important analytical procedures is a gravimet

ric one in which the quantity of soil that is removed is determined 
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by weighing the soiled cloth before and after washing. This method 1s 

not util1zed widely, however, because of the probability of some of 

the detergent as well as the soil remaining in the fabric (43; 87). 

Quantities of oily soil that remain on the soiled cloth after washing 

have been determined sometimes by extraction ( 150, p. 493). 

Bradacs and Schetelig (23) recently described an analytical 

method in which a fluorescing agent placed in fatty and protein soils 

is measured by a sensitive fluorometer. 

There are two laboratory methods important in detergency re

se.arch at the present time. The more widely used method is the 

measurement of the reflectance of a soiled cloth before and after 

washing. The other method involves the use of radioactive tracers. 

Most of the controversy in the literature regarding methodology con

cerns the reflectance method, the soil that is used on the cloth, and 

the way that soil is applied. 

Measurement by Reflectance 

This popular method of evaluation of detergency involves the 

measurement in a photometer of the reflectances of soiled cloths be

fore and after laundering. Usually the changes in reflectance of 

samples which have been laundered with different detergents are 

compared in order to determine the relative soil removal efficiencies 

c•f the detergents. However, Rees ( 140, p. T231) has compared the 



8 

intensity of the light reflected from the cloth with a standard white 

surface. Another variation of this method incorporates a color differ

ence meter to measure yellowness and whiteness factors as well as 

brightness. 

Philosophy. The reflectance method is not a quantitative meas

urement of the soil content of the cloth. Although attempts have been 

made to relate reflectance data to the actual soil content, this method 

is an evaluation of the visual appearance of the cloth. Consequently, 

the use and acceptance of this technique is related to one's philosophy 

of what cleanliness actually is. 

Various authors have rendered their opinions about the accepta

bility of the reflectance method of detergency evaluation. Utermohlen 

and Ryan ( 17 2) have concluded that reflectance is an acceptable index 

of clean~iness if surface appearance alone is the criterion of cleanli

ness. 

Schwartz et al. have reasoned that because "we are usually in

terested in the whiteness of the fabric rather than its actual soil con

tent, " the reflectance method is the most commonly used technique 

(150, p. 491). 

Schwartz and Berch have felt that "the housewife is concerned 

more often with the grayness or yellowness of the goods than with the 

number of milligrams of residual soil per square centimeter of fab

ric" (149, p. 78). 
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In the opinion of Reich et al. a fabric that is not darkened be

cause either the soil 1s light colored or there is very little of it pres

ent "will usually be called clean'' (141, p. 137). 

J. C. Harris has stated that although the removal of soil on the 

surface of the cloth gives an increase in reflectance that is out of pro

portion to the amount of soil actually present, this is not a serious 

factor since " ... this likewise occurs with natural soils" (70, p. 66). 

The acceptability of the reflectance method has been effectively 

summarized by Kaswell: 

Unfortunately, visual obs erva t~ons and surface measure
ments do not always agree with quantitative measurements, 

nor should they for obvious reasons. One 1 s philosophy and 
requirements will govern whether a garment may be con
sidered clean if it looks clean, whether it must be quanti
tatively free from soil, or whether it must be scrupulously 
clean and sterile (95, p. 405). 

Controversy concerning the reflectance method. Part of the 

controversy exists because the results from various reflectance meas

urements do not correlate with data from evaluations made in actual 

laundry conditions (5; 129, p. 383; 137; 145; 177). 

There may be several reasons for the poor correlations of re

flectance data and information from practical experiments. Diaz 

et al. ( 3 6) have discus sed several factors which influence reflectance 

values and which could lead to erroneous results if they are not con

sidered. One effect is fabric positioning; a fixed orientation is nee

es sary. The background on which the sample to be measured is 
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placed, also affects the data. For instance, reflectance is greater 

for a white fabric on a white background than for one placed on a black 

background. Rees has found that not only has the background an influ

ence but also the openness of the sample against the background ( 140, 

p. T237). 

If care 1s not taken in the study, the presence of fluorescent 

dyes may influence the reflectance data. These dyes are added to 

most commercial detergents in order to convert ultraviolet light to 

visible light which makes the fabric appear brighter than it actually 1s. 

The research results of one investigation have indicated that these 

dyes exert an influence on data taken from a photometer using an in

candescent light with only a small amount of ultraviolet light ( 159). 

Consequently, a detergent without the dye was used in the study. 

The influence of these fluorescent dyes on reflectance measure

ment has been discus sed by Diaz ~ al. : 

... When cloth containing fluorescent dye is illumi 
nated with incandescent lamplight, there is enough ultra
violet radiation to cause some fluorescence. 

Where unfiltered incandescent light illuminates the 
cloth in any of these photometers, such as the Hunter 
Color and Color Difference Meter, part of the reflec

tance value is due to fluorescent light. In other instru

ments such as the Hunter Multipurpose R eflectometer, 
where light is first filtered, this type of fluorescent 
action is negligible due to the adsorption of the ultra
violet component by the green filter. Therefore, no 

fluorescent action occurs, and a true reflectance meas
ure is obtained ( 36, p. 58). 
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Other problems with reflectance measurements are related to 

the type of soil that is utilized. It has been discovered that the parti

c2.e size of the soil affe<~ts the reflectan::e of the soiled sample. Ac

cording i;o J. C. Harris, "reflectance val--.J.es are rather directly re

lated to particle size; the smaller the individual particles, the greater 

the dispersion of incident light" (74, p. 106). Consequently, in the 

comparison of fabrics with equival_e:nt amounts of soil, the one in 

which t!:e particles are more finely dispersed will have less reflec

tance. 

Hemmendinger and Lambert (83) have stated that the use of the 

carbon black soil that is common :in re~1.ectance evaluations gives a 

measure of grayness of a sample, b--.J.t it does not provide the build-up 

of yellowness that is an import::~.nt factor in realistic situations. In 

their opinion, another unreaL.st:.c aspect is the fact that reflectance 

measures lightness b-Jt not the whiteness of samples. They found that 

if enough natural soil is present to decrease the reflectance from 83 

to 7 3%, the samples are quite yellow. According to these authorities, 

if all detergents have equal influences on the colored soils on fabrics, 

the reflectance methcd would provide an accurate relative evaluation 

of detergents. However, since there are a number of ways in which 

detergents affect the removal of the deposited colored material on 

fabrics, they have concluded that chromatic characteristics as well 

as reflectance rnust be considered in order to give a reliable 

http:import::~.nt
http:val--.J.es
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rneasurement of white:nes s, 

Wagg ( 183; J84) has criticized the reflectance method on the 

basis that it 1s a measurement of the removal of the solid colored 

component in the soil but not any other components, If oil is present, 

it cannot be inferred that this part is removed at the same rate as the 

colored component. Consequently, this author feels that another 

method of analysis such as extraction is needed for measurement of 

the rernoval of oil. 

Probably the largest reason for the disagreement between re

flectance and practical data is the choice of an unrealistic soil. This 

factor is discussed later. 

Another area of disagreement has been the reporting of the data. 

Some authorities have assumed a linear relationship between reflec

tance and soil removal. Others have not made this assumption and 

have utilized various equations to relate the data to actual soil con

tent. 

Measurement by Radioactive Tracers 

Advantages of the method. Radioactive isotopes have been util

ized in various measurements of detergency efficiency. The litera

ture revealed several opinions of the advantages of this method of 

measurement over the reflectance method and other visual techniques. 

Nelson has summarized some of these: 
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This test method is simpler, reasonably inexpensive, 
more sensitive, and faster than usual evaluation studies 
utilizing reflectometers or visual inspection as an index 
of cleaning ability. Furthermore, changes in the surface 
of the cloth which cause changes in reflectance have no 
effect in the radiotracer technique. An additional advan
tage is that because of small quantities of all substances 
used, very small amounts of detergent may be evaluated 
(126, p. 37). 

In addition Hensley and Inks have commented that because of the 

sensitivity of the methods, soils may be used at levels similar to 

those actually encountered in practical situations ( 84, p. 28). Ad

vantages that have been stated by Ashcraft include the ability to 

study two or more soil components at one time ( 6, p. 30) while Arm

bruster and Ridenour (5) include the ability to use a variety of soils. 

Manos has disagreed with the opinion of Schwartz and Berch 

that was cited earlier. He has sta.ted that the homemaker is critical 

of her laundered clothes and is concerned about the last traces of 

dirt. He has concluded that these can be effectively measured by 

radioactive methods ( 106). 

Phansalkar et al. conducted an investigation utilizing both re

flectance and radioactive tracer methods in order to compare the two 

and to evaluate the applicability of the Kubelka-Munk equation, an 

equation used widely to convert reflectance data to soil content. They 

studied the deposition of tagged carbon onto cotton fabric and dem

onstrated that the Kubelka-Munk equation gives erroneous results. 

Their conclusion was that the error probably resulted from the 
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change in particle s1ze of the soil. The radioactive tracer method 

gave much more accurate results ( 1 30). 

Use of the radioactive tracer method in the detergent industry. 

The use of radioactive isotopes is not widespread at present in the 

detergent industry. The isotopes have been used to l) determine 

yields, 2) study adsorption of detergents, soils, and additives on 

fabrics, 3) study formulations of detergents, 4) determine the fate 

and effectiveness of additives, and 5) evaluate the removal of soils 

(91; 163, p. ll-12). Besides being utilized to study the effectiveness 

of soil removal from fabrics, these isotopes have been employed in 

evaluating the cleansing of dairy equipment (48) and the removal of 

bacteria from eating utensils (5). 

The Soil 

The use of radioactive tracer methods allows the utilization of 

a variety of soils. In view of the large amount of disagreement con

cerning the type of soil to be used in detergency measurements, this 

characteristic of the tracer methods certainly would seem to be ad

vantageous. 

Soil has been defined as matter out of place ( 30). Soil is a con

cern to people because of its deleterious effects on their health and 

comfort and the appearance and durability of their garments. 

Substrates are soiled in a variety of ways. The different means 
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of impingement of soil onto fabrics have been summarized by Leonard 

and Schwartz: 

1) Diffusion of very small particles from air 
2) Deposition of medium and large particles from air 
3) Direct transfer of particles from a soiled surface 
4) Interception of particles in an air stream 
5) Contact by inertial effect with particles in a moving 

air stream 
6) Electrostatic attraction either from air or from 

another surface (119. p. 336) 

Adherence of the Soil to Fabnc 

A search of the literature revealed many discussions of the 

mechanisms of the adherence of soil to fabrics. These are reviewed 

because of the choice of yarns for use in evaluating soil removal in 

this study. In general, authorities agree about the types of bonding 

but disagree about the relative importance of them. 

Compton and Hart have declared: 

There are three and only three ways that a fabric: can 
retain soil; or to phrase it differently, there are only 
three possible binding mechanisms for a soil fabric 
complex. These are: ( 1) macro-occlusion, or entrap
ment of particles in the intrayarn and interyarn spaces; 
( 2) micro -occlusion or entrapment of particles in the 
irregularities of the fiber surface; and (3) sorptive bonding 
of the soil to the fiber by Van der Waals or coulombic 
forces ( 3 1 , p. 2 64) . 

A similar classification of binding mechanisms was made by Harris 

(7 3). 

Retention of soil by a fabric has been divided into two 
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mechanisms by Getchell. One type is mechanical entrapment of the 

soil in any of four places in the fabric: l) the large spaces between 

yarns, 2) the areas between the fibers within each yarn, 3) the tiny 

angles formed by single fibers and, 4) the surface of the fiber itself. 

The second force is the energy bond which includes Vander Waals 

forces, electrostatic forces, and oil bonds ( 63, p. 166). 

Other authorities have discussed, with different emphases, the 

importance of mechanical forces, chemical bonds, and electrical 

forces (74, p. 99-100; 129, p. 379; 158). 

It was found that several authors disagree about the relative 

importance of the various mechanisms of soil retention cited above. 

The chief disagreement occurs between those who conclude that 

macro-occlusion is the chief binding mechanism and others who stress 

the importance of micro-occlusion. 

Hart and Compton have concluded that macro-occlusion 1s the 

major factor in soil retention in several fibers. 

It is suggested that soil particle macro-occlusion in soiled 
fabric structures is largely responsible for the difficulty 
experienced in removing soil during laundering and in ob
taining consistent and precise detergency data (82, p. 423). 

However, it also has been the conclusion of Hart and Compton that 

''submicroscopic rugosities" on the fiber surface are of major im

portance in determining the permanence of soil retention ( 81, p. 165). 

Tripp ..:.!. al. ( 17 0) determined by light examination and electron 
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microscopy the location of colloidal and activated carbon, floor soil, 

synthetic soil, and clay on cotton plain weave fabrics. Examination 

of the fabric structure revealed that "in none of the fabrics was there 

evidence of deep penetration of the soil into the yarn structures" (p. 

449) since the areas of contact between yarns were almost unsoiled. 

It was concluded that "much of this soil was held between the fibers 

of the yarns ... 11 (p. 449). In the opinion of these authorities, "the 

natural irregularities of the fiber surface ... are preferred locations 

for the buildup of soil" (p. 452). 

In contrast, the results of Powe 1s study of clay particles dis

agreed with the above conclusions: 

Accumulation of soil in the rugosities of the cotton fiber 
surface does not seem to be an important mechanism in 
soil retention since the majority of the soil particles are 
about l00-200mf1. and the upper limits of the rugosities are 
about 50mf1.... Adsorption of the particles to the fiber sur
face is the chief mechanism of attachment. Whether these 
forces are coulombic, Vander Waals, or hydrogen bonds 
is a matter of speculation; probably all three types of ad
sorptive bonds are involved (37, p. 883). 

Schwartz et al. (150, p. 522-524) discussed the study of Kling 

and Mahl the results of which agree with the findings of Powe. A 

study by Shuttleworth and Jones yielded similar results ( 153). 

A study by Farnworth et al. (45) of fatty soil retention in 

chopped fibers revealed that 35o/o of the fatty soil is held on the sur

face of the threads, about 30o/o is between the fibers of the threads, 

around 30% is inside tubular fibers, and 5o/o is retained in the 
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fibril structure of the fibers. 

It was stated by Snell et al. that "to a large extent the adhesion 

of soil to fabric is simply the adhesion of oil to fabric 11 
( 158, p. 66). 

They concluded that oil which is held at the fiber surface or in large 

capillaries between fibers is easily removed while that which has mi

grated into the tiny capillaries between fibers is more difficult to re

move. The longer the fabric is in contact with the oil, the greater, 

the penetration of that oil into the fine capillaries, and the more diffi

cult, the removal. 

Although it was felt by some authorities that oil binding of soil 

to fabric was one mechanism of soil retention (63, p. 177-179; 129, 

p. 379) the research evidence in a study by Utermohlen ~ al. (174) 

indicated that pigment soil was removed to the same extent whether 

or not an oily binder was present. Consequently, these authors con

cluded that the removals of pigment and oily soils from fabrics are 

largely independent processes. 

Criteria of Soil for Detergency Studies 

The choice of soil to be used in laboratory measurements of 

detergency efficiency was one of the main points of controversy 1n the 

literature. As yet there is no standard soil which is acceptable to 

the majority of investigators. However, several authorities have 

established criteria for standard soiled fabrics. The following norms 
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were stated by Harris: 

The fabric should be uniform. 
The soiling operation should provide the same initial 
amount of soil, and the same removal value for any given 
detergent under identical conditions of cleansing. 

The soil removal values should be reproducible, prefer
ably of analytical accuracy. 
The effect of aging should be minimized. 
The method for determination of soil removal or reten
tion should be reproducible, preferably quickly accom
plished, and closely correlated with actual practice (70 p. 65). 

Other standards were reported by Diamond and Levin ( 35); 

l) The soil should be lodged in the spaces between the fibers; 2) the 

soil should be randomly distributed; 3) the soil should be inert to 

chemical reaction with the detergent; 4) the soil measurements 

should be related to the quantity of soil present in the fabric; 5) the 

soil particle size should be controlled by the method of application. 

The Carbon-Black Soil 

It was the opinion of J. C. Harris that the soil which met the 

requirements of uniformity, availability, ease of application, and 

representation of natural soils was a combination of carbon and 

animal, vegetable, or mineral oils (70, p. 66). His choice of soil 

is the one that has been widely used with numerous modifications for 

many years. It is this carbon-oil soil which is so controversial. 

For instance, Hensley and Inks commented: 

Lack of progress 1n reaching any general agreement on 
standard laboratory tests for laundry detergency 
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performance may be related to the general use of carbon 

blacks as standard soils and limitations on measurement 
methods ( 84, p. 27) 

According to Niven, this soil has been widely utilized because 

of both the necessity of using a colored soil in reflectance measure

ments and the ease of measuring carbon (127, p. 213-214). 

McBain was one of the earlier investigators to utilize carbon 

while Fall used manganese dioxide as his colored pigment. Criticism 

of these soils was made by Rhodes and Brainard in the 1920 1s on the 

basis that l) they were not similar in composition to ordinary dirt and 

2) that parallel behavior could not be assumed ( 143). However, the 

use of carbon for the artificial soil has continued through the years. 

At times other colored pigments such as manganese dioxide also have 

been used. Many variations in the composition of this basic type of 

soil have existed. Some of these may be found in Appendix B. Sev

eral standard test fabrics also are available for detergency testing. 

The compositions of the soils on these standard cloths may be found 

in Appendix C. 

In some of the recent testing utilizing radioactive isotopes, car

bon soils have continued to be used with the addition of a label of C 

14 
Manos combined carbon black-C and mineral oil ( 106) while Ash

14 
craft ( 6, p. 32) utilized Oildag labeled with C Lambert et aL ( 100) 

14 
used carbon black-C alone. 

There have been two major difficulties with these carbon soils: 

14 
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l) the different test fabrics do not rate detergents in the same order; 

2) these artificial soils do not give results that are in agreement with 

data from actual situations. 

In the comparisons of detergents, the efficiencies often have 

varied according to the type of soil or standard test fabric selected 

for use. Sanders and Lambert (146) used four different standard test 

fabrics and demonstrated that a built syndet was superior to soap in 

detergency on two of the fabrics while it was inferior when used on 

the other two. Snell discovered conflicting results when utilizing the 

fabrics from Testfabrics, Inc., the U. S. Testing Company, and the 

Foster D. Snell, Inc. (157). Merrill and Getty (120), McCabe (112), 

Mitchell (121), Osipow (129, p. 383), Diehl and Crowe {37), and 

Schwartz et al. ( 150, p. 495) also cited the same inconsistencies in 

results among standard test fabrics or soils. Wolfrom concluded 

that the rankings of detergents will vary with the amount of oil com

bined with the carbon (198, p. 656; 199). 

However, in their evaluation of detergents that were used with 

sea water for laundry on ships, Bernstein and Sasson concluded that 

the different brands of soiled cloths are capable of differentiating be

tween poor and promising detergents, but they do not have the ability 

to distinguish acceptable detergents from superior ones {13; 14). 

These variations in results in the literature seem logical since 

different mechanisms are involved in removing different components 
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of soil. Another factor that may complicate the results is the partie

ular method of application of the soil. This factor is discussed later. 

Probably a more serious problem with the carbon black soils 

1s the lack of correlation between results of tests using these soils 

and those employing natural soils. Many authorities- -Armbruster 

and Ridenour (5), Ferris and Leenerts (47), Galbraith (59), Getchell 

(63, p. 179-180), Ginn (65), Niven (127, p. 213-214), Price (137, p. 

55-56), Sanders and Lambert (99), Schwartz~ al. (150, p. 496), and 

Wagg (184) have discussed this problem. It was stated by several of 

them that the artificial soil used for detergency testing must be simi

lar to a natural soil if correlation between laboratory and actual laun

dering is to be accomplished. Davis claimed that "the history of 

model soils has been one of floundering on the rocks for lack of re

alism" (34, p. 47). 

Analyses of Natural Soils 

As the need arose for artificial soils that simulate natural soils, 

several investigators analyzed the latter. Price commented: 

Until quite recently, it does not seem to have occurred 
to research workers in the field of detergents to make an 
actual chemical analysis of natural dirt nor to prepare a 
soil based on their findings ( 137, p. 56). 

It is likely that part of the problem has been the complex natures of 

natural soils on clothing. These certainly vary with the wearer and 
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his environment. 

In Ginn's discussion of Oldenroth's analysis of laundry soil, 

the soil was said to be composed of water soluble materials, around 

70% of which were skin cells, and water insoluble materials such as 

dust, soot, and water insoluble salts (65). Getchell discussed soil on 

clothing in terms of the fluid and solid components (63, p. 159-16?). 

However, most researchers have been concerned with investigating 

the particulate or inorganic and the fatty or organic constituents of 

clothing and household soils. 

In an important investigation of particulate soils, Sanders and 

Lambert analyzed street dirt from various cities of the United States 

( 145). Their evidence indicated that less than ten mg. of furnace 

black gives as much darkening as one g. of the street soil; less than 

one percent of the soil is carbon black. In all cases the soils con

sisted mainly of siliceous inorganic matter with some carbonaceous 

matter and oils. 

Carpet soil was utilized as the particulate soil in several 

studies ( 3 0, p. 3 4 9 ; 14 9 ; l 6 9, p. 81 6) . Its compos it ion was deter 

mined in an analysis by the Hoover Vacuum Cleaner Company: 3o/o 

moisture; 45o/o sand, clay, quartz, and feldspar; 5o/o limestone dolo

mite; 5o/o gypsum apatite; 12% animal fibers; l2o/o cellulose materials; 

10% resins, gums, and starches; 6o/o fats, oils, rubber, and tar; 2% 

undetermined (169, p. 816). 
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Wagg and Kevan ( 190) ana:i.yzed two naturally soiled bedsheets 

to determine the inorganic components of the soil. Expressed as 

percentages by weight of each sheet. the composition of the soil was 

as follows: 0. 93 and 0. 70% acetone extract, 0. 137 and 0. 170o/o ash, 

0. 032 and 0. 028o/o calcium as calcium oxide, 0. 029 and 0. 014o/o mag

nesium as magnesium oxide, 0. 081 and 0. 059o/o other alkaline matter 

as sodium carbonate, 0. 003 and 0. 003o/o iron as ferric oxide, 0. 0006 

and 0. 0004% aluminum as aluminum ox.ide, 0. 007 and 0. 008o/o phos

phorus as phosphorus pentoxide, and 0. 031 and 0. 035o/o silicon as 

silicon dioxide. This analysis confirmed the authors 1 supposition 

that there is very little inorganic matter on these articles. However, 

it was stated that "although the analysis shows that the quantities of 

inorganic constituents are low, nevertheless, quantities of this order 

should be incorporated many artificial soiling mixture used for Jab-

oratory soiling studies of washing such articles" (190, p. Tl02). 

Powe ( 133) studied electron micrographs of accumulated soil in 

clothing. From these he concluded that under average conditions, 

clay particles about 0. 02 to lf-L in diameter are the major particulate 

matter in clothes that contribute to soil accumulation. The clay par

ticle can adhere firmly to textile fibers by adsorption because of its 

small size, colloidal behavior .. active surface, and extremely large 

surface area. 

The importance of fatty matter in laundry soil was stressed by 
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Wagg and Britt who stated that, by weight, at least 80o/o of the articles 

that are sent for laundering "are soiled with the fatty excretion of the 

sebaceous glands of the skin'' (187, p. T205). J. C. Harris also con

sidered the significance of fatty soEs on fabrics. From l. 0 to 27. Oo/o 

of the soil on domestic garments is attributed to fatty matter while 

6. Oo/o of carpet soil, 4. 9 to 12. 8o/o of city dirt, and 27% of airborne 

soil is said to be fatty material (7 3). 

The fatty soil found on clothing and various household articles 

1s the product of the sebaceous glands of the human body. Bell et al. 

described this secretion called sebum as an amber colored mixture 

resembling ear wax which is composed of triglycerides, free fatty 

acids, waxes, sterols, squalene, and paraffins (12, p. 652). 

An analysis of sebum by MacKenna was cited frequently 1n the 

literature. It revealed that human sebum contains an average of 

29. Oo/o free fatty acids, 32. Oo/o unsaponified matter, and 36o/o combined 

fatty acids (glycerides, waxes, and other esters) (104). A later in

vestigation was made by these same authorities of the unsaponifiable 

portion of sebum. About 30 to 46o/o of this portion is hydrocarbons, 

14 to l9o/o is cholesteroL 20% is normal chain aliphatic alcohols, and 

the remainder is unidentified compounds. Squalene composes 30 to 

40o/o of the hydrocarbon fraction while the main sterol is cholesterol 

( 104). 

An analysis of the fatty acids of sebum by means of gas-liquid 
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chromatography was made by James and Wheatley. Their research 

evidence indicated that both odd and even numbered, straight chained 

fatty acids are present as well as two types of branched chain, odd 

numbered, saturated fatty acids. The principal unsaturated fatty 

acids contained 14, 16, and 18 carbon atoms in their chains ( 9 2). 

Analyses also have been made of the oily soil extracted from 

clothing and household articles. One that was referred to frequently 

in the literature was an analysis carried out by Brown (24). The av

erage composition of the oily soil which was determined in Browr 1s 

analysis was: 31. 4o/o free fatty acids, 29. 2o/o triglycerides of higher 

fatty acids, 15. 3o/o saturated and unsaturated fatty alcohols and chol

esterol, and 21. Oo/o saturated and unsaturated hydrocarbons. 

Powe and Marple ( 135) extracted soil from several clothing and 

household articles. The amount of free fatty acids found in the analy

sis was very small. However, insoluble fatty acid soaps were present 

on all garments in significant amounts. The largest fraction of the 

extraction was the esterified portion. Consequently, these research

ers concluded that most of the accumulation of organic material on 

cottons is combined fatty acids in the form of either ester, such as 

triglycerides, or lime soaps. In the analysis the fatty acids containing 

15, 16 and 18 carbons were predominant; about 70o/o of the total were 

c and c acids. Palmitic acid itself accounted for 33o/o of the
16 18 

total. Although linoleic and linolenic acids are present in sebum, 
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they were not found in the 5oil extracted in this study. The authors 

concluded that their analyses were similar to those of sebum except 

that there was more myristic, pentadecanoic, and palmitic acid and 

much less oleic in their investigation. Thus they felt that there are 

fewer unsaturated fatty acids present in accumulated soil than in 

freshly adsorbed soil because of the oxidation of these compounds. 

McLendon and Richardson extracted oily soil from sheets and T

shirts after 30 periods of wearing and laundering and found similar 

results ( 114) . 

It was stated by Wagg and Fairchild ( 189) and by Snell et al. 

(158) that the average dirty article contains about 1. Oo/o fatty matter 

of which about 1/3 is neutral fat. 1/3, the higher fatty acids, and 

1/3, other fatty acids and undetermined matter. 

"Natural" Soils Used in Detergency Research 

Several researchers have used either a natural soil or one that 

simulates a natural soil. For instance, Powe (134) pipetted sebum 

that was extracted from naturally soiled garments onto swatches of 

cloth and determined its removal by extracting the oil and weighing 

the swatches after washing. In another study, a collar that was worn 

beneath a regular shirt collar was devised in order to obtain a real

istic soil (159). 

After considering their analysis of street dirt, Sanders and 
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Lambert ( 145) blended an artificial soil of the following composition: 

35% humus, 15% cement, 15% silica, 15o/o clay, 5{/o sodium chloride, 

3. 5% gelatin, 1. 5% carbon black, 0. 25% iron oxide, 3. 0 o/o palm oil 

fatty acids, l. 6% stearic acid, 1. 6% oleic acid, l. Oo/o lanolin, l. Oo/o 

n-octadecene, 1. Oo/o 1-octadecene, and 0. 5% lauryl alcohol. They 

felt that this soil gave good correlation with results of practical tests. 

A similar soil WLl.o; used in another investigation (169) and 

was said to be typical of soil found on clothing and household fabrics. 

It was composed of humus, Portland cen'lent, silica (200 mesh), car

bon black, iron oxide, and white mineral oil (p. 817). Lambert et al. 

( 1 00) employed a soil analogous to this and inserted a radioactive 

14 
tracer of C The synthetic soil proposed by a committee of the 

AATCC consisted of: 38% peat moss, 17% cement, 17% kaolin clay, 

17% silica (200 mesh), l. 75% Molacco Furnace Black, 0. 50% red 

iron oxide, 8. 7 5% mineral oil (90). 

An artificial soil that was used by Wagg (185) in 1952 consisted 

of: 0. 3 g. coconut oil, 0. 3 g. cottonseed oil, 0. 3 g. groundnut oil, 

0. 1 g. lauric acid, 0. 1 g. myristic acid, 0. 3 g. palmitic acid, 0. 2 g. 

stearic acid, 0. 3 g. oleic acid, 0. 4 g. cholesterol, 0. 7 g. mineral 

oil, and 0. 1 g. graphite (Dag in white spirit). These were combined 

in 800 ml. of petroleum and applied to 100 g. of chopped cotton fibers, 

a proportion that is similar to heavy soiling in realistic situations. 

The same mixture was used in Wagg's study of soil deposition onto 
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wool (182, p. T332). 

In a later microscopic investigation of the removal of soil from 

various fibers, Wagg and Fairchild ( 189) studied the removal of the 

various components of soil- -the hydrocarbons, fatty acids, fatty alco

hols, and fatty glycerides. These were represented by liquid paraffin, 

oleic acid, n-decyl alcohol, and olive oil, respectively. A similar 

solid mixture of paraffin wax, lauric acid, cetyl alcohol, and tripal

mitin was used also. 

Stevenson included oleic acid, lauric acid, cetyl alcohol, cho

lesterol, n-decyl alcohol, sec-heptyl alcohol, and sec-docedyl alco

hol, liquid paraffin (Nujol), and Oildag in his soiling mixtures (165). 

Several research workers have utilized oils tagged with a 

radioactive isotope in their studies of detergency. Wagg and Britt 

analyzed organic solvent extracts of dirty bed linen and underclothing 

and found results similar to those in the rest of the literature (187). 

They soiled chopped fibers with a mixture of soil based upon their 

analysis. The soil, expressed in terms of the percentage weight of 

the fibers, was composed of: 0. lOo/o coconut oil, 0. lOo/o cottonseed 

oil, 0. 10% groundnut oil, 0. 15% trimyristin, 0. 40o/o tripalmitin, 

0. 03% tristearin, 0. 04% lauric acid, 0. 14% myristic acid, 0. 41% 

palmitic acid, 0. 13% stearic acid, 0. 18% oleic acid, 0. 20% choles

terol, 0. lOo/o myristyl alcohol, O.lOo/ocetyl alcohol, 0. lOo/o octadecyl 

alcohol, 0. 40% liquid paraffin, 0. 20% squalene, and 1. OOo/o Dag in 
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white spirit (p. T205). In this mixture, these investigators incorpo

rated a small quantity of the radioactive fatty compound the removal 

14 
of which they were studying. The labeled compounds were: [ 1- C ] 

14 14 
stearic acid, glyceryl tri [ 1-C ] stearate, [ 4-C ] cholesterol, 

14 14
l-c octadecane, and l-c linoleic acid (p. T207). Pads were 

made of the chopped fibers, and the activities were measured before 

and after washing in a Geiger-Muller end window counter. The rate 

of removal of graphite was measured by reflectance (pp. T 206- T 207). 

Ehrenkranz employed a carboxyl-tagged glyceryl tripalmitate 

in her study of detergency efficiency. This compound was dissolved 

in olive oil for application to samples that were the size of the end 

window of the Geiger -Muller counter which was used for counting the 

activities (43). 

The radioactive components in Scctt's artificial soil were acta

14 . . 14 14
decane-1-C , glyceryl tnpalm1tate-l-C , stearyl alcohol-1-C , 

14 14
and stearic acid-I-c (151). Ashcraft ( 6, p. 32) employed C 

tagged glyceryl tristearate as well as tagged Oildag and algal pro

tein. Harris and Satanek tagged both stearic acid and algal protein 

in an investigation of detergency efficiency on glass (78). 

Several investigators recognized the importance of including 

both the fatty and the clay components in their artificial soils. Ginn 

commented: 
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In summar1z1ng, problem soils on fabrics have been iden
tified as containing clay partic-:.Llates and skin fats chiefly 
in ester and lime soap form. These account for the yellow
grey buildup on garments with repeated use and washing. 
A mixture of fat and clay should serve as a meaningful test 
soil ( 65, p. 664). 

Martin and Davis ( 108; 109) utilized Powe 's results in their 

study of detergents; their soils were "Bandy Black'' clay in water and 

a natural soil. These authorities found excellent correlation between 

the clay and the natural soil ( 109). In a more recent investigation, 

Davis developed an artificial soil of a combination of clay and oleic 

acid. Although the soil reacted in a manner similar to that of natural 

soil, the author stated that "it cannot be concluded from the data pre

sented there that clay-oleic acid soiled cloth is a fully validated model 

system" (34, p. 50). 

After considering Powe 's results, Hensley and Inks worked for 

several years with different types of tagged clay soils, alone and in 

combination with oils (84, p. 28-29). A calcium montmorillonite type 

45 
of clay was tagged with Ca by means of ion exchange. This cation 

was fixed in the clay by heating it: to a temperature that was high 

enough to destroy the exchange properties of the clay. According to 

Ginell ( 64), this method of tagging clay gives a hard sintered mass 

that must be ground. The tagged clay was dispersed in lubricating 

oil and diluted with deordorized kerosene (84, p. 29- 30). These 

authors felt that the oily tagged clay gave results more like those in 
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practical situations, but they concluded that more investigation was 

needed (p. 37-38). 

After searching the literature, it was concluded that the types 

of artificial soils that are in use are very diverse. McCabe com

mented that "as yet, no universally accepted artificial soiling campo

sition has been formulated. Each chemist seems to want to formulate 

his own'' ( 112, p. 45). After a review of methods of measurement of 

detergency and the various soils being utilized for these measure

ments, Edelstein concluded: 

The mere fact, however, that the types of surfaces which 
must be cleaned and the types of soils which must be re
moved are so varied precludes the possibility of any single 
standard soiled cloth or soiled surface being used to give 
an exact measure of the detergency powers of a detergent 
(40, p. 521). 

It would seem from reviewing the literature that in evaluating 

detergency efficiency on a particular substrate, one should formulate 

a soil that is representative, as nearly as is possible and practical, 

of the type of soil found on that substrate. 

Application of the Soils 

In the detergency tests discussed in the literature, there also 

has been a diversity of methods of application of the soil. However, 

these caused less controversy than some of the previously cited is

sues. Van Zile ( 17 6) felt in 1943 that the carbon black-oil artificial 
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soil gives the 11 most consistent results 11 (p. 56) but that the application 

of that soil causes more variation. Wolfrom ( 198) has stated that 

probably more important than the method of application of the soil is 

the 11 previous history 11 (p. 656) of the soil, or in other words, the 

medium from which the soil is applied. 

Probably the most common method of soiling the test swatches 

has been their immersion in either an aqueous or non-aqueous sus

pension of the soil. Harris described a soiling machine which con

tained the soil in a chlorinated solvent or hydrocarbon at 35-37°C 

(70, p. 71-76). Crowe dissolved his lampblack, edible tallow, and 

Nujol soil in carbon tetrachloride and passed wool fabric through the 

solution and then through weighted squeeze rolls, repeating the pro

cedure ten times (33). Furry et al. (56) utilized a similar method, 

immersing the cloth six times at a rate of five yards per minute. 

Wagg and Britt ( 187) employed the immersion method with chopped 

fibers. 

Utermohlen and Wallace ( 17 3, p. 67 1) concluded that the im

mersion of cloth in a nonaqueous dispersion of soil gives a more 

uniform application than if an aqueous medium is used, especially 

if the soil contains oil. 

Some criticism of this method has been apparent. Niven com

mented that the manner of application of soil has been given little 

attention; he concluded that the immersion method was not 
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representative of actual soiling {127, p. 214). Hensley et al. also 

felt that the soiling baths are not the best approach to applying the soil 

because material is wasted and the radioactivity of the soil cannot be 

controlled. Instead, they preferred to use an abrasion method (85, 

p. 138-139). 

Somewhat related to the immersion method is the technique of 

spraying the cloth with the soil and water until the cloth is completely 

saturated (169, p. P817). Rees described a cloud chamber in which 

an aqueous dispersion of insoluble soil particles is converted into a 

fine mist that settles onto the fabric. The same chamber has been 

used for a filtration method in which water containing the soil is 

drawn through the fabric ( 140, p. T234- T235). 

A conventional laboratory padder has been used to apply an 

artificial soil to cotton (169, p. P817). Draves and Sherburne formu

lated a paste of lampblack, hydrogenated fat, Nujol, and oleic acid 

which they applied to various fabrics with a photoengraved printing 

roll (39). 

Besides immersing mounted chopped fibers into the soiling mix

ture, Wagg and Fairchild also applied the soil to the fibers by means 

of a glass rod (189). 

In a similar manner, soil has been applied by several investi

gators by means of a pipette. With a micropipette, Hensley and Inks 

applied 50 A. of the clay-oil suspension in kerosene to the center of a 
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cloth disc l. 5 in. in diameter. They attained a fairly uniform spot 

of clay while the oil spread throughout the disc (84, p. 30). Ashcraft 

(6), Scott (151), Diamond and Leven (35), and Ehrenkranz (43) also 

used similar methods of application. Ehrenkranz concluded that 

pipetting does not give equal quantities of the radioactive solution; 

consequently, she randomized her swatches (43). 

Soil also has been applied to fabric in the dry state. Both Rees 

(140, p. T234-T235) and Rydzewska (144, p. Pl61) described the 

deposition of soil by the attraction of static electricity. The fabric 

is rubbed to develop a charge opposite that of the soiling substance 

placed close to it. In the blower method that was discussed by Leon

ard and Schwartz (119, p. P326-P327) and Rydzewska (144, p. Pl59

P 160), air containing dust or dry soil was sucked through the speci

men. Leonard and Schwartz ( 119, p. P3 27- P3 29) reviewed another 

procedure in which the fabric specimens are tumbled in Launder

Ometer jars with dry pigment soil and steel balls. They concluded 

that this tumbler method gives the nearest approach to a universal 

method of soiling evaluation and has the greatest potential for repro

ducibility and standardization. A similar technique in which the 

samples and soil are run in a ball mill with steel balls was discussed 

by Weatherburn and Bayley (193), Fortress and Kip (54, p. 350-351, 

p. 359), and in an AA TCC report (90). Either blown air (54) or a 

vacuum cleaner (90) is used to remove excess soil. 
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A few abrasion methods of soiling also were described in the 

literature. Since they had concluded that immersion methods were 

unrealistic and that brushing and tumbling with dry soil gave poor 

results, Sanders and Lambert ( 145) utilized a modified Schiefer 

Abrasion Meter which had uniform rubbing in all directions. An abra

dant surface of a frosted glass plate gave the best results. Because 

dry soiling was not successful, they rubbed dry soil into the swatch 

for one-half minute, and then after slightly wetting the glass plate, 

they rubbed the soiled cloth with the moist plate for another one-half 

minute. A similar method of using a specially constructed machine 

with an etched glass soiling plate was employed by Hensley et al. (85, 

p. 139-140). 

Selected Results of Detergency Research 

These methods and soil formulations that have been discussed 

1n this review have been utilized by researchers to determine the rela

tive efficiencies of detergents and to ascertain the effects of certain 

variables on these efficiencies. The influences of builders and other 

additives have been studied as well as the consequences of variations 

in time of washing, temperature and hardness of the water, the pH of 

the washing solution, and the concentration of the detergent. The re

deposition of the soil from the washing solution onto the fabric also 

has been an area of concern. The results of the studies of the effects 
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of variations in pH and temperature of the solution and the relative 

efficiencies of detergents wi~: be discussed. 

Influences of pH 

The effects of variations of the pH of the detergent solution have 

been determined in several investigations. Price ( 137) concluded that 

soap performs best between a pH of 10 and 11; syndets are less s ensi

tive to pH but still have a point o£ or-timum performance. Aickin 

studied the removal of olive oil from wool and stated that the increas

ing of the pH brings a "slight but steady increase in the detergent effi

ciency of the solution 11 
( 2, p. 17 4). Vaughn et al. ( 17 9) and Wagg and 

Fairchild ( 189) discovered a similar effect with an increase in the pH 

of the solution. 

However, the research ev~dence of KohJ.er indicated that there 

1s a decrease in the whiteness of a soot stained fabric with an increase 

in the alkali concentration (96, p. 183). Moreover, it was demon

strated by McLaren ( 114) that the addition o£ ac::.d caused an increase 

in the detergency of wool soiled with lampblack and anhydrous lanolin. 

Influences of Temperature 

The issue of the effects of water temperature on detergency 

efficiency has recently become important because of the availability 

of cold water detergents for the regular family laundry or for wool 
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and synthetic fibers. Questions about the efficiencies of these deter

gents and the effectiveness of cold water continue to be raised. 

Carl Pacifico, in answer to an inquiry regarding the efficiency 

of synthetic detergents in cold versus hot water, replied: 

With soap as well as most synthetics the higher the 
temperature the more efficient they are. However, 
some of the new surface active agents are more sol
uble in cold water than in hot water. In the case of 
most non-ionics, they actually come out of solution 
as the temperature is varied. One of the brand new 
things that are being investigated is the use of non
ionics at temperatures of 900 Fahrenheit.... (155, 
p. 66). 

Weaver and Welch conducted a study of wash water temperature 

for the Ohio Agricultural Experiment Station. These authorities felt 

that the appearance of cold water cycles on washing machines and the 

development of new fabrics and finishes which are heat sensitive and 

which wrinkle in hot water have contributed to the evolution of cold 

water washing. They commented: 

While cold water washing had been promoted principally 
for synthetic fabrics, over- enthusiastic washer salesmen 
were known to tell prospective buyers that "all their wash
ing'' could be done in cold water ( 196, p. 77). 

Clothing items of cotton, nylon, and Dac ron and cotton blends 

were chosen for the study. A load of synthetics and a load of cottons 

were washed at either 165 or 125°F., or in cold tap water which 

0
ranged from 54 to 80 F. An all-purpose liquid syndet was used in 

a 0. 3% concentration. Besides the regular clothing items, standard 
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soiled cloths of cotton, acetate, viscose rayon, and nylon were added 

during the wash periods. In addition, three types of bacteria-- E. 

coli, M. pyogens var. aureus, and B. ceresus- -were artificially 

seeded into sterilized stuffer loads of clothes. Both objective and 

subjective evaluations were made, the former being done on an auto 

matic color difference meter and the latter being carried out by a 

panel of judges. 

The scores of the synthetic fabrics on the instrument were high

est for those washed in warm water and lowest for those laundered in 

cold water. The same items washed in hot water were ranked highest 

by the panel of judges while those, in warm water were second, and 

the articles laundered in cold water were rated the lowest. The cot

ton items washed in hot water were ranked highest by both the instru

ment and the judges and those, in cold water were rated the lowest. 

The conclusion was made that t h e effect of accumulated brightening 

agents of the detergent in the synthetic fabrics appeared different to 

the machine and to the human eye. 

The standard soiled items of cotton, acetate, and viscose rayon 

that were laundered in hot water were ranked the highest by the ma 

chine while the scores of the nylon items were similar at all three 

washing temperatures. The bacterial test showed that most of the 

bacteria were destroyed or flushed off during laundering; less than 

1. 5% of the E. coli and M. pyogens var . aureus remained in the 
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items washed in c old water and less than 1% of the B. ceresus were 

left in the i tems washed in any of the temperatures. 

The researchers observed that for most items , hot water should 

be used, but that with this hot water, synthetics would wrinkle. They 

concluded that because of the advances being made in detergent chem

is try, a satisfactory cold water detergent was conceivable ( 196). 

Dr. Weaver commented at the 1957 National Home Laundry Con

ference: 

The use of cold water is in part governed by the 
extent and kind of soil. Non- oily soils offer little re 
sistance, but heavy oily soil needs pretreatment. . .. 
Oily soil requires hot water to aid in dissolving and 
keeping in solution. 

. . . . At the present time, most detergent manu
facturers agree that their products are more efficient 
at temperatures of 140

0 
to 160

0 
F. than at lower tempera

tures. Answers to my letters to washer manufacturers 
also gave general agreement that 140

0 
to 160

0 
F. water 

with a suitabl e detergent gave superior washing results 
to that of lower temperatures (194, p. 47). 

Dr. Weaver went on to state that both the dimensional stability 

of wool and its ability to give up soil made it a 11natural" for cold water 

washing. She added: 

However, I can now concede to advantages and good resu lts 
for the washing of blankets, sweaters, skirts, and the like 
in col d water with a mild detergent and a short time wash 
period at a slow agitation speed.... Of course, the degree 
of soil in the blankets should determine the need for pre
treatment and the more soiled the wash the greater the 
need for higher temperatures (194, p. 4 7). 

In Galbrai th 1s study a variety of commercial detergents including 
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four cold water detergents were evaluated (59). They were used in 

various concentrations in bo::h distilled water and water of 250 ppm 

hardness. The temperatures used in the study were 70, 100, 120, 

0
and 140 F. Evaluations were made in the Gardner Automatic Color 

Difference Meter. The research evidence indicated that increasing 

the temperature from 70 to 140° F res•.1lts in an increase in the per

centage of soil removed from cotton, viscose rayon, and Orlan acrylic 

samples. More soil was removed £rom the woolen samples by raising 

the temperature to l20°F., b'.lt little effect was found by increasing 

0
the temperature from 120 to 140 F. The results showed that the cold 

water detergents are as dependent upon temperature for cleaning abil

ity as the regular laundry detergents with the exception that the opti

mum cleaning temperature usually is 120° F. rather than 140° F. 

Other research also has demonstrated the favorable effects of 

high temperatures upcn so~l removal. Scott (151) discovered that the 

removals of a hydrocarbon and a triglyceride are low and constant 

before their melting points and then show a sudden increase at those 

points. The removal of stearyl alcohol increases steadily as the 

temperature increased. However, a change in the detergent altered 

the effect of temperature. For instance, the use of a nonionic deter

gent results 1n the removal of stearyl alcohol ten degrees below the 

melting point. 

The results of the study of Bradacs and Schetelig ( 23) indicated 
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that an increase in temperature from 40 to 70° C. reduces by one-third 

the amount of time needed to remove soil applied to glass. Loeb et al. 

0
studied the effects of temperature of 80 and 110 F. and concluded: 

For any given wash time, higher removal was obtained at 
the higher wash temperature. However, the rate of soil 

removal, as indicated by the respective slopes, is lower 
0 0 

at 110 F. than at 80 F. (103, p. 123). 

Among the conclusions in the study by Ehrenkranz (43) was that a 

0 
temperature of 120 F. resulted in less removal of the radioactive 

tripalmitin than the temperatures of 140 and 160
0 

F. The latter tem

peratures had equivalent results. In another study, Dr. Ehrenkranz 

demonstrated that a temperature of 140° F. was more effective than 

one of 63
0 

F. (41). Vaughn~ al. concluded that the optimum temper

ature for detergency was 120 to 140
0 

F. ( 17 8); Kohler ( 96, p. 180) 

and McLaren ( 114) found similar results. 

Price commented that increased heat gives increased detergency 

because substances dissolve more readily or are more easily sus

pended or emulsified at higher temperatures. However, detergents 

with chain lengths of 12 carbons are more efficient in cold water 

while those with 18 carbon chains work better at higher tempera

tures. The majority work best in a temperature range of 100 to 140° 

F. {137, p. 66-67). 

Powe concluded: 

There are several factors inherent in fatty soils 
that will affect removal. The size and shape of the 
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molecules, polarity of the material, and the melting 
point are all important. Certainly a fat must be some
where near its melting point before maximum removal 
can be expected in an aqueous detergent szstem. Sebum 
melts at about 86° F., lanolin at about 95 F. and lard 
near 98° F. Fatty soil removal was not significantly in
creased by wash temperatures above 120

o 
F. ( 134, p. 292). 

He found that 40o/o sebum was removed at 80° F. while 55o/o was taken 

0 
out at 120 F. 

Other research evidence has indicated that an increase in tem

perature is not favorable to detergency efficiency or has little effect. 

In the opinion of Furry and O'Brien (57) agitation is more important 

than temperature in removing the soil. 

From his investigation of alkyl aryl sulfonate detergents, Flett 

concluded: 

The alkyl aryl sulfonates are effective cleaning agents in 
cold water. There is very little difference in washing 
power of the synthetic: detergents in hot or cold solution 
(51, p. 48). 

In another article, Flett stated that soaps should be used in hot water 

while syndets may be used in cold ( 52). 

Temperature of 60 and 100
0 

F. were used by Poole et al. in 

their study of the effects of temperature on soil removal from natur

ally soiled blouses of various fibers. A color difference meter was 

used to measure whiteness, yellowness, and grayness factors. The 

authors summarized: 

The two temperatures were equally satisfactory in re
moving soil from blouses according to measurements of 
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grayness, yellowness, and calculated whiteness factors, 
and the amounts of oily residue extracted (131, p. 18). 

Clark and Holland demonstrated that an increase in temperature 

gives reduced soil removal. The investigators did not expect these 

results, and they concluded that the findings probably were due to the 

physical characteristics of the detergent: 

Although surface tension and subsequent contact angles are 
greatly reduced at elevated temperatures, it may be that 

film strength and the carrying power of the detergent are 

impaired to the extent that the advantages of increased 
temperatures are overcome ( 27, p. 7 42). 

Although their evidence indicated that the action of a dilute soap 

solution is practically independent of temperatures from 20 to 60° C., 

Rhodes and Brainard recommended use of higher temperatures in 

order to facilitate solution of the soap and the reduction of viscosity 

( 143). 

Vincent found that increased concentration of soap is needed at 

higher temperatures in order to cause emulsification. A temperature 

of 104
0 

F. was recommended ( 180). The results of the research of 

Aickin indicated that an increase in temperature brings about a re

duction in the stability of the dispersion of the olive oil removed from 

wool. Since higher interfacial tension also was a consequence, this 

authority concluded that a temperature increase reduced the efficiency 

of the detergency process (2). 

Bourne and Jennings ( 21) studied the kinetics of detergency and 
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the effects of selected variables. They determined that at certain 

temperatures, tristearin exists as two species which are removed at 

two different rate constants. At 35 and 45° C. the soil is lOOo/o spe

cies two, and the rate of removal at 45
0 

C. is almost double that at 

35° C. At about 65° C. the two species are present, and at 90° C. 

species two makes up only about 25o/o of the total. For solid tristearin 

the removal of species one 1s inversely related to temperature in

creases. For liquid tristearin this rate constant is barely sensitive 

to temperature. On the other hand, the rate constant of species two 

of solid tristearin is directly related to temperature with a sharp 

increase in removal existing close to the melting point of tristearin. 

The authors concluded that the relationship of the species and the 

rate constants may differ in another system and that the effects of 

temperature also may vary. They felt that these discoveries may 

explain the conflicting results of the temperature studies in the liter

ature. 

Ranking of Detergents 

There also have been some conflicts in the results of the com

parisons of various detergents. Some studies have shown that soaps 

are superior to syndets; in other studies the results have been the 

reverse. Wagg and Britt ( 187) found that soap is more effective than 

secondary alkyl sulfonate in removing the fatty soil. After a second 
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study they again concluded that soap is best, but that in some cases 

syndets equal the performance of soap (p. T216). 

In one of her investigations, Ehrenkranz demonstrated the gen

eral superiority of a soap over a synthetic detergent (41); in a later 

one, she discovered that a built soap is more effective than a high 

sudsing built syndet in either hard or soft water. In contrast, Furry 

et al. (56) showed that although syndets are less effective than soaps 

in distilled water, they are more effective in hard water. 

Poole et al. demonstrated a similar superiority for soaps when 

grayness and whiteness measurements were made. However, be

cause of the greater effect of fluorescent brighteners on syndets, the 

syndets are superior when yellowness is considered ( 131). 

In one study by Harris and Brown (7 5) the research indicated 

that soap is superior in efficiency followed by a built nonionic syndet, 

a built alkyl aryl sulfonate, and loralkyl sodium sulfate. Two of the 

test series in a later study reversed the rankings of the built non-

ionic and built alkyl aryl sulfonate (7 6). Furry and McLendon dem

onstrated that synthetic detergents remove from 48 to 87o/o of the 

amount of soil that is removed by a standara soap. Of these syndets, 

salts of alkyl sulfate and a sulfonated ester remove the most soil. 

Next, in decreasing order, are a nonionic detergent, a fatty acid 

amide sulfonate, sulfated glyceryl esters, alkyl aryl sulfonates, 

and the sulfated amines and amides. The cationic detergent is the 
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the least effective (55). 

In a study of a number of commercial detergents (59), Galbraith 

demonstrated that both the built soaps and syndets give superior re

moval of soil. However, soap is superior to synthetic detergents in 

preventing the graying of the samples during the test period. After 

the built soaps and high sudsing built synthetic detergents, the most 

effective in soil removal are the low sudsing built syndets followed by 

the built liquid syndets, the unbuilt solid syndets, and, finally, the 

cold water detergents. In general there is little difference in the 

effectiveness of different brands within one class although two of the 

cold water detergents were far superior to the other two. Galbraith 

concluded: 

However even the best of the cold water detergents failed 
to match the soil removing ability of the best conventional 
laundering detergents on nylon, Orlan, and wool- -the fibers 
they were supposed to be especial2y designed to clean (59, 
p. 356). 

Harris (74) commented that the synthetic detergents seem to 

have less ability than soaps to suspend soil but that many of these 

that have been tested are of a shorter chain length. He discussed 

Stupel's findings that showed that the most effective detergents for 

suspending soil are alkylpolyoxyethylene adducts, the fatty alcohol 

sulfates of higher molecular weight, and soap, while the least effective 

are the alkyl aryl sulfonate detergents. In contrast, Flett demon

strated in his study of the laundering of wool that a syndet of the alkyl 
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aryl sulfonate type washes the wool in about one-sixth the time it takes 

for a high titer soap. This syndet washed the wool as white in the 

Launder-Ometer in two minutes as the soap did in 20 (51). 

The research of Wolfrom and Nuessle ( 199) indicated that a non-

ionic syndet is much more satisfactory than soap in the scouring of 

raw wool. In their discussion of detergency testing, these authors 

commented upon the differences in rank of detergents being dependent 

upon the amount of oil present. For an oily carbon soil, soap was the 

most effective while a synthetic detergent gave the best results with 

a dry soil. However, the research evidence from the Sanders and 

Lambert 1 s study using an oily soil indicated that a solution of a built 

powdered syndet with l5o/o nonionic detergent was superior to a built 

household soap powder with 65o/o soap ( 145). 

Hensley and Inks demonstrated the difference in rankings of 

detergents due to the type of soil employed in the study ( 84, p. 35

36). A carbon soil ranked a built nonionic as the most effective while 

the clay soil in their study was most effectively removed by a built 

soap and then the built nonionic and an unbuilt alkyl aryl sulfonate. 

With the carbon soil, builders were shown to have a detrimental ef

feet; in contrast; they enhanced the removal of the clay. 

Consequently, one might conclude that the results of detergency 

testing will be dependent upon the soil and methods used in the study. 

The conflicts existing in the results of tests probably are the 
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consequence of the diverse techniques used in the testing. 

The Laundering of Wool 

Wool is considered to be one of the most desirable of fibers. 

For instance, a survey in the mid-1950's by the U. S. D. A. Agricul

tural Marketing Service indicated that wool is the outstanding fiber 

for sweaters and for fall, winter, and spring suits and skirts. It 

is preferred because of its warmth, wearing qualities, shape reten

tion, wrinkle resistance, texture and appearance (86). However, one 

of the major problems with wool is its cleansing. People may prefer 

to have their woolens dry cleaned rather than risk the chance of dam

age or shrinkage due to improper washing. 

One of the factors of concern in the washing of wool is the effect 

of alkalies on wool. Wool is easily degraded in alkaline solution, a 

property which is important because of the alkaline laundering that 

wool receives throughout its use. Consequently, concludes Von 

Bergen (181, p. 203), soaps as well as the scouring and fulling agents 

used in finishing wool should be as free as possible from large 

amounts of alkalies. 

The other influencing factor 1s the tendency of wool to shrink. 

It generally is agreed that the two main types of dimensional change 

are the relaxation and felting shrinkages of wool (46; 123; 181, p. 201). 

The relaxation from the strains of manufacturing occurs mainly in the 
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first contact of wool with water. Felting shrinkage, on the other 

hand, is a progressive shrinkage that can occur throughout the life 

of the fabric if it is not handled carefully (181, p. 201). 

The Theory of Felting 

There have been several theories about the causes of felting 

throughout the years; the question still has not been resolved. Ac

cording to Milton Harris (80), Kaswell (95), and Martin (107), the 

older theory of the interlocking of the scales of the fiber has been 

abandoned. 

Several authors (3; 20; 38; 107; 175) stressed the importance 

of the ability of the fiber to creep in only one direction because of 

frictional properties. The fiber has a greater coefficient of friction 

from tip to root than in the opposite direction. Th:.s characteristic 

was referred to as the differential friction effect (DFE) by several of 

the authorities (3; 20; 107). 

Other experts stress the importance of the elastic properties 

of the fiber. Speakman et al. stated that easy deformation and power 

of recovery as well as a scale structure are necessary for felting to 

occur in a fiber ( 161). Bogaty et al. concurred ( 16). 

Both a directional friction effect and fiber resiliency and elas

ticity were considered as the primary factors by Sookne ( 160). He 

stated that a secondary factor was the tendency of the fiber to curl or 
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twist when wetted. Murphy ( 125) and Milton Harris ( 80) stressed that 

curling was a major iactor in felhng. 

Influences of Fabric and Yarn Construction 

Bogaty et al. ( 19) studied the effects of construction in 18 fab

rics upon the felting of wool. They concluded that 1) the use of a 

larger number of ends per inch, yarns of a higher twist, and heavier 

yarns result in a fabric with more resistance to felting; 2) the use of 

plied yarns does not add shrinkage resistance; 3) weaving with warp 

and filling yarns with opposite directions of twist yields a more felt

able fabric than using yarns with the same direction of twist; 4) plain 

weave fabrics have more resistance to felting than those with a twill 

weave. 

It was demonstrated in a st:.1dy by Farnworth et al. (45) that 

there is less felting with the use of high twist yarns, a higher weave 

density, and a high compact ratio. The .'.atter je the ratio of the actual 

compactness of the fabric to the maximum compactness that is poss

ible with the particular yarns and weave. Crewther investigated the 

relationship of crimp to felting and concluded that a tighter crimp re

tarded felting (32). 

The findings of Krasney and Menhart (97) conflicted with many 

of those in the above studies of the relationship of construction to 

felting. Forty fabrics were analyzed, and it was concluded that there 
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was no relationship of properties such as length, fineness, or crimp 

of the fiber, yarn twist, or fabric weight and weave to felting res is

tance. However, the compact ratio was considered important. 

Knitted fabrics also have been studied. Fletcher et al. (49) 

concluded from their investigation that the knitted fabrics usually 

shrink more in length than do woven fabrics of the same fiber. 

Smaller changes in dimensions occurred in fabrics knitted with 40 

courses per inch than those with 32. Bogaty et al. (19) discovered 

that an increase in the number of wales and courses per inch and an 

increase in yarn twist and weight gives greater stability to the knitted 

fabric. McPhee commented that the tighter knit may have a stability 

comparable to that of woven fabrics, but that the loose and bulky knits 

felt rapidly (116, 117). 

Control of Shrinkage 

From reviewing the above studies, one may conclude that shrink

age of wool may be partially controlled by variations in construction. 

It may also be controlled by blending wool with fibers that do not felt. 

In addition, there are many commercial finishes that are applied to 

control the felting of wool. Steiger (164) gives an excellent summary 

of these. Some processes reduce the differential frictional effect by 

1) removing the scales, 2) modifying the surface of the fiber, or 3) 

masking the scales. These are accomplished by the use of halogens, 
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oxidizing agents, resins, rubbers, alkalies in dry solvents, and en

zymes (160). Other processes alter the elastic properties of the 

fiber by 1) crosslinking, 2) internal polymer deposition, or 3) spot 

welding. For these processes the resins are used widely. 

A more recent method of control is the Wurlan process devel

oped by the U. S. D. A. Western Regional Laboratory in Albany, Cal

ifornia. In this method, an ultra-thin resin film is formed on the fab

ric by means of interfacial polymerization. Excellent shrinkage re

sistance is attained with little effect on the strength, abrasion res is

tance, or hand of the fabric (53). 

Recommendations for Laundering Wool 

Many experts have given various recommendations as to the 

correct methods for washing wool in order to prevent shrinkage. The 

factors of most concern are the temperature and alkalinity of the so

lution and the amount of handling of the fabric. There are disagree

ments about the optimum conditions of alkalinity and temperature. 

Houff et al. (88) studied the effects of alkaline solutions on wool 

and demonstrated that at room temperature, the properties of wet 

wool are not seriously affected until a pH of 10 is exceeded; however, 

any increase in temperature greatly accelerates the degredation of 

wool in alkali. 

In discussing stain removal from wool and silk, Cohen and 
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Linton stated: 

Generally speaking, wool and silk will stand no more 
alkalinity than the amount of alkali in most cold water 
soap..... and no higher temperature than 110° F. (p. 251). 

These authorities recommended using a neutral, low titer soap or a 

0 .
syndet and a temperature never above 100 F. for laundenng wool. 

Wingate (197, p. 215) and Johnson (229, p. 248) concurred. Bowman 

( 22, p. 370) stated that the luster of wool is lost at high temperatures; 

0
consequently, a temperature should never exceed 130 F. In a cooper

ative extension bulletin concerning soaps and synthetic detergents, 

light duty soaps or syndets and cool water were recommended. How

ever, if the soil was heavy, an all-purpose syndet was recommended 

( 168). 

Ahern ( 1) recommended the use of careful handling, lukewarm 

water, and mild soaps. However, she commented that the lower 

temperature was to be used in order to protect the dyes rather than 

to prevent shrinkage: 

Very hot water accelerates shrinkage caused by rubbing, 
but hot water, no matter how hot is not in its elf res pons
ible for shrinkage. Rubbing or pounding is the primary 
cause of shrinkage . 

. . . . Mild or neutral soap 1s especially important for 
washing woolen not only because wool fibers are weak
ened by alkalies but because the dyes commonly found in 
colored yarns and woolens are sensitive to alkaline solu
tions (p. 7 5). 

McPhee disagreed with the recommendations of cool 
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temperatures and neutral detergents: 

Almost any soap or detergent can be used with wool, al
though strongly alkaline soaps should be avoided especially 
if hot, rather than warm, water is used. Provided the wash 
liquor is not alkaline, the temperature of washing is not 
particularly important since wool fabrics can, in fact, be 
boiled for long periods of time without shrinking (115, p. 57). 

Schwartz and Perry stated that it has been the opinion of manu

facturers and consumers that built soaps were too harsh for the finer 

laundry. 

Whether or not fine fabrics and woolens would actually 
suffer from a well formulated built soap powder is prob
lematical; since damage to fabrics in laundering is due 
at least as frequently to mechanical action as it is to the 
chemical composition of the washing agent (150, p. 545). 

Not too much comment concerning the cold water detergents 

designed for use on wool was found. Feldtman and McPhee recently 

declared: 

Of prime importance in the washing of wool is 
the question of soil removal. Detergents are available 
which will remove some types of soil in cold water and 
although this may be beneficial for dye-fastness and for 
reducing the felting of untreated wool, it is of little im
portance for shrink-resistant treated wool. Further, 
these detergents will not remove fats and waxy materials 
(which have melting points of 30-35° C. and are often 
present on soiled clothing) in cold water and, in fact 
"cold water" detergents are much more efficient at higher 
temperatures. The temperature should always be at 

0
least 40 to 50 C. in order to obtain effective removal 
of soils, and there is little point in washing even untreated 
wool at lower temperatures since the rate of felting, while 
undoubtedly lower than at the higher temperature is still 
si~nificant and shrinkage will occur either at 30° C. or 
50 C. unless very little agitation is given (46, p. 206). 
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Studies of the Influences of Washing Variables 

There have been several studies made of the relationship of 

washing variables to the felting of wool. Such factors as the concen

tration of the solution and the time of the washing period have been 

studied, but the factors of primary concern have been agitation, the 

pH of the solution or the type of detergent that was used, and the 

temperature of the solution. 

Speakman et al. ( 161) concluded that there 1s greater feltin:~ in 

acid or alkaline solutions than in water; the rate of shrinkage is least 

between a pH of four and eight. 

McPhee and Feldtman ( 118) demonstrated that the rate of felting 

of untreated wool increases with decreasing pH from ten to two. 

With shrink resistant wool, there is no change in the felting rate 

above a pH of five. The felting rate of the untreated wool is increased 

at all pH values by the addition of a nonionic detergent; there is little 

effect on the felting rate of the treated wool with this addition. In a 

later study, these investigators discovered that the effect of tempera

ture on the felting rate varies with the pH and the type of detergent. 

0
For a nonionic detergent, the maximum felting rate occurs at 50 C. 

0 
at a pH of three and at 60 C. at a pH of nine. For a soap, the maxi

0 
mum rate is at 50 C. and falls off rapidly after this temperature is 

reached. 
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After studying the effects of pH and temperature on the coeffi

cient of friction of wool, Lindberg and Gralen ( l 0 l) concluded that 

this factor is only slightly dependent upon pH. Both the with-scale 

and the anti-scale frictions decrease with increasing temperatures, 

the measurements being performed up to 7 0° F. 

Carter and Davidson felt that temperature has a major effect 

on shrinkage since "significantly higher shrinkages were obtained by 

increasing the temperature between 20 to 50° C." (25, p. 544). It 

must be noted, however, that mechanical action of a wash wheel and 

a domestic washer was present in the study. 

Krasney et al. (98) laundered a wide range of wool fabrics under 

mild and severe conditions. Mild conditions were a three pound load 

washed at slow agitation and spin speeds for three minutes at a tem

0 
perature of 100 F. The severe condition consisted of an eight pound 

load, fast agitation and spin speeds, a ten minute cycle, and a tem

perature of 130
0 

F. Shrinkage was significantly higher in the fabrics 

laundered under severe conditions. 

After their investigation of the effects of washing variables, 

Bogaty and Harris concluded: 

Water temperature within the range studied appears to be 

a relatively minor factor in felting shrinkage during a few 

mild laundering cycles in an automatic washer; cold water 

produced slightly less felting shrinkage than warmer tem

peratures after ten mild launderings. A good deal of work 

has been done and considerable controversy has existed 

over the question of the temperature effect in felting ( 15, 
p. 370). 
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Huck commented' 

For centuries, shrinkage and felting of woolens have been 
blamed on water temperatures which were too hot. This 
old wives 1 tale is definitely not true. Today aH laundry 
experts agree that shrinkage in woolens is caused by P.X

cessive agitation or rubbing together of the fibers whc:1 
they are wet (89, p. 98). 

Furry and O'Brien (58), Weaver et al. (195), and McPhee (116) aloo 

concluded that temperature is a minor factor while the major infl11ence 

on felting is the amount of agitation. 

From their study of the shrinkages of various fabrics containing 

wool, Galbraith and Dietemann ( 60) stated that 1) neither the type of 

detergent nor the washing temperature have any significant effect on 

the shrinkage of chlorinated or blended wool fabrics; 2) an all purpose 

soap gives less shrinkage in the all wool fabric than that which oc

curred with the use of water alone or with the other detergents; 3) 

there is more shrinkage with the cold water detergents than with the 

soaps and almost as much with the syndets; and 4) the increase in 

temperature from 7 0 to 120
0 

F. does not increase shrinkage with 

soaps, but it does increase that of the fabrics washed in water alone 

or with the cold water detergents. 

In an earlier investigation, Galbraith et al. (61) demonstrated 

that increases of temperatures up to 120° F. have little influence on 

shrinkage but that a slight increase in shrinkage occurs with an in

crease of temperature from 120 to 140
0 

F. 
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In summary, the review of literature revealed that a number of 

different methods and soils have been used in detergency research, 

that controversies about these exist, and that the results of detergency 

research have been inconsistent because of the diversity and lack of 

realism of methodology. In addition, questions exist concerning the 

effects of laundry variables on the shrinkage of wool. 
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STATEMENT OF THE PROBLEM 

The Problem 

There are two main purposes of this study: 1) to determine the 

relationship of selected temperatures and detergents to the removal 

of soil from wool and to the dimensional changes in wool during laun

dering; 2) to develop a more realistic measurement of detergency 

efficiency than has been used in some of the past research. 

The Objectives 

The more specific objectives are the following: 

1) To compare by means of radioactive tracer methods the 

efficiencies of soil removal from wool of three selected types of com

mercial detergents. 

2) To compare the soil removal efficiencies of the individual 

detergents at two extremes of temperature. 

3) To compare dimensional changes occurring 1n one wash per

iod 1n several types of selected woolen fabrics. 

4) To compare dimensional changes in each type of fabric and 

among the various fabrics when washed in a range of temperatures. 

5) To compare dimensional changes occurring in each type of 

fabric and among the various fabrics when washed in the selected 
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detergents. 

6) To formulate a soil that 1s comparable to the natural soil 

found on fabrics. 

7) To compare the removal of the two major components of that 

soil. 

8) To compare two methods of the application of the soil. 

9) To utilize a new method of measuring soil removal. 

Delimitations 

Since it was felt that the fabric construction was not a major 

factor in the entrapment of soil, the study of soil removal was limited 

to yarns in order to attempt the measurement by means of a liquid 

scintillation counter in a manner patterned after the measurement of 

the activities of paper chromatograms in the same counter. 
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EXPERIMENTAL 

Measurement of Soil Removal Efficiencies of Three 
Commercial Detergents and the Influences of 

Temperature and Application Methods 

Measurement was made of the soil removal efficiencies of two 

cold water detergents and a built soap at 70° F. (21° C.) and 120° F. 

(49° C). These efficiencies were determined by measuring the remov

al of oil and clay components of the soil which was applied by either 

an immersion or an abrasion method. 

Materials 

Wool. Yarn specimens of 100% wool were selected as the sub

strate for measurement of soil removal. Fine yarns rather than fabric 

were chosen because it was felt that the method selected for determin

14 
ation of C radioactivity might be used more successfully with yarns 

due to their greater transparency. (Plate :n) 

Because of the results in the literature, it was felt that yarns 

10uld give as valid an indication of soil removal efficiency as fabric. 

\.ccording to Getchell ( 63, p. 166), soil is entrapped mechanically m 

he large spaces in fabric structures as well as between fibers in 

·arns, in tiny angles forn1ed by fibers, and on surface-s of fibers. 

Iowever, Tripp ( 17 0) and Farnworth (45) demonstrated that there is 
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little evidence of the importance of fabric structure 1n retention of 

particulate and fatty soils. 

The yarn varied greatly in twist; consequently, the examples, 

although they were a standard length, varied in weight from 5. 0 to 

8. 5 mg. 

Soil. Because of the evidence found in the literature, a soil 

was selected that combined clay and a simulated sebum solution. Ac

cording to Powe (133), clay is the common particulate soil that con

tributes to soil accumulation in clothing. Wagg and Britt ( 187, p. 

T205) stated that the major portion of soil on clothes sent for laun

dering is sebum. 

The simulated sebum portion of the soil was modeled after the 

soil utilized by Wagg and Fairchild ( 189) and the analysis by Brown 

of oily soil on clothing (24). The four major components of oily soil 

as determined by Brown's analyses are 31. 4o/o free fatty acids, 29. 2o/o 

triglycerides of higher fatty acids, 15. 3o/o saturated and unsaturated 

fatty alcohols, and 21. Oo/o saturated and unsaturated hydrocarbons. 

Wagg and Fairchild represented these major components by 

oleic acid, olive oil, n-decyl alcohol, and liquid paraffin respectively. 

The fatty portion of the soil used in this study contained 33o/o palmitic 

acid, 3 2o/o olive oil, 20o/o squalene, and 15o/o n-decyl alcohol, repre

senting the fatty acid, triglyceride, hydrocarbon, and fatty alcohol 

fractions respectively. 
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Palmitic acid was used because Powe and Marple (135) demon

strated that this accounted for one-third of the total fatty acids in soil 

on clothing. The analysis by MacKenna (104) of sebum indicated that 

squalene composes 30 to 40o/o of the hydrocarbon fraction. 

14 
Uniformly labeled palmitic acid-C was obtained from Nuclear-

Chicago Corporation and incorporated into the soil to trace the remov

al of the fatty portion, as represented by palmitic acid. 

Calcium montmorillonite clay was obtained from the Soils De

59 
partment of Oregon State University. Clay labeled with Fe was used 

to trace the removal of this portion of the soil. Hensley and Inks ( 84) 

45 
fixed Ca into clay by heating the soil in a muffle furnace for several 

hours. Since this treatment collapses the clay, Dr. David P. Moore, 

associate professor of soils, maintained that the resulting clay is an 

artificial soil which has lost its expansion properties ( 122). At 

59 
Moore 1s suggestion, the clay was labeled with Fe by ion exchange; 

the cation was fixed in the clay by precipitation. The labeling pro

cedure is described in a later section. 

No analysis of the proportion of oil to particulate soil on clothing 

was found in the literature. Consequently, a ratio of 60% oil to 40% 

clay was arbitrarily selected for this study. 

Abradant surface. An abradant surface that resembles the tex

ture of skin was desired for this study. Several leather materials 

were tried: chamois, pigskin, and calf. The amount of soil that was 
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abraded onto the yarns was a function of the thickness of the abradant 

surface. The most soil was applied with the use of the pigskin, the 

thinnest of the three. However, because of its absorbancy, the pig

skin gave a very small deposition of soil. Consequently, vinyl with a 

simulated leather surface was utilized in order to increase the deposi

tion of soil. 

Detergents. Three commercial detergents were selected for 

determinations of their soil removal efficiencies. Two were designed 

for laundering wool and synthetic fabrics in cold water, and the third 

was a built soap designed for general laundry. 

1 
According to the manufacturer, the soap is formed from crude 

coconut oil and prime grade tallow and contains additives of builders, 

optical brighteners, anti-oxidants, and perfume. Specialty cold water 

2 
detergent A is a synthetic detergent which contains a bacteriostatic 

3 
agent. Cold water detergent B is a mixture of several detergents, 

soap, water softeners, optical brighteners, and an anticaking agent. 

More detailed information concerning the compositions of these 

1 
White King Soap, manufactured by Los Angeles Soap Co. , Los 

Angeles, California. 

2 
Cool-Suds, manufactured by Fels and Company, Philadelphia, 

Pennsylvania. 

3 . 
Woohte, manufactured by Boyle-Midway, Division of American 

Home Products, Inc., Cranford, New Jersey. 
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detergents was not divulged by the manufacturers. 

The pH's of 0. 2% solutions as measured on the Beckman Zero

matic pH meter are: 1) cold water detergent A--6. 4, 2) cold water 

detergent B--8. 8, and 3) built soap--9. 8. 

Equipment 

14 
The C -labeled soils were counted in a Packard TriCarb 

Liquid Scintillation Spectrometer, model 314 EX- 2. 

A Packard Auto-Gamma Spectrometer, series 410A was used 

59 
to determine the radioactivity of the Fe -labeled soils. 

The pestle of a tissue homogenizer was connected to a stirrer 

motor and used for the abrading mechanism. 

Procedures 

59 
Labeling of clay with Fe by ion exchange. At the suggestion 

59
of D. P. Moore (122), the clay in this study was labeled with Fe by 

ion exchange according to the method used by Chao et al. ( 26). A 100 

mg. sample of clay was suspended in 1. 5 ml. of boiling distilled wa

ter. Twenty-eight mg. of ferric chloride were added to 2. 5 ml. of a 

59 . . 1 . f f . . F . 1 101 1 .10 m1crocur1e so utlon o err1c c1trate- e to g1ve a . ;o so utlon. 

59'f' . . f h f . . F 18 2 · ·Th e spec1 1c act1v1ty o t e err1c c1trate- e was . m1crocur1es 

per mg. 

Two-tenths ml. increments of this solution were added to the 
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clay. After each addition, the flocculated system was centrifuged, 

and the supernatant, removed. The sample was then washed twice 

with distilled water, and the aqueous phase was removed by centrifu

59 
gation. After the addition of the last increment of the Fe solution, 

two increments of a five percent solution of sodium hydroxide were 

59
added to accelerate the precipitation of hydrous iron oxide -Fe in 

the clay. The sample was washed until a low activity was present in 

the washings. 

The labeled clay had an activity of 4740 cpm per mg. when 

counted in the Packard Auto Gamma Spectrometer at the following 

settings: narrow mode; upper discriminator 1000; lower discrimin

a tor 500; high voltage tap 3. 0; and attenuator 1. 

In order to insure that the cation would remain in the clay 

throughout the washing process, 1. 0 mg. was agitated in 2. 0 ml. of 

a 0. 2% solution of cold water detergent A (pH 6. 4). After centrifuga

tion, a count of the supernatant showed that it contained only 0. 8o/o of 

the activity of the clay. 

59
Microscopic examination of the clay-Fe suspended in water 

revealed that many of the particles were submicron in size while 

others were larger. 

Application of soil. The yarn samples were cut to a length of 

4 em. and weighed. The following procedures were used for the solu

tion method of application. For the determination of removal of 



68 

palmitic acid, the samples were immersed for 4 seconds in 5. 0 ml. 

14 
of a benzene solution of palmitic acid-C , palmitic acid carrier, and 

-3 
the other oils. The solution contained 1. 30 x 10 mM of total palmitic 

-5 14 
acid and 1. 02 x 10 mM of palmitic acid-C The specific activity 

of the solution was 1. 01 microcuries per ml. 

Two hours after immersion in the oils, the samples were 

placed in 5 ml. of a 50% solution of clay in distilled water and rotated 

by hand at 2 revolutions per second for 45 seconds. It was found that 

14 
only 2. Oo/o of the palmitic acid-C was lost during the addition of the 

clay. In a pretest it had been discovered that too much clay was de

posited on the first two of the experimental samples. In order to 

pick up the larger particles of clay, two blank samples were im

mersed before each set of experimental samples. 

For the determination of clay removal, the same procedures 

were repeated using a benzene solution of "cold" oils and a solution 

59
of clay-Fe in water. 

Soil, in a ratio of 60o/o oil to 40% clay, approximately equivalent 

to 2o/o of the weight of the yarn was deposited by these concentrations 

and methods. 

The samples were aged 24 hours after the addition of the radio

active substance. 

The following 1s a description of the abrasion procedures. A 

vinyl strip, one-half inch wide, was wrapped around the pestle, and 
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the yarn specimen, which was held between clarnps on ring stands, 

was placed over the vinyl. For the determination of palmitic acid 

removaL a benzene solution of the oils that contained l. 15 mM 01~ 

-4 14 
total palmitic acid and l. l x 10 mM of palmitic acid-C was used. 

The specific activity of the solution was 10. l microcuries per ml 

Twenty-five microiiters of this solution were deposited on the surface 

of the vinyl beside the yarn as the pestle was rotated 2.t a rate of 7S 

rpm for one minute. The yarn picked up approximately one-half of 

the activity. 

Two hours after the first abrasion treatment, the process was 

repeated using clean vinyl and 40 microliters of a 212% solution of 

clay in water. The yarn was abraded for two minutes at the same 

speed of rotation. Approximately 7 5o/o of the clay was deposited on 

the yarn. The vinyl strips were changed after ten samples. 

The same procedure was repeated on the samples for determin

atic,n of clay removal, using a benzene solution of "cold" oils and a 

59 
clay-Fe sol-:.1tion in the same concentrations as described above. 

The samples were aged 24 hours after the addition of the radio

active substance. These procedures again deposited soil approxi

m:1tely equivalent ::o 2o/o of the weight of the yarn in the 60:40 ratio of 

oil to clay. 

Laundry procedures. Ten replicates for each of the following 

variables were used: 1) Soils--labeled oil and labeled clay, 2) SoiJing 
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methods- -abrasion and immersion, 3) Detergents- -cold water deter

gent A, cold water detergent B, and built soap, 4) Temperatures-- 7 0 

and 120° F. 

Two-dram shell vials were cut to a height of approximately 

three-fourths inch. A 0. 2o/o solution of detergent in distilled water 

and a liquor to yarn ratio of 150:1 were used. A 0. 2o/o solution was 

selected because Galbraith (59) demonstrated that this was the opti

mum concentration in distilled water for soil removal from wool. 

Although it has been stated by Sanders and Lambert ( 145) that the 

average liquor to fabric ratio for laundering cotton is 20:1, this ratio 

was increased in this study because of the volume of the wool yarn. 

Temperatures of 70 and 120
0 

F. were used to correspond to 

two of those used in Galbraith's study of commercial detergents (59). 

Although Galbraith found an increase in soil removal from wool by 

increasing temperatures to 120° F., little was noted by raising the 

temperature to 140
0 

F. Consequently, 120 rather than 140
0 

F. was 

used in this study. In addition Galbraith demonstrated that the opti

mum cleaning temperature of the cold water detergents was 120° F. 

rather than 140
0 

F. (59). Moreover, Powe concluded that there was 

little increase in fatty soil removal at temperatures above 120° F. 

( 134). 

Each sample was soaked in the detergent solution in a shell vial 

for three minutes and then transferred to a vial containing an equal 
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volume of distilled water held at the same temperature. After soak

ing for three minutes, the sample was squeezed down its length with 

forceps and hung to dry. 

Results of preliminary investigations of procedures to deter

14 14
mine C activity. The final procedures for determination of C 

activity were based upon the results of preliminary investigations. 

It seems pertinent to discuss these results in detail in order to justify 

the final counting procedures and the results of the study. 

14 
The C activity of the yarns was determined by counting them 

in 8 ml. of a scintillation solution of 3 g. p-terphenyl and 30 mg. 

POPOP in a liter of toluene. The samples were suspended in center 

well vials and counted at the following settings: high voltage tap 3. 0; 

coincidence mode; A-B window--100-lOOO,wide, gain--1000; C-D 

window--100-oo, gain--1000; monitor baseline control--100, gain-

1000. This procedure was patterned after the techniques for liquid 

scintillation counting of paper chromatograms developed by Wang and 

14 
Jones ( 191). The counting efficiency of palmitic acid-C on the yarns 

was 7 8%. 

14 
By the determination of palmitic acid-C activity in the scin

tillation solution in the presence and absence of yarns, it was found 

that the counting efficiencies in both cases were comparable. There 

was an average deviation of 0. 35o/o from a mean counting efficiency. 

Amounts of clay equal to 0. 4, 0. 8 and l. 2o/o of the weight of the 
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yarns were added with a standard amount of labeled oil solution to the 

samples which were then counted in the usual manner. Varying 

amounts of clay had little effect on the counting efficiency. The av

erage deviation from a mean counting efficiency was 0. 77o/o. The 

efficiencies were comparable to those of yarns containing labeled 

palmitic acid and no clay. 

14 
Palmitic acid-C in the scintillation solution was counted in 

the presence and absence of yarns containing the above variations 

in amounts of clay. The average deviation from the mean counting 

efficiency was 0. 27o/o. Consequently, it was concluded that varying 

amounts of clay on the yarns would not affect the counting efficiency 

14 
of the palmitic acid-C 

The yarns in the above investigations were removed after count

ing, and the scintillation solution, counted again. The amount of 

palmitic acid remaining on the yarns after removal was not affected 

by variations in amounts of clay. Moreover, the amount remaining on 

a blank yarn placed in the scintillation solution containing the palmitic 

14 
acid-C was comparable to that remaining on the yarn which originally 

. 14 
was soiled with the palmitic aCid- C Consequently, it was con-

eluded that the palmitic acid was eluted by the scintillation solution 

and that this elution would not be affected by varying amounts of clay. 

Soil equal to 0. 2, 0. 5, 1. 0, 1. 5, and 1. 8o/o of the weight of the 

samples was added to the yarns. These amounts correspond to 90, 
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7 5, 50, 25, and 10% removal of a deposition of soil equal to 2% of 

the weight of the sample. Counting efficiencies were compared in 

order to determine possible effects of variations in amounts of soil. 

Again counting efficiencies were comparable; the average deviation 

from the mean was 1. 6%. 

Three yarns containing a known amount of soil were laundered 

in cold water detergent A at 7 0° F., and three were washed in the 

same detergent at 120
0 

F. The yarns were counted in the manner 

described above, and the dpm were determined, assuming a counting 

efficiency of 7 8o/o. The wash and rinse waters of each sample were 

poured into prothrombin tubes, the vials were washed out with dis

tilled water, and the volume was brought up to 5. 0 ml. with water. 

A 0. 5 ml. aliquot was added to 14. 0 ml. of a thixotropic gel sus

pension of the following composition: 500 ml. toluene-terphenyl-

POPOP scintillation solution, 4 ml. Tween 80-Span 80, 5 ml glycerol, 

and 20 g. thixotropic gel powder. The sus pens ion was counted in the 

liquid scintillation counter at the same settings as were used for 

counting the yarn with the exception of a high voltage tap setting of 

four. When the activities of the yarn and the water were added to

gether, there was an average recovery of 72% of the original activ

ity. 

In order to check the effects of variables on the counting effi

ciency of the gel sus pens ion, 0. 5 ml. aliquots of water and 
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14 
increments of the palmitic acid-C stock equal to 0. 2, 0. 5, l. 0, 

l. 5, and l. 8o/o of the average weight of the yarns were added to the 

gel. After determining the counting efficiencies of these samples, 

corresponding increments of the other soil components were added, 

and the samples were counted again. Counting efficiencies were com

parable. An average deviation of 0. 18o/o from the mean was found 

14 
with variations in palmitic acid- C and an average reduction in 

counting efficiency of 0. 2o/o resulted from the addition of the othet 

soils. Variations in the other soils had little effect on the efficiency. 

Again samples were washed under the same conditions, and the 

water was counted in the conventional manner. Three of the yarns 

were combusted in a gas tight flask containing an oxygen atmosphere 

by exposing the samples wrapped in black paper to an external infra

14 
red source. The C 0 was trapped with 10. 0 ml. of ethanolamine,

2 

a 2. 0 ml. aliquot of which was counted in 10. 0 ml. of scintillation 

solution and 5. 0 ml. of ethanol at the same settings previously used 

with the exception of a high voltage tap setting of 5. 

The other yarns were counted directly in the scintillation solu

tion as previously described. They were then removed, dried and 

14 140 
combusted. The C remaining in the yarns was trapped as C 

and counted in the conventional manner. There was a recovery of 

72o/o of the original activity in samples in which the yarns were com

busted directly while the samples in which the yarns were counted 

2 
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in the liquid scintillation counter showed a recovery of 7 6o/o. 

Again the palmitic acid was eluted from the yarns by the liquid 

scintillation solution; an average of 2. 6% remained with the yarn upon 

its removal. The amounts left on the yarns as determined by combus

tion corresponded to the amounts determined by differences in count 

rate of the scintillation solution; there was a deviation of 0. 6o/o. There 

14 
seemed to be no effect on the counting efficiency of palmitic acid-C 

resulting from any interaction with the detergent. Activity of the yarn 

was determined as effectively by the direct liquid scintillation method 

as by combustion. 

Next, the possibility of surface adsorption of the palmitic acid 

on the walls of the washing vials was explored. Samples were washed 

with the usual techniques. After the wash and rinse waters were 

treated in the conventional manner, each vial was rinsed with three 

one ml. aliquots of toluene, each aliquot being separated and brought 

up to a five ml. volume with toluene. A one ml. aliquot of each of 

these was counted in 14. 0 ml. of the scintillation solution in the 

conventional manner. 

Averages of 3. 7o/o and 0. 07o/o of the total activity were found 1n 

the first and third rinsings respectively of the washing vial. The 

first rinsing of the rinse vial yielded 3. 4o/o of the total activity, and 

0. 06% was found in the last rmse. An average of 79o/o of the total 

activity was recovered by this method. 
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This procedure was repeated using five times the amount of 

cold palmitic acid on the yarn. Similar activities to the above were 

obtained in the three rinsings of each vial. Recovery averaged 84o/o 

of the total activity. It was concluded that all the activity on the sur

face of the vials was being recovered by this technique. 

Several samples were impregnated with the standard amount of 

soil, aged 24 hours, combusted, and counted as usual in order to 

check for any possibility of volatilization being responsible for 

lack of total recovery. However, the total activity originally applied 

was recovered. 

Samples were laundered again with the usual techniques. The 

water from one sample was treated in the conventional manner. The 

wash and rinse vials were rinsed with toluene and an aliquot of the 

total rinsings of each was counted as previously described. 

The wash and rinse waters of the second sample were brought 

up to the five ml. volume with dioxane. An aliquot of this mixture was 

counted in the gel sus pens ion. This procedure was used to eliminate 

possible phase formation which could produce error in the pipetting 

of the sample. The vials also were rinsed with dioxane and counted 

as usual. Recovery of activity in the first sample was 59o/o of the 

total while the second method yielded a recovery of 95o/o of the total. 

The second procedure was repeated on more samples. Because 

of the large variations in the counting efficiencies of the gel 
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suspensions, the 0. 5 ml. aliquots of the wash and rinse waters in 

dioxane were counted in the mixture of 10. 0 ml. scintillation solution, 

5. 0 ml. ethanol, and 2. 0 ml. ethanolamine. Counting efficiencies, 

averaging 52. 9o/o, were more reproducible. Recoveries of activity 

by this method averaged 98. 9o/o. 

Final procedure for the determination of radioactivity. The 

59 
yarns soiled with the clay-Fe soil were counted to a two percent 

standard error in the Packard Auto Gamma Spectrometer before and 

after the washing process. Percent soil removal was determined by: 

cpm before washing - cpm after washing
----"----------=--"----------= x 1 0 0 =percent soil removed 

cpm before washing 

14 
The yarns soiled with the palmitic acid-C by the solution 

method were washed in the prescribed manner. The average effi

ciency of the liquid scintillation counting of the yarns had been found 

to be 7 8o/o. The deviation of five replicates from this mean had aver

aged 0. 48o/o. The washed yarns were counted in the center well vials 

at the settings described in the previous section; the dpm were com

puted, assuming a counting efficiency of 7 8o/o. 

The wash and rinse waters were combined in prothrombin tubes 

and brought up to a 5. 0 ml. volume with dioxane. A 0. 5 ml. aliquot 

was added to the scintillation solution, ethanol, ethanolamine mixture 

and counted to a standard error of Zo/o. 

Each vial was rinsed with dioxane, and the rinsings were 
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brought up to a volume of 5. 0 ml. A 1. 0 ml. aliquot was counted to 

a standard error of Zo/o in 14. 0 ml. of the toluene, _E-terphenyl, 

POPOP scintillation solution. 

In order to shorten the counting time, the procedure was modi

fied for the samples soiled by abrasion with the labeled oil. The wash 

and rinse waters and the rinsings of each vial were combined in a 10 

ml. volumetric flask. A 1. 0 ml. aliquot was counted to a standard 

error of Zo/o in the scintillation solution, ethanol, ethanolamine mix

ture. 

Soil removal of the palmitic acid was determined 1n the follow

ing manner: 

dpm of water 
x 100 :::percent of soil removed 

dpm of water + dpm of yarn 

Measurement of Dimensional Change in Six Types of Fabrics 
and the Influences of Detergents and Temperatures 

The dimensional changes in both warp and filling direction of 

s1x different fabrics when washed in three detergents at temperatures 

of 70, 100, 120, and 140
0 

F. were compared. 

Materials 

Detergents. The same detergents used in the first section of 

the study were evaluated for effects on dimensional changes in wool 

fabrics. 
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Fabrics. The dimensional changes of s1x different types of 

lOOo/o wool fabrics were measured: 1) an unfinished, plain weave fab

ric with a warp and filling yarn count of 37; 2) the previously described 

plain weave fabric, finished for shrinkage resistance by interfacial 

polymerization, with a warp count of 37 and a reduced filling count 

of 30; 3) an unfinished, twill weave fabric with a warp yarn count of 

38 and a filling count of 34; 4) the previously described twill weave, 

fjnished for shrinkage resistance by interfacial polymerization, with 

the same yarn counts; 5) a bulky knit with 6 wales and 8 courses per 

inch; 6) a fine knit with 17 wales and 20 courses per inch. (Plates L II) 

Procedures 

Relaxation of fabrics. Each fabric was placed for 4 hours in a 

0. 2% solution of Nacconal in disti!led water. The solution initially 

was 100
0 

F. and was allowed to cool to room temperature during the 

relaxing period (7, p. 519). 

Sampling. Three, 12-inch replicates per variable were ran

domly cut from each fabric. They were flat pressed with a steam 

iron and conditioned for 24 hours at 70° F. and 65% relative humidity. 

Measurements of 25. 5 em. were marked with a laundry pen in three 

places in both warp and filling directions. The finished twill weave 

fabric was marked with thread because of its dark color. 

Laundry procedure. The following laundry variables were used: 
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1) Detergents: cold water detergent A, cold water detergent B, and 

built soap, 2) Temperatures: 70, 100, 120, and 140
0 

F. 

After being marked, a replicate of each of the six fabrics was 

laundered with the other five at the selected condition in the following 

manner. A liquor to fabric ratio of 50:1 was used for this part of the 

study. The samples were placed in the appropriate volume of a 0. 2o/o 

detergent solution in distilled water held at the selected temperature. 

They were allowed to soak with no agitation for three minutes. At 

the end of this time, the samples were gently squeezed twice by hand 

and transferred to distilled water of the same volume and temperature 

as the wash water. At the end of three minutes, the samples were 

lifted by means of a screen in the bottom of the container, allowed to 

drain, and then air dried without further handling. The samples were 

then flat pressed and conditioned as before and measured again. Di

mensional change was computed as follows: 

change in measurement 
x 100 = percent of dimensional change

original measurement 

Stretching was considered a positive dimensional change while shrink

age was designated as negative in the computations. 
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RESULTS AND DISCUSSION 

Researchers in the field of detergency have been interested for 

years in the effects of numerous laundry variables upon the removal 

of soil. The effects of these variables on fabric characteristics has 

been a related concern. Dimensional changes occurring during laun

dering have been a special problem with wool. One seeks the opti

mum laundry conditions that will produce a maximum of soil removal 

with a minimum of dimensional change. Although some authorities 

( 1; 115) have contended that agitation rather than temperature or type 

of detergent is the major factor in shrinkage of wool, it has been a 

popular opinion (94; 168; 181; 197) that the optimum conditions for 

the reduction of shrinkage in wool are cool temperatures and neutral 

detergents. 

Conflicting results have been obtained in detergency measure

ments because of the diverse methodologies and soils utilized. How

ever, a general trend of opinion (43; 59; 75; 151; 196) has been that 

high temperatures and built soaps remove the most soil. These con

ditions conflict with the popular recommendations for laundering 

wool. 

Because of the concern with the effects of higher temperatures 

on wool, detergents have been designed for laundering this fiber in 

cold water. It was decided to compare the soil removal ability of 
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two of these to that of a built soap as well as the relative efficiencies 

obtained in cold and hot water. In addition, removal of two compon

ents of soil- -oil and clay- -and the removal of these when applied by 

two different methods were compared. Because of the controversies 

found in the literature, the methodology of measurement became a 

concern as well as the results. 

Measurement of Soil Removal Efficiencies of Three 
Commercial Detergents and the Influences of 

Temperatures and Application Methods 

Four interrelating variables were considered in this part of the 

study. Three commercial detergents were used at two extremes of 

temperature to study the removal of an oily and a clay component of 

soil which had been applied to wool yarns by immersion and abrasion 

methods. 

The removal of the oily component was determined by liquid 

14 
scintillation counting of C labeled palmitic acid while a solid scintil

lation counter was used to determine the activity of the clay labeled 

59
with Fe . The new method of counting yarns directly in the liquid 

scintillation solution was patterned after the techniques developed by 

Wang and Jones ( 191) for determining radioactivity on paper chro

matograms. A preliminary investigation was conducted to eliminate 

possible problems with the liquid scintillation counting methods. 

It must be remembered that the following results are results of 
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a study of only three commercial detergents; actually, the conclusions 

may be applied only to these three. However, these results are an 

indication of trends; broader conclusions concerning soil removal 

efficiencies of the variables should be made only after further study. 

Statistical Treatment 

An analysis of variance was performed to determine whether 

the variations in detergents, temperatures, soils, and methods of 

soil application were significant for variations in soil removal. Table 

1 is a summary of the statistical analysis. 

An examination of this table reveals that all four variables and 

all of their interrelationships, except that of temperature versus soil, 

were significant at the one percent level. Consequently, it was con-

eluded that there are 24 very different treatments. Although compar

isons of the percentages of soil removal for each of the four major 

variables may be made, these can only be relative. Quantitative re

lationships between different temperatures, or detergents, etc. can 

be considered only in relation to the other three major variables. 

However, it does seem valuable to observe the relative percent

ages obtained with each of the four variables in order to ascertain the 

major trends. These may be more widely applied to other situations 

than the quantitative relationships discussed later. 
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Table l. Analysis of variance of soil removal measurements. 

Variable Degrees of Mean F ratio 
Freedom Square 

D 2 

T l 

s l 

M l 

DxT 2 

DxS 2 

DxM 2 

TxS l 

T X M l 

s X M l 

DxTxS 2 

DxTxM 2 

D X s X M 2 

T X s X M l 

DxTxSxM 2 

ll, 918. 10 

44, 121. 52 

ll, 131. 63 

54, 991. 51 

7 56. 68 

1379. 68 

1786. 16 

122. 27 

3059.50 

631. 47 

671. 06 

1722.01 

446. 88 

3108. 52 

297.90 

3 54. 4 9~:":' 

1312. 36~:,~:, 

3 3 l . l 0 ':":' 

163 5. 68~:":' 

22. 51':":' 

41. 04~:":' 

53. 13~:":' 

3. 64 

91. o o~:,~:, 

18. 7 8~:":' 

l 9. 9 6~:":' 

51. 2 2':":' 

l 3 . 2 9 ~:o:< 

9 2. 4 6,:,~:' 

8. 86~:,~:, 

~:,~:' Significant at the l o/o level of significance 

D = detergents 
T = temperatures 
S = soils 

M = methods of soil application 
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General Results 

Detergents. Table 2 summarizes the total mean percentage of 

soil removal of each detergent under all conditions. 

Table 2. Total mean percentages of soil removal of three commer
cial detergents. 

Cold Water Cold Water Built 
Detergent A Detergent B Soap 

29. 2o/o 53. 2o/o 37. 3o/o 

In general, cold water detergent B was considerably more effi

cient in removal of soil than cold water detergent A and the built soap. 

Actual quantitative relationships should be considered only in relation 

to the other variables as summarized in Table 6. 

These results do not agree with those in the study by Galbraith 

(59) of commercial detergents. Galbraith's results indicated that 

built soaps and syndets gave superior soil removal in comparison to 

the cold water detergents. The latter were ranked last of the several 

types of detergents being studied. The results of Galbraith's investi

gation did demonstrate the superiority of some cold water detergents 

over others. 

No conclusions concerning the effects of variations in pH on 

detergency efficiency can be made from this study. Detergent B had 



86 

an alkaline pH (8. 8); yet it was far superior to the built soap whose 

pH was 9. 9 and detergent A the pH of which was 6. 4. A greater num

ber of pH values needs to be studied in order to ascertain definite 

trends in the effects of pH on detergency efficiency. 

No conclusion concerning the relative efficiencies of soaps ver

sus syndets will be made from this study, for it is felt that built soaps 

should be compared to built syndets on a more extensive basis. 

Temperatures. Table 3 summarizes the total mean soil removal 

0 
percentages obtained at 7 0 and 120 F. 

Table 3. Total mean percentages of soil removal at 7 0 and 120
0 

F. 

26. 3% 53. 4o/o 

These results support those of Weaver (196), Scott (151), and 

Galbraith (59) that indicated the favorable effects of high versus low 

temperatures upon soil removal. There was considerably more re

moval of soil at the higher temperature in this study. Again, quanti

tative increases in removal depended upon the other three variables. 

It can be concluded that an increase in temperature yields an 

increase in soil removal. However, it cannot be concluded that 120° 

F. is the optimum temperature for soil removal from wool or for the 

performance of the particular detergents, conclusions which have been 
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made in other studies. More detergents and temperatures need to 

be studied. 

Soils. The total mean percentages of removal of the two differ

ent components of the soil are given in Table 4. 

Table 4. Total mean percentages of removal of palmitic acid and 
clay. 

Palmitic Acid Clay 

33. Oo/o 46.7% 

These results support those of Utermohlen et al. ( 17 4). Their 

evidence indicated that removals of pigment and oily soils from fab

rics are largely independent processes. These findings disagree 

with the contention by some authorities (63, p. 177-179; 129, p. 379) 

that one mechanism of soil retention is oil binding. 

In general, the particulate component of the soil was more eas

ily removed than the oil component. 

Methods of soil application. Methods of application of the soil 

did affect the amount of soil removed. Table 5 summarizes the total 

mean percentages of removal of soil applied by immersion and abra

sian methods. 

One can theorize that the greatly reduced soil removal obtained 

when the soil was applied by abrasion resulted from the grinding of 
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the soil into the irregularities and the scales of the fiber. When ap

plied by the immersion method, the soil may be on the surface of the 

yarn or lodged loosely between the fibers and on their surfaces. 

Table 5. Total mean percentages of removal of soils applied by the 
immersion and abrasion methods. 

Immersion Method Abrasion Method 

55. Oo/o 24. 7 o/o 

Admittedly, the wet abrasion method is more severe than a dry 

abrasion technique; yet there certainly are instances of soiling under 

moist conditions in natural situations. More research is needed to 

refine this method and to develop a dry abrasion method with which 

to compare it. 

The issue of macro- versus micro-occlusion was not resolved 

in this study. 

Effects of Interrelationships of Temperatures, Detergents, Soils, 
and Methods of Application of Soils 

The previous four tables summarized the general trends of the 

results in this part of the study. However, the effects of the van

ables are more meaningful when examined according to their inter

relationships. Tables of the mean soil removal percentages of dif

ferent combinations of the variables are found later in this section. 
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Table 6 and Figure 1 are summaries of the mean percentages of soil 

removal from ten replicates for each of the 24 treatments. 

An examination of this table reveals that there are a few excep

tions to the general trends discussed in the preceding section. In ad

clition, one can observe wide variations in quantitative relationships. 

These quantitative relationships of the four major variables will be 

examined in two ways. One will be the actual difference in the per

centage of soil removed because of a change in a certain variable. 

The other will be the percent of change based upon the initial value. 

Detergents. With one exception, cold water detergent B was 

superior to the other detergents for each treatment. Although it was 

found in Table 2 that, in general, the built soap was more efficient 

than detergent A, the actual rankings of the two fluctuated according 

to the temperature, soil component, and the application method being 

considered. Table 7 summarizes the relationships of the detergents. 

The number one detergent for each variable is compared to the num

ber two and the number three detergents on the basis of the difference 

in percent of soil removed and the percent of increase in removal with 

the use of the number one ranked detergent. 

The only instance in which cold water detergent B was exceeded 

in soil removal efficiency was in the cold water washing of palmitic 

acid applied by abrasion. The built soap was slightly superior in this 

case. This was a rather surprising and unexplained development 



Table 6. Mean percentages of removal of two soil components applied by two methods by three 
commercial detergents at two temperatures. 

Detergent Temp Soil Component
0 

F. 

Palmitic Acid Clay 

Immersion Abrasion Immersion Abrasion 
Application Application Application Application 

A 70 23. 3 3. 3 40.8 9.0 

120 67. 8 9.4 62.4 17. l 

B 70 40. 2 17.7 71. 8 23.4 

120 73.8 35. 5 90. 5 7 2. 2 

Soap 70 16. 2 20. 5 34. 9 14. 5 

120 58.0 30. 7 80. 2 43. 2 



Figure 1. Mean percentages of removal of two soil components applied by two methods 
by three commercial detergents at two temperatures. 
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Table 7. Comparison of Number 1 ranked detergent with Number 2 and Number 3 ranked detergents 
for each variable on the basis of difference in percentage of soil removed and the percent 
of increase. 

Temperature 
Soil ComponentOf. 

a m1 1c ClP l .t. A "d Clav 

Immersion Abrasion Immersion Abrasion 

Application Application Application Application 
Detergents Increase %of Detergents Increase % of Detergents Increase % of Detergents Increase %of 

Compared in% of Increase Compared in % of Increase Compared in %of Increase Compared in% of Increase 

Soil Soil Soil Soil 

Removal Removal Removal Removal 

70 B-A* 

B-SoaP** 

16.9 

24.0 

72.5 

148. 1 

Soap-B* 

Soap-A** 

2.8 

17.2 

15. 8 

521.2 

B-A* 

B-SoaP** 

31. 0 

36.9 

75.0 

105.7 

B-SoaP* 

B-A** 

8.9 

14.4 

61.4 

160.0 

120 B-A* 

B-SoaP** 

6.0 

15.8 

8.8 

27.2 

B-SoaP* 

B-A** 

4.8 

26. 1 

15.6 

277.6 

B-SoaP* 

B-A** 

10.3 

28. 1 

12.8 

45.0 

B-Soap* 

B-A** 

29.0 

55. 1 

67. 1 

322.2 

* Number 1 ranked detergent compared to Number 2 

** Number 1 ranked detergent compared to Number 3 
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since the soap gave a generally poor performance 1n cold water, a 

laundry condition for which it is not designed. 

Further examination of the table reveals that cold water deter

gent A outranked the soap when used at both temperatures on the 

palmitic acid applied by immersion; the positions reversed when this 

soil component was applied by abrasion. Detergent A also was super

ior to soap in the cold water removal of clay applied by immersion but 

was subordinate when hot water was used. This might be expected 

since the former is designed for use in cold water. Again the soap 

was superior to detergent A when the clay was applied by abrasion. 

The largest contrast in performance was a difference of 55. 1% 

in soil removed when cold water detergent B rather than detergent A 

was used at 120
0 

F. to remove clay applied by abrasion. The percent 

of increase was the largest for soap versus detergent A in the cold 

water removal of abraded oil (521. 2o/o). 

The smallest difference in performance occurred when the soap 

exceeded detergent B by 2. 8o/o in removal of abraded oil in 70° F. 

water. The smallest percent of increase, however, occurred in the 

comparison of efficiencies of the two cold water detergents in the re

moval at 120° F. of palmitic acid applied by immersion (8. So/o). 

In general the cold water detergent B seemed especially super

ior for the following conditions: 1) palmitic acid- -immersion appli

cation-- 7 0 ° F. ; 2) clay- -immersion application-- 7 0° F. 3) clay-
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0 
abrasion application- -120 F · 

Temperatures. An increase of temperature always caused an 

increase in soil removal no matter what detergent, soil component, 

or application method was considered. Table 8 summarizes for each 

detergent, soil component, and application method the difference m 

percent of soil removed by increasing the temperature from 70 to 

120° F. In addition the percent of increase based upon the soil re

moval percentages in the cold solutions are summarized. 

In considering the difference in percent of soil removed, the 

greatest increase due to an increase in temperature occurred as a 

difference of 48. 8o/o when the cold water detergent B was used on clay 

soil applied by abrasion. The least amount of change in percentages 

of removal occurred with the removal in detergent A of palmitic acid 

applied by abrasion ( 6. 1 o/o). However, this was quite a large percent 

of increase ( 184. 8o/o) because of the small amount of removal. 

When considered from the viewpoint of percent of increase in 

removal, the increase in temperature had the greatest effect on the 

built soap when it was used to remove palmitic acid applied by the 

immersion method; the removal value increased 258. Oo/o with an in

crease in temperature. The least effect occurred with cold water 

detergent B when it was used on the clay applied by immersion 

(26. Oo/o). This is understandable since the initial removal was high 

(71. 8o/o). 



Table 8. Differences in gercent of soil removal and percent of increase due to temperature increase 
from 70 to 120 F. 

Detergent Soil Component 

Palmitic Acid 

Immersion Application Abrasion A!2J2lication 

Increase in o/o of Increase in o/o of 

o/o of Increase o/o of Increase 

Soil Removal Soil Removal 

Cla 

Immersion AJ2J2lication 

Increase in o/o of 

o/o of Increase 

Soil Removal 

Abrasion Application 

Increase in o/o of 

o/o of Increase 

Soil Removal 

A 44.5 191. 0 6. 1 184.8 21. 6 52.9 8. 1 90.0 

B 33,6 83.6 17. 8 100.6 18.7 26.0 48.8 208.5 

Soap 41.8 258.0 10.2 49.8 45.3 129. 8 28.7 197.9 
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Soils. In general the clay was more easily removed than the 

palmitic acid. Table 9 summarizes the differences in percentage d 

removal between the clay and the oil components and the percentage 

of increase in the removal of one over the other. 

There were two cases in which oil was more easily removed: 

1) immersion application of the component and its laundering by deter

gent A in 120° F. ; 2) abrasion application of the component and its 

removal by the built soap in cold water. 

The greatest difference in soil removal percentage was 36. 7o/o 

for the soils applied by abrasion and laundered in detergent Bat 120° 

F. Although this also was a large percent of i?.lcreas e in removal, the 

largest percent of increase in removal due to difference in the soil 

component occurred for the soils applied by a bras ion and laundered 

by detergent A in 70° F. (172. 7%). The large percentage of increase 

probably is a resuJ.t of the percentages of removal being very small. 

There was little difference in removal o£ the two soii.s when they were 

applied by immersion and laundered in detergent A at 120° F. (8. 6%). 

This was one of the situations in which the oil was rnore easily re

moved. 

Methods of soiJ. application. With one txcepFon, the applica

tion of the soil by abrasion reduced the percentage of remova:; of each 

soil component. Table 10 summarizes these changE;S in percentage of 

soil removed and the percent of change due to the abrasion method. 



Table 9. Differences in percent of removal of two soil components and percent of increase. 

Detergent Temp Soiling Method 
OF 

Immersion Abrasion 

Soil Component Increase % of Soil Component Increase % of 

More Easily in% of Increase More Eas1ly in% of Increase 

Removed Soil Removal Removed Soil Removal 

A 70 Clay 17.5 75.1 Clay 5. 7 172.7 

120 Oil 5.4 8.6 Clay 7. 7 81.9 

B 70 Clay 31.6 78.6 Clay 5.7 32.2 

120 Clay 16.7 22.6 Clay 36. 7 103.4 

Soap 70 Clay 18.7 115.4 Oil 6.0 41.4 

120 Clay 22.2 38.3 Clay 9.5 30.9 



Table 10. Changes in percent of soil removal and the percent of change due to the use of two methods of soil application. 

Detergent Temp Soil Component
OF 

Palmitic Acid Cia 

Application Application 

method Change % of method Change %of 

with more in% of Increase with more in % of Increase 

Removal Soil Removal Removal Soil Removal 

A 70 Immersion 20.0 85.3 Immersion 31.8 77.9 

120 Immersion 58.4 86. 1 Immersion 45.3 72.6 

B 70 Immersion 22.5 56.0 Immersion 48.4 67.4 

120 Immersion 38.3 51.9 Immersion 18.3 20.2 

Soap 70 Abrasion 4.3 26.5 Immersion 20.4 58.4 

120 Immersion 27.3 47.0 Immersion 37.0 46. 1 
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The excep tion to the general trend again w as the case of the 

built soap used at 70° F. on palmitic acid. Under these conditions 

the abr a ded oil was slightly more easily removed. 

In terms of both change in percentage removal and the pe rcent 

of c hange , the greatest reduction in soil removal due to the abrasion 

method was on the removal of palmitic acid by dete rgent A in hot wa

ter (58. 4 , 86. lo/o) . In fact the effects of the abras ion method of appli

cation were more severe for detergent A than the others. The least 

reduction in terms of both considerations occurred for the clay corn

ponent laundered by detergent B at 120
0 

F . ( 1 a 3, 20 . 2o/o). 

Other interrelationships of variables. The effects of the four 

variables may be combined in numerous ways. The mean percenta ges 

of soH removal of these are best summarized by tables 11 through 20. 

Discussion of Methodology 

Soils. In regard to the soils used in detergency measurement, 

it seems necessary to include both particulate and oily soils in order 

to obtain a realistic soil. This seems especially important since it 

was found in this study that the two components were not removed to 

the same extent. M o r eover, it seems reasonable that the components 

of an artificial soil should be analogous to those found in soils on 

clothing i n natural situations. The composition of the soil used in 

this study was based upon analyses of soil on clothing. 
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Table 11. Mean percentages of soil removal by three commercial 
detergents used at 7 0 and 120

0 
F. 

Temperature 
DetergentoF. 

A B Soap 
70 19. 1% 38. 3o/o 21.5o/o 

120 39. 2o/o 68. Oo/o 53. Oo/o 

Table 12. Mean percentages of removal by three commercial 
detergents of two soil components. 

Soil Component Detergent 

A B Soap 
Palmitic Acid 26. Oo/o 41. 8o/o 31. 4o/o 

Clay 32. 3o/o 65. 5o/o 43. 2o/o 

Table 13. Mean percen:;ages of removal by three commercial 
detergents of soil applied by two methods. 

Soiling Method Detergent 

A B Soap 
Immersion 48. 6o/o 69. 1 o/o 47.4o/o 

Abrasion 9.7o/o 37. 2% 27. 2% 
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Table 14. Mean percentages of :removal of two soil components 
0 

at 7 0 and 120 F. 

Temperature Soil Component
0 

F. 

Palmitic Acid Clay 

70 20. 2% 32.4% 

120 45.9% 61. Oo/o 

Table 15. Mean percentages of removal at 7 0 and 120
0 

F. of 

soil applied by two methods. 

Temperature Soiling Method 
OF. 

Abrasion Immersion 

70 14.7% 37.9% 

120 34.7% 72. lo/o 

Table 16. Mean percentages of removal of two soil components 
applied by two methods. 

Soiling Method Soil Component 

Palmitic Acid Clay 

Abrasion 19. 5o/o 29. 9% 

Immersion 46. 6% 63.4% 
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Table 17. Mean percentages of removal of two soil components by 
. 0

three commercial detergents at 7 0 and 120 F. 

0
Detergent Temperature F. Soil Component 

A 

B 

Soap 

70 

120 

70 

120 

70 

120 

Palmitic Acid 

13. 3% 

38. 6% 

28. 9% 

57.4% 

18.4% 

44.4% 

Clay 

24, 9% 

39.8% 

47. 6% 

81.4% 

24.7% 

61.7% 

Table 18. Mean percentages of removal by three commercial 
detergents used at 70 and 120° F. of soil applied by 
two methods. 

Detergent T emperature oF. Soiling Method 

Abrasion Immersion 

A 70 6. 2o/o 32. Oo/o 

120 13. 3o/o 65. l o/o 

B 70 20. 6% 56. 6% 

120 53. 9% 82. Oo/o 

Soap 70 17. 5% 25. 6% 

120 37. Oo/o 69. lo/o 
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Table 19. Mean percentages of removal by three commercial 
detergents of two soil components applied by two methods. 

Detergent Soil Component 

Palmitic Acid 
Abrasion Immersion 
Application Application 

Clay 
Abrasion Immersion 
Application Application 

A 6. 4o/o 45. 6% l3.lo/o 51. 6% 

B 26. 6% 57. Oo/o 47.8% 8l.lo/o 

Soap 25. 6% 37. lo/o 28.8% 57. 6% 

0
Table 20. Mean percentages of removal at 70 and 120 F. of two 

soil components applied by two methods. 

Temperature Soil Component 
OF. 

Palmitic Acid Clay 

70 

Abrasion 
Application 

13. 8% 

Immersion 
Application 

26. 6o/o 

Abrasion 
Application 

15. 6% 

Immersion 
Application 

49. 2% 

120 25. 2o/o 66. 6o/o 44.2% 77.7o/o 
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It cannot be stated that because a certain percentage of palmitic 

acid was removed at certain conditions, that the same percentage of 

the other oily components is removed. However, it does seem wise 

to include these because of any possible effects on soil removal. 

Application of soils. Dry application of soil was not possible 

because of the poor pickup of soil by the yarn. The clay and soils 

had to be applied in solution and had to be deposited separately be

cause of the poor miscibility of each in the other's solvent. The ap

plication of the clay after the application of oil was necessary because 

while the water had little effect on the oil, the clay became quite 

"gummy" in the benzene. 

Many samples were soiled with both soils by the solution method 

m order to obtain conditions which would deposit approximately 2o/o of 

the weight of the yarn 1n soil in a 60:40 ratio of oil to clay. However, 

the deposition of soil by the solution technique was hard to control. 

For instance, the deposition of palmitic acid ranged from 0. 35 to 

0. 45% of the weight of the sample; the desired deposition was 0. 4o/o. 

There often were one or two samples in a set of ten replicates with 

an extremely high or low deposition of soil. These variations may 

have been the result of sample differences or human error. 

As was stated in the procedure, two blank samples were soiled 

in the clay solution and discarded before soiling the experimental 

>amples. These blanks removed the large particles which resulted 
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each time the clay settled for any length of time and had to be resus

pended. The concentration of the solution had to be readjusted a.fter 

soiling 30 samples because of this irregular removal of the clay. 

There were variations in deposition of clay similar to those of palmi·· 

tic acid. 

There seemed to be slightly more control of soil deposition by 

the abrasion method since a standard amount of solution was applied 

by microsyringe. However, there was a tendency for increased soil 

deposition on the last several samples of a set because of an accumu

lation of the solution on the vinyl. 

Such a reduction in soil removal with the use of the abrasion 

method suggests that it may have been too severe. Further refine

ment of the method is necessary; however, application of soil in this 

way seems relatively more realistic than the solution application. 

The method of application obviously had an ir>..fluence on removal; var.

iations in the results in the literature may have been due partially 

to this factor. 

Determination of radioactivity. Once the possible variables that 

might affect counting efficiency were checked and the problems of re

covering all the activity were solved, the liquid scintillation counting 

14 
of the C labeled samples proved to be a quick and simple as well as 

a very sensitive method of detergency measurement. Combining the 

wash and rinse water and the rinsings of the vials into one sample 
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greatly reduced time of sample preparation and counting. 

9
The determination of the Fe 5 labeled clay was very quick since 

the yarns themselves could be counted before washing as well as af

terwards. The computations for this de~ermination were greatly re

duced since cpm could be directly compared without the spiking, de

termination of efficiency, and the conversion to dpm that were nec

14 
es sary in the computations of the removal of palmitic acid- C 

Since the reflectance method is dependent upon colored mater

ials, it is doubtful that the removal of the soils used in this study 

could be determined by this method. Consequently, one may conclude 

that the radiotracer method allows the use of rea~istic soils. In ad

clition this method is so sensitive that the soils may be used inamounts 

equivalent to those found in actual situations. Another advantage of 

the radiotracer method is that it is a quantita<::ive measurement. The 

actual percentage of soil removal was quickly computed; equations 

such as those used in the reflectance method to convert the data to 

percentage of soil content were unnecessary. 

Variability of soil removal. In some sets of ten replicates, 

there was quite a variability in soil removal. Most of the results 

were clustered around the mean percentage of soil removal. Yet 

often there was a range of 10- 20o/o between the high and low percent

age of removal for one treatment. Part of the variability may have 

been due to differences in manipulation of the yarns. However, the 
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cutting off of the shell vials eliminated most o£ the mechanical prob

lems. 

The variability was studied to see if it was a function of yarn 

weight. Yarn weight, in turn, was an indication of yarn twist; the 

lighter -weight yarn had a higher twist. No trend of a relationship of 

variation in soil removal with differences in yarn weight was present. 

The possibility of the variability in soil removal being a func·

tion of the initial amount of soil also was studied. There were in

stances when the low in percentage removal was related to the high 

in deposition of soil in a group of samples and vice versa. Yet there 

were as many instances when samples with equal deposition of soil 

varied in percentages of removal to an extent of 10-15%. Also there 

were examples when samples with similar percentages of removal 

varied widely in the amount of soil deposition. Consequently, there 

was n.o decisive trend in the relationship of soil removal to soil con

tent. 

Measurement of Dimensional Change in Six Fabrics 
Caused by Three Detergents Used 

at Four Temperatures 

Six commercial fabrics were measured before and after laun

dering in three commercial detergents D.sed at a range of tempera

t~res in order to ascertain any resulting dimensional changes. The 

fabrics had been treated previous to this in order to remove 
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dimensional changes resulLng from relaxation. The s1x types of 

lOOo/o wool fabrics were: l) a plain we3.ve, unfinished; 2) the same 

plain weave fabric, finished for shrinkage resistance by interfacial 

polymerization; 3) a twill weave, unfinished; 4) the twill weave fabric, 

finished for shrinkage resistance by interfacial polymerization; 5) a 

bulky knit; 6) a fine knit. The effects of three variables were com

pared: l) detergents: cold water detergents A and B and the built 

soap used in the first part of the study; 2) temperatures: 70, 100, 

120, and 140° F.; 3) fabric differences. 

Statistical Treatment 

An analysis of variance was performed to determine if the vari

ations in detergents, temperatures, and fabrics were significant for 

variations in dimensional changes in warp and filling directions of the 

woven and knitted fabrics. Table 21 is a summary of the statistical 

analysis of the study of dimensional change. 

It is observed that only several of the F ratios are significant. 

The major variables seemed to have an effect on dimensional changes; 

their interrelationships showed little effect. 

General Results 

Detergents. Table 22 summarizes the total mean percentages 

of dimensional change in warp and filling dire:: tions of the woven and 



Table 21. Analysis of variance of dimensional change measurements. 

Variable Fabric 

Woven Knit 

War Fi!lin War12 Filling 

Degre~s Mean F ratio Degrees Mean F ratio Degrees Mean F ratio Degrees Mean F ratio 

of Freedom Square of Freedom Square of Freedom Sguare of Freedom Square 

D 2 o. :11 3. 15:1 2 1. 93 12. 06** 2 2.26 0.63 2 1. 97 0.35 

T 3 0. 78 6. 00** 3 0. 13 0.81 3 3.33 0. 93 3 16. 10 2. 85* 

F 3 8. 73 67. 15*~ 3 0.77 4. 81** 63.84 17.88** 23.58 4. 18* 

DxT 6 0. 17 1. 31 6 0.17 1. 06 6 5.48 1. 54 6 5.36 0. 95 

DxF 6 0.33 2.54* 6 0.37 2.31* 2 0. 10 0,03 2 0.90 0.16 

T X F 9 o. 10 o. 77 9 0. 27 1.69 3 1. 27 0.36 3 15.04 2.67 

DxT xF 18 0.23 1. 77 18 0.01 0,06 6 1. 55 0.43 6 3. 27 0. 58 

* = Significant at the 5% level of significance 

** = Significant at the 1% level of significance 

D = detergents 

T =- temperatures 

F = fabric differences 
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knitted fabrics resulting from the use of the three detergents. 

Table 22. Total mean percentages of dimensional change in warp 
and filling directions of woven and knitted fabrics attri

buted to three commercial detergents. 

Detergents Fabric 

Woven Knitted 

A 

Warp 

.o. 4 

Filling 

+0. l 

Warp 

-1. 9 

Filling 

tO. 7 

B -0. 5 -0.3 -2. 2 tl. 3 

Soap -0.4 -0. 2 -1. 6 + l. l 

From the table of the analysis of variance, it is observed that 

variances due to detergents were significantly different for the woven 

fabrics but were not so for the knitted fabrics. When the above table 

1s examined, it is noted that the mean dimensional changes attributed 

to the three detergents were quite low for the woven fabrics; the 

changes were higher for the knitted fabrics. 

There seems to be little difference among the detergents when 

the total mean percentages are examined. The largest variation was 

a difference of 0. 6% between shrinkages in the knitted warp for cold 

water detergent B and the built soap. The quantitative relationships 

should be made on the basis of individual treatments as summarized 

later in Table 25. 

The built soap, the most alkaline of the detergents (pH of 9. 9), 



lll 

caused changes very little different from those resulting from cold 

water detergent A (pH of 6. 4). The pH value of the former is outside 

the pH range of 4 to 8 which Speakman et al. ( 161) determined to be 

the range of least shrinkage. McPhee and Feldtman ( 118) stated that 

a decrease in pH resulted in an increase in shrinkage; however, this 

was not apparent in this study. A more thorough examination of 

ranges of pH needs to be made before definite conclusions can be 

drawn. 

Galbraith (59) concluded that a built soap caused less shrinkage 

than that caused by cold water detergents. In this study the shrink

ages were equivalent. 

Temperatures. Table 23 summarizes the total mean changes 

in dimensions in relation to variations in temperature. 

Table 23. Total mean percentages of dimensional change in warp and 
filling directions of woven and knitted fabrics in relation to 
increases in temperature. 

Tem2erature 
OF. Fabric 

Woven 

Warp Filling 

70 -0.4 

100 -0.3 

120 -0.4 

140 -0.7 

-0. l 

-0. l 

-0. 2 

-0. 2 

Knitted 

Warp Filling 

-2. l 

-l. 4 

-1. 7 

-2.4 

+0.4 

+0. 5 

+0. 8 

+2.4 
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Again it is observed that total mean percentages of dimensional 

change for the woven fabrics are quite low. Those of the knitted fab

ric are more significant. 

There is a relation of differences in dimensional change in the 

woven fabrics to changes in temperature. The temperature of 140
0 

F. 

did cause a very slight increase in shrinkage. In the knitted fabrics, 

the high temperature caused the largest change in dimensions; differ

ences due to temperature were greater in the knitted fabrics. Al

though there was a difference in dimensional change in the knitted 

warp of only 0. 3o/o between the cold and hot temperature, there was 

an increase in percentage shrinkage of l. Oo/o between 100 and 140° F. 

and a change of 0. 7o/o due to an increase in temperature from 120 to 

140° F. There was a steady increase in stretching in the knitted fill

ing direction as temperature was increased from 70 to 140° F. 

With the exception of the changes in the knitted fabrics, there 

was little significant influence from temperature. This confirms the 

conclusion of Bogaty and Harris (15) that temperature is a minor fac

tor in the shrinkage of woven fabrics. No mention was made in the 

literature concerning the stretching of wool during laundry and no 

relation was made of influences of washing variables on the dimen

sional changes of knitted fabrics. 

Fabric types. Table 24 is a summary of the mean percentages 

of dimensional change in the various fabrics. 
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T <1-ble 24, Tot::d mean percentages of dimensionz,_l change in warp 

and filling directions of six types of fabrics. 

Fabn c Direction 

Warp Filling 

Plain weave- -unfinished -0. 6 0. 0 

Plain weave·· .. finished +0. 1 -0. 3 

Twill weave-> -unfinished -1. 1 - ), 2 

Twill weave- -finished -0.3 -0. 1 

Bulky knit -2.8 -1. 6 

Fine knit -1. 0 +0.5 

The F ratios were significant at the 1 o/o level in the woven warp 

and filling and were significant at the So/o level in the knit filling. 

In general there was more dimensional change in the knits than 

the woven fabrics. The greater shrinkage in the warp of the knitted 

than in that of the woven fabrics confirms the results of Fletcher 

et al. (49). There was much more change in the bulky knit than in 

the fine knit. The fine knit actually was comparable to the woven 

fabrics. These results agree with those of Bogaty et al. ( 17), 

Fletcher et al. (49), and McPhee ( 116; 117). 

The unfinished twill weave had the largest amount of shrinkage 

among the woven fabrics. This outcome agrees with the evidence of 



114 

Bogaty et al. (18) that showed that plain weave fabrics have more re

sistance to felting than do twill weaves. 

In the comparison of the fabrics finished for shrinkage resis

tance to the same fabrics, unfi.nished, there seemed to be a slight reduc

tion in shrinkage in the former. The exception occurred in the filling 

direction of the plain weave, finished fabric. This fabric had a re

duced warp count of 30 after finishing; this may have been part of the 

cause of the increase in the shrinkage. 

Effects of Interrelationships of Fabric, Detergent, and Temperature 

It might be more meaningful to observe the mean percentages of 

dimensional change occurring in each treatment. Table 25 is a sum

mary of these. 

A general observation is that there was little dimensional change 

1n the woven fabrics with the exception of the warp direction of the 

twill and plain weave, unfinished fabrics. The largest percent of 

shrinkage occurred in the warp direction of the bulky knits. In gen

eral there was stretching in the filling direction of the knits. In all 

cases, the fine knit shrank less in the warp and stretched less in the 

filling than did the bulky knit. 

Because of the small amount of change, little can be concluded 

about the trends of dimensional change in relation to temperatures 

and detergents for the twill and plain weave, finished fabrics and the 



Table 25. Mean percentages of dimensional change in warp and filling directions of six types of fabrics attributed to one laundering in three 
commercial detergents at four selected temperatures. 

Detergent Temp Fabric 
Of. 

Plain Weav<' 

llufiuisbed 
w F 

Plain Weave 

Ei:cisbed 
w F 

Twill Weave 

_JJ;ofi:cisbe d 
w F 

Twill WeavE. 

Ei:cisbed 
w F 

-~--~ 

w 

Bulky 
Knit 

F 

Fine 
Kpit 

w F 

A 70 
100 
120 
140 

-0.3 
-0.4 
-0.9 
-0.8 

+0.1 
+0.4 
+0. 3 
+0. 1 

+0.1 
+0.1 

0. 0 
o.o 

+0.3 
+0. 1 
0.0 

-0.1 

-0.9 
-1.2 
-0.7 
-1. 7 

-0.3 
+0.4 
-0.4 
0. 0 

0.0 
-10.3 
-0.3 
-0.5 

0.0 
0.0 

+0. 3 
-0.3 

-1.6 
-2.6 
-3.3 
-3.7 

-0.9 
+2.0 
-0.4 
+3.7 

-0.4 
-1.7 
-0.8 
-1.3 

-0.7 
+1. 1 
+0.1 
+0. 7 

B 70 
100 
120 
140 

-0.9 
-0.5 
-0.5 
- 0.9 

+0.1 
-0.3 
-0.1 
0.0 

+0.3 
0.0 

-0.5 
0.0 

-0.5 
-0.8 
-0.8 
-0.9 

-0.9 
-0.7 
-1. 2 
-0.8 

-0.3 
-0.3 
-0.5 
-0.4 

-0. 7 
-0.3 
-0.3 
-0.7 

-0.3 
+0. 1 
-0.3 
-0.3 

-2.1 
-2.3 
-3.7 
-4.3 

0.0 
+0.4 
+2.6 
+5.0 

-2.3 
-0.1 
-1. 1 
-1.7 

+2.0 
-0.8 
+0.7 
+1. 1 

Soap 70 
100 
120 
140 

-0.4 
-0.4 
-0. 1 
-0. 7 

-0.3 
-0. 1 
-0. 1 
+0.4 

+0.3 
+0.3 
+0.5 
+0. 3 

0.0 
-0.3 
-0.3 
0.0 

-1. 1 
-0.7 
-1.2 
-1.6 

-0.7 
-0. 1 
-0.5 
+0. 1 

-0. 1 
-0.3 
-0. 1 
-0.4 

0.0 
-0. 1 
-0. 1 
-0.5 

-4.4 
-1.9 
-1.2 
-2.9 

+2.2 
+0.5 
-0. 1 
+4.3 

-2.0 
+0.4 
-0.3 
-0.7 

+0.4 
- 0.1 
+2.0 
-0.1 

W =warp 
F = filling 
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filling dir ection of the twill and plain weave, unfmished fabrics. 

The evidence of Galbraith and Dietmann (60) indicated that 

there was more shrinkage with the use of cold water detergents than 

with soap. An examination of the dimensional changes in the warp of 

the unfinished plain and twill weave fabrics reveals that there is little 

differer:ce in the changes resulting from the three detergents. There 

was a slight difference in dimensional change in the knits with the use 

of cold water detergent B; the soap caused slightly less change than 

did detergent A. 

The results of Galbraith and Dietmann 1 s study ( 60} showed that 

raising the temperature from 70 to 120° F. did not increase shrinkage 

in fabrics laundered in soaps but did so in fabrics washed in cold wa 

ter detergents. The results in another study by Galbraith ( 61} showed 

that temperature increases from 7 0 to 120° F. had ·little effect on 

shrinkage but that further increase to 140° F. did yield a slight in

crease in shrinkage. In the present study there was very little evi

dence of a steady increase in shrinkage in the woven fabrics due to 

an increase in temperature; instead, shrinkages were rather erratic 

and seemed to have little relation to temperature. 

In the bulky knit, there was a direct increase in shrinkage in 

the warp with temperature increases for the two cold water deter

gents but little relationship between the two when soap was used. 

There also was a direct increase in dimensions in the filling direction 
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with temperature increases for detergent B. Otherwise, there was 

little relationship of dimensional change in the knits to temperature 

increases. 

It was observed while measuring the knitted fabrics after they were 

laundered that many of the samples were misshapen. There were 

several instances where a sample would vary one to one and one-half 

em. in the three measurements in one direction. For instance, in the 

warp of one fine knit sample, the change in measurement varied from 

a gain of six mm. to a loss of ten mm. These characteristics were 

quite apparent before pressing the samples. Since care was taken 

not to stretch the fabrics while pressing them, it is felt that the vari

ations present within the samples did not result from this operation. 

There also was quite a variation among replicates, the gain in meas

urement of one often cancelling the loss in another in computation of 

the mean dimensional change. 

"Optimum" Laundry Conditions for Wool 

Although further study of the effects of detergents and tempera

tures on the removal of soil from wool and the dimensional changes 

in woolen fabrics is necessary, some general observations may be 

made from the results of this study. 

It is obvious from the evidence m the first part of the study 

::hat higher temperatures give increased soil removal. In addition, 



118 

the one detergent gave a much better performance in the removal of 

soil. Although this detergent is designed for use on wool, it is some

what alkaline in nature (pH of 8. 8). 

The results in part two indicate that the dimensional change.s 

that occur in a woolen fabric are dependent upon the particular type 

of fabric. In regard to the woven fabrics, the changes that resultccd 

from laundering were small except for those in the warp direction of 

the two unfinished fabrics. The changes that did occur seemed to 

have little relationship to either the type of detergent and its pH or 

to the temperature of the solution. Instead changes were rather er

ratic. Consequently, since dimensional change had little relationship 

to detergent or temperature, one may conclude that hot water and any 

effective detergent may be used to launder wool in order to remove as 

much soil as possible. Further study is needed in order to determine 

the optimum hot temperature and detergent type. From this study the 

conditions for optimum soil removal with little effect on dimensional 

0 
change are cold water detergent B used at 120 F. without agitation. 

Regarding the knitted fabrics, one may observe the larger 

changes that occur in their dimensions. There was a tendency for 

detergent B to cause slightly more change. Moreover, there was a 

direct relationship between temperature and dimensional change. 

Before concluding that one should use a lower temperature and an

other detergent, one should remember that knitted fabrics may easily 
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be b 1 o c ked to their original s1ze and shape. Consequently, the 

higher temperature and the detergent B may as well be used in order 

to take out more soil. Since felting will increase with the combination 

of high temperatures and agitation, one must be particularly careful to 

a void agitation. 

Research on the effects of higher temperatures and alkaline de

tergents on the hand of wool fabric and the colorfastness of the dye 

must be done in order to have a more complete picture of laundering 

wool. These have been results from commercial products and fab

rics; further study is very necessary before making specific conclu

sions. 
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SUMMARY AND CONCLUSIONS 

One purpose of this study was to evaluate the efficiencies of soil 

removal from wool of two cold water detergents and a built soap when 

used at 70 and 120° F. 

Since a review of the literature revealed many controversies 

about the techniques and soils used in detergency measurements, an

other purpose was to devise a more realistic soil and more accurate 

methods than have been used in some studies. A soil composed of 

clay and a simulated sebum solution was modeled after analyses of 

natural soils. It was applied to wool yarns by the widely used im

mersion method and a more realistic wet abrasion method. 

Radioactive tracer methods were used to measure soil removal. 

14 
Palmitic acid-C was utilized to trace the oil component while the 

59
clay was labeled with Fe . Liquid scintillation counting determined 

14 . .
the C activity; a new method of counting the yarns directly in the 

scintillation solution was utilized. An Auto Gamma Spectrometer 

59
measured the activity of the clay-Fe 

Since the effects of laundry variables on fabric characteristics 

are often as important as the removal of soil, the influences of the 

same detergents and temperatures of 70, 100, 120, and 140
0 

F. on 

dimensional changes in six 100% wool fabrics of different types were 
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compared. Agitation was not present in the laundering. Changes 

were compared in unfinished plain and twill weave fabrics; plain and 

twill weave fabrics, finished for shrinkage resistance; a bulky knit; 

and a plain knit. 

An analysis of variance revealed that variations within the deter

gents, temperatures, soils, and application methods and all their in

terrelationships except that of temperature versus soil were signifi

cant for soil removal. The following conclusions could be drawn 

from the measurement of detergency efficiency 1n this study: 

1. One commercial cold water detergent is superior to a sec

ond cold water detergent and a built soap 1n efficiency of soil removal 

from wool. 

0
2. An increase 1n temperature to 120 F. results in an 1n

crease 1n soil removal. 

3. The removals of clay and oil components of soil are inde

pendent; clay is removed more easily than oil. 

4. The method of soil application affects the amount of remov

al; soil applied by immersion is removed more easily than soil de

posited by abrasion. 

In regard to the methodology of detergency measurement, the 

following were concluded: 

1. Clay may be successfully labeled by ion exchange with Fe 

2. Radioactive tracer techniques are quick, sensitive, and 

59 
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accurate methods for a quantitative: determination of soil removal. 

3. Activity on yarns may be successfully determined by count

ing the yarns directly in liquid scintillation solution. 

An examination of the actual dimensional changes revealed the 

following conclusions about the fabrics and laundry conditions used in 

this study: 

l. Dimensional changes are dependent upon the type of fabric 

involved: l) More dimensional change occurs in knitted fabrics than 

in woven. 2) A bulky knit changes more than a fine knit fabric. 3) A 

twill weave fabric shrinks more than a plain weave fabric. 

2. A shrinkage resistant finish slightly reduces the amount of 

dimensional change. 

3. Detergents have little effect on dimensional change in woven 

fabrics; one cold water detergent causes slightly more change in 

knitted fabrics. 

4. There is no relationship of temperature increases to in

creased dimensional change in woven fabrics; there is a direct rela

tionship between temperature and dimensional change 1n bulky knitted 

fabrics when the cold water detergents are used. 

In drawing conclusions about the conditions that will give the 

maximum amount of soil removal from wool with a minimum of di

mensional change, one must remember that this study utilized s1x 

commercial fabrics and three commercial detergents out of the 
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multitude that are available. It cannot be concluded that a cold water 

or alkaline detergent should be used on wool. It can only be stated 

that because there is little effect on dimensional changes in woven 

fabrics due to detergents, that any detergent may be used. Conse

quently, the soil removal efficiency should be the criterion for the 

choice of a detergent for laundering of wool. Since the knits can be 

blocked into shape if dimensional changes are not extensive, these 

conclusions may be extended to knitted fabrics. It is emphasized that 

these conclusions are made considering dimensional change only and 

not possible effects of detergents on the hand and other characteristics 

of fabrics. 

It can be stated that because temperature increases have little 

effect on the change in woven fabric dimensions, that hot solutions 

should be used in order to gain the advantage of increased soil re

moval. Again this may be extended to knits. Once more the effects 

of temperature on other fabric characteristics are not considered. 

Some subjective observations in regard to the methodology of 

Jetergency measurement include the impression that the soil and the 

a.brasion method of application are both more realistic than the soils 

and techniques used in some studies. Also it is felt that because of 

their sensitivity and accuracy, radiotracer methods could be applied 

effectively to a greater extent in the detergency industry. 

This study was, of necessity, limited. Further study obviously 
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is needed in relation to most of the aspects of this research. 

Many more detergents of the various types need to be evaluated 

in regard to both their soil removal abilities and their effects on 

dimensional change so that a definite conclusion may be rnade about 

optimum detergents for laundering wool. 

A close study of more temperatures needs to be conducted in 

order to ascertain the optimum laundry temperature for wool. 

The dimensional changes in more examples of the same fabric 

types need to be determined. 

Besides an evaluation of laundry variables in relation to fabrics 

on the basis of dimensional change, there needs to be a judgment made 

regarding their effects on hand, strength, lanolin retention, and 

other fabric and fiber characteristics. 

The results obtained with the soil utilized in this study should be 

compared to the data from the use of a labeled natural soil in order to 

evaluate, objectively, the realism of this artificial soil. 

The removals of the other oil components should be studied. 

The abrasion method needs to be refined; further work is needed 

to determine if the extreme reduction in soil removal with the use of 

this method was a result of the method's being too severe. A dry 

abrasion technique should be developed. 

The study could be extended to other fibers. The specialty cold 

water detergents need to be evaluated in relation to the synthetic 
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fibers. The new all-purpose cold water detergent should be evaluated 

in its effectiveness of soil removal from cotton as well as wool and 

s ynthe tic fibers . 

The possibilities of the use of radioactive tracer methods in 

the area of detergency are vast and the detergents, fibers, fabrics, 

dyes. and finishes to be evaluated, almost limitless. 
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APPENDIX A 

Basic Definitions 

Detergents 

A. A built detergent ]s a soap or synthetic detergent to which 

alkaline salts have been added in order to assist in improving soil re

mova.i efficiency and in softening the water. 

B. Detergency is "the removal of contaminants from the sur

face of a solid" (129, p. 3). 

C. A detergent is any substance that cleans. In a more re

stricted sense, a detergent is a substance which, when dissolved into 

water, will improve the cleaning efficiency of the water. This defini

tion ~ncl:.;;.des both soaps and synthetic detergents. 

D. A soap is the salt of the reaction of fatty acids and alka

lies. 

E. A surface active agent or surfactant is "a substance that 

exhibits 2. marked tendency to adsorb at a surface or interface" ( 129, 

p. 5). 

F. A synthetic detergent or syndet is a detersive substance 

synthesized from vegetable oils or petroleum. 
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APPENDIX A (Continued) 

Radioactivity 

A. The description "cold" means that a substance 1s non

radioactive. 

B. Counting 1s a term referring to the determination of the 

energy emitted by a radioactive isotope. 

C. The abbreviation cpm refers to the counting rate or the 

counts per minute of a radioactive sample 

D. The abbreviation dpm refers to the disintegration rate or 

the disintegrations per minute of a radioactive substance. 

E. A "hot" substance is radioactive. 

F. The abbreviation POPOP refers to l, 4-bis-2-( 5-phenyl

oxazolyl) -benzene which is used as a secondary solute in scintilla

tion solutions. 

G. A radioactive isotope is an isotope of an element which 

contains a ratio of neutrons to protons in its nucleus that renders it 

unstable. It reacts chemically like other isotopes of the element but 

differs from them because it emits radioactive energy in its attempt 

to return to stability. 



APPENDIX B 

Compositions of Carbon Black and Related Soils 

Investigator 

Bacon ( 8) 

Berzel (154) 

Bosshard and Sterm (154) 

Clark and Holland ( 27, p. P7 39) 

Cunliffe ( 154) 

Furryetal. (56) 

J. C. Harris (70, p. 69-71) 

Herman (154) 

Hill ( 24) 

Soil Composition 

lampblack, Crisco hydrogenated shortening, Nujol mineral oil, 
wheat starch 

charcoal, grease, and ether 

iron oxide 

2. Oo/o Oildag (colloidal graphite in mineral oil), 2. 25o/o Alakanol 
(alkyl aryl sulfonate), 8. Oo/o Fiber Spray Oil, 89.75% Stoddard 

Solvent 

gelatin, paraffin oil, lanolin, and ilmenite emulsifying agent in water 

colloidal graphite in oil, tallow, and mineral oil in carbon tetra

chloride 

5. 0 g. Wesson oil and 10. 0 g. Oildag concentrate (colloidal graphite, 
oil soluble dispersing agent, and mineral oil) in 12. 0 liters of carbon 
tetrachloride. 

indigo paste, and mineral oil in benzene 

Oildag, olive oil, tallow, and mineral oil 



APPENDIX B (Continued) 
Compositions of Carbon Black and Related Soils 

Hirose (154) 

Holland and Petrea (87) 

Hoyt ( 24) 

Jaag (27, p. 734) 

Kohler (96, p. 176) 

Morgan (154) 

Rayner (154) 

Rees (140, p. T235-T236) 

Reich, et al. (141) 

Rhodes and Brainard ( 143) 

Schiewe and Stiepel ( 147) 

indigo and lanolin 

vas eline, paraffin wax, oleic acid, stearic acid, and Nor it C 

lubricating oil, edible tallow, and lampblack 

l) India ink; 2) India ink and mineral oil; 3) India ink and vegetable oil 

l) soot, tallow, and paraffin oil, 2) ultramarine; 3) claret 

lampblack, Nujol mineral oil, and Russian mineral oil in carbon 
tetrachloride 

olive oil and Oildag in benzene 

l) Aquadag (colloidal graphite in distilled water); 2) ferric oxinate, 
Anchoid (a dispersing agent), and water 

Darco S- 51 (activated carbon) or Excelsior Black (lampblack) m 
carbon tetrachloride 

lampblack, lubricating oil, and tallow in carbon tetrachloride 

l) mineral oil and wool charcoal; 2) fatty acid with 40% neutral oil 

and linden charcoal; 3) charcoal 



APPENDIX B (Continued) 

Compositions of Carbon Black and Related Soils 

Sisley ( 154) 

Sisley ( 33) 

Snell (156) 

Szego and Beretta ( 154) 

Utermohlen (171) 

Utermohlen et al. (174) 

Utermohlen and Wallace 
(173, p. 671-672, 682) 

Vaugh et al. ( 17 8) 

gelatin, discarded used automobile oil, boiled linseed oil, Emulgol, 
and Latcxol Black G-B concentrate in water 

lampblack, edible tallow, and Nujol mineral oil m carbon tetrachlor

ide 

carbon black, mineral oil, and cottonseed oil 

vas eline oil, suet, linseed oil, oleic acid, and fume black in benzene 

dry lampblack 

lampblack or magnetic iron oxide, mineral oil, and hydrogenated 
cottonseed oil in carbon tetrachloride 

1) Germantown lampblack No. 12, Nujol mineral oil, and Snowdrift 
shortening (partially hydrogenated cottonseed oil) in carbon tetra
chloride; 2) Neospectra black beads, Snowdrift shortening, and Nujol 
mineral oil; 3) Mapico Black magnetic iron oxide pigment, Snowdrift 
shortening, and Nujol mineral oil in carbon tetrachloride; 4) one part 
lampblack to nine parts of one of the following oils: Nujol mineral oil 
coconut oil, Snowdrift shortening, olive oil, cottonseed oil, linseed 
oil plus a drier, or tung oil; 5) two parts Mapico Black magnetic iron 
oxide to nine parts of one of the above oils, excluding Snowdrift short

ening and cottonseed oil. 

Norit C, lubricating oil, and melted Crisco hydrogenated shortening 
in Stoddard solvent 



APPENDIX C 

Compositions of Soils on Standard Test Samples 

Company 

Foster D. Snell 
(70, p. 86-87) 

General Aniline and Film 
Corporation ( 3 9) 

Testfabrics, Inc. (120) 

U.S. Testing Company (76) 

Soil Composition 

coconut oil, fatty acids, Oildag, and Triton X -100 in water 

lampblack, hydrogenated fat, Nujol mineral oil, oleic acid, and 

thickening agents 

l. 0 part ethylcellulose, 14 parts naptha, 0. 5 parts butyl alcohol, 
2. 0 parts lampblack, 2. 5 parts hydrogenated vegetable oil, 20. 0 

parts mineral oil, 0. 8 parts sodium alginate, 57. l parts cold water, 
l. 3 parts corn starch, 0. 5 parts oleic acid, 0. 3 parts morpholine 

carbon black, cottonseed oil, and heavy mineral oil 
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APPENDIX D 

Plain weave - - unfinished Plain weave--finished 

• 

Twill weave- -unfinished Twill weave - -finished 

Plate I Woven Fabr ics Measured for Dimensional Change 
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APPENDIX D (Continued) 

Bulky Knit Fine Knit 

Plate II Knitted Fabrics Measured 
for Dimensional Change 

Plate III Wool Yarn Used for 
Measurement of 
Detergency Efficiency 

. 
' 


