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Abstract 
The prepara t ion  of a uni formly  soiled cloth for 

detergency studies is described. The soil, chosen 
for  its realistic nature,  consists of a eolored clay 
as the par t ieulate  port ion and triolein as the f a t ty  
or oily portion. The part iculate port ion of the 
soil is applied by  tumbling the fabric in a hori- 
zontal axis washing machine containing a suspen- 
sion of clay. The f a t t y  port ion is then applied 
by  allowing the fabric  to adsorb a known quant i ty  
of solvent-dissolved triolein with subsequent evap- 
oration of the solvent. 

An evaluation test procedure for  measuring 
the relative efficieneies of p ropr ie ta ry  detergents 
is also described. Using this procedure,  soil re- 
moval, soil redeposition and optical br ightener  
effectiveness of a detergent  are determined simul- 
taneously. Detergents  can thus be given a numeri-  
cal ra t ing  according to their  over-all performance.  
This ra t ing is calculated f rom the equation : Over- 
all Per formance  = Soil Removal -- Soil Redepo- 
sition + Optical Brightener.  

TypieaI  detergent  evaluation data  obtained 
with this soil cloth and test procedure are given, 
along with a statistical t rea tment  of the data. 

Introduction 

T H E  PURPOSE OF T H I S  W O R K  w a s  the development of 
ways and means to keep abreast  of the ever- 

changing science of l aundry  detergent formulation.  
The objective was the continual monitor ing of deter- 
gent per formance  through a long-range detergent 
evaluation program.  

At ta inment  of this objective required the develop- 
ment  of a s tandard soil cloth and s tandard  evaluation 
method which would meet certain specifications. The 
soil cloth and method had to be relat ively realistic 
and sensitive. Both had to be very  reproducible so 
that  results could be compared with meaning over a 
long period of time. The method had to be simple 
enough to allow a large number  of detergents to be 
evaluated, and finally the method had to lend itself to 
an expression of the total  detergency picture as one 
value. This one value would include the three most 
impor tan t  functions of a detergent :  soil removal, pre- 
vention of soil redeposition, and optical brightening. 

Success in obtaining a realistic and sensitive soil 
cloth hinged on proper  selection of soiling ma- 
terials and proper  application to a test fabric. 
What ,  however, comprised a realistic soil? Current  
l i terature is in agreement  that  carbon-based soils are 
inadequate for detergency studies and equally in dis- 
agreement  as to what  does constitute a reliable soil 
(1-6).  Choice of soiling materials  here was a clay 
and triolein. Justifications for this choice were several. 
Various analyses (7-9) of the oily port ion of l aundry  
soils have skin fats  or residues of skin fats  as a com- 
mon denominator.  Analyses of airborne and ground 
soils (10) and of street dirt  (11) show clay as a com- 
ponent  common to all. Most significant, has been the 
work of Powe (7, 12) who showed "bui ldup" or prob- 

103 

lem soils to be clay minerals and residium of sebum, 
i.e., lime soaps and esters. Thi r ty  to for ty  percent of 
these esters were as triglycerides. I t  followed that  clay 
and fats  or oils, representat ive of sebum, would com- 
prise a meaningful  soil for  detergency studies. 

A kaolinite type clay was chosen as t'~e part iculate 
portion of the soil. For  the f a t ty  portion, easily re- 
movable soils were not considered. This decision was 
based on the assumption that  a detergent 's  laboratory 
performance against  a difficult soil provides more 
confidence in prediction of field performance.  F u r t h e r  
work by  Powe (13) has shown the ease of f a t ty  soil 
removal f rom a cotton substrate by several surfaetants  
and builders. Free  f a t ty  acids are easily removed, as 
are mono- and diglyeerides. The most tenaciously 
held f a t t y  soils are triglyeerides. Triolein, a repre- 
sentative tr iglyeeride was therefore selected. Init ial ly,  
a lime soap was also thought  to be desirable because 
it too is a "problem" or diffleult-to-remove soil. In  
pre l iminary  experiments cotton fabric was soiled with 
this material  by several techniques. However, because 
of nonreprodueible soil removal  characteristics of these 
soil cloths, lime soap was eliminated as one of the 
soil components. 

Uni formi ty  of soil application and batch to batch 
reproducibi l i ty were the criteria for an acceptable 
soiling procedure. Simultaneous clay and triolein ap- 
plication was not used s imply  because an acceptable 
procedure could not be devised. Soiling with both com- 
ponents f rom a solvent suspension had two disadvan- 
tages. Ambient  humidi ty  conditions influenced degree 
of par t iculate  and f a t ty  soil pickup and the amount  of 
triolein tha t  could be applied was limited. Simultane- 
ous soiling f rom an aqueous system was aIso unaccept- 
able. In this case an emulsifying agent  would be re- 
quired to handle the f a t t y  soil. This defeats the pur-  
pose of apply ing  a f a t t y  soil in the first plaee. The 
procedure as finally developed, which met the criteria 
of un i formi ty  and reproducibil i ty,  consisted of apply-  
ing the clay soil to the fabric f rom an aqueous suspen- 
sion, d ry ing  and then app ly ing  triolein in just  suffi- 
cient solvent to wet out, but  not soak, the fabric and 
then evaporat ion of the solvent. 

The goal in developing" a detergent evaluation test  
procedure was a method which simultaneously evalu- 
ated soil removal, soil redeposition and optical 
brightening. Simultaneous evaluation was desired be- 
cause of the interdependenee of these three detergent 
functions. Under  home launder ing conditions each 
has an influence on tile others. The basic requirement  
for this type  of test  is use of sufficient soil cloth to 
provide a realistie soil level in the ba th  for  soil redepo- 
sition measurement.  

Because a complete s tudy  of detergent per formance  
under  all possible field conditions is an impossible task, 
average pract ical  conditions were used. Wash time 
was 10 rain and water  hardness was 135 p p m  the 
US average. A somewhat higher than average wash 
tempera ture  was used because of its positive effect on 
soil redeposition. Hopefu l ly  this would increase sensi- 
t iv i ty  of the test. 

Each detergent  was evaluated at two concentration 
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T A B L E  I 

L a u n d r y  D e t e r g e n t s - - G e n e r a l  I n f o r m a t i o n  

Recommended 

C o s t / p o u n d  Concent ra t ion  Cos t /wash  7 Cent  concentration ¢ % ¢ % 

:Vfanu fae turer  A 
Best  24 0.12 4.1 0.21 
Average 24 0.16 4,4 0.21 
Poorest 22 0.17 5.3 0,23 

M a n u f a c t u r e r  B 
Best 28 0.18 7.0 0.18 
Average  26 0.18 6.5 0.19 
Poorest 31 0.19 8.5 0.16 

Private Label  
Best  24 0.15 5.1 0.21 
Average  20 0.16 4.6 0.25 
Poorest 20 0.15 4.4 0.25 

levels. The first, and usually lowest, was the concen- 
t ra t ion recommended by the detergent 's  manufac tu re r  
themselves. That  amount  recommended for a top load- 
ing automatic  washer with an approximate  17 gallon 
fill was used. The second was tha t  amount,  also for  a 
top loading automatic,  equivalent to a cost of seven 
cents. Thus, detergent  concentration varied according' 
to recommended use level and cost. 

E x p e r i m e n t a l  

Soil Cloth Preparation 

M~terials. The s tandard  soil cloth was p repared  
f rom white, bleached, unsized indianhead cotton; 
style 405, Testfabrics, Incorpora ted ;  New York, New 
York. Soiling materials  were a kaolinite clay; Bandy  
Black, Spinks Clay Company,  Paris ,  Tennessee and 
technical grade tr iolein;  Matheson, Coleman and Bell. 
A f ron t  loading, tumble action washing machine was 
used to app ly  the clay soil to the test fabric. 

Procedure. The prepara t ion  of the soil cloth in- 
volved three separate  steps;  p re t rea tment  of the fab- 
ric and clay, soiling with clay and  finally triolein 
soiling. 

Ten 36-in. × 56-in. pieces of cloth--sufficient for 
1040 4-in. × 4-in. swatches- -  were s t r ipped twice in 
0.25% Calgon at  150F, rinsed twice and extracted. 
Pre t rea tment  of the clay consisted of gr inding 100 g 
in a colloid mill under  controlled conditions. The clay 
was then diluted to 4 gal with water  at 100F contain- 
ing 70.4 g of CaCI2"2H20. Total calcium content of 
this water  was 50 g as CaC0s. 

The cloth, while still wet f rom the pre t rea tment ,  was 
placed in the washing machine and tumbled I hr  in the 
4 gal of soiling slurry.  The fabric  was then extracted,  
rinsed for  3 rain in 4 gal of clear water  at  100F, ex- 
t racted again and tumbled in a wet condition for  1 hr. 
Tumbling while still wet un i formly  evened out the 
clay distribution on the fabric. The cloth was dried in 
a large commercial-type dryer.  Af t e r  drying,  the clay- 
soiled cloth was folded and placed in a stainless steel 

T A B L E  I I  

R a n k i n g  of Detergents 

Detergent 

R a n k  based on 
R a n k  based on soil removal  da ta  only overall  performance 

Soil . . B r i g h t e n e r  Perfor-  
removal  Redepos l tmn % Detergent  ,% mance 

P-1 64.6 5.0 11.8 P-1 65.5 
A-1 63.0 5.7 13.6 A-1 64.1 
B-1 62.3 6.1 12.2 B-1 62.3 
P-2 59.4 9.1 8.2 B-2 54.8 
A-3 58.8 13.6 12,8 P-2 54~,4 
A-2 58.4 11.0 12.0 A-2 53.4 
B-2 57.4 9.2 13.2 A-S 51.6 
P-8 54.0 11.7 8.2 B-3 47.7 
B,3 51.7 10,2 10.4 P-3 46.6 

beaker. Triolein, 5% by weight of the fabric, in suffi- 
cient perehloroethylene to make a total  volume in 
millil i ters equal to 90% of the fabric  weight was added 
to the clay-soiled fabric. This volume of triolein and 
solvent was experimental ly  found to be just sufficient 
to wet the fabric. The beaker was t ight ly  covered and 
allowed to stand 24 hr. The soil cloth was then air 
dried, rolled up and stored at  re f r igera tor  tempera-  
ture  unt i l  use. 

Detergent ~Ivaluation 

Materials. Unsized, bleached indianhead cotton and 
pure  polyester fabrics were used for  redeposition 
swatches. The detergents  evaluated were purchased 
locally through regular  retail  outlets. Reflectance of 
test swatches before and af ter  washing was measured 
on a H u n t e r  D-40 reflectometer. A Terg-O-Tometer 
was used as the washing device. 

Procedure. Sufficient soil cloth swatches for  the 
entire evaluation s tudy  to be conducted were cut and 
systematical ly randomized at  one time. Each deter- 
gent was evaluated in tr ipl icate at  two concentration 
levels. Each test required 10 swatches. Therefore, 60 
swatches per  detergent  were needed. The initial re- 
flectance readings of the swatches were made. One 
liter of 135 p p m  na tu ra l ly  hard  water  was placed in 
each of two Terg-O-Tometer  beakers and allowed to 
come to a tempera ture  of 140F. The appropr ia te  
amount  of detergent was added and agitated exactly 
30 see. Five soiled swatches and four  redeposition 
swatches (two cotton and two polyester)  were added 
to each beaker and agi tated at. 100 strokes per  minute 
for exactly 10 rain. The wash sohltion was decanted 
and excess water  squeezed f rom the swatches by hand. 
The swatches were soaked-rinsed 5 rain in 2 gal of 135 
p p m  natura l ly  hard  water  at  100F with no agitation. 
The rinse water  was decanted and excess water  
squeezed from the swatches which were then dried in a 
domestic type modulated heat dryer.  The preceding 
was repeated twice more. Ten new soiled swatches 
were used for each test, but  the same redeposition 
swatches were carried throughout  the three washes. 
F inal  reflectance readings were then made. 

D i s c u s s i o n  
R e p o r t i n g  o f  R e s u l t s  

Test results were reported as pereentage of soil 
removal, soil redeposition, optical br ightener  effective- 
ness and over-all performance.  Soil removal values 
were obtained f rom reflectance measurements  made 
of the original and washed soiled swatches and apply-  
ing the Kubelka-lVIunk Equation. Soil redeposition 
was reported as reflectance units lost by  the redepo- 
sition swatches in three washings. With  the test pro- 
cedure used for  this study, soil removal and soil 
redeposition are direct ly  related. Redeposition is, to 
a certain degree, dependent  on soil content of the 
wash bath ;  this, in turn,  is dependent  on the soil 
removal  abili ty of the detergent. As a result, deter- 
gents poor in soil removal could appear  to be good 
in prevent ing soil redeposition s imply because little 
soil was available to redeposit. To compensate for  this 
var ia t ion in soil content of the wash bath, redeposi- 
tion values were a rb i t ra r i ly  corrected to a theoretical 
100% soil removal level. This correction is reasonably 
valid because soil redeposition has been shown to be a 
l inear function of soil content of the wash hath  when 
soil level in the bath  is low (1). Such was the ease 
for these tests. 
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T A B L E  I I I  

L a b o r a t o r y  and Fie ld  P e r f o r m a n c e  of Th ree  L a u n d r y  D e t e r g e n t s  

R U T K O W S K I :  P R O C E D U R E  F O R  D E T E R G E N T  E V A L U A T I O N  

L a b o r a t o r y  tes ts  H o m e  l a u n d r y  tests 

Redepos i t ion  Redepos i t ion  

Opt ical  Opt ica l  
D e t e r g e n t  Cotton D a c r o n  b r i g h t e n e r  Cotton D a c r o n  brightener .% % 

A 2.7 0.7 11.0 5.7 3.8 11.0 
B 4.7 -}-0.8 6.4 7,S 4,3 9.1 
C 6.8 3.1 8,2 9.3 6.1 9.7 

T A B L E  IV 

Statistical Analys i s  
E i g h t  D e t e r g e n t s - - - T h r e e  Repl ica t ions  
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I .  A n a l y s i s  of v a r i a n c e  

Source  of D e g r e e s  of S u m  of M e a n  F -Ra t io  
v a r i a t i o n  f r eedom squa r e s  s q u a r e  

Replications 2 149.44 
Detergents 7 4367 .19  623.88 
E r r o r  229 743,75 3,25 

238 5260.38 

I I .  R a n k i n g  of detergents 

L e a ~  signiflcant range for a~aeent  va lues  = 0 . 9 7 4 %  

R a n k  

192.08 

Optical brightener effectiveness was reported as per- 
cent of the total reflectance due to fluorescence. Al- 
though soil redeposition influences optical brightener 
adsorption by cotton, no at tempt was nlade to correct 
or adjust  these figures for  the amount  of soil rede- 
posited. 

The detergents were ranked according to their soil 
removal ability and to their overall performance for 
cotton detergency. Performance,  the total detergency 
oicture expressed as one value, of each detergent was 
determined from the summation of its soil removal, 
soil redeposition and optical brightener results accord- 
ing to the equation: 

Performance = (Soil Removal) -- (Soil Redeposi- 
tion) + 1~ (Optical Brightener)  

This equation places more weight on soil removal and 
prevention of redeposition than on optical brightener 
effectiveness. I t  is felt  that  under  home laundering 
conditions, i.e. repeated washing of pr imari ly  cotton 
fabrics, high soil removal and low soil redeposition 
are more important  than optical brightening. Optical 
brighteners improve the appearance of a wash. They 
are important  for  this reason but. they cannot cover 
up poor detergent performance over any extended 
period of time. 

D a t a  

Typical  general information for a number of deter~ 
gents is shown in Table  I. These detergents, selected 
from a total of 37 which have been evaluated, represent 
those rated best, average and poorest from each of two 
manufacturers  and a group of private label brands. 

Detergency data at the seven cent concentration 
level for these detergents are given in Table II. Two 
methods of presenting test results are shown. The first 
lists the detergents in order of decreasing soil removal 
ability. The second lists them in order of decreasing 
overall performance with soil removal, soil redeposi- 
tion, and optical brightener data combined. Deter- 
gents tha t  show high soil removal, low soil redeposi- 
tion, and a good optical brightener rank high under  
either system. Detergents that  are poor in preventing 
redeposition, such as A-3, or have a poor or insufficient 
optical brightener such as P-2 lose position. Detergent  
B-2 which exhibited excellent optical brightening 
gained in position. 

The distinct advantage of this overall performance 
method for  summarizing the test data is tha t  it  gives 
a single, numerical value for the housewife's criterion 
of judging detergent performance. "How white and 
how bright  do my clothes look ?" 

As a check on the reliability of the test procedure 
for determining a detergent 's  soil redeposition and 
optical brightener characteristics, three detergents 
were laboratory and field evaluated. Table I I I  is the 
result of these laboratory and practical wash tests. 
Detergent  concentration for both was the manufac- 
turer 's  minimum recommended level. Soil redeposition 

1 3 4 6 7 8 

D e ~ r g e n t  A B C D E F G t I  
% Soil r emova l  58.5 58.2 56.1 53.8 53.6 51.9 50,6 44.6  

on cotton and polyester and optical brightening were 
noted. These data  are the change in reflectance and 
effect of optical brightener af ter  three washes for  the 
laboratory evaluation and after  ten washes for the 
practical wash tests. There is a difference in magni- 
tude, but  not in order, between these two sets of data. 
Visual appearance of the fabrics corresponded to re- 
flectometer measurements. The agreement shown here, 
although based on limited data, indicate a certain 
degree of reliability in the laboratory evaluation pro- 
cedure. 

S t a t i s t i c a l  A n a l y s i s  

To determine the significance of differences in per- 
centage of soil removal between detergents, a com- 
plete analysis of variance was made of these data 
for each group of detergents evaluated. The anal- 
ysis was that  of a "Randomized Complete Blocks De- 
sign." I t  was appropria te  because the detergent  tests 
were run  in a different random order for  each of 
the three replications. The detergents were then 
ranked according to a "Multiple Range" test (14). 
I t  consisted of determining, as a function of the Er-  
ror  Mean Square, Least Significant Ranges. In the 
example given in Table IV the Least  Significant 
Range for adjacent  average percent soil removal val- 
ues was 0.974%. Thus, detergents A and B tie for 
first place and Detergents D and E tie for  fourth 
place. There is a significant difference between all 
other detergents. 

T e s t  S t a n d a r d i z a t i o n  

Correlation of tests run  at different times and with 
different batches of soil cloth required a standardiza- 
tion procedure. Therefore, a s tandard detergent  was 
included with each group of detergents evaluated and 
test results were adjusted on tile basis of data ob- 
tained with this standard. Table V shows the mag- 
nitude of this adjustment.  These data  were obtained 
over a period of nine months for four different batches 

T A B L E  V 

Soil Cloth and  P r o c e d u r e  Reproduc ib i l i t y  

Soil A d j u s t m e n t  Soil cloth Tes t  r emova l  
batch n u m b e r  a % fac to r  

4 ( J u l y  1965 )  1 52,2 1 .000 
2 51.6 1.010 

5 ( A u g u s t  1965)  1 53..0 0.985 
2 52.6 0.990 

10 ( J a n u a r y  1966)  1 50.6 1.030 
2 51.6 1.010 

15 ( /~ a r ch  1966)  1 53,6  0.973 
2 53.6 0.973 

a E a c h  test represents 3 replicates. 
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of soil cloth. Difference in results among the four  
batches cannot be assumed to be entirely due to batch 
to batch soil cloth differences. Technician and test  
condition var ia t ion also are factors. The very  small 
difference between tests using soil cloth f rom a sin- 
gle batch indicate good un i fo rmi ty  of soil applicat ion 
and good reproducibi l i ty of the test procedure. 
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