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F 
OR MANY YEARS inadequacies have been apparen t  
in labora tory  test methods that  have been used 
for evaluat ing detergency in the l aundry  field. 

This is testified to by  the large volume of published 
criticisms of various methods and the lack of agree- 
ment  among different laboratories on test  methods 
and results. The difficulty in a r r iv ing  at  adequate 
labora tory  test methods appears  to arise in large pa r t  
f rom the nature  of s tandard  test soils tha t  have been 
used, and the nature  of these s tandard  soils has been 
governed largely by the methods available for meas- 
ur ing soil removal. 

Tests with part iculate  type of soils (usual ly carbon 
black) have depended on measurements  of light re- 
flectance f rom the cloth before and af ter  washing, or 
on the light transmission through the detergent  solu- 
tion a f te r  washing to determine the degree of soil 
removal. Both of these methods are capable of good 
precision a n d  have yielded much useful  informat ion 
when proper ly  correlated with field experience. How- 
ever the test soil must  be designed to give light re- 
fleetances or transmissions in ranges most suitable for 
accurate measurement.  This has placed ra ther  severe 
l imitations on s tandard  soils, especially with respect 
to soil loading range. Most commonly used s tandard  
soiled cloths are ra ther  heavily loaded with carbon 
black, alone or combined with other soil components, 
deposited in the cloth f rom aqueous or non-aqueou s 
suspensions. The soil loading and methods of appli- 
cation, al though suited to the measurement  methods, 
perhaps  are not representat ive of the more commonly 
encountered na tura l  soils. The need has been appar-  
ent for a more flexible method of soil measurement,  
which would permit  the s tudy of much lower soil 
loadings, different soiling mechanisms, and different 
types of soil components. 

Tagging of soils with radioactive isotopes appears  
to provide the sensit ivity of measurement  and flexi- 
bili ty tha t  has been needed. Sensit ivi ty of course 
depends on the specific act ivi ty of the isotope used 
and dilution of radioactive with inactive mater ial  in 
the soil. Current ly  available specific activities of iso- 
topes of pr incipal  interest  in soil studies permit  ac- 
curate measurements  at very  low levels where soil 
would hard ly  be detectable with other methods. The 
var ie ty  of available radioisotopes, in numerous chem- 
ical forms, makes it possible to s tudy most soil types 
of interest. 

I t  appears  that  difficnlties, real or imagined, in- 
volved in the use of radioactive t racers  have re tarded 
the appl icat ion of radioactive soils to detergency test- 
ing;  however several approaches to the problem have 
been reported.  Ridenour (5) has employed bacter ia  
tagged with phosphorus-32 as soil in wash tests. Lam- 
bert  and co-workers (4) have repor ted the use of 
fission products  and r a d i o c a r b o n  b l ack  as soils on 
cloth. Vegetable oils containing carbon-14 are being 
used as l aundry  test soils (1). In  the metal  cleaning 
field f a t t y  acid (3) and mineral  oil (2) containing 

1 P r e s e n t e d  at  the  Fall  Mee t ing  of the  A m e r i c a n  Oil ChemiSts '  Soci- 
ety,  Minneapol i s ,  Minn. ,  Oct.  13, 1954. 

carbon-14 are being used as test soils. I n  the laundry  
field few actual  wash test data  have appeared,  re- 
ports being mainly  of a p re l iminary  nature.  

Dur ing  the past  five years this laboratory  has devel- 
oped l aundry  test procedures,  using several types of 
soil tagged with radioactive isotopes. These soils in- 
clude carbon black and other par t iculate  materials,  
mineral  oils, f a t t y  acids, and insoluble soaps. This 
repor t  is l imited to carbon black soil. Dur ing  the 
course of developing these tests, numerous methods 
of soil appl icat ion and m a n y  variat ions of the wash 
procedure have been tried, but  all of these var ia .  
tions cannot be covered in this paper.  The procedures 
described are being used regular ly  to provide basic 
informat ion and to supplement  detergent  evaluations 
by the more conventional methods. 

A detergency test method which uses radioactive 
soil must  be designed so as to take full  advantage of 
the potentiali t ies of radioact ivi ty  measurements.  Also 
procedures must  be designed so as to minimize the 
possibilities of health hazards. 2~hese two consider- 
ations make it apparen t  tha t  there is little point to 
using a radioactive tag in a conventional type of 
s tandard soil, merely subst i tut ing radioact ivi ty  meas- 
urement  for  reflectance measurement,  and employing 
soiling and washing procedures otherwise the same. 
Such a procedure would re ta in  many  of the limita- 
tions of the conventional tests, and the soiling pro- 
cedures, usual ly  carried out on a large scale, are not 
suited to the use of radioactive materials.  Soiling and 
test procedures p re fe rab ly  should be carr ied out on a 
small scale so as to minimize the amount  of radio- 
act ivi ty involved. Efficient use should be made of 
the radioactive mater ial  with a min imum of waste. 
Soiled cloth should car ry  a low level of activity,  con- 
sistent with accurate measurements.  Soil should be 
sufficiently adherent  to permi t  safe handl ing in the 
open, without  the hazard of a i r - b o r n e  r a d i o a c t i v e  
particles. Soil should have sufficiently un i form char- 
acteristics and the wash method sufficient precision to 
permit  the use of a min imum number  of replicates 
of small size so as to limit the amount  of act ivi ty 
involved. 

With  these considerations in mind, it was decided 
to under take  a fresh approach to the detergency test 
problem, independent  of the more or less established 
test methods. Pre l iminary  trials with soiling baths 
containing radioactive co l lo ida l  p a r t i c l e s  indicated 
that  such soiling baths would not be the most suitable 
approach.  Utilization of soil mater ial  is of necessity 
inefficient, and close control of radioact ivi ty  is diffi- 
cult. I t  was fel t  fu r the r  tha t  some of the difficulties 
experienced with conventional labora tory  test soils 
perhaps  s temmed f rom mechanisms involved in depo- 
sition of soil f rom suspensions. Consequently ways 
were sought to app ly  a soil such as d ry  carbon black 
or carbon with oil to cloth by rubbing it into the 
surface in a reproducible manner.  Such procedures 
have been worked out, and current ly  the prefer red  
soil consists of a combination of radiocarbon black 
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and mineral  oil rubbed into the cloth surface. 2 D r y  
carbon soil applied in the same way has been used 
extensively also, and it has been found tha t  the pres- 
ence of a small amount  of mineral  oil with the carbon 
black has no effect on the relative ra t ing  of various 
detergent  types. Da ta  will be presented in a later  
section suppor t ing  this statement.  Use of oil with 
the carbon improves soiling action and minimizes the 
product ion of radioactive dust. 

P r e l i m i n a r y  t r i a l s  indicated that  commercial ly 
available labora tory  wash test appara tus  would not 
be entirely suited for the type of test  desired with 
radioactive soil. The Launder-Ometer ,  for  instance, 
employs a random type of wash action and requires 
a relat ively large number  of replicate soiled swatches 
for adequate precision. I t  was considered desirable 
to provide for  closer control of the washing action on 
individual  swatches in order to reduce the number  
of rep l ica tes  required. Consequently two types of 
wash test appara tus  have been developed specifically 
for  use with small disc swatches. The first type em- 
ployed a ve ry  high solution to cloth ratio, two 1.5-in. 
discs being washed in 300 ml. of detergent  solution. 
A second, minia ture  type of appara tus  was then de- 
veloped, in which three of the disc swatches, two 
soiled and one clean, are washed together in 7 ml. of 
detergent.  This gives a solution to cloth rat io of 13.7 
to 1 by weight, which is within the range used in 
home-washing machines, and somewhat higher than  
that  used in commercial  wash wheels (4 or 5 to 1). 
The relat ively low solution to cloth rat io in the mini- 
a ture washer, in addit ion to being closer to practice, 
permits  sufficient soil loading in the solution to give a 
measurable redeposition of the radioactive soil on a 
clean swatch washed with the soiled ones. This makes 
it possible to determine whiteness retent ion values 
s imultaneously with soil removal  results. At  the same 
time the soil removal  and whiteness retent ion values 
are essentially independent  as the extreme sensit ivity 
of radioact ivi ty  measurements  makes it possible to 
determine redeposition at  such a low level tha t  re- 
deposition on soiled swatches has no very  significant 
effect on relative soil removal  values, determined at  
a much higher counting level. 

Characterization of Radioactive Carbon Black 

The carbon black used in this work was p repared  
by reduction of carbon dioxide containing carbon-14. 
Three lots of the radiocarbon have been used, two 
obtained f rom Tracer]ab Inc., and one f rom Nuclear  
In s t rumen t  and Chemical Company. Specific act ivi ty  
of most of the mater ia l  used has been about 0.07 inc. 
per rag. The carbon black has been used as received, 
without dilution with inactive carbon. Electron mi- 
crographs have been obtained for  radiocarbon lots 1 
and 2, with some difficulty because of problems in- 
volved in get t ing good dispersions on the mounts  
s tar t ing  with very  smal l  q u a n t i t i e s  of the active 
carbon. Part icles  are i r regular  in shape, similar  to 
graphite  particles ra ther  than  the spherical  particles 
found in colloidal blacks. Any  accurate  estimate of 
particle size distr ibution is difficult to make as lhe 
i r regular  shape of particles makes it difficult to dis- 
t inguish between larger  particles and agglomerates.  
However  most of the particles are less than  0.5 mi- 
cron, r ang ing  down to less than  0.05 micron. 

2 Lambert (4) also has reported a rubbed-in soil for  laundry  deter-  
gency  test ing,  in  w h i c h  the soil mix ture  is appl ied to  cloth as  a w a t e r  
slurry. 

Different lots of carbon black p repared  in small 
amounts  by reduct ion would not necessarily have the 
same physical  properties.  Lots 1 and 2 have some- 
what  different appearances  under  the electron micro- 
scope, particles of lot 1 appear ing  to be coarser and  
more jagged than  those of lot 2. However  the three 
lots of carbon, f rom two sources, have given the same 
relative soil removal  evaluations with different types 
of detergents.  

Preparation of Soiled Cloth 

Oily Carbon Soil. Ini t ia l  handl ing of the radio- 
active carbon black is carr ied out in the small filter 
hood shown in F igure  1, set inside a large conven- 

FIG. 1. F i l te r  hood for  handl ing radioactive carbon black. 
Soil applicator  assembly for  soiling machine on the left .  

t ional hood. A blower at the back of the uni t  pro- 
duces a moderate  movement  of air, car ry ing  any  loose 
carbon particles to the disposable cotton filter at the 
back. When  the d r y  carbon black is to be t ransferred,  
it has been found  helpful  to wet it down with alcohol 
to prevent  flying. A small amount  of the carbon is 
dispersed in a t race of Nujol  mineral  oil by  working 
them together with a spatula  on a glass plate. The 
quantit ies of carbon and oil cannot be specified as it 
is not feasible to weigh the very  small quant i ty  of 
carbon used. Trials  with inactive carbon have indi- 
cated tha t  a mi l l igram or less of carbon is used with 
perhaps  twice as much of the oil. In  practice, jus t  
sufficient oil is worked into the carbon to fo rm a 
smooth dispersion. The dispersion is worked thor- 
oughly with the spatula  to ensure uniformity .  

Cloth swatches are 1.44-in. discs, cut f rom bleached, 
unfinished Ind ian  Head  muslin. This is the s tandard  
test cloth used in our other l aundry  test procedures. 
The  cloth is used without  p re t rea tment  and without  
p r e c o n d i t i o n i n g .  Swatches are stored, before and 
af ter  soiling, under  regular  labora tory  conditions. 

The soil mix ture  is applied to the cloth swatches 
with the machine shown in F igure  2. The soil is car- 
ried by a 6-in. sq. Py rex  glass plate, the surface of 
which has been very  l ight ly  etched with hydrofluoric 
acid. The glass plate is clamped to an a luminum 
plate, which is moved in a 1.5-in. circle by  a c rank  
mechanism undernea th  and kept  f rom rota t ing  by  the 
paral le logram linkage at the end. The plate and  link- 
age ride on plastic bearing surfaces. The cloth disc is 
backed by  a 1-in. felt  disc cemented to a 1.5-in. alu- 
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minum disc and pressed against  the glass plate by  
the weight (398 g.) of a 4-in. length of 1-in. steel 
shafting, r iding in a ball-bearing sleeve. The alumi- 
num backing disc is fixed by  a pin in the center, fit- 
t ing a depression in the end of the steel shaft.  The 
cloth disc is held in position by frict ion against  the 
felt disc, which is coated l ight ly  with latex. 

Fla. 2. Soiling machine for rubbing radioactive soil into 
the surface of cloth discs. 

The carbon-oil dispersion is applied to the glass 
soiling plate with an appl icator  assembly, which is 
visible in the hood in F igure  1, suppor ted  by the 
steel shaft  which has been removed f rom the soiling 
machine. The appl icator  consists of a 1-in. disc of 
t racing paper,  cemented to a felt backing disc which 
in tu rn  is cemented to a 1.5-in. a luminum disc similar 
to that  used in the backing assembly for cloth discs. 

A small amount  of the ca rbon-o i l  dispersion is 
applied to the appl icator  disc with a spatula. The 
appl icator  assembly is then placed on the glass soiling 
plate, the steel shaft  lowered into place, and the ma- 
chine run  for 10 turns  at a rate of 160 per  min. A 
clean cloth disc is then substi tuted for  the soil appli-  
cator and the machine run  for  20 turns,  the shaft  
being given a quar ter  circle rotat ion each 5 turns.  
Soiling of cloth discs is continued in this way unti l  
the counting level falls below about 5,000 counts/min. ,  
when fresh carbon-oil dispersion is applied. Normal ly  
12 or more cloth discs can be soiled with each applica- 
tion of dispersion to the soil plate. The first cloth disc 
soiled af ter  each applicat ion of soil to the plate is 
discarded. As a final step, the soiled surface of each 
cloth disc is brushed for 20 strokes with a 1-in. camel- 
hair  brush. The cloth disc is rotated dur ing  the brush- 
ing process, which is carr ied out in the filter hood. 

Dry Carbon Soil. The above procedure for  prepar -  
ing oily carbon soil is the prefer red  current  method, 
but some wash test  data  are given in a la ter  section 
for a d ry  carbon soil as well as for the oily carbon. 
The radiocarbon can be applied d ry  with the same 
soiling machine, using a different type of soiling plate. 
The best soiling results with d ry  carbon have been 
obtained by using a stainless steel soiling plate (highly 
polished but  with microscopic pits)  and app ly ing  the 
carbon as a dispersion in hexadecane. The dispersion 
is spread as a thin film with a spatula,  and the plate is 
then heated to remove the hexadeeane. A n y  loose car- 
bon is wiped off the surface of the plate before it 
is assembled in the soiling machine. Cloth discs are 
then soiled and brushed as described above, the first 
few soiled on the freshly loaded plate being discarded. 
Generally, about 50 discs can be soiled at  a suitable 
loading before it is necessary to reload the plate with 
carbon. 

Glass soiling plates have also been used in prepa-  
rat ion of d ry  carbon soil, with the carbon applied as 
a dispersion in glycerol, which is removed by heating. 
The same relative detergency results were obtained 
with this type of plate, but soiling action for  d ry  car- 
bon was not so sat isfactory as with the steel plate. 
Generally, the type  of solvent used in dispersing the 
carbon appears  to have no effect on relative deter- 
gency rat ings provided by the d ry  soil so long as the 
solvent gives good dispersion of the carbon, wets the 
soil plate, and can be removed by volatilization. 

Radioactivity Measurements 

Measurements of radioact ivi ty  on cloth swatches 
are made with end-window Geiger counters having 
window thicknesses of less than  2 mg./sq, cm. T h e  
cloth discs are suppor ted  about 5 mm. f rom the win- 
dow by means of the type  of mount  shown in Fig- 
ure  3. Top surfaces of the mounts  are coated with 
latex cement, which is allowed to d ry  before use. 
Cloth discs, pressed l ightly onto the mount,  remain 
flat for counting. The latex cement coating is re- 
newed af ter  a dozen or so discs have been counted. 

In  soil removal  tests, initial and final counts are 
general ly taken for  sufficient t ime to give a statistical 
s t andard  deviation of about  1%. In  measur ing the 
redeposition of soil on clean cloth, counting levels are 
much lower, and limitations on counting time gener- 

FIG. 3. Arrangement for measuring radioactivity of soiled 
cloth discs. 

a l ly  result in a statistical s t andard  deviation of 2 to 
3%. Precision of redeposition counts could, of course, 
be improved considerably by  the use of a windowless 
counter. 

Wash Test Equipment 

The first type  of washer developed for  this work 
is shown in F igure  4. The detergent  solution, gen- 
erally 300 ml., is held in the stainless steel beaker  
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FIG. 4. Type 1 laboratory washer. Cloth discs agitated under 
the surface of a detergent solution in the beaker. 

immersed in the constant t e m p e r a t u r e  bath.  The 
soiled cloth discs are clamped at opposite edges in 
the fork assembly as shown, with some slack in the 
cloth. The cloth is lowered into the detergent solu- 
tion to a depth determined by a stop on the fork sup- 
port rod. The machine drives the fork through a 
vertical stroke of one in. at 300 cycles per rain. Be- 
cause of the slack in the cloth, it flops up and down 
with the motion, producing a flexing action and fric- 
tion between fibers. The soiled cloth discs normally 
are washed in pairs, with soiled surfaces apart.  Plac- 
ing the soiled surfaces together greatly increases the 
the soil removal level, with corresponding loss in 
spread among different detergents. 

The miniature washer apparatus  current ly  in use 
is shown in Figure  5. The wash vessel proper is the 
small cylindrical portion attached to the support  rod 
and immersed in the constant temperature bath dur- 
ing a test. The remainder of the machine, having a 
cam-driven, spring-loaded action, provides a vertical 
oscillating motion to the wash vessel, with a stroke of 
five-eighths in. at 600 cycles per rain. The wash yes- 
sel is shown disassembled in Figure 6. Two soiled 
discs, soiled surface together, are held in the ring 
assembly as shown. Small irregular shaped agitator 
pieces of stainless steel are placed on top of the cloth 
inside the upper  ring. They provide friction between 
the cloth surfaces as the ring assembly moves with 
relation to the wash vessel. The motion also forces 
detergent solution through the cloth. A clean cloth 
disc, for measuring soil redeposition, is held at the 
bottom of the cup portion by a snug-fitting ring. A 
l-in. screen disc is placed under  the center of the 
clean cloth disc to permit circulation of the detergent 
solution through the cloth. All metal parts of the 
washer are of stainless steel, and a polyethylene gas- 
ket is used in the cap. The cup portion has an inside 
diameter of 1.563 in. and a depth of 0.5 in. The ring 

FIG. 5. Type 2 laboratory washer (miniature type). Small 
wash vessel agitated in constant temperature bath. 

assembly has an outside diameter of 1.5 in., thickness 
of 0.25 in., and a center opening' of 1.125 in. Since 
the soiled area in the center of a cloth disc is 1 in. in 
diameter, the soil is not covered by the r ing assembly. 
Total free volume of the wash vessel, with the ring 
assembly in place is 13.5 ml., and a 7-ml. portion of 
detergent solution is used. 

Wash Test Procedure 

Similar procedures have been used with the two 
types of a p p a r a t u s  descr ibed,  aside from the dif- 
ference in detergent solution volumes and the use of 
a redeposition swatch with the miniature (type 2) 
washer. All data in this paper are for a wash period 
of 5 rain. in 0.25% solutions of detergents in demin- 
eralized water at 60~176 The effect of wash- 
ing time with various detergents has been studied to 
some extent, but there appears to be no advantage 
to extending the wash time past 5 min. Normally no 
rinse is used as with this type of soil rinsing appears 
to have no significant effect on relative values or the 
precision of results. After  swatches are removed from 
the detergent solution, they are pressed for 5 rain. 

FIG. 6. Miniature wash vessel of type 2 washer disassembled, 
showing soiled cloth discs in ring assembly and redeposition 
disc in bottom portion. 
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between filter papers  under  a 1-kg.  we igh t  be fo re  
drying. The count on a swatch tha t  can be due to 
dispersed soil in the retained solution has been found 
to be insignificant. 

When  several detergents  are to be evaluated, a suf- 
ficiently large group of soiled swatches is p repared  
to provide s ix  swatches per  detergent.  Swatches for  
each detergent  are then selected f rom throughout  the 
soil group (in order of soiling) by a s tandard  sam- 
pling method so as to compensate for  any  gradual  
var ia t ion in soil characterist ics th rough  the group. 
At  least one s tandard  reference detergent  is always 
included in each group o f  detergents being evaluated. 
General ly  two such evaluations, each involving six 
swatches per  detergent,  are made, using two separate  
groups of soiled discs and running  detergents in a 
different order in each evaluation. 

Sta tement  of Results  

Soil Removal. Wash tests are always run  in com- 
parison with a reference detergent,  which is a sodium 
alkylarylsulfonate  (40% active agent)  f rom a selected 
and homogenized stock. Soil removals are expressed 
as percentage of this reference detergent,  thus assign- 
ing the la t ter  an a r b i t r a r y  value of 100. F rom the 
counts per minute  values as d e t e r m i n e d  on each 
soiled swatch before and af ter  washing, the percent- 
age soil removal  is calculated. Since initial  and final 
counts are obtained under  fixed geometry conditions, 
the only correction required is subtract ion of back- 
ground count. The soil removals for  the six replicate 
swatches are averaged, and this average value is,,~ 
divided by the average p e r c e n t a g e  soil  removal  
obtained with the s tandard  reference detergent  for  
swatches f rom the same soil group and mult ipl ied 
by 100 to give the "pe rcen tage  of reference deter- 
g e n t "  value. 

Whiteness Retention. Soil redeposition values are 
obtained f rom the soil pick-up in counts per minute  
by a clean cloth disc washed along with two soiled 
ones in the minia ture  washer. The amount  of soil 
redeposition depends upon the soil loading of the 
detergent  solution, and the soil loading of the solution 
depends upon the soil removal  efficiency of the deter- 
gent. Consequently the soil redeposition values for  
two detergents of differing soil removing abilities 
would not be direct ly comparable even if initial soil 
levels of swatches were equal. I t  has been found 
however that  at the low soil level used in these tests 
the soil redeposition is very  nearly a l inear function 
of the total  soil in the detergent  solution. Conse- 
quent ly  redeposition values obtained at  any  known 
soil loading in the bath  can be corrected by simple 
ratios to a s tandard  bath  loading for comparison of 
different detergents.  F igure  7 shows redeposition val- 
ues obtained with a lkylarylsulfonate  reference deter- 
gent plotted against  bath  soil loading, both stated as 
counts per  minute. The values plotted a r e  for  indi- 
vidual  redeposition swatches run  with a number  of 
different soil groups. The detergent  bath  soil loading 
is determined f rom the counts per minute  of soil 
removed f rom the soiled swatches dur ing  washing, 
that  is, the difference between the combined initial 
counts of swatches washed together and the combined 
final counts. The soil loading value for  the solution 
and redeposition on a swatch, as stated in counts per  
minute, of course have no absolute significance. How- 

ever so long as counting is carried out under  fixed 
conditions, these numbers  are proport ional  to the ac- 
tual  quanti t ies and serve jus t  as well for relative 
evaluations of redeposition on an a rb i t r a ry  scale. 

The redeposition values stated as counts per  min- 
ute of soil pick-up are corrected to a s tandard  soil 
loading in the bath as indicated above, and then 
converted to a percentage whiteness retention value 
based on the s tandard  reference detergent.  A level 
of 10,000 counts per minute  of soil in the detergent 
solution, i.e., 10,000 counts per  minute removed from 
the soiled swatches, has been selected arb i t ra r i ly  as 
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F1G. 7. Soil redepositions oi1 individual cloth discs (initially 
clean) washed with two soiled discs. 

the s tandard  bath loading. A redeposition value is 
corrected to the s tandard  bath  loading by  mult iply-  
ing by 10,000 divided by the counts per  minute  lost 
by the soiled swatches to the detergent solution. The 
corrected redeposition value for the reference deter- 
gent is obtained in the same way. Assuming that  the 
whiteness retent ion p rope r ty  of a detergent  is in- 
versely proport ional  to the soil redeposition, then rel- 
ative whiteness retentions of two detergents should be 
inversely proport ional  to their  redeposition values. 
Then a whiteness retention value for Detergent  A as 
percentage of the reference detergent  is equal to 100 
times the corrected redeposition in c.p.m, for  the ref- 
erence detergent  divided by the corrected redeposition 
in c.p.m, for  Detergent  A. 

Although there is no basic ~eed for  convert ing 
redepositions to whiteness retention values for com- 
parisons of detergents,  it has been done as a mat ter  
of convenience in comparing results of the t racer  test 
with those of our conventional procedure, where re- 
sults are expressed as whiteness retentions related to 
the s tandard  reference detergent.  

Effect  of In i t ia l  So i l ing  Level  

With the type  of rubbed-in soil employed in this 
work, it is not feasible to hold the initial soiling level 
on swatches at a constant value al though the range 
of the soiling level can be controlled without  difficulty 
by adjus t ing  the quant i ty  and f requency of soil ap- 
plications to the plate. I t  has been found that  vari-  
ation of the soil level over a ra ther  wide range has 
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no significant effect on the percentage of soil removal 
by a given detergent. Figure 8 shows soil removal 
values obtained with a relatively ineffective detergent 
composition at initial soil levels, covering the range 
normally found in a soil group. Soil removal values 
shown are for individual swatches taken from a group 
of 100 swatches, every fifth swatch being run  in this 
detergent. Actual ly  initial soil level can vary  over 
several times the range shown in Figure 8 without 
significant effect on soil removal values, but  the soil 
normally has been held approximately within the in- 
dicated range. 

TABLE I 

P r e c i s i o n  of  Soil  R e m o v a l  Tests ,  U s i n g  ]kf iniature  
W a s h e r  a n d  Carbon-Nujo l  Soil  

D e t e r g e n t  

I . . . . . . . . . . . . . . . . . . . . .  

I X  . . . . . . . . . . . . . . . . . . . . .  

I I I  . . . . . . . . . . . . . . . . . . . . .  
I V  .. . . . . . . . . . . . . . . . . .  

No. of A v e r a g e  
Soil  

Swatches  Remova l  

% 
20 28 .0  
20  33 .7  
18 45 .3  
16  53 .6  

S t a n d a r d  
D e v i a t i o n  a 

1 .85 
1 .99 
2 .24  
2 .50  

9 5 %  Confidence 
Limi t s  for a v e r a g e  

of 6 s w a t c h e s  b 

As % As % 
Remova l  Ref.  Det ,  

1 .48 4.9 
1 .59 5.3 
1 .79 6.0 
2 .00  6.7 

~s = ~ n - l ~ '  where n z to ta l  swa tches  in g roup .  
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I~IG. 8. Soil removal values for single swatches, showing 
effect of initial soil level. 

Precision ~u~d Reproducibi l i ty of Wash Test Results 

The following distinctions are made between the 
terms "p rec i s ion"  and " reproduc ib i l i ty"  as used: 
the precision of test results relates to the reliability 
of an average detergency value for a given detergent 
Jn relation to values for other detergents, all deter- 
mined with representative replicate swatches from the 
same soil group and all stated in terms of a parallel 
determination with a s tandard reference detergent. 
Reproducibili ty refers to the extent of variation in 
detergency values obtained with a given detergent or 
group of detergents with different soil groups;  the 
individual values are always stated in terms of an 
equivalent value for the s tandard reference detergent 
with the samesoil  group. 

Soil Removal  Evaluations. Although a considerable 
quanti ty of data have been accumulated, the frequent 
modifications that have been made in soiling and wash 
methods complicate any attempt at accurate estimates 
of precision and reproducibility. However on occa- 
sion fairly large groups of swatches have been washed 
with a single detergent, providing data on the preci- 
sion to be expected. In  Table I results are given for 
four such groups, involving several detergents with a 
range of soil removal values. The s tandard devia- 
tions as tabulated are stated in terms of the percent- 
age of soil removal and relate to individual swatches. 
Confidence limits at the 95% level for averages of six 
swatches are given in terms of the percentage of soil 
removal and also as the percentage of s tandard ref- 
erence detergent, based on a soil removal value of 
30% for the reference detergent. These data indicate 
a decrease in precision with an increase in soil re- 
moval level. This effect might be due to other vari- 
ables, such as differences in the soil groups used in 
the different tests, or variation in washing action over 
a period of time. }towever the higher removal values 

~ 9 5 %  limits  ---- -4- 1 .96  s , w h e r e  n z 6. 
x/ n 

have tended to scatter more than the lower values so 
long as washing action was constant. Any  variations 
in washing action however tend to affect the lower 
values more than the high ones. I t  will be noted that  
these estimates of confidence limits take no account 
of uncertainties in removal value for the s tandard 
reference detergent. This is justified so long as com- 
parison is limited to soil removal values obtained with 
a single soil group and based on the same value for 
the reference detergent. 

Reproducibili ty of relative soil removal values from 
one soil group to another involves additional vari- 
ables, namely, the precision of the soil removal value 
for the reference detergent in each case, and varia- " 
tions in characteristics of the s0il from one group to 
another. Data are not yet sufficient to provide accu- 
rate estimates of reproducibility, but the data in 
Table I I  provide a general indication. Table I I  gives 

T A B L E  I I  

l~eproducib i l i ty  of Soil  Remova l  Tes t s  Over  a T h r e e - M o n t h  Pe r iod ,  
U s i n g  t h e  ~ i n i a t u r e  ~r a n d  Carbon-Nujo[  Soil 

D e t e r g e n t  D D e t e r g e n t  G 

Soil Group  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

D e t e r g e n t  A 
- - R e f e r e n c e  

% Soil 
Remova l  

28 .0  
35 .5  
24 .0  
29 .8  
27 .9  
34.0  

% of Ref.  
D e t e r g e n t  

1 2 4  
120  
122 
158 
1 2 4  
120 

% of Ref .  
D e t e r g e n t  

176  
184  
182 
167  
188 
171 

Ave rage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 .3  178  

S t a n d a r d  deviat ion,  s a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 .4  8.1 

~ ( x _ E )  2 
a s  z ( n - - l )  w h e r e  n ---- 6, 

all evaluations that  included these three detergents 
over a period of three months. Detergent A is the 
s tandard reference detergent. Detergent D (alkyl- 
arylsulfonate built with sodium t r i p o l y p h o s p h a t e )  
and Detergent G (high titer soap) have served as 
secondary references. Dur ing the period minor modi- 
fications were made in the miniature wash test ap- 
paratus, accounting for par t  of the fluctuation in the 
percentage of soil removal values for the reference 
detergent. Stat ing values for the other t w o  deter- 
gents as percentage of reference detergent tends t o  
compensate for these variations in washing action as 
well as for variations in the soil. Reproducibili ty of 
the relative values for Detergent D have been appre- 
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ciably bet ter  than  for  Detergent  G. This may  be 
related to a bet ter  precision at lower soil removal 
levels, but  it also appears  that  variat ions in soil 
characteristics f rom one group to another  affect the 
high removal  values relat ively more than  the low ones. 

Although the data in Table I I  indicate reasonable 
reproducibi l i ty  of relative soil removal values in com- 
parison with spread, in making evaluations of deter- 
gents or of variables in the wash process, rel iance has 
not been placed on a high degree of reproducibi l i ty  
f rom one soil group to another  over a period of 
time. Tests have been set up so as to make desired 
comparisons within a single soil group. Reliabili ty 
is increased, of course, by making two or more inde- 
pendent  comparisons with different soil groups. 

Whiteness Retent ion Values. Whiteness retention 
values as determined in the current  procedure would 
necessarily show poorer precision than  the soil re- 
moval values. Only three whiteness retent ion repli- 
cates are run  in an evaluation, and counting precision 
is poorer as was pointed out in the section on radio- 
act ivi ty measurements.  On the other hand, spread in 
whiteness retention values for the various detergents 
is greater  than  the spread in soil removal  values. 
Consequently precision of whiteness retention val- 
ues may  be poorer and still show up significant dif- 
ferences in detergents. 

The degree of scat tering of redeposition values as 
determined for  individual  swatches has been indicated 
in F igure  1, showing results with several soil groups. 
Taking 15 of these redeposition values obtained with 
a single soil group and correcting to the s tandard  soil 
loading of 10,000 counts per  rain. in the detergent  
solution gives an average redeposition of 330 counts 
per rain., with a s tandard  deviation of 30.8 counts 
per  rain. Taking this s tandard  deviation and assum- 
ing three replicate determinat ions provides a rough 
estimate of ___ 35 counts per min. for the 95% level 
confidence limits. This would be equal to about 11% 
when converted to whiteness retention as percentage 
of reference detergents. As the spread between deter- 
gents having good and poor whiteness retention prop- 
erties may  amount  to 300%, this precision should be 
reasonably adequate. Whiteness retentions by the cur- 
rent  method have not been run  over a sufficient period 
of t ime to give accurate information on the long te rm 
reproducibi l i ty  of values, but the scatter of  values 
for a single soil group appears  to be about the same 
as for different soil groups, indicating tha t  repro- 
ducibili ty of values should be of the same order as 
the precision indicated above. 

Reference Series of Detergents 

To facili tate the evaluation of variat ions in the 
radioactive t racer  tests for soil removal and whiteness 
retention and to provide comparisons between the 
t racer  and conventional type  of tests, a reference 
series of detergents  was set up. This series of deter- 
gents, listed in Table I I I ,  includes different types of 
active agents, alone and in combination with various 
builders. I t  was designed to cover a range of deter- 
gency values and to br ing out the effects of various 
materials.  The compositions do not necessarily rep- 
resent pract ical  washing formulations.  Materials were 
of commercial grade. A large sample of each was set 
aside, and all test evaluations were made with portions 
of the same sample. 

TABLE III 
Reference Series of Detergents Used in Comparison of 

Test Methods 

Detergent Composition 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 

K 
L 

100% Alkylarylsulfonate (40% active agent) 
50% A, 50% Soda Ash 
95% A, 5% Sodium Carboxymethyl Cellulose (CMC) 
50% A, 50% Sodium Tripolyphosphate (STP) 
48% A, 50% STP, 2% CMC 
50% A, 50% Sodium Metasilicate (Anhyd.) 

100% High Titer Soap (92% active agent) 
50% G, 50% Soda Ash 
50% G, 50% Sodium Metasilicate (Anhyd.) 

100% Nonionic (Polyoxyethylene-Polyoxypropylene Type) 
50% J, 50% STP 
20% J, 39% STP, 39% Modified Soda, 2% CMC 

Comparison of Sail Removal Results with 
Carbon-Oil and with Dry Carbon Soils 

Soil removal evaluations have been run  with most 
of the reference series of detergents  listed in Table 
I I I ,  using both the dry  carbon and the oily carbon 
soils, both applied by the rubbing procedure described 
previously. These tests were run  with type 1 washer 
(Figure  4), using 300 ml. of detergent  solution, at 
0.25% in demineralized water.  Washing was for  5 
rain. at 60~ Results with the two types of soil a r e  
compared in the chart, F igure  9. I t  is apparen t  that  
there is considerable difference in spread among de- 
tergents, the oily carbon showing the greater  spread 
in soil removal. Otherwise correlation is excellent; 
both soils give the same relative ra t ing of detergents. 

I t  cannot be assumed that  the difference in spread 
of removal values with the two soils is due ent irely 
or even largely to the presence of mineral  oil in the 
one case. Dur ing  the development of these procedures 
it has been observed that  various factors in the soil- 
ing process can affect the spread between detergents. 
One impor tant  factor  is the extent of abrasion of the 
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FIG. 9. C o m p a r i s o n  of  so i l  r e m o v a l  e v a l u a t i o n s  w i t h  d r y  
c a r b o n  a n d  o i ly  c a r b o n  soi ls .  D e t e r g e n t  c o m p o s i t i o n s  g i v e n  in  
T a b l e  I I I .  



MARCH ] 955  HENSLEu ET AL. : A DETERGENCY TEST METHOD 145 

cloth surface d u r i n g  the soiling process. The greater 
the abrasion generally, the less the spread. With  in- 
crease in abrasion, through use of rough, d ry  so i l ing  
plas a point  can be reached where little difference 
is observed in soil removal by different detergents. 
Since different soil plates were used in prepar ing  the 
two types of soil, degrees of abrasion would be dif- 
ferent, and probably greater  with the d ry  soiling 
plate. This may account for  a large par t  of the dif- 
ference in spread. 

Comparison of Different Types of Wash Test 
Apparatus 

Figure 10 compares the soil removal results ob- 
tained with the two types of wash test apparatus,  
type 1 being the open washer (Figure  4) having a 
low cloth to solution ratio, and type 2 being the closed, 
miniature washer (Figures 5 and 6) having high cloth 
to solution ratio. Differences are apparent  in the rat- 
ing of the various detergents by these two types of 
washers. The most pronounced difference is in the 
rat ing of Detergent  L, nonionic built with phosphate, 
modified soda, a n d  CMC. The type 1 washer rates 
i t  as decidedly less effective than built soap (H)  and 
about equal to the alky!aryl  built with phosphate (D) 
whereas the type 2 (miniature)  washer rates Deter- 
gent L as equal to H and distinctly bet ter  than D. 
Detergent B, alkylaryl  built with soda ash, is rated 
lower in relation to the other detergents by the type 2 
washer than by the type 1. Detergent H, high t i ter  
soap built with soda ash, also is rated somewhat lower, 
relatively, by the ~type 2 washer. 

Although the most obvious difference between the 
two washers is in the cloth to solution ratios, there 
are other differences in action that  may have more 

I- I  TYPE 2 - 
I F .  WASHER 

I I TYPE I G ~  

# 
I 

J 1 5 0 ~ ~ , " H  L ~  

. J  - 

H o-.. 
Z 

Fro. 10. Comparison of soil removal evaluations with d i f f e r -  
e n t  types of laboratory washers. Detergent compositions given 
in Table I I I .  

important  bearing on the relative rat ing of deter- 
gents. The type  1 washer is open, and washing is 
performed under  the solution level. Co n sequen t l y  
sudsing tendencies of detergents would not be likely 
to affect soil removals. On the other hand, the min- 
iature washer is closed, washing is performed in the 
suds as well as in solution, and the presence of suds 
could have a cushioning effect on the movement of 
the ring assembly holding the soiled swatches. Deter- 
gent L produces relatively little suds in comparison 
with the anionic materials, and the lack of cushioning 
effect may account for  the relatively better perform- 
ance of the built  nonionic in the miniature washer. 
On the other hand, the nonionie alone ( J ) ,  which has 
slight sudsing action, performed slightly better  in 
the type I washer than in the type 2 whereas the 
reverse might have been expected if the cushioning 
effect of suds in the miniature washer were an im- 
por tant  factor. Some fur ther  investigation of the 
effects of washing action on relative performance of 
detergents would be desirable. 

Comparison of Tracer and Conventional 
Test Method Results 

Using the reference series of detergents listed in 
Table I I I ,  determinations of soil removal and white- 
ness retention have been made with the t racer  meth- 
ods and with the conventional test methods current ly  
in use. With each test method at least two independ- 
ent evaluations were made with each detergent,  and 
detergency values given are averages for two or more 
evaluations. The t racer  evaluations were run  with 
oily carbon soil, using the miniature ( type 2) wash 
test apparatus.  The conventional soil removal evalu- 
ations were ru n  with a water-bound type of carbon 
soil (based on Aqua Blak B) and a Launder-Ometer  
wash apparatus.  Soil removals were determined by 
measuring turbidit ies of used d e t e r g e n t  solut ions .  
Conventional whiteness retention tests were run  in 
the Launder-Ometer  with detergent solutions contain- 
ing a s tandard quant i ty  of suspended earbon (Aqua 
Blak B).  Pick-up of carbon by initially clean swatches 
was determined with a Hun te r  refleetometer. These 
conventional tests have been thoroughly standardized 
over a period of years, and details of the procedures 
have been described elsewhere (6). 

Soil Removal Comparison. Soil removal values by 
the two methods ( t racer  and conventional) are corn- 
pared in F igure  11. Conditions were the same with 
the two methods except for the different types of wash 
machines and a difference in washing times, 5 rain. in 
t racer  tests and 10 min. in the conventional ones. In  
both cases, soil removal values have been stated as 
percentages of the s tandard reference detergent (A).  
I t  is apparen t  f rom the chart  that  there is little over- 
all correlation in the evaluation of these detergents. 
However when the results are inspected in relation 
to the compositions of the detergents, some order be- 
comes apparent .  In  Figure  11 an at tempt  has been 
made to bring this out by showing some of the deter- 
gents in solid lines and some in dotted lines. The 
solid lines include anionies (soap and alkylarylsul- 
fonate) and the anionies plus alkaline builders. With 
this group of detergents correlation with the two 
methods is relatively good. The other group of deter- 
gents, shown as dotted lines, contain either CMC or 
nonionic, or both. I t  is apparent  that  the two meth- 
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ods give this group of detergents ent irely different 
soil removal ratings,  both in relation to each other 
and in relation to the other group of detergents.  The 
most str iking reversal  in results is with Detergent  J ,  
the unbuil t  nonionic, which is rated as decidedly the 
best by the conventional test, but  poorest (in soil 
removal)  by the t racer  test. I t  will be noted in the 
next section that  Detergent  J is ra ted as best in white- 
ness retention by  both test methods. All of the group 
of non-correlat ing detergents  shown as dotted lines 
have good whiteness retent ion characteristics, and it 
might  be reasoned f rom this tha t  soil redeposition 
effects enter into soil removal  evaluations as made by  
the conventional test. I t  has been demonstra ted how- 
ever that  soil redeposition effects are not likely to 
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FIG. 11. Comparison of soil removal evaluations with the 
tracer method (radioactive soil) and the conventional labora- 
tory procedure, using swatches heavily loaded with carbon soil. 
Detergent compositions given in Table III .  

have a n y  significant effect on soil r e m o v a l  va lue s  
as given by the conventional test in use here (6). 
Fur ther ,  f rom the nature  of the tests involved, soil 
redeposition effects alone could not account for  the 
extreme reversal  in soil removal  evaluations for  De- 
tergent  J by the two methods. The high t i ter  soap, 
G, which also has good whiteness retention properties,  
shows a relat ively lower soil removal  value, in com- 
parison with other detergents,  in the conventional test 
than  in the t racer  method. 

I t  would appear  that  some p roper ty  or propert ies  
(as for  example dispersive or p r o t e c t i v e  col loid  ef- 
fects) of certain detergent  components which make 
for  good whiteness retent ion also make for  very  effec- 
tive removal  of the par t icu lar  type of soil used in the 
conventional test procedure,  but not of the type of 
soil used i n  the t racer  method. These differences in 
action of detergents  may  be related p r imar i ly  to the 
method of soil application, degree of soil-loading on 
the cloth, or na ture  and particle size distr ibution of 
soil particles. 

Although different types of wash test appara tus  
were used in the t racer  and conventional tests, the 
large differences in relat ive evaluations of detergents 

are due p r imar i ly  to differences in the test soils, 
ra ther  than  to differences in washing action. As indi- 
cated in the previous section (comparison of different 
types of wash test appa ra tus ) ,  some reversals may  
take place with var ia t ion of washing conditions; how- 
ever sufficient wash trials have been made with the 
radiocarbon soil in the Launder -Ometer  and with the 
conventional type  of soil in the miniature  washer to 
determine that  the general evaluation of detergents 
is much more a funct ion of the type  of soil used than  
of the par t icular  washing action employed. 

No par t icular  a t tempt  is being made in this paper  
to demonstrate  the degree of correlation between the 
laboratory  evaluations and pract ical  wash results in 
the field. I t  is hoped that  this will be the subject of 
a fu ture  report .  However  some general observations 
in terms of field performance might  be made. The 
nonionic, Detergent  J,  is not a highly effective wash- 
ing agent  when used alone. This would be indicated 
by  the t racer  results while the  c o n v e n t i o n a l  t e s t  
results could be misleading on this point. I t  might  
be noted tha t  the nonionic J is an extreme example 
of n o n - c o r r e l a t i o n  of the test methods, shown for  
tha t  reason. Other  nonionies of the same type show 
much higher soil removal  by  the t racer  evaluation and 
lower removal ( than J )  by the conventional method. 
Although nonionic J might  not be effective in soil 
removal  when used alone, a great  deal of pract ical  
experience has shown that  when the nonionie is prop- 
er ly built  to give a composition such as L, the prac- 
tical washing performance  is very  good. This would 
be indicated by  the t racer  evaluations, which rate  it 
as about equal to built  high t i ter  soap. The dist inctly 
superior ra t ing  of Detergent  L by  the conventional 
method perhaps  is not so realistic in terms of soil 
removal. Any  over-all pract ical  performance evalu- 
ation, of course, takes into account whiteness reten- 
tion, hard  water  tolerance, and other factors. The 
difficulty of separa t ing the effects of these factors in 
actual  wash operations complicates any  a t tempt  to 
correlate laboratory  soil removal  results with field 
performance.  

Whiteness Retention Comparison. Whiteness reten- 
tion values for  the reference series of detergents as 
given by the t racer  and conventional test methods are 
compared in F igure  12. A tendency toward correla- 
tion between the relative results with the two test 
methods is more apparen t  than  in the case of soil 
removal  values. With  the exception of Detergent  A, 
the alkylarylsulfonate,  and G, the high t i ter  soap, the 
detergents are ra ted  in the same order, qualitatively,  
by the two methods. However,  in relation to these 
two detergents (A and G), ra t ings  by the two meth- 
ods differ significantly. The conventional procedure 
rates the whiteness retention of high t i ter soap (G) 
below the built  nonionics (K and L) whereas the 
t racer  method rates the unbui l t  soap as bet ter  than  
the built nonionics. The conventional method rates 
the built soaps ( I  and H)  below the alkylarylsulfo-  
nate in whiteness retention whereas the reverse is 
t rue  with the t racer  method. In  general the conven- 
t ional method appears  to give lower rat ings to the 
alkaline anionic detergents (G, E, I, H, F~ D, and B) 
in relation to the other detergents than  does the t racer  
method. 

There were several pronounced differences in the 
test conditions involved in the t racer  and conven- 
t ional whiteness retention procedures that  could en- 
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ter into relative ra t ings  of detergents.  Soil loading 
in the detergent  was much higher with the conven- 
tional test and amount  of soil deposited on the cloth 
much greater.  The conventional tests were run  for  
a sufficient t ime (30 rain.) so that  essentially equi- 
l ibr ium conditions were reached. In  the t racer  test 
procedure the system probably  does not reach an 
equil ibrium condition. Fur ther ,  the carbons used in 
the tests were of different types. The conventional 
procedure used a colloidal carbon having  spherical 
particles of very  small size within a relat ively nar-  
row range (6). The t racer  evaluations used a carbon 
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:FIG. 12. Comparzson of whiteness retention evaluations with 
the tracer method and the conventional laboratory procedure, 
Detergent compositions given in Table I I I .  

having i r regular  shaped particles of larger  average 
size and greater  range of sizes. 

I t  appears  now that  the type of carbon used in the 
whiteness retention test has an impor tan t  bearing on 
the relat ive ra t ing  of detergents.  Some tr ials  have 
been made in which A q u a d a g  c a r b o n  was used in 
the conventional test procedure in place of the Aqua 
Blak B normal ly  used. T h e  Aquadag  being a col- 
loidal graphi te  and having l~/rger part icles than  the 
Aqua Blak B probably  is more similar to the radio- 
carbon black used in this work. Wi th  this subst i tu-  
tion of carbons it was found that  the conventional 
whiteness retention procedure ra ted built  soap ( I )  as 
bet ter  than  the alkylarylsulfonate ,  and it also appears  
to rate  the unbui l t  soap (G) relat ively higher on the 
scale. Values for  all the r e f e r e n c e  ser ies  of deter- 
gents have not been determined with the conventional 
method using the different carbon black, but  it ap- 
pears tha t  correlation between the conventional and 
t racer  results would be better. 

Discussion 

Because of the great  var ie ty  of na tura l  soils and 
wide var ia t ion of soiling levels found in practice, 
any  laboratory  test based on a single s tandard  soil 
has l imited significance in terms of pract ical  perform- 
ance. Reliable estimates of general  per formance  based 
on labora tory  evaluations require the use of a var ie ty  
of test soils, involving different soil mater ia ls  and dif- 
ferent  methods of application. There is no " t y p i c a l "  
na tura l  soil, and it seems highly improbable to us 
that  any  single soil or soil mixture  with a single 
method of applicat ion can provide an over-all labora- 
tory  evaluation. Because of these appa ren t  difficulties 
involved in valid labora tory  detergency evaluations, 
there has been a tendency in some quar ters  to rely 
almost ent irely on pract ical  large scale wash evalua- 
tions using na tura l  soils, with little reliance on labo- 
ra to ry  tests. The final evaluation of a detergent  must  
be based on extensive pract ical  washing trials, but  
such pract ical  wash tests are not suitable for  prelimi- 
na ry  evaluations and screening tests because of the 
work and t ime involved. There is definite need for 
labora tory  evaluations, and  it is believed tha t  the use 
of radioactive soils in conjunct ion with the more con- 
ventional types will permi t  studies of a greater  vari- 
e ty  of soil systems, with closer approach to na tura l  
soils, resul t ing in more reliable labora tory  evaluations 
of performance.  

More extensive correlation with field per formance  
will be required, but  it appears  that  the par t icular  
type of rubbed carbon soil described gives results free 
of some of the anomalies tha t  have been observed in 
laboratory  evaluations using the conventional carbon- 
soiled swatches. We do not propose at the present  stage 
of development that  detergency -tests using radioactive 
soil should replace the more conventional laboratory  
evaluations. I n  these laboratories the t racer  evalua- 
tions, employing rubbed carbon and other radioactive 
soils, are being used to supplement  the more conven- 
tional procedures, providing addit ional  informat ion 
on which to base an estimate of over-all per formance  
of a detergent.  In  addit ion to this a p p l i c a t i o n  to 
performance  testing, the t racer  evaluations also are 
providing basic new informat ion on the detergency 
process, which in t ime should aid in the bet ter  under-  
s tanding of n~echanisms involved. 

Summary 

As an approach to the problem of providing for  
more adequate laboratory  evaluations of l aundry  de- 
tergents, test methods have been developed employing 
radioactive carbon-black soil on cloth. The radioactive 
carbon, either in d ry  fo rm or combined with a small 
amount  of mineral  oil, is rubbed into the surface of 
the cloth in a reproducible manner.  A machine de- 
signed for the purpose is described. 

Two new types  of wash test appara tus  designed for  
use with small discs of cloth soiled with the radio- 
active mater ia l  are described. One machine is of a 
minia ture  type  employing a cloth to solution ratio 
within the range employed in pract ical  washing oper- 
ations. Provision is made for  evaluat ing whiteness 
retentions f rom measurements  of soil redeposition on 
clean swatches. Comparison of soil removal  values 
obtained with the two washers for  a var ie ty  of differ- 
ent types of detergents indicates tha t  type  of washing 
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action may have a significant effect on relative ratings.  
Wi th  the soiling conditions employed in the tests, 

it has been determined tha t  the initial soil level on a 
swatch may  va ry  over a considerable range without  
affecting significantly soil removal  values. Est imates  
of precision and reproducibi l i ty  of soil removal  and  
whiteness retent ion determinations indicate tha t  they 
are adequate in terms of differences being measured. 

Soil removal  evaluations have been made with a 
number  of different types 02 detergents  using d r y  
carbon soil, and a carbon-mineral  oil combination. The 
two soils were found to give the same relative rat ings 
of the detergents. 

Using a series of 12 detergents  represent ing dif- 
ferent  types, soil r e m o v a l  and whiteness retent ion 
values determined with the t racer  methods have been 
compared with values obtained with conventional lab- 
ora tory  test methods. Soil removal  evaluations differ 
considerably with the two methods, and noncorrelat ing 

results can be related to the general types of detergent  
compositions involved. The t racer  method appears  to 
give evaluations free of some anomalios that  have been 
recognized in the conventional labora tory  tests. 

I t  is believed tha t  the use of radioactive soils in 
laboratory  evaluations will permit  studies with soil 
types a p p r o a c h i n g  n a t u r a l  soils more closely than  
have the soils used in conventional methods. Use of 
t racer  methods in conjunction with conventional tests 
should provide for  more reliable laboratory  evalua- 
tions of detergency. 
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Synthetic Detergents from Animal Fats. IV. 1 Sodium 
9,10-Dichlorooctadecyl Sulfates 2 

J. K. WELL, A. J. STIRTON, and E. W. MAURER, Eastern Regional Research Laboratory, ~ 
Philadelphia, Pennsylvania 

s 
ULFATED h y d r o g e n a t e d  tallow alcohols (sodium 

tetradecyl,  hexadecyl, and octadecyl sulfates) are 
good detergents  and surface-active agents, with 

some disadvantage because of l imited solubility in 
water  at  room temperature .  Sulfated tallow alcohols 
(mainly  sodium tetradecyl,  hexadecyl, octadeeyl, and 
oleyl sulfates) are likewise good detergents and sur- 
face-active agents, adequately soluble because of the 
presence of sodium oleyl sulfate. Retention of un- 
sa turat ion appears  desirable but  may  be difficult, de- 
pending upon the reduction and sulfation methods 
selected (7). 

Act ing upon a suggestion of John  C. Cowan, North- 
ern Utilization Research Branch,  we have found tha t  
chlorinated tallow alcohol sulfates (sodium tetradecyl,  
hcxadecyl, octadecyl, and 9, 10-dichlorooctadecyl sul- 
fates)  can be p repared  by the a d d i t i o n  of ch lo r ine  
to the unsa tura ted  constituents of tallow alcohols 
(mainly  oleyl alcohol) and sulfat ion of the chlorin- 
ated tallow alcohols with chlorosulfonic acid. This 
method has the advantage  tha t  it does not require 
the use of a special sulfat ing agent  to avoid reactions 
involving the double bond; and the sulfated chlorin- 
ated tallow alcohols are adequately soluble at  room 
temperature .  

The present  paper  is concerned with p repara t ion  of 
sodium 9,10-dichlorooctadecyl sulfates f rom oleyl and 
elaidyl alcohols, and  the chlorination and sulfat ion of 
tallow alcohol. The products  have been compared and 
evaluated in terms of solubility, surface and  interra-  
cial tension, calcium stability, wet t ing properties,  sta- 
bility to hydrolysis,  foam height, and detergency. 

1I, I I ,  and  I I I  in this series are references (5) ,  (4) ,  and  (7) ,  re- 
spectively. 

Presented at the meeting of the American  Oil Chemists'  Society in 
Minneapolis, October 1954. 

3A laboratory of the Eastern Utilization l~esearch Branch ,  Agricul- 
tu ra l  Research  Service, U. S. Department  of Agricul ture .  

Sodium 9,10-Dichlorooctadecyl Sulfates 
9-Octadecenols. Oleyl alcohol ( I  no. 92.5, theoretical 

value 94.5) and elaidyl alcohol ( I  no. 94.7, m.p. 36.1- 
37.0 ~ were p repa red  f rom a commercial oleyl alcohol 
as described in previous publications (5, 7). 

9,10-Dichlorooctadecanols. Chlorination was carried 
out according to a method for the chlorination of un- 
sa tura ted  alcohols described to us by  H. M. Teeter 
(6), Nor thern  Util ization Research Branch,  modified 
by use of a lower reaction t empera tu re  and lower 
solvent ratio. 

A slow s t ream of chlorine was introduced into a 
s t i rred solution of 100 g. of purified oleyl alcohol in 
300 nil. of dichloromethane, cooled in a d ry  ice-carbon 
tetraehloride bath mainta ined at  - -45  ~ Chlorine was 
passed in at such a rate  that  the reaction tempera ture  
remained in the range - -13 ~ to - -23  ~ throughout  4.5 
hours. Completion of reaction was indicated by the 
development of a yellow-green color in the solution 
and  a fal l  in reaction tempera ture  as a result  of no 
fu r the r  heat of reaction. Solvent and excess chlorine 
were removed at  reduced pressure in a s t ream of 
nitrogen, finally being heated on the steam bath  to 
remove the last t race of solvent. 9,10-Dichloroocta- 
decanol was obtained as a colorless oil, yield 97%, 
m.p. 12 ~ n~) ~ 1.4760, d~ ~ 0.9898, molecular re f rac t iv i ty  
96.71 (theoretical value 96.58), I no. 0.3, 19.95% C1 
(calculated for ClsH36C120, 20.90% C1; calculated 
with correction for  sa turated impuri t ies  in the oleyl 
alcohol, 20.45% C1). 

Ela idyl  alcohol chlorinated in the same manner  
gave a different raccmic m i x t u r e ,  a 9 ,10-dichloro-  
oc t adecano l ,  a white solid, m.p.  31 ~ yield 94%, 
u~) ~ 1.4757, d~ ~ 0.9946, molecular re f rac t iv i ty  96.19, 
I no. 0.3, 20.59% C1. 


