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three methods gave the correet values. These fats  
have widely divergent  physical characteristics, and 
one is an animal  fa t  and two are vegetable fats. I t  
is therefore  not unlikely that  the method can be 
successfully applied to all na tura l  fats  such as these, 
in which C 1 6 - C 1 8  aeyl groups are in great  excess. 
Whether  it can be applied to others of greater  or 
lesser chain length remains to be seen. 

There is present ly  no way of test ing the accuracy 
of the values for  the isomeric forms. I t  is wor thy  of 
note however that  the values for the glyceride type~ 
arc the values, or the sums of values, derived by cal- 
culations based on the s t ructures  of the molecules. 
Thus the proport ions of GS,,U are the sum of the 
proport ions of SUS and SSU, the isomeric forlns. ] f  
the value for GS._,U is correct, it is likely that  the 
vahles for  SUS and SSU f rom which it is derived 
are also correct. 

Because no sa tura ted  aeyl groups are present  in the 
2-positions in t lypothe t iea l  Fa t  No. 2, there can be no 
GSa in it. This fa t  therefore represents  the extrelne 
in "res t r ic t ion"  of GSa. The values for the glyceride 
types calculated by the method of K a r t h a  (3) for a 
fa t  in "restricted r a n d o m "  distr ibution with respect 
to the S and IJ are approximate ly ,  but  not exactly, 
the same as those calculated by the present  metholl. 
3'he values for  tile isomeric forms are grossly dif- 
f e ren t ;  those calculated by the present  method are 
obviously correct if it be assumed that  those for the 
glyeeride types  are correct. 

When  a method of calculation gives correct results, 
the assumptions upon which it is based are presnm- 
ably also correct. Therefore,  ill those fats  to which 
the present  method can be successfully applied, the 
sa tura ted  and unsa tura ted  acyl groups in each of 
the three positions, no mat ter  what  their  proportions,  
may  ve ry  well be dis tr ibuted therein at  random. It  is 
also quite possible that  the propor t ions  of S and I1 
in the 1- and 3-positions are identical. I f  these char- 
acteristies were to prove common to na tu ra l  fats  gen- 
erally, regardless of their  origin, it would indieate a 
common synthetic pa thway to the triglycerides.  The 
present  results suggest a mode of t r iglyeeride syn- 
thesis conmmn to both the animal  and vegetable 
C16-Cls fats. 

The fa t  f rom the ra t  fed a fat-free diet is probably 
endogenous. The distr ibution of the saturated and 
mlsa tura ted  acyl groups therein is the most near ly 
random of all the fats  investigated. Deviations f rom 
random distr ibution are largest  in the proport ions of 
the isomers, and the differences in these values are 
very  small. I t  is of interest  to note tha t  the propor- 
tion of S in the 2-monoglycerides is sl ightly greater  
than  tha t  ill the whole fat,  which makes it  resemble, 
in this respect, the distinctive pig fats  more closely 
than the vegetable and other animal fats. 

The calculated and observed values for  the triglyc- 
eride types  in kokum but ter  agree very  well with 
those calculated for restr icted random distribution. 
The calculated values for the isomeric forms are how- 
ever grea t ly  different. A similar relationship in cacao 
but ter  was pointed out recently by Vander  Wal (7). 

Summary 
Evidence has beell presented that  the proport ions 

of the glyeeride types and isomeric forms in some fats 
ill which C16-C18 chains are great ly  in excess Call be 
determined by calculations based on a) the percentage 
of sa tura ted  acyl groups in the whole fat ,  b) the per- 
centage of sa turated groups in the 2-monoglycerides 
which can be derived f rom the fats  by  hydrolysis,  
c) the assumption that  all the sa tura ted  and unsatu- 
rated acyl groups (S and U) present  in each of the 
three positions in the molecules are dispersed therein 
at random, and d) the assumption tha t  the propor-  
tions of S and U in the 1-positions are identical with 
those ill the 3-positions. The method may  apply  to 
all p redominan t ly  C,G-C~s fats and to other fats  as 
well. 

R E F E R E N C E S  

1. l~l:al;tson, F. H., and  Beck, L. W., 5. Biol. Chem., 219, 735 (1956) .  
2, Mattson, F. H., a n d  Lutton,  E. S., g. Biol. 0hem.,  ~83, 868 (1958) .  
3. Kar tha ,  A. R. S., doctoral thesis, Univers i ty  of Madras,  July  

1949;  J .  Am. Oil Chemists' Sot., 30, 326 (1953) .  
4. t t i lditeh,  T. P., and  Murti,  K. S., J .  Soe. Chem. Ind,  (London) ,  

60, 16T (1941) .  
5. Luddy,  F. E., Morris, S. G., ~ a g i d m a n ,  P., and  Riemenschneider,  

R. W., J .  Am. Oil Chemists' Soc., 32, 522 (1955) .  
6. ~i ldi teh,  T. P., and  Stainsby,  W. J., J .  Soc. Chem. Ind.  (Lon- 

don) ,  55, 95 T (1936) .  
7. Vande r  Wal, R. J., ;r. Am. Oil Chemists'  Soc., 85, 483 (1958) .  

[ R e c e i v e d  M a y  27,  1 9 5 9 ]  

Some Factors in the Measurement of the Suspending Power of 
Aqueous Detergent/Fabric Systems 
A. S. WE A T HE R BURN 1 and C. H. BAYLEY, Textile Research Section, National Research Council, Ottawa, Canada 

T 
HE LABORATORY-SCAL]E measurenlent  of detergency 
for  the purpose of assessing the efficiency of 
detergent  products  or processes, used in aqueous 

systems for  removing soil f rom textile fibers, has long 
remained an incompletely solved problem, and in 
spite of the large amount  of work tha t  has been 
devoted to the problem, no completely sat isfactory 
test  method has yet  been evolved. Not only do vari-  
ations in test  conditions or types  of soil give vari-  
ations in data  tha t  m a y  lead to ent i rely contradic tory 
results, but  even when the same test is carr ied out 

1Deceased.  

by different laboratories under  supposedly identical 
conditions, surpr is ingly  variable results have been 
obtained. 

I t  is general ly recognized that  the " suspend ing  
power , "  i.e., the abil i ty of a solution of detergent  
to p revent  the redeposition of suspended soil onto 
a washed fabric, is a major  factor  contr ibut ing to 
the over-all efficiency of a detergent.  Labora to ry  
measurements  of suspending power have been of two 
general types:  a) a piece of white fabr ic  is washed 
along with  soiled fabric  in a solution of the deter- 
gent under  test, or b) a piece of white fabric is 
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washed with a measured quant i ty  of soil dispersed 
in the detergent  solution. In  both of these methods 
the extent  of deposition of soil, hence the suspending 
power of the solution, is measured by the decrease in 
reflectance of the white piece. The former  method 
has been used extensively (1, 2, 3, 4) but  is subject 
to at least one objection. The amount  of soil a v a i l  
able for  assessing' the suspending power of the deter- 
gent depends on the abil i ty of the same detergent  to 
remove soil. This la t ter  p rope r ty  depends not only 
on the detergent  itself but  also on the soil and fabric 
used in the p repara t ion  of the soiled swatches. A low 
degree of deposition therefore does not necessarily 
represent  good suspending-power;  it may  represent  
poor soil-removing power. 

The other method, b) above, also has been used 
extensively (5, 6, 7) and is the method used in 
work previously repor ted f rom these laboratories (8, 
9, 10). This method has provided in the past, and is 
still providing,  much useful  information.  However  
its precision or reproducibi l i ty  is such that  only 
gross effects can be characterized with certainty.  Fo r  
detecting' small differences between detergents,  the 
method, at least as it has been applied in these labo- 
ratories, is not considered eomptetely suitable. 

The distinction between precision and accuracy in 
a test method has been stressed by Lamber t  and 
Sanders  (11). Precision may  be regarded as the 
extent of agreement  between replicate determinat ions 
and is indicated by the s tandard  deviation of the 
mean. Accuracy,  on the other hand, indicates the 
extent to which the test results approach the " t r u e  
v a l u e "  of the p roper ty  being measured. 

Many examples of the low order of precision 
general ly obtained by  method b) might  be quoted;  
the results of a cooperative testing p rogram (15) 
carried out recently in Canada by  six independent  
laboratories and given in Table I are typical. 

I t  will be seen that  the five laboratories that  nsed 
the Launder -Ometer  ra ted the three detergents in 
the same order of merit ,  i.e., A < C < B ,  but  the range 
of values assigned to any one detergent  by the vari-  
ous laboratories was, in many  eases, greater  than the 
differences found between the three detergents. The 
range of values obtained, in any one laboratory,  in 
the 16 replicate readings on a given detergent  varied 
from 2.4 to 11.0 units with the average about 6.5 
units. While this indicates an undesirable var iabi l i ty  
in the individual  da ta  obtained, some compensation 
can be provided by car ry ing  out a larger-than-usual  
number  of determinations.  Thus, with 16 replicate 
determinations,  the largest  probable error of the 
mean recorded was only • 2.0 units. 

The var ia t ion in mean value for any  one detergent  
obtained by different laboratories was considerably 

T A B L E  I 
R e s u l t s  of  C o o p e r a t i v e  T r i a l s  ( 1 5 )  

L a b o r a t o r y  1 2 _ 3 4 85.28 6 
D e t e r g e n t  A { ] 

Ro a . . . . . . . . . . . . . . . . . . .  [ 87 ,9  / 84 .4  I 85 .5  I 84 8 6 . 4  
R b ..................... 1 " 3 9 . 6  { 36 .1  ] 44 .3  { 45  4 1 . 0  5 9 . 4  

D e t e r g e n t  B I / 4 85 9 I 
Ro  ..................... ] 87 .7  ] 8 ,4 . 85 88 .3  ] 87 .3  
g ....................... ] 47 .5  ] 39 .6  ] 58 .3  / 54 45 .1  ] 60 .9  

D e t e r g e n t  C I _ _ I 
Ro ..................... 87 .7  84 .4  8b .7  85 88 .3  87.1 
R ....................... I 46 .8  I 39 .5  54 .0  52 | 41 .6  61 .3  

" Ro  ~ in i t ia l  r e f l e c t ance  of w h i t e  co t ton ,  b R ---- f i na l  r e f l e c t ance  of  
soi led  co t ton .  L a u n d e r - O m e t e r  u s e d  excep t  L a b o r a t o r y  6 ( D e t e r m e t e r ) .  
T e m p e r a t u r e  60~  S o l u t i o n  0 . 2 %  b y  w e i g h t  of  d e t e r g e n t  i n  d i s t i l l e d  
wa te r .  T e s t  s o l u t i o n  c o n t a i n e d  0 . 0 2 %  g r a p h i t e  d e r i v e d  f r o m  A q u a d a g .  
V a l u e s  s h o w n  a re  the  m e a n  of  26 r e a d i n g s .  

larger,  amount ing  in one ease to 18.7 units. I t  is t rue  
that  different types of refleetometers were used by  
some of the laboratories, but, judging f rom the read- 
ings obtained on the unsoiled swatches, this source 
of var ia t ion could aceomlt for  not more than three 
or four  units. 

This seems to indicate tha t  in addit ion to an ap- 
preeiable random var ia t ion that  is inherent  in the 
method, there is also a fu r the r  source of var ia t ion 
that  is characterist ic of each laboratory.  Since the 
compositions of the materials  supplied are believed 
to have been reasonably un i form throughout ,  i t  is 
believed tha t  the above-mentioned variat ions are re- 
lated to an incomplete specification of the essential 
details of the method to be followed. 

The above ease thus i l lustrates the need for  a 
more complete unders tanding  of the factors  affecting 
the precision of the suspending power test, and this 
was the purpose of the work repor ted in this paper.  
I t  is believed that  the informat ion obtained may  be 
useful in the selection of test ing conditions for  spe- 
cific purposes, also in in terpre t ing  the data obtained 
in such tests. In  addition, some observations of more 
academic interest  have beerl made, and it is felt  tha t  
these should be reported.  This work has been car- 
ried out over a considerable period of time, with the 
results of one trial  suggesting fu r the r  trials. Con- 
sequently a certain lack of organization of the work 
has been unavoidable. 

Exper imenta l  
Materials and Methods. The major i ty  of the meas- 

urements  were carried out in a Launder-Ometer ,  
using either one-pint glass jars  or stainless steel cyl- 
inders (12). Some work was done tly using vacuum 
bottles and a mechanical shaking machine (9),  but  
this technique was rejected because the soiling ap- 
peared to be less uni form than that  obtained with 
the Launder -Ometcr  amt the t empera tu re  was more 
difficult to control. 

Fabr ic .  The fabr ic  used, except where otherwise noted, was 
Town and Country cloth, a bleached unfinished eotton, having 
54 • 46 threads per inch, weight 4.8 oz./sq, yd. ,  supplied by 
Montreal Cottons Ltd., M(mtreM, Quebec. This cloth is nor- 
mally given a resin finish to impar t  crease-resistance, bu t  
this was omitted in the cloth used in this work. I t  is very 
similar to the Ind ian  Head nmslin tha t  has been used in many 
of the published methods. The cloth was extracted for  18-24 
hrs. in a Soxhlet appa ra tus  with 1:1 (by volume) methanol- 
benzene, dried, boiled for ~fiz hr. in 1% acetic add ,  rinsed 3 
times, boiled for  l~ hr. in water,  and finally r insed 4: t imes in 
cold water.  Distilled water  wqs used throughout .  The fabr ic  
was dried bu t  not  ironed nnd was then cut into 3 • 4-in. 
swatches with the 4-in. dimension in the warp  direction. Two 
of these swatches were agi ta ted in 100 ml. of detergent-soil 
mixture  in a Launder-Ometer  j a r  for  30 rain., followed by a 
5-rain. rinse in water .  

Soi ls .  The behavior of a number  of types of soil has already 
been studied in relation to the suspending power of .pure 
soaps (9) .  Of these, S tandard  IVfieronex carbon black, un- 
compressed, was selected as the most  suitable for  use in 
suspending-power tests. This mater ia l  is a channel black, 
having a mean particle diameter of 28 m~ and is manufac tu red  
by the Columbian Carbon Company. Aquadag,  a colloidal 
graphi te  in the form of a.n aqueous paste, supplied by  the 
Aeheson Colloids Corporation, has  Mso been used extensively. 
Both of these soils have been used in the present  work. 

Ihnenite,  a ferro- t i tanium pigment ,  has also been used as a 
soil (13) .  I n  comparison with either Aquadag or Mieronex 
the degree of soiling obtained is l ight even when used in rel- 
atively high concentration. ]{enee there is a tendency for  
the readings obtained with it. to be crowded into the upper  
port ion of the reflectance scale, thus  decreasing the possibil i ty 
of differentiat ing between different detergents.  I n  some eases 
the data  obtained with ilmenite do not agree even quali tatively 
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w i t h  those  o b t a i n e d  w i t h  e '~ rbonaeeous  soils. F o r  e x a m p l e ,  
s o d i u m  o lea t e  is a s o m e w h a t  b e t t e r  s u s p e n d i n g - a g e n t  t h a n  
s o d i u m  s t e a r a t e  when  t e s t e d  a g a i n s t  Mie ronex ,  b u t  t he  r e v e r s e  
is t r u e  w h e n  t h e y  a r e  t e s t ed  a g a i n s t  i l m e n l t e  ( 9 ) .  L i k e w i s e  a 
n u m b e r  of  n o n i o n i e  d e t e r g e n t s  a r e  exce l l en t  s u s p e n d i n g - a g e n t s  
f o r  M i e r o n e x  b u t  a r e  only  m e d i o c r e  f o r  i h n e n i t e  ( 1 4 ) .  I t  is 
diff icul t  to s ay  wMeh of  t he s e  r e s u l t s  a r e  the  m o r e  " a c c u -  
r a t e ,  ~' in  t he  sense p r e v i o u s l y  def ined,  b u t  the  n e e d  f o r  c a r e f u l  
s e l ec t i on  of  soils a n d  c a r e f u l  i n t e r p r e t a t i o n  of  d a t a  is obv ious .  

Preliminary Trials. In  some of the earlier work 
carried out at these laboratories, using Mieronex soil 
at 0.1% concentration, it was observed tha t  the soil 
was not deposited ml i fo rmly  over the surface of the 
cotton. In  an a t tempt  to improve this a number  of 
minor modifications of the basic procedure were in- 
vestigated. These included investigation of: a) type 
of fabric (fine sheeting, heavy drill, flannelette, In- 
dian I Iead  muslin with and without pe rmanen t  fin- 
ish, and Town and Count ry  c lo th) ;  b) size of 
swatch;  e) wett ing out of swatch in boiling water  
prior to addition to detergent-soil mix ture ;  d) elimi- 
nation of possible oily contaminants  on fabric aris- 
ing f rom excessive handl ing;  and e) hemming or 
coating the edges of the swatches with collodion to 
prevent  ravell ing and tangling.  None of these modi- 
fieations led to any appreciable  improvement  in the 
un i formi ty  of soiling. 

The Indian  I Iead  nmslin with pe rmanen t  finish 
was of some interest  in that  the degree of soiling 
obtained was very intense. Reflectanees in the order 
of 11-12% were obtained as compared with 55-60% 
for similar fabric without  the permanent  finish. 
This difference is p resumably  the result  of modi- 
fication of the surface propert ies  of the cotton and 
serves to emphasize the need for careful selection of 
fabrics used in soil deposition work. 

Effect of Soil Concentration and of N~mber of 
Washes. Previous work on suspending power had 
employed relat ively high concentrations of carbon, 
for the most par t  in the range of 0.02-0.1%. These 
higher concentrations, when used with a poor, or 
even a fair,  suspending-agent,  lead to a heavy depo- 
sition of soil on the cotton. F rom one point of view 
this is acceptable since the wider port ion of the 
reflectance scale put  into use should lead to a greater  
differentiation between detergents.  However  these 
heavy loadings not only fai l  to simulate pract ical  
l aunder ing  conditions but  may  be responsible, in 
large part ,  for  the poor reproducibi l i ty  of the data 
since the i r regular  deposition of soil mentioned pre- 
viously appears  to be accentuated by heavy loading. 

Accordingly trials were carr ied out in which the 
carbon concentration was reduced to the extent  that  
a bare ly  perceptible darkening  of the cotton swatch 
was obtained in one wash. Then, to increase the 
degree of soiling, mult iple  washes were carr ied out. 
In  this way it was hoped to combine the uni form 
deposition characterist ics of very  light redeposition 

soiling with the differentiation potent ial i ty  of a 
reasonably wide reflectance range. 

The soil concentration used was either 0.0005 or 
0.001% (5 or 10 p.p.m., respectively) carbon derived 
f rom Aquadag.  Aquadag,  as supplied, contains ap- 
proximate ly  22% solids. A 1% dispersion was pre- 
pared  by dilution of this mater ia l  with distilled 
water.  The concentration was checked by evaporat ing 
25-ml. aliquots to dryness at 105~ and weighing the 
residue. The stock dispersion was then fur ther  diluted 
as required for use. Two detergent  formulat ions were 
compared:  Formnla t ion  A contained 0.2% Naeeonol 
NR 2 in distilled water,  and Formula t ion  B contained 
0.2% Naeeonol NR plus 0.002% sodium earboxymethyl  
cellulose, 3 also in distilled water.  The detergent-soil 
mixtures  were prepared  at least 18 hrs. before use 
and were agitated for 30 rain. in the Launder-Ometer  
before adding the cotton swatches. This was done to 
insure that  the carbon particles would be thoroughly 
dispersed. I t  has been shown (16) that  the particle- 
size distribution of suspended carbon changes with 
the changing concentration of the detergent  used to 
suspend the particles. In  the present  case it was 
expected tha t  this would involve defloceulation of 
carbon since the soil mixture  is made up init ial ly 
as an aqueous dispersion, and this is then added to 
the detergent  solution. However  subsequent work on 
the dispersion of carbon would suggest that  these steps 
were unnecessary. (See later  section). The swatches 
were rinsed by immersion for a few seconds in a beaker 
of distilled water  at 60~ and were then spread 
first on paper  towels and then on wire screens to 
dry. They were not ironed. This method of r insing 
was adopted ra ther  than the longer process of r insing 
in the Launder-Ometer  because it was found that,  
except for a small amount  of loosely held soil, very  
little soil was removed in the r insing operation. 
Three consecutive washes were given; the swatches 
were dried, and their  reflectanees were read af ter  
each wash. The whole procedure was repeated twice 
more, over a period of about 12 days, using f reshly  
p repared  and aged soil-detergent mixtures.  

The data are given in Table I I ,  in which each value 
is the mean of eight reflectance readings. The high- 
est s tandard  deviation obtained was 1.03 while the 
average for the whole series was 0.49. These values 
indicate a considerable improvement  in un i formi ty  of 
soiling, and this was confirmed by visual examination 
of the soiled swatches. The reproducibi l i ty  is indi- 
cated by the agreement  between the replicate deter- 
minations a, b, and c (Table I I ) ,  which were carr ied 
out at different times and with different lots of solu- 
tions and is considerably bet ter  than has been ob- 
tained previously. 

The data of Table 1I also show tha t  differentiation 

-" NationM Aniline Division, Allied ChemicM and Dye Corporation. 
8 Carboxel D-435, Chemical Developments of Canada Ltd. 

TABLE I I  

Soiling of Cotton by Dilute Aquadag Suspensions 

Detergent formulation .......... 
Soil concentration p.p.m ....... 

A B A B 
5 5 10 10 

No. of washes 1 2 3 1 2 3 1 2 3 1 2 3 

[~eflectance % 
a ..... 65.6 57.7 52.2 81.9 80.9 80.1 58.3 49.6 45.0 79.9 78.7 76.8 
b ............................... 65.6 58.0 52.0 81.4 80.7 80.2 58.5 48.9 44.3 79.5 77.7 76.3 
c ...................................................... 65.4 56.9 51.9 81.8 80.4 80.4 58.2 49.2 44.6 78.7 77.5 76.4 

Tempera ture  6O~ One hundred ml. of de, Cergent-soil mixture used.Two 3 N: 4-in. cotton swatches. Fifteen steel balls. Stainless Launder-  
0meter  ~ubes, Time of agitation with detergent-soil mixture 30 min. 
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between Formula t ions  A and B may  be increased by 
increasing the soil concentration or by increasing the 
number  of washes. Thus in selecting test conditions, 
f rom the point  of view of precision and of t ime re- 
quired to ca r ry  out tests, it is desirable to use the 
highest soil concentrat ion compatible with a un i form 
deposition of soil and to give only as m a n y  con- 
secutive washes as may  be necessary to obtain a 
sat isfactory depth of soiling. However  f rom the 
s tandpoint  of s imulat ing the soil concentrations 
normal ly  encountered under  practical  conditions and 
thereby possibly improving the accuracy of the test, 
it is bet ter  to employ low soil-concentrations with a 
number  of mult iple washes. 

Effect of Type of Carbon. In  order to s tudy the 
effect of va ry ing  the soil concentration for  both types 
of soil, suspending-power tests were carr ied out, as 
outlined above, on Detergent  Formula t ions  A and B 
and also with distilled water  alone using, respec- 
tively, Aquadag  and Micronex soils at concentrations 
vary ing  f rom 5 to 80 p.p.m. Reflectance values were 
measured af ter  two consecutive washes. The amount  
of soil deposited on the cotton was calculated in 
relative weight units by means of the Kubelka-Munk 
equation. (See later  section on calculation of data.)  
The results are given in F igures  1 and 2. 

The data for  Mieronex (Figure  1) are general ly in 
accord with the ant ic ipated behavior of the materials  
used, i.e., i t  would be expected tha t  carbon would be 
deposited most readily f rom a suspension in water  
only, less readi ly  f rom the Nacconol solution, and 
least readi ly  f rom the solution of Nacconol plus 
earboxymethyleellulose. 

The results for  Aquadag  (F igure  2) are not as 
readily explained. I t  is apparen t  tha t  Aquadag 
forms a remarkab ly  stable suspension in distilled 
water  as indicated by its low deposition on cotton in 
comparison to tha t  of Micronex. The graphi te  par-  
ticles in Aquadag are suspended with the aid of 
ammonia  and dextrinous materials  (17), and this 
probably  accounts for, or at least contributes to, 
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the low degree of deposition f rom water.  However  
it does not explain the high degree of deposition 
f rom the Naeconol NR solution at  low soil-concen- 
t rat ions (F igure  2). I t  would therefore  seem tha t  
some component  of the Nacconol NR causes deposi- 
tion of the soil to such an extent that  this tendency 
cannot be overcome by the surface-active proper t ies  
of the a lkylary l  sulfonate active ingredient  of the 
Nacconol NR but  can be overcome by the combina- 
tion of a lkylaryl  sulfonate and carboxymethyl  cellu- 
lose. The component  most likely to cause this ex- 
cessive deposition is sodium sulphate (7),  which is 
present  to the extent of about 60% in Naceonol NR. 
The effect on the deposition of soil of sodium sul- 
phate  and of a salt-frec sur fac tan t  is shown in Table 
I I I .  The concentrations of Na2SO4 and of Naceonol 
N R S F  (which is similar to Nacconol NR except tha t  
it is free of inorganic salt) were chosen to approxi-  
mate the concentrations of these mater ia ls  present  
in a 0.2% solutiol, of Naeconol NR. 

TABLE IT[ 
l)eposition of Soil Durimz Two Consecutive Washes  a 

Relative Weight~ Units ( K / S  values) 

Micronex Type ef soll ................. A q u a d a g  

S o , , c o n e n .  ......... / 10 [ I 
Naeeonol NR, 0 .2% ............ / O.2533 I 0.6240 I 
Naccono lNRSF,  0 .087%.. .  / 0.0657 I 0 .2166 I 
Ns.eS01, 0 .12% .................. / 0.5028 I 3.8054 I 

10 80 

0 ~  0.3371 
0.0337 0.2153 
0.4571 3.4723 

a Exper imental  conditions as shown in Table I I .  

Considering first the Aquadag  suspensions, it is 
obvious that  the presence of Na2S04 causes a heavy 
deposition of soil on the cotton even f rom suspen- 
sions containing init ially only 10 p.p.m, of graphite.  
Similar ly heavy depositions have also been obtained 
in the presence of NaC1 and of calcium and mag- 
nesium salts used to simulate hard  water. This effect 
would thus appear  to be analogous to the well-known 
effect of electrolytes in deflocculating colloidal sus- 
pensions. The deposition f rom the suspension con- 
ta ining the salt-free Nacconol N R S F  is considerably 
lower than tha t  f rom the suspension containing Nae- 
conol NR. Hence, in the ease of Aquadag  suspen- 
sions, it may  be concluded tha t  the suspension in 
distilled water  is quite stable, tha t  it is very  sensitive 
to precipi ta t ion by electrolytes, and that  the pres- 
ence of an a lkylary l  sulfonate only par t ia l ly  over- 
comes this tendency to precipitate.  
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T A B L E  1V 

Effect of H a r d  W a t e r  on the I)eposit ion of Soil ~' 

S o i l  . . . . . . . . . . . . . . . . . . . . . . . . . .  

W a t e r  ...................... 

W a t e r  only ...................................... 
Naceonol NIL 0 .2% ......................... 
Naeconol =+= CMC, 0.062</< .............. 
Naeeonol NRSI0, 0.087e)A ................ 
Naeconol --  CMC, 0.002<~, .............. 
N a . 2 S O  ~, 0 . 1 2 %  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N a 2 S ( ) ~ ,  0 . 1 2 %  - ~  C 3 5 C ,  0 . 0 ( ) 2 r  . . . .  

Reflectance after  2 conseeunve washes 

Aquadag  M i e r o n ( x  

---Distilled n a r d  Dist i l led H a r d  

7 9 ; - - I  41.4 69.6 39.0 
4 9 . 3 ]  4 5 . 4  7 0 . 1  6 9 . 7  
78.~ I 70.8 80.2 755 
6 8 . 5  ] 4 8 . 5  7 4 . 8  4 9 . 8  
8 0 . 5  / 7 2 . 0  7 7 . 8  6 9 . 4  
3 7 . 8  3 5 . 1  3 9 . 4  3 7 . 0  
56.0 t 52,2 / ...... 

" Exper imen ta l  condi t ions  as shown in Table I I .  

The data for Micronex (Figure 1 and Table I l l )  
suggest that  this carbon shows considerably more 
tendency to deposition from distilled water than does 
Aquadag, par t icular ly at higher soil concentrations, 
that  it is equally sensitive to precipitation by elec- 
trolytes, and that this precipitation is inhibited by the 
presence of an alkylaryl sulfonate to a much greater 
extent than is the ease with Aquadag suspensions. 

This last effect is possibly related to the extent of 
adsorption of the surfaetant  by the two types of soil. 
The graphite particles in Aquadag have a mean 
diameter of 1 ~ or slightly less (17) while Mieronex 
particles have a mean diameter of 28 mt~ (9). Mi- 
cronex particles in aqueous solutions are undoubtedly 
agglomerated into par tMes of nmch larger size, lnlt 
the surface area available for adsorption appears 
to be determined by the size of the ultimate partMes 
(18, 19). Hence it would be expected that a surf- 
actant would be adsorbed to a greater extent on 
Micronex than on Aquadag particles. 

From the standpoint of selecting suitable testill~' 
conditions it may be concluded that with low soil- 
concentrations and multiple washes the use of Mi- 
eronex leads to results that are, in some respect at 
least, more nearly in agreement with practical ex- 
perience. However, for certain specific tests, e.g., 
for showing the effect of additions of CMC to a 
detergent, the use of Aquadag may be preferable 
since certain effects tend to be magnified by this soil. 

I t  should also be noted that the data obtained 
with Mieronex appeared to be somewhat more vari- 
able than that  obtained with Aquadag. 

The Influence of Hard Water on Soil Deposition. 
The suspending powers in distilled and in hard water 
were compared for the various formulations listed in 
Table IV. The hard water contained CaC12 and 
MgSO4 in sufficient quant i ty  to give a total hardness 
of 300 p.p.m, as CaCOa with a Ca:iV[g ratio of 60:40. 
Both Aquadag  and Mieronex soils at a concentration 
of 10 p.p.m, were used. I t  may be seen that  the effect 
of the hard water on the deposition of these soils is 
approximately the same as that of 0.12% Na2SO4 in 
distilled water. In  molar units these concentrations 
correspond to 9.1 millimoles/liter of Na2SO4 and 3.0 
millimoles/liter of combined Ca and Mg salts. With 
respect to the electrical charge 1 mole of Na2SO4 is 
equivalent to 1 mole of CaC12 or MgS04, but divalent 
ions are more effective than monovalent ions as pre- 
cipitating agents for carbon suspensions because they 
are more strongly adsorbed. 

With regard to testing methods a choice is usually 
made between distilled or hard water. Occasionally 
both are used, but this is usually limited to specific 
cases where the resistance of a detergent to hard 
YYSb~lk  l b  k / U l l l ~  ~UOt l .A . IUU.  At.' I k P l I I  U I I U  ~tCUbO~ ~ I V U I I  l t l  3kg~-- 

ble IV  it would appear that, in general, suspending 

power is lower in hard water than in distilled water. 
Ilowevcr tests have been carried out with a built 
domestic detergent in which no significant difference 
between hard and soft water could be detected, and 
this, together with other data obtained in the course 
of the work, suggests that  the effect of hard water 
varies from negligible to appreciable, depending on 
the part icular  detergent compound or formulation. 

In  addition to the possible ionic effects referred 
to above, the use of hard water may accentuate the 
effect of other components of the detergent fornm- 
lation. For  example, the presence of earboxynlethyl 
cellulose leads to improved suspending power in all 
cases where hard water is used. With Naeconol 
NRSF and Aquadag soil this improvement is twice 
as great (in terms of reflectance units) in hard water 
as it is in distilled water. On the other hand, with 
Naceonol NR, the improvement is slightly greater ill 
distilled water than in hard water. 

Likewise if the difference between Nacconol NR 
and Naeconol N R S F  is at tr ibuted to the effect of 
Na2SO4, this effect is large in distilled water and 
small in hard water. Similar effects are also ob- 
tained with Mi.eronex soil. 

Dispersion of Particles in Soil Suspensions. l'sc 
of Waring Blendor. I t  has been pointed out ah'eady 
that the ultimate par tMes in Mieronex are very 
small but that  in aqueous suspensions they coalesce 
into much larger aggregates. This was demonstratcd 
by agitating a dilute snspension of Micronex (1(/ 
p.p.m.) in distilled water in a Waring Blendor at 
15,0(/0 r.p.m, for 1-2 min. The suspension, which 
was initially almost water-clear, became quite per- 
ceptibly darker. Apparent ly  the carbon aggregates 
are partially dispersed by the action of the lllen<lor 
with a resultant increase in light absorption. 

In order to s tudy fur ther  the effect of ago'regate 
size a series of 0.02% aqueous suspensions of Micro- 
nex were made up and agitated in the War ing  Blendor 
for times varying from 30 see. to 4 rain. These 
suspensions were then used to carry out suspending- 
power tests at 20 p.p.m, soil concentration in dis- 
tilled water and in 0.2% Naeeonol NR solution. Al- 
though the data showed more than the usual varia- 
tion, this appeared to be purely random, and there 
did not appear to be any correlation with the time 
of agitation in the Blendor. Since it was obvious 
from the slower rate of settling of the carbon par- 
titles that the average aggregate size had been de- 
creased by the War ing  Blendor treatment, it was 
concluded, in agreement with Vold and Phansalkar  
(19), that  the aggregate size has little effect on the 
extent of deposition on cotton. 

Effect of Prese~zce of Fabric in Increasing Disper- 
sion of Soil. In  measurements of suspending power 
of soil-water systems in which no detergent was 
present it w a s  observed that the Micronex suspen- 
sion became noticeably darker after agitation in the 
Launder-Ometer with the cotton swatches. This was 
also found to occur with suspensions containing 0.2% 
Naeconol NR, but here the effect was obscured by the 
presence of foam. 

To study this effect further,  suspensions were 
made containing 10, 20, and 30 p.p.m. Mieronex in 
distilled water alone. Af te r  thorough mixing on a 
mechanical shaker the optical density of each sus- 

�9 gf~Ltt  O i l  a Ak' l ~ l l t ~ l  ~iec t i  O l J l l k / b t , ) l l l U  b ~ l  , 

using a green (525 m~) filter. A portion of each 
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suspension was then agitated in the Waring  Blendor 
for 2 rain. at 15,000 r.p.m., and the optical density 
was again read. The usual suspending-power tests 
were then carried out in the Launder-Ometer,  using 
both the original and the Blendor-"dispersed" sus- 
pensions. The optical density of the residual suspen- 
sion was read, and the reflectance of the soiled 
swatches was determined. The results arc given in 
Table V. 

T A B L E  u 

Effec t  of L a u n d e r - O m e t e r  T r e a t m e n t  in P r e s e n c e  of 
t~abric on D i s p e r s i o n  of Soil  

Or ig ina l  s u s p e n s i o n  D i s p e r s e d  s u s p e n s i o n  
( M e c h a n i c a l  s h a k e r )  . _  ( W a r i n g  B l e n d o r ~ _ )  

Soil  Optical  d e n s i t y  Ref lect  Optical  d e n s i t y  Reflect  c onc e ntra t ion  
p . p , m .  ~ a n e e  of [ g e s i . ~  I a n e e  of  

In i t i a l  ual  a " c l o t h  ~ In i t i a l  ual  '~- cloth a 

10 . . . . . . . . . . . . . . . . . . . .  ~ 5 0 0  ~ ~  620 
2 0  . . . . . . . . . . . . . . . . . . . .  7 . 8  1 0 2 . 8  5 9 . 5  6 1 . 2  1 1 9 . 6  6 2 . 2  
3 0  . . . . . . . . . . . . . . . . . . . .  / 1 1 . 5  I 1 6 6 . 0  I 5 1 . 1  ~ 9 4 . 0  ~ 1 9 8 . 0  ] 5 4 . 9  

'~ Af ter  s h a k i n g  in L a u n d e r - O m e t e r  in p r e s e n c e  of fabric .  

It is obvious that, while agitation in the Waring  
Blendor produces an appreciable darkening of the 
Mieronex suspension, agitation in the Launder-Ometer 
with steel balls and cotton swatches is much more 
effective in this respect. This interesting effect ap- 
parently can be attributed to the presence of the 
fabric, or to the combination of fabric and steel 
balls, although in the absence of fabric only a very 
slight darkening of the suspension was obtained. 

I t  should be noted that, although the Wariug 
lr suspensions were init ial ly consid- 
el'ably darker than the corresponding suspensions 
before being put through the Blendor,  these differ- 
enct;s tended to be very much smaller after agitation 
with fabric in the Launder-Omelet .  Furthermore  the 
cottolt swatches that were agitated in the darker sus- 
pension (Waring  Blendor)  came out s l ightly l ighter 
than those agitated in the suspension which had not 
been put through the Blendor although this differ- 
once, may  not be significant. If  it is true, as these 
re, suits seem to indicate, that carbon aggregates are 
dispersed much more completely by agitation with 
the fabric in the Launder-Ometer than by other 
seemingly more vigorous means, then the reason for 
the lack of correlation between aggregate size and 
depth of soiling becomes apparent since agitation 
with the fabric would seem to bring all of the aggre- 
gates to nearly the same particle size regardless of 
their initial condition. 

In a further series of experiments a variety of 
fabrics were solvent-extracted, thoroughly  rinsed in 
water, dried, and cut into 3 • 4-in. swatches. In ad- 

T A B L E  V [  

OpticM D e n s i t y  of lY[icronex S u s p e n s i o a  af ter  Ag i ta t ion  
w i t h  V a r i o u s  Tex l i i e  Mater ia l s  

Optical  
Mater ia l  d e n s i t y  

in i t ia l  s u s p e n s i o n  before  ag i ta t ion  in L a u n d e r - 0 m e t e r  . . . .  
:initial s u s p e n s i o n  a f ter  ag i ta t ion  w i t h o u t  fabric  in 

L a u n d e r  Ometer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cotton, p la in  weave,  ( T o w n  and  C o u n t r y ) ,  fabric  . . . . . . . . . . . . .  
Cotton, p la in  w e a v e  ( T o w n  and C o u n t r y ) ,  y a r n  . . . . . . . . . . . . . . .  
Cotton, p la in  w e a v e  ( T o w n  and  C o u n t r y ) ,  tiber . . . . . . . . . . . . . . .  
Cotton, p la in  w e a v e ,  l ight  (na in  sook)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cotton, duck ,  1 0  o z  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cotton, f lannelet te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glass  fabric ,  coarse  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glass fal)ric, f ine b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wool  f l ~ n  n e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nylon taffeta  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . 7  

1 0 . 0  
8 9 . 0  

1 5 0 . 0  
1 3 0 . 0  

6 4 . 0  
4 6 . 4  

1 1 4 . 0  
1 5 4 , 0  

5 7 . 0  
3 0 . 3  
3 1 . 2  

t h r e a d s  i n ( , h .  ;' 1 8 . 9  o z . / s q ,  y d . ;  4 6  X 3 5  / 
b 2 . 1  0 Z . / s q .  y d .  ; 7 9  X 7 3  t h r e a d s / i n v h .  

dition, one swatch of Town and Country  cloth was 
ravelled into individual  yarns and another was re- 
duced to individual  fibers by chopping the yarns into 
lengths of about 1 ram. These were run in the 
Launder-Ometer in the usual  way  except that only  
one fabric swatch (or equivalent weight  of yarn  or 
fiber) was used in each container, with  100 ml. of 
20 p.p.m. Mieronex suspension. The optical densities 
of the residual suspensions are given in Table VI.  

All  the fabrics were l ightly-to-moderately soiled 
except the wool  and nylon, which were very heavi ly  
soiled. The low optical density  of the residual sus- 
pensions from these two fibers is apparent ly  the result  
of depletion of carbon from the suspension by deposi- 
tion rather than lack of dispersion of carbon aggre- 
gates. It is obvious that the ability to increase the 
dispersion of carbon aggregates is not unique for 
cotton, also that the physical  condition of the textile 
material has a pronounced effect. 

Similar tests, us ing cotton fabric (Town and Coun- 
try) ,  were also carried out with 20-p.p.m. suspensions 
of various carbon blacks, also with IImenite and 
Aquadag.  Owing to the extremely high optical  dens- 
ity reading of the initial Aquadag suspension,  this 
material was used at a concentration of 1 p.p.m, in- 
stead of the usual  20 p.p.nL Some carbons that would 
not wet out in water were dispersed in a 0.01% solu- 
tion of Naeeonol  NR. The results are shown in 
Table VII .  

T A B L E  V I I  
O p t i ( . a l  Dens i ty  of  Var ious  S u s p e n s i o n s  

S o i l  

A-20 p.p, l l l .Sospel ls ions  ill 
dist i l led w a t e r  

I g o y a l  s p e c t r a  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M i ( . r o n e x  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N e o  s p o e t r ; ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S u p e r b a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Exce l s ior  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I h n e n i t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aqua( la~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A q u a d a g  ( l p . p . m . )  . . . . . . . . . . . . . . . . .  

] 3 - 2 0  p . p . l n ,  s u s p e n s i o n s  ill 0 . o r  ~/~ 
Na(monol N[{ so lut ion  

S i a t e x  B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c e t y l e n e  b l a c k  . . . . . . . . . . . . . . . . . . . . . . . .  
P - 3 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L a m p b l a c k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

) r ig ina l  

5 . 6  
7 . 7  
2 . 5  
4.0 
5 . 8  

2 . 5  
1 4 0 . 0  

6 . 7  

2 . g  
3 . ! )  
1 . 8  
6 . 5  

A gil,~ted i n  
L a u n d e r - O m e t c r  

W i t h o u t  W H h  
cotton co t  t o n  

9 . 7  "18 .0  
10.0  8 9 . 0  

7 . 8  4 5 . 7  
1 2 . 3  8 3 . 0  
1 0 . 2  7 3 . 0  

3 . 1  1 7 . 2  

7 . 5  1 1 . 3  

7 . 1  3 2 . 6  
2 2 . 3  4 4 . 2  

8 .1  2 6 . 5  
1 9 . 7  3 2 . 5  

Agi ta ted  
I rain. in 
W a r i n g  
B l e n d o r  

3 4 , 3  
4 2 . 9  
4 8 . 4  
4 8 . 1  
4 5 , 8  

5 . 7  

8 . 0  

3 5 , 7  
5 5 . 4  
3 5 . 5  
3 2 . 2  

The original suspensions were ulade by adding a 
weighed quantity  of dry carbon to water or Nacconol  
solution and stirring or shaking gently  by hand. With  
the exception of the Aquadag all the other suspensions 
gave initial opti/'al density readings within the range 
1.8-7.7. While  the optical densities of all the sus- 
pensions were increased by agitation in the Lauuder-  
Ometer, the extent of this increase varied widely with 
the various carbons. 

Aquadag appears to be unique anlong the soiling 
materials studied. The extrenlely high optical density 
of the initial suspension, together with the almost 
negligible increase on agitation in either the Launder- 
0meter  or Waring  Blendor,  suggests that the graph- 
ite particles in Aquadao' do not form aggregates but 
have been almost completely dispersed in the material  
as received. This may account for the observation, 
previously made, that fabrics are soiled somewhat  
mort  un i formly  from Aquadag  than from Micronex 
suspensions. 
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The surpr is ing efficiency of textile materials  in 
var ious forms in producing  deflocculation of most 
carbons is of considerable interest  in view of the 
numerous  detergent  processes involving the agitat ion 
of textiles with aqueous detergent  solutions. Of 
these, the one involving conditions most similar 
to those of the experiments  described above is laun- 
dering, and it  would be of interest  to explore the 
bear ing of this defloeculatory phenomenon on the 
launder ing  and cleaning industry.  

Calculation of Data. In  the calculation, f rom re- 
flectance data, of suspending power (S.P.) ,  redepo- 
sition factor,  or whiteness re tent ion as it  is vari-  
ously described, two formulas  are commonly used, 
viz.: a) S.P. ( e t c . ) = 1 0 0 ( R - R w ) / ( R o - R w )  and b) 
S.P.----100R/Ro, where Ro is the reflectance of the 
original  white fabric and R and Rw are the reflec- 
tances of the fabric af ter  washing in a suspension of 
soil part icles in the test solution and in water,  re- 
spectively. With  regard  to the first fo rmula  100% 
represents  no deposition of soil, 0% represents  the 
suspending power of water.  I n  m a n y  cases this for- 
mula  gives comparat ive  data  tha t  have some physical 
significance. However,  as is evident f rom the data  
for  Aquadag  (Table IV) ,  there are cases where the 
assigning of zero suspending power to water  leads to 
negative values for  compounds tha t  do, in fact, have 
appreciable  suspending powers. The second formula  
is preferable  for  use with Aquadag  since the " w a t e r  
v a l u e "  does not enter into the calculation. Both 
formulas  include Ro and therefore  presumably  take 
into account variat ions in the initial  reflectance of the 
white fabric.  However  s tandard  deviations calcu- 
lated for a large number  of determinations,  using 
both " R "  and " 1 0 0 R / I { o "  values, indicate tha t  no 
improvement  in var iabi l i ty  was obtained by use of 
the la t ter  formula.  Consequently it is concluded tha t  
the reflectance " R "  is jus t  as sa t is factory a measure 
of suspending power as are the values calculated 
by the above formulas.  

A th i rd  method of calculation tha t  has received 
some at tent ion in recent years involves applicat ion of 
the Kubelka-Munk equation (20), K / S  = ( 1 - R ) e / 2 R  
to the reflectance data. I n  this equation K is the 
coefficient of absorpt ion of light, S is the scat ter ing 
coefficient, and R is the reflectance. I t  has been shown 
(21) t h a t  

K / S  - K~/S = X G / S  

where K / S  and K1/S refer  to the soiled and clean 
fabrics,  respectively, G is the weight  of soil retained 
by a given weight of fabr ic  and X is the specific 
absorbance of the soil. As long as a single type of 
fabr ic  is used for  all tests, the value of S remains 
essentially constant  and relat ive values of GX can 
be calculated f rom reflectance data.  These values 
have been used as an index of the weight of soil 
deposited on the fabric,  but  it is obvious that  this 
is only valid if  the specific absorbanee of the soil 
remains  constant. In  general, the la t ter  is not con- 
s tant  but  varies with the concentrat ion of the deter- 
gent  used to suspend the soil (16). The te rm GX 
should be regarded  as represent ing the "so i l ing  ca- 
p a c i t y "  of the deposited soil or the "effect ive soil 
c o n t e n t "  of the fabr ic  ra ther  than  the weight of 
soil. F o r  m a n y  purposes this is a more useful  and 
informat ive  value than  the reflectance or suspend- 
ing-power index derived f rom reflectance data. Ex-  
amples  of its use are shown in F igures  1 and 2 and 

in the following calculation. I t  was stated above 
that  the var iabi l i ty  of the suspending-power index 
(100R/Ro)  was not improved by taking into account 
the initial reflectance of the individual  swatches. The 
reason for  this becomes a p p a r e n t  when the per t inent  
K / S  values are considered. Suppose tha t  the initial 
reflectance is 87 • 2% and that  the fabric  is soiled 
to an average reflectance of 50%. I t  is desired to 
calculate the variat ion in the final reflectance which 
results f rom •  var ia t ion in the initial  reflectance. 

The initial  reflectance of 87 • 2% corresponds to 
a K / S  value of 0.0097 with a range  of 0.0133 to 
0.0068. A final reflectance of 50% corresponds to a 
K / S  value of 0.2500. Hence to reduce the mean re- 
flectance to 50% requires the addit ion of an amount  
of soil equivalent to a K / S  value of 0.2500 - 0.0097 = 
0.2403. Adding  this amount  to each of the above K / S  
values and converting back to reflectance units, the 
final reflectance is found to be 50 • 0.2%. Since the 
var ia t ion in the initial reflectance is usual ly  less than 
4 units, its effect on the final reflectance is negligible. 

Conclusions 
In  view of the complexity of the detergent  process 

and of the many  factors tha t  influence its operation, 
it seems unlikely that  a single umversa l  test for sus- 
pending power can be specified that  will be applicable 
under  all conditions and for all detergent  materials.  
I t  is suggested instead that the one basic procedure 
should be modified to suit par t icular  needs by vary-  
ing the type  and concentration of soil used and the 
number  of consecutive washes given. F o r  example, 
the data  given in Table I I  show tha t  a soil concen- 
t ra t ion  of 5 p.p.m. Aquadag  with three consecutive 
washes is a suitable choice for demonst ra t ing  the 
effect of carboxymethyl  cellulose on the suspending 
power of an a lkylaryl  sulphonate detergent.  How- 
ever, if  two highly efficient suspending agents were 
being compared,  use of the above conditions would 
probably  resul t  in a very  small degree of soiling, 
hence in very  little differentiation between the two 
detergents.  I t  would be necessary to go to higher 
soil concentrations, to a grea ter  nmnber  of mult iple 
washes, or perhaps  to a different type  of soil. In  
general, the soil concentrat ion should be low enough 
to give a un i fo rm deposition on the fabric,  and the 
number  of consecutive washes should be great  enough 
to br ing out any differences between the materials  
being compared.  A thorough fami l ia r i ty  with the 
behavior of the soiling mater ia l  under  va ry ing  con- 
ditions of test ing is thus essential, not  only for  the 
selection of the op t imum testing conditions b u t  also 
for  intell igent in terpre ta t ion  of the results obtained. 

Summary 
The var iabi l i ty  associated with the usual methods 

for  measur ing  the suspending power of aqueous de- 
te rgent  solutions used to remove soil f rom textile 
fibers is pointed out, and a modified method, using 
mult iple  washes with very  low concentrat ions of soil, 
is proposed. Two commonly used artificial soils are 
compared.  Micronex, a typical  fine par t ic le  carbon 
black, appears  to give data  in reasonable accord with 
pract ical  experience while Aquadag,  a suspension of 
graphi te  particles, tends to magn i fy  some effects and 
therefore  is more useful for  specific tests. Aquadag  
is found  to be highly dispersed in dilute aqueous 
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suspension while Mieronex (as well as other carbon 
blacks) forms relat ively large aggregates  in water.  
These aggregates are par t i a l ly  dispersed by vigorous 
agitat ion in a W a r i n g  Blendor  but  are more com- 
pletely dispersed by rotat ion in the Launder -Ometer  
in the presence of fabric,  yarn,  or fiber of cotton or 
other textile material .  The influence of hard  water  
and of other inorganic salts on suspending power 
data  is discussed. The need for careful  selection 
of type of soil and fabric  and for  careful  in terpreta-  
tion of data  is stressed. 
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Preparation of Pure Fatty Acid 
Countercurrent Distribution I 

Methyl Esters by 

C. R. SCHOLFIELD, ]ANINA NOWAKOWSKA, and H. J. DUTTON, 
Northern Regional Research Laboratory, Peoria, illinois 2 

C 
OUNTERCURRENT DISTRIBUTION constitutes a use- 
ful  physical  tool for the isolation and prepara-  
tion of pure  f a t t y  acids and methyl  esters be- 

cause of its inherent ly  mild fractionating-conditions,  
high resolving power, and comparat ive ly  large sample- 
capacity.  Like chromatographic  methods and frac- 
tional solvent crystallization, it separates unchanged 
the na tura l ly  occurring isomers of unsa tura ted  acids. 
In  contrast,  chemical methods involving the poly- 
bromides give products  containing some unna tu ra l  
isomers, and urea  f ract ionat ion usually gives prod- 
nets containing at least small amounts of other f a t ty  
acids. 

Various solvent combinations have been used for 
the separat ion of f a t t y  acids and of methyl  esters. 
Ahrcns  and Craig (1) studied systems formed by 
mixing heptane with acetic acid, methanol, and either 
formanlide or aeetonitrile for  the countercurrent  dis- 
t r ibut ion of the higher f a t t y  acids. Cannon, Zileh, 
and Dut ton (3) reported the use of a ni tromethane,  
nitroethane,  pentane-hexane system for the separat ion 
of methyl  esters. 

This communicat ion describes the use of acetonitrile 
and pentane-hexane for  the analytical  countercurrent  
distr ibution of methyl  ester mixtures  as well as the 
prepara t ive  separat ion of methyl  esters of pure  fa t ty  
acids. Aeetonitri le is selective for esters of different 
degrees of unsaturat ion.  I t  has a low boiling-point 
and forms azeotropes with the hydrocarbon solvents 
so that  it is easily removed by evaporation.  I t is 
stable under  the conditions used, and when the frac-  
tions are removed in port ions of upper  pentane-hexane 
layer by the single wi thdrawal  procedure (4),  the 

1 Presented at the 50th meeting, American Oil Chemists' Society, 
New Orleans, La., April 20-22, 1959. 

2'This is a laboratory of the Northern Utilization Research and 
Development Division, Agricultural Research Service, U.S. Department  
of Agriculture. 

lower layer  may be re-uscd. Thus operations are con- 
s iderably simplified, an<l it is not necessary to enlpty 
the appara tus  and refill with fresh solvent for caeh 
SliCCeSslve batch. 

Experimental 
Methyl Linolenalc. Since prepara t ions  of this ester 

have f requent ly  been required in this laboratory,  ex- 
perience with this estcl' and the acetonitr i le-pentane- 
hexane system is nlost COlnlllcte. Beeallse the weight 
of esters that  call be t'l 'aetiolmled per  batch is l imited 
by the size of the tubes of the countercurrent  distri- 
bution apparatus ,  it is advantageous  to s ta r t  with 
esters having as high a concentrat ion of methyl  lino- 
lenate as possible. For  this reason a methyl  linolenate 
concentrate,  p repared  by the urea-coniplex procedure 
that  was devised by Pa rke r  and Swern (10), was used 
as the s ta r t ing  material .  This concentrate contained 
84.7% methyl  linolenate, 15.4% methyl  linoleate, and 
0.2% methyl  oleate as measured by gas chromatog- 
raphy.  

Countercurrent  distr ibution was carr ied out in a 
200-tube appa ra tus  which contains 40 ml. of lower 
layer  in each tube. To s tudy separat ion under  opti- 
real conditions, only 10.0 g. of methyl  linolenate con- 
eentrate  were used. The concentrate was dissolved in 
200 ml. of lower phase and 50 ml. of upper  phase of 
the solvent system and was placed in the first five 
tubes of the instrument .  Seven hundred  t ransfers  
were applied, using 10-ml. portions of uppe r  phase 
for  each transfer .  Af te r  the first 200 t ransfers  the 
uppe r  layers were wi thdrawn f rom the appara tus  
according to the single wi thdrawal  procedure. These 
fract ions were caught, one in each tube of the col- 
lector, and were evaporated in tared flasks. Because 
nothing was found in fract ions corresponding to 
t rans fe r  200 through 300, these fract ions are not 


