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p A R T I C L E  size is one of the more impor tan t  ~r 
ables influencing the rate of extraction of oil, or 
more proper ly  crude lipids, f rom oil-bearing ma- 

terials with solvent. Part icle  size can be changed in 
plant  operation to control the residual oil content of 
an extracted meal. However  the min imum particle 
size considered in design or operation is l imited by  
the product ion of fines, which have an adverse effect 
on the other steps of the process. This s tudy was 
made to establish the m a g n i t u d e  of the effect of 
changing part icle  size on the rate of extraction. 

Part icle size for  the purpose of extract ion studies 
should be defined in terms of "effect ive extraction 
size." Fo r  example, in the case of flakes, the flake 
thickness is a proper  measure of the effective extrac- 
tion size whereas the diameter  of the flake as such 
is of little consequence. I n  the case of " g r i t s , "  or 
ground materials,  the average gr i t  diameter  as deter- 
mined b y  a s tandard  sieve analysis is a measure of 
effective extract ion size. Any  method of prepara t ion  
which produces a mater ial  that  has roughly equal 
dimensions in all directions will produce the mate- 
rial  designated as "gr i t s ."  Examples  of grits  would 
be oil seeds ground in a t t r i t ion- type mills, hammer  
mills, or p repa red  by  mult iple  passes through smooth 
rolls in a 5-high stand. 

The l i terature  contains numerous qualitative ref- 
erences to the importance of particle size in solvent 
extraction of oil seeds (1,3,7,8), bu t  very little quan- 
t i tat ive data are available. The data of King (5), 
which will be discussed later, may  be used to demon- 
s t rate  the effect of changing average flake thickness 
of soybean flakes on the ra te  of e~ttraction of the oil 
with triehlorethylene. Fan,  et al. (2) extracted pea- 
nu t  slices cut with a microtome. 

Exper imenta l  Procedure 
Extrac t ion  rates were determined by  the Percola- 

tion Method (10) in which fresh solvent is percolated 
through the sample and the recovered oil is measured 
at successive t ime intervals.  All the extractions per-  
formed in this s tudy used commercial hexane essen- 
t ial ly at  its boiling point as the solvent. All variables,  
other than  effective extraction size, which might  pos- 
sibly influence extraction rate were mainta ined con- 
s tant  in each series of experiments. All the samples 
for  a series were p repared  f rom the same seed with 
the same conditioning; solvent, temperature ,  moisture 
content, and solvent rate  were identical for  each rate  
determination. 

Moisture contents were determined b y  toluene dis- 
tillation and vacuum oven. [Methods 27.4 and 27.3 
of the Association of Official Agr icul tura l  Chemists 
(8) .] Average flake thickness was the ari thmetic av- 
erage of the thicknesses of at least 100 flakes taken 
at random and measured by  a micrometer.  Sieved 
fract ions were p repared  by  the hand-s ieving pro- 
cedure, as recommended by  the National  Bureau of 
Standards  (9). 

a P r e s e n t e d  a t  t he  fa l l  mee t ing ,  A m e r i c a n  Oil Chemis t s '  Society, Chi- 
cago, Oct. 31-Nov .  2, 1949. 

T A B L E  I 

Ext rac t ion  Data  for  Flakes  

Average  
F lake  

Thickness  Res idua l  Oil Content  (Pe r  Cent- - -Dry Bas is )  
( I n c h e s )  

E x t r a c t i o n  Mi5tesnu 10 ' 20 30 60 
Time Minutes  Minutes  Minutes  Minu tes  120 Minutes  

Series 1 - - S o y b e a n s  

0.0085 0.78 0.39 0.25 . . . . . . . . . . . . . . . . . .  

0.0105 1.37 0.67 0.43 ...... 
0.015 3.49 1.46 0.84 
o.o175 2.os 1.o4 d:~ :::::: 
0.009. ~:~ 0.49 0.35 ...... 
0.011 1.58 0.78 0.56 ...... 
0.0135 a 2.48 1.09 0.68 
o.o17 . . . . . . .  2.11 1.13 d:~ :::::: 

Series 2 - - S o y b e a n s  

0.0095 2.29 1.29 0.91 . . . . . . . . . . . .  
0.0115 ...... 1.84 1.27 i:~ 
0.017 3.4~ 2.22 175 i :~  :::::: 

Series 3 - - S o y b e a n s  

0.011 1.61 0.75 I 0.57 I 0.37 0.28 0.14 
0.021 3.69 2.82 1.82 1.42 0.98 0.66 

Ser ies  4 - - S o y b e a n s  

0.012 0.90 0.48 I 0.34 I 0.29 0.19 ...... 
0.0185 2.71 1.14 0.77 0.63 0.46 ...... 

Series 7 - -C0 t tonseed  

0.0079 ...... 5.05 3.35 2.58 1.52 0.84 
0.0082 5.00 3.33 2.50 1.47 0.85 
0.0089 5.13 ...... 2.78 1.66 0.99 
0.0107 6.56 3.43 2.13 1.24 
0.0128 8.08 4.43 2.65 1.44 

Series 8 - -Co t tonseed  

0.0079 ...... 5.10 ...... 3.25 2.23 1.46 
0.0083 5.05 3.20 2.20 1.44 
0.0060 4.20 3120 2.58 1.72 1.13 
0 .0080 ...... 4.20 3.60 2.37 1.47 
0.0080 4.40 3.60 2,43 1.45 
0.0075 5.08 3.82 2.39 1.34 
0,010 4.28 3.64 2.62 1.77 

Series 1 0 - - F l a x s e e d  

0.008 7.49 6.14 5.28 3.94 2.67 
0.0065 ~ 0 3  2.51 1.69 1.38 0.97 0.65 
0 .004 2.24 1.44 0.80 0.65 0.39 ...... 
0 .004 1.79 1.37 0.80 0.67 0.45 ...... 
0 .007 9.18 5.80 4.61 3.32 2.23 
0.0055 ...... 3:69 2.45 1.85 1.16 0.62 

Series 1 2 - - P e a n u t s  

0 .024 6.63 2.05 1 1 . 1 4 ]  0.80 0.51 ...... 
0.032 8.38 3.57 2.04 1.41 0.83 ...... 

Pre~ented p rev ious ly  by G, Ka rno f sky  in Shor t  Gourse lectures  (4 ) .  

Flaked  materials  hereaf ter  designated as " l abora -  
to ry  mill f lakes"  were p repared  in the labora tory  
flaking mill. "Commerc ia l  f lakes"  were made in the 
flaking mills of a commercial solvent extraction p lant  
in normal  operation, where flakes of several average 
thicknesses were produced b y  changing the clearance 
between the rolls of the mill. The samples designated 
as " h y d r a u l i c  press f l akes"  were made by  pressing 
cracked seed between steam-heated platens in a Car- 
ver labora tory  hydraul ic  press. The moisture content 
and tempera ture  of all the seeds or cracked seeds 
were adjusted, and the mater ial  was tempered  pr ior  
to flaking to duplicate the commercial practice of 
p repara t ion  for  extraction as near ly  as possible. In  
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the  f lak ing  ope ra t i on  a l l  condi t ions  of p r e p a r a t i o n  
except  ro l l  s e t t ing  were  the  same fo r  a n y  series.  

The soybean  a n d  co t tonseed  g r i t s  were  p r e p a r e d  b y  
g r i n d i n g  in  l a b o r a t o r y  a t t r i t i o n  mil l .  The corn  g e r m  
g r i t s  were  s ieved d i r e c t l y  f rom a commerc ia l  g r i n d  
r e su l t i ng  f rom a d r y  m i l l i n g  opera t ion .  

Experimental Results 
Table  I p re sen t s  e x t r a c t i o n  d a t a  fo r  flakes of va-  

r i ous  th icknesses  made  f rom soybeans ,  c o t t o n s e e d ,  
peanu t s ,  a n d  flaxseed. The d a t a  f o r  each lo t  of ma-  
t e r i a l  a re  r eco rded  in  a s ingle series,  in  which  the  
on ly  v a r i a b l e  is flake thickness .  F i g u r e  I i l l u s t r a t e s  
the  da t a  of Ser ies  1. This  is a log- log p lo t  of pe r -  
centage  of r e s i d u a l  oil content ,  on a mo i s tu re - f r ee  
basis,  a g a i n s t  ex t r ac t i on  t ime  in m i n u t e s  (10) .  The  
curves  a p p r o x i m a t e  s t r a i g h t  l ines  a n d  can  be eas i ly  
i n t e r p o l a t e d  and  e x t r a p o l a t e d .  Such  curves  p l o t t e d  
fo r  the  da t a  of the  o the r  ser ies  a re  s i m i l a r  in  a p p e a r -  
anee to those f rom Ser ies  1. 

.o .j 1 -~l~ ~ - 
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F I ~ .  1. R e l a t i o n  o f  e x t r a c t i o n  t i m e  a n d  r e s i d u a l  o i l .  S o y b e a n  
f l a k e s - - S e r i e s  N o .  1. 

The t ime  to reach  a r e s i d u a l  oil of 1.0% is t a k e n  
as an  i n d e x  of e x t r a c t i o n  ra te .  This  t ime,  t e r m e d  
" t i m e  to 1 % , "  wi l l  be u sed  f r e q u e n t l y  in  the  discus-  
s ion of e x t r a c t i o n  da ta .  I t  wi l l  be no ted  t ha t  the  t ime  
to 1% increases  in  a r e g u l a r  m a n n e r  wi th  i nc reased  
flake th ickness  a l t hough  the  degree  var ies  fo r  differ-  
en t  oil seeds. 

Closely s ized f r ac t ions  of g r o u n d  m a t e r i a l  were  p re -  
pa r ed ,  a n d  the  e x t r a c t i o n  r a t e  w i th  hexane  was de ter -  
m i n e d  fo r  each f rac t ion .  The ave rage  open ing  of the  
two sieves (U.S .  S t a n d a r d  Ser ies )  be tween  which  the  
f r a c t i o n  was col lected was t aken  as  the  effective ex- 
t r a c t i o n  size. F o r  example ,  the  effective e x t r a c t i o n  
size of g r i t s  which  pass  a U . S . S .  Sieve No. 35 a n d  
are  r e t a i n e d  on a No. 40 wou ld  be 0.0181 in., the  av- 
e rage  of the  open ings  of the  two sieves. Tab le  I I  l is ts  
the e x t r a c t i o n  d a t a  o b t a i n e d  fo r  two sets of  s ieved 
f r ac t i ons  of soybean  gr i t s ,  one series  for  g r o u n d  cot- 
tonseed,  a n d  one ser ies  of s ieved f r ac t i ons  of the  corn  
ge rm g r i t s  de sc r ibed  above.  A g a i n ,  the  t ime  to 1% 
inc reased  in  a r e g u l a r  m a n n e r  wi th  i nc reased  ex t rac-  
t ion  size when  the  d a t a  were  t r e a t e d  as i l l u s t r a t e d  in 
F i g u r e  1. : :  

Discussion 
Curves  of the  d a t a  in  Tab les  I a n d  I I  were  p l o t t e d  

fo r  each series  in a m a n n e r  s imi l a r  to t ha t  i l l u s t r a t e d  
in  F i g u r e  1 fo r  Ser ies  1, where  each curve  corre-  

s p o n d s  to a c e r t a i n  th ickness ,  or  effective e x t r a c t i o n  
size. F r o m  these  curves,  the  t imes  to 1% were  r e a d  
a n d  cross p lo ts  made  showing  the  r e l a t i on  be tween  
t ime  to 1% a n d  effective e x t r a c t i o n  size. F i g u r e  2 
is the  cross p lo t  fo r  flakes, a n d  F i g u r e  3 for  g r i t s .  

T A B L E  I I  

E x t r a c t i o n  D a t a  fo r  Grits  

A v e r a g o  
G r i t  

D i a m e t e r  R e s i d u a l  Oil Content  ( P e r  C e n t - - D r y  B a s i s )  
( I n c h e s )  

E x t r a c t i o n  5 I 0  20 30 60 120 
Minutes  Minutes  M inu te s  M inu t e s  ' Minutes  I Minutes  Time 

Series  5 - - S o y b e a n s  

0 .0256 ...... 6.16 5.02 4.69 3 .44 2.32 
0.0215a,  b 4.37 3.42 2 .94 2.19 1.52 
0.0181a, e 2.99 2.22 1.83 1.33 0.82 
0.0152, ~::/~ 1.65 1.28 0.97 0.63 0.55 
0.0128 a 1.08 0.80 0.60 0.50 . . . . . . . .  . . .  

Series  6 - - S o y b e a n s  

0.0181 a . . . . . . . . . . . . . . . . . .  3 .40 2 .44 1.53 
0.152 e 2.35 1.64 0.97 
0.0128 i : ~  ~:~ i:'gi 1.23 0.81 ...... 

S~ries l l - - C o - n  G e r m  

0.0256 4 .34  2.69 1.76 1.34 0.87 ...... 
0 .0181 2.23 1.16 0.67 0.49 0.33 ...... 
0 .0152 1.53 0.69 0.39 0.B1 0.16 ...... 

Ser ies  9 - - C o t t o n s e e d  

0.0181 f 19.4  1 5 . 7 1 1 2 . 4 1 1 0 . 4 1 7 . 2  2 .79 
0.0128 9.98 6.88 I I 1 4 . 7 4  3.57 2.02 0.98 

a P r e s e n t e d  p rev ious ly  by  G. Karn .ofsky  in Shor t  Course  lec tures  ( 4 ) .  
b 0 .0215 i n c h e s - - l , 0 9 %  in 180 m i n u t e s .  
e 0 .0181 i n c h e s - - 0 . 5 5 %  in 180 minu te s .  
a 0 .0181 i n e h e s - - l . 0 0 %  in 240 minu te s .  
e 0.0152 i n c h e s - - 0 . 6 8 %  in 180 m i n u t e s .  
f 0 .0181 i n c h e s - - l . 3 0 %  in 360 minu te s .  
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F I O .  2. F l a k e s .  E f f e c t  o f  f l u k e  t h i c k n e s s  o n  e x t r a c t i o n  t i m e .  

The curves  o b t a i n e d  are  essen t ia l ly  s t r a i g h t  l ines  
on log-log p a p e r  w i t h i n  the  r a n g e  of t imes  a n d  sizes 
of p r a c t i c a l  in te res t .  The  ge ne ra l  equa t ion  of such 
l ines  is : 

l o g  T ~ n l o g  D + l o g  K 
o r  T = K D "  

where T ~ time to 1.0% oil content on a dry basis, minutes 
D = effective extraction size in inches 
K ~ intercept at the 1.0 inch ordinate 
n = slope of the line 
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TABLE 111 

Preparat ion of Samples for Extraction 

95 

Series No. 

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

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

1 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Material 

Soybean Flakes 
Soybean Flakes 
Soybean Flakes 
Soybean Flakes 
Soybean Grits 
Soybean Grits 
Cottonseed Flakes 
Cottonseed Flakes 
Cottonseed Grits 
Flaked Flaxseed 
Corn Germ Grits 
Flaked Peanuts 

Moisture 
Content 

Per  Cent 

10.7 
9.5 
7.0 

11.5 
9.5 
7.0 

12.0 
10.5 

6.0 
10.5 
12.0 

7.9 

S o u r c e  

Illinois 
Kansas 
nlinois 
Ohio 
nlinois 
Illinois 
Arkansas 
Tennessee 
nlinois 

Illinois 
u  

Crop 
Y e a r  

- 1946 
1948 
1945 
1947 
1945 
1947 
1947 
1948 
1944 
1947 
1947 
1946 

Preparat ion Method 

Flaked in Commercial Mill 
Flaked ia  Laboratory Mill 
Ylaked in Laboratory Hydraulic  Press 
Flaked in Laboratory Hydraulic  Press 
Sieved fractions from Lab. Attr. Mill 
Sieved fractions from Lab. Attr. 3~ill 
Flaked in Laboratory Mill 
Flaked in Laboratory Mill 
Sieved fractions from Lab. Attr. Mill 
Flaked through Commercial Roils 
Sieved fractions from dry-milling grind 
Flaked in Laboratory Hydraulic  Press 

2 
z 

v 

m: 

y, 
- a :  - -  

o. 

I - % _ _  

. o o 3  ,oo4 . oo e  .oos . o o  . 0 2 0  . 0 3 0  .o,bo . 0 6 0  

F I e .  3. Gr i t s .  E f f e c t  of  g r i t  s ize on  e x t r a c t i o n  t ime .  

Since the time to 1.0% residual oil content varies 
with the nth  power of the effective extraction size, 
the value of n is a convenient way of expressing the 
effect of size on extract ion rate. 

Effect of Flake Thickness. Table I I I  contains a de- 
scription of the samples used in p repar ing  the range 
of sizes for  each series. Included in F igure  2 are the 
data for  four  series of soybean flakes. The lines for  
the data of King  (5), the series for  flakes p repared  
in the laboratory  mill, a series of flake samples in 
the hydraul ic  press, and the series for commercially- 
made flakes show a surpr is ingly  uni form slope in view 
of the different sources of seeds, the different manner  
of production, and the two solvents, hexane and tri- 
chlorethylene, used. This constant appears  to be char- 
acteristic of flaked soybeans. This slope varies f rom 
2.4 to 2.7, averaging 2.5. The importance of this vahle 
of n can be apprecia ted by  noting, for  example, tha t  
a decrease in flake thickness f rom 0.015 in. to 0.010 
in. in Series 2 decreases the t ime  to 1% residual oil 
f rom 57 minutes to 21 minutes. 

In  F igure  2 two series are given for cottonseed tha t  
show almost identical values for  n. However  there is 
reason to believe f rom other data  not given here tha t  
the value for  n for  cottonseed may  be influenced by  

the method of preparat ion.  The value of n for cot- 
tonseed flakes determined f rom Figure  2 is 1.5. This 
indicates tha t  the extraction t ime is influenced to a 
lesser degree by  change in flake thickness than  is the 
ease for  soybeans. 

The values of n for  the different materials  shown 
on Figure  2 are :  cottonseed flakes, 1.5; peanut  flakes, 
2.2; soybean flakes, 2.5; and flaxseed flakes, 7. Com- 
parison of these values for the various oil seeds indi- 
cates the relative effect on extraction t ime of changing 
flake thickness. Another  point  of interest  that  is illus- 
t ra ted  by  Figure  2 is the relative extractabi l i ty  of the 
different oil seeds. For  example,  at  a flake thickness 
of 0.010 in. it is seen that  peanuts  are most readily 
extracted, followed by  soybeans, cottonseed, and flax- 
seed in that  order. 

Effect of Grit Diameter. Figure  3 il lustrates the 
effect of the size of screened gri ts  on their  extract ion 
rate. As is the case of soybean flakes, the lines for the 
two series of soybean grits have pract ical ly  the same 
slope. Tile average slope of the lines for  soybeans in 
F igure  3 is 5,5, meaning tha t  the time required to 
reduce the residual lipid content of soybean grits  is 
a funct ion of the 5.5 power of the average gr i t  diame- 
ter. The change of extract ion rate  with effective size 
is t h e r e f o r e  much greater  than  for  soybean flakes. 
This indica tes  the importance of a short-range par-  
ticle size distr ibution in mater ia l  p repared  by  grind- 
ing. I t  is apparen t  that  a relat ively small amount  of 
coarse material  would extend the extraction time of 
the entire sample considerably. The extraction rates 
of sieved fract ions of corn germ grits  and cottonseed 
grits  are less affected by part icle size than are the 
rates for  soybean grits. The value of n for  the dif- 
ferent  materials  are :  corn germ grits, 3.4; cottonseed 
grits, 4; and soybean grits, 5.5. The value of n is 
much greater  for  grits than  for  flakes of the same 
material .  A comparison of the extractabi l i ty  at the 
same gri t  size shows corn germ grits to be t h e  most 
extractable,  followed by  soybeans and cottonseed. 

Summary 
Quanti ta t ive data  have been presented for  the effect 

of "effect ive extraction size" on the rate of extraction 
of oil f rom soybeans, peanuts,  cottonseed, corn germ 
grits, and flaxseed. Both flakes and grits  have been 
studied. The results are best correlated by  a straight- 
line plot on log-log paper  of " t i m e  to 1% res idua l"  
and effective extract ion size. The slope of the line is 
a measure of the change in extraction rate with ex- 
t ract ion size. The slope was found to be different for  
the different oil seeds and to be larger  for  seeds pre- 
pared as grits  than for  the same seed p repared  as 
flakes. 
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Choice and Application of a Detergency Test Method I 

W. K. GRIESINGER and J. A. NEVISON, The Atlantic Refining Company, Philadelphia, Pa. 

T H E  correct evaluation of detergent compositions 
in a variety of end uses is of vital and con- 
t inuing interest to the detergent industry.  A 

growing number  of test procedures have been in- 
dependently described in the l i terature (2, 3, 4), 
part icular ly during the past 10 years which have 
witnessed the greatest expansion of the synthetic de- 
tergent  business. Some of these tests are relatively 
simple and closely parallel actual use conditions. 
Others are more complex, having diverged markedly 
from conditions simulating end application in the 
quest of more exact reproducibili ty.  When proper ly  
interpreted however, the major i ty  of these tests have 
proven to be capable of consistent results. 

As a contribution to the information on deter- 
gency test methods herewith is presented a typical  
launderometer  procedure which has been successfully 
applied over a number  of years to the evaluation of 
detergents based on the Ultrawets, an homologous se- 
ries of alkyl aryl  sulfonates. 

This test procedure was developed ,specifically for 
the evaluation of heavy duty  detergents, that  is de- 
tergents for  heavily soiled white cotton goods. To be 
satisfactory it was considered essential that  the test 
first, accurately evaluate the efficacy and ut i l i ty  of 
the products in the field of intended application;  
second, give consistent comparative detergency pat- 
terns with respect to a s tandard reference detergent ;  
and last, be sufficiently simple in nature to permit  
rapid performance with a minimum of specialized 
equipment and skills. 

To insure meeting th.e first and most important  of 
these requirements, relative performance ratings on 
cotton were first established on an accepted proprie- 
t a ry  detergent (a buil t  fa t ty  acid soap) and on a 
typical unbui l t  a]kyl aryl  sulfonate (35% active, 
65% sodium sulfate) known to be deficient in this 
application. This was accomplished by subjecting 
white cotton shirts and towels to repeated cycles of 
soiling, by  normal wear and use in families including" 
young children, and laundering in typieal  household 
equipment. Series of three, five, 10, and 20 cycles 
were employed to establish relative field performance 
ratings on different detergents. All field tests ratings 
were based on visual comparisons made significant by  
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carrying the tests through a number of cycles suffi- 
cient to produce marked differences. 

Working from these field ratings on products  of 
different merit, a launderometer  procedure was then 
sought which would show like differences in perform- 
ance under  test conditions approximating actual use 
conditions. Paralleling what  was considered to be 
typical home laundry  practice, use conditions of 100 
p.p.m, hardness water, a temperature  of 120~ and 
a wash cycle time of 20 minutes were adopted. 

The choice of test swatch size, 2" x 4", was based 
on the A.A.T.C.C.  Method for Color-fastness to Do- 
mestic Washing of Cotton (6).  The relatively small 
2" x 4" swatch is sufficiently mobile in the Laundero- 
meter test ja r  to insure a uniform degree of mechani- 
cal flexing which is impor tant  to uniform de t e rgency  
results. While the s tandard test swatch containing 
on the average 0.0215 g. (3.0 wt. %) of soil repre- 
sents a light poundage load of soiled fabric on the 
volume of detergent solution used, this has proven 
to be a minor factor in test correlation with field per- 
formance. Then by  experimentation a combination 
of test fabric and soil was found which was capab le  
of giving the desired comparative detergent pat terns  
which are plots of detergency versus detergent con- 
centration. Using the above standardized conditions, 
experiments were run to find the combination of 
cloth plus soil composition which would give the re- 
sults desired. 

A white oxford cloth was adopted as the prefer red  
fabric in this test because it seemed to give more uni- 
form results, possibly because of the loose weave and 
the very light starch processing size which can be 
completely removed by  simple means. Permanent ly  
sized cloth did not give the desired results with the 
varied soils tested. 

The composition of, and detergency pat terns ob- 
tained with a number  of the different soils tested, 
are shown in Figure  1. The 1 AX soil was chosen 
for our test method since, with it, the satisfactory 
propr ie tary  detergent gave a near white deterged 
swatch in a single wash cycle and yet  left  sufficient 
residual soil to permit  the method to be used in 
evaluating improved or superior products;  and, of 
most importance, the 1 AX soil gave clearly distin- 
guishable differences in detergency pat terns between 
the known satisfactory and unsat isfactory reference 
compositions. I t  is of interest to note in passing that 


