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by l lofgaard  (4) and by K,'aemer and Bailey (5). 
It is apparent  from their volume-teml)erature curves 
for cottonseed and peanut oils that the slope, or the 
change in volmne per degree, is about the same for 
the two oils in the liqui(i state but that below the 
temperature at which solid separates the slope is very 
much greater for cottonseed than for peanut oil. 

Fil trat ion 
The use of filtration as a means of separating 

the solid from the chilled oil-acetone mixtures was 
examined briefly by means of a small-scale "f i l ter  
leaf"  test, with and without filter aids. These experi- 
ments were limited to oil-soh'ent ratios ranging from 
20 to 50% a n ( t a  chilling temperature of --9.0~ 
with a 3-hour hol(ting-time and were oldy roughly 
quantitative. 

Ill general there was an extreme et)ntrast between 
the ease of filtration of the t.ottonseed oil mixtures 
and the (liffieulties eneounteretl with the peanut oil 
mixtures. The former proved readily filterable over 
the entire range of concentrations investigated while 
the latter couhl be filtered clear at a reasonable rate 
Ul) to an oil-solvent ratio of only 30%. Successful 
filtrations of the cottonseed oil-acetone mixtures were 
made without filter aids while the only satisfactory 
tests made ()n i)eanut oil mixtures involved the use 
of filter aids el|her as a precoat or added to tile 
solutiolJ. 

The most successful filtrations were made by using 
a No. 8 du(,k as the filter cloth. The initial rate of 
filtration (duratioll one mimlte) of a 35~: solution 
of cottonseed oil ('ontaining about 1% of filter (.el 
kept in suspellSiOll by gentle agitation during chill- 
ing and using a vacuum of I0 inches of mercury was 
approximately 5:~0 pounds of oil per square foot per 
hour. l ' s ing the same cloth or a heav.v twill with a 
l)recoat of the filter aid about one-sixteenth inch thick 
a "10% sohttion of I)ealutt oil in acetone filtered at the 
initial rate of approximately 350 pounds of oil per 
square foot per hour. A 30% solution of the same oil 
containing a small amount of filter aid and agitated 
while cooling filtered at apl)roximately the same rate. 

Summary and Conclusions 
Systematic l)hysieal chemical data on the solvent- 

winterization behavior of cottonseed and peanut oils 

~i'ith acetone have been obtained which should serve as 
a basis for selecting the conditions necessary for the 
effective solvent winterization of these oils in acetone.. 

(!ottonseed and peanut oils are only partially mis- 
cible with acetone beh)w certain temperatures which 
have been deternlilmd. In pealmt oil this i)helmmenon 
may interfere with the winterization pro(.ess within 
a certain range of concentrations. For  cottonseed oil 
however the separation into two li(tuid phases does not 
occur until some 5~ below 1he temperature required 
for adequate winterization. 

Complete data for a 3-hour holding-time have been 
obtained for three cottonseed oils ranging in iodine 
value from ]06.1 to 116.4. Tables and graphs have 
been constructe(i to show tile effect of oil-solvent 
ratio, (.'hilling temperature, holding-time, agitation, 
and iodine value of the original oil on the percent- 
age of solid removed and on the degree of winteri- 
zation mid iodine value of the winterized oil. 

Similar data have been obtained for a refined pea- 
nut oil insofar as possible without interference from 
separation into two liquid phases, i t  seems probable 
that if acetone were used as the winterization solvent 
for peanut oil, the separation into two liquid layers 
aud the sensitivity of this phenomenon to moisture 
might be a source of processing difficulties especially 
if filtration instead of eentrifugation were used to 
separate the solid from the supernatant. 
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Detergency Evaluation. I. Wash Test Methods' 
JAY C. HARRIS and EARL L. BROWN, Monsanto Chemical Company, 
Central Research Department, Dayton, Ohio 

~ I . R I ~ A ( . E - A ( f l I \  E agents (.'all be evaluated by 
L~  many different tests, some of which were de- 

scribed in a previous paper (4). Of the many 
possible, a metho(t for estimation of cleansing ability 
~s necessary since one of the very important  nses of 
these agents is the cleansing of surfaces such as 
soiled wearing apparel, which alone represents a 
multi-million pound market in the United States. 

Not all surface:active agents possess the same de- 
gree of cleansing action, and differentiation between 

x Prest~nted at the spring meeting, American Oil Chemists' Society, 
May 1-3, 1950, AtlarLta, Ga. 

th(un is a serious problem which becomes more com- 
plex when the multitude of mechanical means used 
to produce washing action arc considered. These have 
varied from hand cleaning to use of mechanical wash- 
ers and now includes fully automatic washing ma- 
(`.hines installed both in homes and in power laundries. 
Duplication of these washing processes in the labo- 
ratory on a small scale, under controlled conditions, 
proves fairly difficult. Mechanical action and its 
mode of application must be controlled since it 
directly affects the degree of soil removal, as dem- 
onstrated by Bacon and Smith (2) for the Laun- 
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derometer. Apparen t ly  there arc almost as many  
different wash test procedures in use as there are 
laboratories per forming  such evaluation work. 

l) isregarding the machine, for the moment,  t)ut 
considerillg the washing and rinsing sequence, many  
investigators use a single wash perio(t of varying 
duration, followed by an a rb i t r a ry  rinse cycle, per- 
haps designed to approximate  practical rip,sing con- 
ditions. ()ther investigators have used a mullii)le 
wash system, but again the t rea tment  of the fabr ic  
in the wash and rinsing system has varied widely. 
With  this lack of s tandardizat ion of wash test method 
(including rinsing) it is understandable  that  radi- 
call)- different results can be obtained by different in- 
vestigators iu detergent  evaluation even though only 
a single soil test fabr ic  were to be used. 

The purpose of this work was to determine the 
extent of correlation ohtainal)le between several dif- 
ferent  wash lest methods. Factors  controlled as con- 
stants were the detergents used, their  concentration, 
tempera ture  of wash, water  hardnesses, and a stand- 
ardized soiled test fabric. 

No a t tempt  will be made to review the many  wash 
lest methods revealed in the l i terature since they are 
a rb i t r a ry  in nature. The wash test methods used in 
the present  work are believed to be sufficienlly rep- 
resentative to cover single wash, single or multiple 
rinse systems, and multil)le wash, single or lnultiple 
rinse procedures. 

( ' on t ra ry  to many  views, a wash test requires as 
much att(mtion to detail as does all involved analyti-  
cal procedure. Well-trained operators are a necessity, 
and it is a mistake to entrust  the wash test to un- 
skilled personnel if  reliable and reproducible tiara are 
to be obtained. 

IVa,~h Test Mac.~i.nes. No attemI)t will be made to 
review the many machines used in the washing ()per- 
alien. Those used in this work are widely recognized 
and representative. The IJaunderometer (7) has been 
fully described in many  papers and is l)rol)ably one 
of the most widely used laboratory machines. In 
st>me respects it is a(imirahly suited to laboratory 
work because of size and availabil i ty and because it 
can be made to control many  of the n~eehanical vari- 
ables involved. Unfor tuna te ly  the mechanical action 
involved sehlom closely approximates  practical con- 
ditions. I t  cal~ hold as m a n y  as 20 sample jars  at a 
time and requires small vohunes of solution. 

Less well-known is the Terg-O-Tometer  (11) be- 
cause of its more recent introduction. In effect this 
machine is a gang of four  small conventional wash- 
ers. ()ne of its advantages  is the possibility of using 
several individual swatches of test fabric  per wash 
to increase the reliability of the wash data. 

The advent  of the ful ly automatic washer has 
broadened the. availabil i ty of modes of mechanical 
action and washing and rinsing cycles. Better  kllOWll 
howe.ver is the conventional agi ta tor  washer. In our 

TABLE I 

Maehine Operating Characteristics 

Characteristic LaunderO-meter TometerTerg'O- Conven-tional 

Loaded capaci ty-- l i ters  ..................... I 0.1 or 0.2 1.0 64 
Weight of fabric (g . ) / l i t e r  soln . . . . . . . . . .  I 37 or 15 z 6-1~ 2 56 a 
Rotat ion--degrees ............................. 360 350 150 
C y c l e - r a t e / m i n u t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0  144 . 1 2 2  

~' tOne  6 x 5" swatch; ()lie 3 x 4" swatch. ~Four or eight 3 x 4" 
swatches. ~ Eight  lb./17 gal. 

tests a machine representat ive of this type washer 
was used (12). The characteristics of these machines 
are cOral)areal ill Table [. 

I t  was to be expected that  the machines would 
differ, hut perhaps  the most noticeable variations, 
other than solution capacity,  are the weight ratios of 
fal)ric to solution, and the degree and rates of rota- 
lion of tim agitators. I t  is important  that  the fabr ic  
to solution weight ratio is greater  in the conventional 
washer than in the laboratory equipment.  

Olher variat ions of these methods for  apply ing  me- 
chanical action have been described, including models 
of power washing wheels, conventional home washers, 
or the use of pony wash  wheels. Regardless of the 
machine, it will be difficult for two laboratories to 
check exactly with the same type of machine unless 
the procedure used is ful ly described and followed 
exactly. 

Soils. Examinat ion of the l i terature will p robably  
imli(.ate that  there are as many  soil test fabrics  in 
use as there are investigators. The thinking on soil 
test fabrics  varies widely f rom the " r e a l i s t i c "  school 
which uses actual soils to di r ty  their  fabrics, the 
"quas i - r ea l i s t i e s "  who compound their  soils based 
upon chemical analyses of actual ly encountered dirts, 
and the. " a r h i t r a r i e s "  whose soils are a rb i t r a r i ly  cho- 
sen for  the method of evaluation or tenaci ty of char- 
acter. In  any event the soil must  provide a realistic 
evaluation of commonly ree.ognized and effective ma- 
terials and must  provide a degree of reproducibil i ty.  
Pa r t  I of this pape r  is not concerned with soil test 
eh)ths in general t)ut is specifically concerned with 
a single test fabric  which has been fully described 
elsewhere (5). Briefly, the test cloth is Indianhead 
fabric  which has been soiled with a suspension of 
Oildag and Wesson Oil in carbon tetraehloride and 
subsequently standardized to a definite soil removal 
ral~ge. 

Detergents Tested. The detergents chosen for this 
work were limited to four, and they were chosen for 
their ra ther  wide variat ion in s t ructure  and charac- 
ter. They were:  

a )  A b u i l t  n o n i o n i c  a g e n t .  
b) A b td l t  a l k y l  a r y l  s u l f o n a t e .  
c) A p u r e  soap  of  m o d e r a t e  l i t e r .  
d )  L o n d k y l  s o d i u m  s u l f a t e .  

Both the built  compositions may  be considered as 
moderately  h e a v y - d u t y  materials  whereas both the 
olher two have met most success in the l ight-duty 
field. All are widely used detergents f rom commer- 
cial pro(luclion lots. 

The solution concentrations chosen were those opti- 
mum for soap. In the usual detergency evaluation, 
concentration and water-hardness curves would be de- 
veh)ped, which would show the relative effectiveness 
of the agents over ranges covering pract ical  usage. 
The object of this work was not a direct comparison 
of detergents as such but  an evaluation of wash test 
methods so that  the data developed concerning rela- 
tive detergency rat ings are restricted to the range 
which follows : 

50 ppm.  w a t e r - - 0 . 2 %  c o n c e n t r a t i o n  ; 
300 ppm.  w a t e r - - 0 . 4  % c o n c e n t r a t i o n  e x c e p t  f o r  l o r a l k y l  

s u l f a t e  w h i c h  r e m a i n e d  0 . 2 % .  

The water  used covered soft and hard  w a t e r  con- 
ditious and was constituted to give a calcium to 
magnesium ratio of 60 to 40 as par t s  per million 
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C a C O  3. T h e  s a l t s  u s e d  to p r o v i d e  h a r d n e s s  w e r e  ca l -  
c i u m  c h l o r i d e  a n d  m a g n e s i u m  s u l f a t e .  

W a s h  T e s t  P r o c e d u r e s  

T h e  w a s h  t e s t  p r o c e d u r e s  u s e d  a r e  d e t a i l e d  be low .  

Test I. Launderometer. Four 10-minute washes. 
Equipment Launderometer with at tached loading table, pint  

jars  with glass lids and rubber gaskets, and rubber balls for 
the jars. The speed of the ja r  rack was adjusted to 40 ___2 
rpm. at full load. 

Test Cloth Preparati~)n. Five by six-inch swatches of the 
standardized soil test fabric were cut from the length of the 
roll. The six-inch length was nicked 1/~ inch at  l~/~-inch inter- 
vals with scissors. The four  pieces thus marked off were identi- 
fied with indelible marking ink for purposes of identification. 
Two solid pieces were prepared for each sample to be tested. 

Charging the Launderometer. 1. A l-li ter stock solution of 
the detergent under test was prepared, and from it were poured 
about 220-ml. amounts  of solution into 250-ml. beakers. These 
were preheated on a hot plate to 120~ The beakers were 
removed from the hot plate and the solutions were poured into 
100-ml. graduated cylinders. This amount  of solution was poured 
into the corresponding ja r  on the loading table. Ten rubber 
balls (Launderometer  specification) were placed in each jar.  
When the jars  had at tained the temperature of the machine, 
the previously marked swatches of soil test fabric were placed 
in the corresponding jar ,  the ja rs  sealed and tested for leaks, 
and loaded into the Launderometer. 

2. These were washed for exactly l0 minutes at  120~ 
3. While the first wash was in process, another set of jars  was 

placed in the loading tray, and except for the soil test  fabric 
all preparations were made for a second wash. 

4. After  10 minutes in the Launderometer,  the jars  were 
opened and the contents dumped into a perforated copper 
ca tchbox in the sink. Both swatches for each detergent sam- 
ple were removed from the box before the contents of the next 
sample .jars were dumped. The swatches were squeezed out by 
hand and laid aside until all of the swatches had been removed. 
The fabric samples were then spread out and the pieces repre- 
senting the first wash (the first 1V2-inch pieces) were cut off. 
The remainder of the cloth was returned to the corresponding 
jars  in the loading table. 

5. The second 10-minute wash was made in exactly the same 
manner as the first. Fresh jars  and rubber balls were prepared 
for the loading table while the wash was in progress. 

6. The clot], swatches representing the first wash were rinsed 
in two portions each of approximately 500 ml. of distilled 
water. This was done by dousing the cloth swatches into each 
water three times and squeezing them out af ter  each dip. The 
same procedure was repeated in the second rinse water. 

7. The third and fourth 10-minute washes were made in ex- 
actly the same manner as for the second wash. 

8. The rinsed swatches were squeezed free from water by 
hand and spread on an a]uminum sheet which was immediately 
t ransferred to an oven at  65~ equipped for circulation. The 
swatches were removed when dry. 

Test 2. Launderometer. Single 20-minute wash. 
Since the procedure for Test 2 was essentially the same as 

for Test 1, only variation in method will be mentioned. 
]. Only a single wash of 20 minutes '  duration was given. 
2. The flat swatches were squeezed in a manually operated 

wringer af ter  the wash. 
3. The swatches were rinsed once for 5 minutes in the ]raun- 

derometer jar  containing the ]0 rubber balls, and with a volume 
of ]00 ml. of water of the hardness in use at  120~ 

4. Repeat 2. 
5. The swatches were spread out upon an aluminum sheet and 

transferred to an oven at 65~ and were removed when dry. 

Test 3. Terg-0-Tometer. Single 10-minute wash. 
]. 1,000 ml. volumes of the detergent solution in use were pre- 

heated and t ransferred to the Terg-O-Tometcr .  
2. The machine was started and, with assistance, the four  

individual 3 x 4-inch swatches were quickly added one at  a 
time to the beaker. 

3. These were washed for exactly 10 minutes at 120~ 
4. The beakers were removed from the water batll and the 

solution discarded. 
5. The swatches were individually wrung through a hand 

wringer. 

6. The swatches were returned to the beakers as described 
under (2) above and rinsed for exactly 5 minutes in water of 
the hardness in use at  120~ 

7. Repeat (4) and (5). 
8. The swatches were spread on an aluminum plate to dry and 

transferred to a circulatory oven at 65~ When the swatches 
were dry, they were removed. 

Test 4. Terg-O-Tometer. Single 20-minute wash. 
The procedure was exactly as in Test 3, except tha t  the wash 

time duration was 20 minutes, and 8 swatches were used instead 
of 4. 

Test 5. Conventional Washer. 
The water capacity of the machine with an 8-pound load was 

found to be 17 gallons. The load was weighed into the machine 
and consisted of normally soiled fast-colored or white garments.  
Each load contained, ill addition to the soiled garments,  five 
5 x 6-inch swatches of s tandard soiled fabric. 

]. The machine was filled to the predetermined level with 
water at ]20~ 

2. The detergent was added with the agi ta tor  ill motion to 
permit rapid solution. 

3. The 8-pound weighed load was added. 
4. The load was washed for 10 minutes. 
5. The garments  were then wrung into a s tat ionary tub of 9 

gallons of water of the same hardness as the wash, at 100 
• 1 7 6  

6. A hand rinse was administered in the water of Step 5 by 
thoroughly moving the garments  up and down in the water. 

7. The rinsed garments  were wrung into the machine filled 
with 17 gallons of fresh water of the hardness in use at 100 
___5~ 

8. A machine rinse was made for 5 minutes. 
9. The garments  were wrung from the rinse. 
10. The soil swatches were removed and pressed dry at a low 

iron temperature in a flat work press. 

Test 6. Launderometer.  Steel ball technique. 
I. Test pieces were 3 x 4" in size, and each jar  contained one 

swatch of soil, and one piece of white unsoiled fabric of the 
same size. 

2. The concentration for each detergent solution was 0.2% 
in 50 ppm. water and 0.4% in 300 ppm. water except for the 
fa t ty  alcohol sulfate,  which was 0.2% in 300 ppm. water. The 
stock solutions were preheated to 120~ before adding to the 
jar. 

3. In each pint Launderometer ja r  were placed ten l/~-inch 
stainless steel balls, 200 ml. of test solution, at 120~ and 
the swatches in this order. 

4. The closed jars  were tested for leaks, t ransferred to the 
loading table for 10 minutes to at tain temperature, and then 
loaded into the machine. 

5. The jars  were rotated for 30 minutes at 40 ___2 rpm. 
6. After  the wash period the ja rs  were poured successively 

into a strainer in the sink. The pieces were then dropped into a 
pail of distilled water at l l 0 ~  and stirred for one minute, 
removed individually, and laid on a towel lying on the bench. 
They were then blotted dry with a clean dry towel and laid 
out on an aluminum sheet and dried as in Test 1. 

Reflectance Readings.  R e f l e c t a n c e  r e a d i n g s  w e r e  
m a d e  b y  p l a c i n g  d u p l i c a t e  s w a t c h e s  f r o m  t h e  s a m e  
w a s h  a n d  d e t e r g e n t ,  o n e  u p o n  t h e  o t h e r  a n d  s t r e t c h -  
i n g  t h e m  b e t w e e n  s m a l l  b r a d s  on  a b o a r d  p a i n t e d  
b a t t l e s h i p  g r a y .  W i t h  I n d i a n h e a d  f a b r i c  a n d  t h e  
b a c k g r o u n d  d e s c r i b e d ,  b a c k g r o u n d  r e f l e c t a n c e  is 
m i n i m i z e d  a n d  e s s e n t i a l l y  c o n s t a n t .  

T h e  P h o t o v o l t  m o d e l  610 m e t e r  ( 9 )  w a s  a d j u s t e d  
to  0 %  r e f l e c t a n c e  f o r  t h e  so i l  a c t u a l l y  u s e d  a n d  t h e n  
a d j u s t e d  to ] 0 0 %  r e f l e c t a n c e  f o r  t h e  w h i t e  f a b r i c  
u s e d  in  p r e p a r i n g  t h e  soi l  t e s t  c lo th .  T h i s  is a~l a r b i -  
t r a r y  p r o c e d u r e  a n d  g i v e s  i m m e d i a t e  p e r c e n t a g e  soi l  
r e m o v a l  r e a d i n g s  f o r  t h e  w a s h e d  s w a t c h e s .  T h r e e  
m e t h o d s  o f  a t t a i n i n g  r e f l e c t a n c e  v a l u e s  h a v e  b e e n  
m a d e  : 

1. The preferred method jus t  described. 
2. Adjus tment  of the Photovolt to absolute zero and to 

90% (or other) reflectance with a suitable working 
standard. 

3. Measurement with the Hunter  Photometer (6) using 
working standards.  
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T A B L E  : I I I  

Percentage  Soil R e m o v a l  Data 

567 

Detergent  

1. Bui l t  non ion ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. B u i l t  a lkyl  a r y l  s u l f o n a t e  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. P u r e  soap  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. L o r a l k y l  sodium sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1. Bu i l t  n o n i o n i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. B u i l t  a lkyl  a r y l  su l fona t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. P u r e  soap  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. L o r a l k y l  sodium sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% p p m .  

0.2 50 
O.2 5O 
0.2 50 
0.2 5 0  

0 .4  300  
0 .4  300  
0 .4  300  
0.2 300  

Test  1 Tes t  2 [ 

45 

37 

51 I a8.5 I 
3 s 5  I 26.5 I 

T e s t 3  T e s t 4  [ T e s t 5  T e s t 6  

43 51 | 1  35 35 

41 45  - - t  36 28 .5  49 21 48 60 
36 .... 34  24  

46 .5  54 33 37 
48 54 34 38 

49 38 45 60 
39 39 .5  30 

Test 1, multiwash Launderometer method .  Tes t  4, Te rg -O-Tomete r  20 -minu te  wash .  
Test 2, s inglo  w a s h  Launderometer method. Tes t  5, conven t i ona l  w a s h .  
Test 3, Te rg -O-Tomete r  1 0 - m i n u t e  w a s h .  Test  6, L a u n d e r a m e t e r  s ing le  w a s h  w i th  steel balls.  

The prefer red  method provides percentage soil re- 
moval data (percentage reflectance) immediately and 
directly.  Both methods 2 and 3 require arithmetic 
calculations to obtain comparative soil removal:  

( A  - -  B ) / ( O  - -  B )  M 1 0 0  = % s o i l  r e m o v a l ,  w h e r e ,  
A - ~  S o i l e d  f a b r i c  a f t e r  w a s h ,  
B ~--- S o i l e d  f a b r i c  b e f o r e  w a s h ,  
C ~ W h i t e  f a b r i c  b e f o r e  s o i l i n g .  

T h e  following data are illustrative of the values 
obtained f o r a  Single set of swatches of the four  pre- 
viously described detergents washed under  identical 
conditions of test, The columns headed "% Soil Re- 
mova l"  were obtained as previously described, and 
the other columns are the comparisons between prod- 
ucts referred to one sample as a standard. Differences 

T A B L E  I I  

C o m p a r i s o n  of Re f l ec t ance  Methods  

Method 1 Method 2 I Me thod  3 
Soil S t a n d a r d  W o r k i n g  S t a n d a r d  I H u n t e r  

De te r -  
g e n t  , .. C o m p a r i - I  . ] C o m p a r i - I  ~ �9 ] Compar i -  

RemoVal  sen W i t h  I ReS~ I son W i t h  / R ~mlalemov I son Wi th  / S t d [  IStd Std 
1 45.5 I ~ - ~ V - - ~  1 - - 1 0 ~ - - , ~ ,  7;o 
2 4 6 . 5 .  102 4 4  102  40 105  
3 60 .5  133 54 126  50 132  
4 ~5 77 ~3 77 2%5 72 

for  the three methods between the comparison with 
the s tandard for a given detergent can be a t t r ibuted 
to experimental  error  in the operation of the photome- 
ters, including the fact that  " %  soil removal"  values 
are recorded only to the nearest significant 0.5 unit  by 
methods 1 and 2. 

S t a t i s t i c a l  M e t h o d s  

The methods used to assist in interpretat ion of the 
data are all recognized ones: s tandard deviation (1),  
s tandard error,  q~- (10), coefficient of var ia t ion (1),  
and coefficient of correlation-(7, 8). 

A significance level was used for this: w o r k : o f  
0.05 (five chances out of 100 of being wrong)~ These 
calculated values are available from Fisher 's  Table 
V. A. (3). 

Comparison of Two Mean Values (3). Two mean 
values may b e  compared by  the process used by  
Fisher, who sh~ws ithat if the difference between two 
mean values is equal to, or greater than twice the 
la rger  s t andkrd  error,  the chances are 95.45' out of 
100 that  the two materials are actually different. 

Duplication of Tests. Each value shown in the ta- 
bles was the average of at least duplicate samples in 
two separate wash series for  Tests 1, 2, and 6, quad- 
ruplicate swatches for  at least two wash series for  
Test 3, eight swatches for  at least two wash series 

for  Test 4, while Test 5 comprised the average of 10 
washes, each containing five soil swatches. 

D i s c u s s i o n  

Examination of Table I I I  shows the considerable 
variation in extent of soil removal which exists  from 
test to test. This should be expected, considering the 
differences in method of handling a n d i n  the washing 
machines used. In  one general level are Tests 1, 3, 
and 4. Test 1 is a multi-wash Launderometer  method, 
Test 3 is a 10-minute Terg-O-Tometer  method, and 
Test 4 is in the same machine, bu t  for a 20-minute 
washing period. A generally lower level of soil re- 
moval was at tained by Tests 2, 5, and 6, which are 
respectively a single 20-minute Launderometer  wash, 
the wash in the conventional washer, and Test 6 the 
Launderometer  method, using a double volume of 
solution and steel balls. I t  might have been expected 
that  a closer coincidence of values should have been 
found between the conventional washer and the Terg- 
O-Tometer, or between the various Launderometer  
tests. 

Table IV presents the same data using the loralkyl 
sulfate detergent as a basis for  comparison. I t  again 
becomes evident that  there are several different lev- 

T A B L E  I V  

% D e t e r g e n c y  

Bas i s  of L o r a l k y l  Sulfate 

Deter -  
gen t  

0.2 
0.2 
0.2 

0.4 
0 .4  
0.4 
0.2 

p p m .  

50 
50 
50 

3 0 0  
300  
300  
300  

T e s t 1  T e s t 2  

127  I 134  
122  [ 131  
143  I 179  
100  I 100  

~ - ~ 2 2  t 155 
125 [ 162  
132  ~ 183  
100  / 100 

Tes t  3 

- 127  
120  
176  
100  

119  
123  
154  
1O0 

T e s t 4  I 141  146  
125  119  
136  200  
100  100  

137  123  
137  127  
124  150  
100  1oo  

Test 5 

100 

els o2 detergency, and this method for  investigation 
offers no clarification over the percentage soil re- 
moval data. A question that  should be answered is 
whether the test methods show variation in the de- 
tergent  samples tested and if they do, whether the 
variation is significant and whether the samples are 
rated in the same order of effectiveness. This may be 
accomplished by use of the statistical data given in 
Table V and by determination of statistical corre- 
lation between methods. Using the twice s tandard 
error  method previously described, the detergents c a n  
be arranged in order  by  test method as shown i n  
Table VI. 

A fu r the r  method for examining the degree of 
correlation between tests is to determine their  coeffi- 
cients of correlation in general comparing the meth- 
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T A B L E  V 

S t a n d a r d  Devia t ion  and S t a n d a r d  E r r o r  
Based on Table I I - - %  Soil Removal  

Dete rgent  % 

0.2 
0.2 

................................... : ......... , 0.2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 0.2 

I 
0.4 
0.4 

3 ..................... 0.4 
........................................................................ 0.2 

ppm. 

5O 
5O 
5O 
5O 

3OO 
3OO 
3OO 
3OO 

Test  1 

ff (r~- 

2.90 1.68 
3.10 1.79 
0.63 0.36 
2.55 1.47 

3.10 1.79 
2.90 1.67 
1.16 0.67 
1.98 1.14 

Test  2 

1.79 1.03 
4.60 2.64 
2.74 1.58 
1.50 0.87 

3.58 2.06 
2.40 1.38 
1.52 0.88 
1.52 0.88 

Test  3 

~r 

2.05 
2.86 
3.30 
2.70 

2.50 
0.55 
4.75 
1.92 

1.87 0.71 
0.93 0.35 
1.66 0.63 
0.79 0.30 

4.24 1.61 
1.37 0.52 
3.75 1.42 
1.70 0.64 

Test 4 Test 5 

( r~  (r ( ru  

0.51 4.51 0.64 
0.69 4.78 0.68 
0.83 5,72 0.81 
0.67 . . . . . . . . . . . . . . .  

0.63 3.62 0.53 
0.14 5.90 0 . 8 3  
1.19 5.58 0.79 
0.48 

Test 6 

a a ~  

1.87 1.08 
1.14 0.66 
2.60 1.50 
1.73 1.00 

1.22 0.71 
2.69 1.55 
1.50 0.87 
2.96 1.71 

ods with Test I. A significance level of 0.05 was 
believed to fall within the limits of reproducibili ty 
of these methods. The data resulting from these com- 
parisons are given in Table VII .  The following char- 
acterizations are revealed from Tables VI  and V I I :  

50 p p m .  300  p p m .  

S i g n i f i c a n t C o r r e l a t i o n  S i g n i f i c a n t  c o r r e l a t i o n  

T e s t s  1 a n d  2 T e s t s  1 a n d  2 
T e s t s  5 a n d  6 

T e s t s  1 a n d  5 
C l o s e  C o r r e l a t i o n  

T e s t s  1 a n d  3 T e s t s  1 a n d  6 
T e s t s  1 a n d  6 T e s t s  5 a n d  6 

S i g n i f i c a n t l y  N e g a t i v e  

T e s t s  1 a n d  5 

The possible reason for a significantly negative 
correlation in 50 ppm. water between Tests 1 and 5 
is that  the soap in a conventional washer has a much 
greater soil load thrown upon it than in the com- 
paratively small laboratory tests hence reacts less 
favorably. (Note the differences in weight of fabric 
to volume of solution as shown in Table I.) 

Significant correlation might be expected between 
Tests 1 and 2 because one is a simple variant  of the 
other. Since Tests 1 and 6 are accomplished in the 
same machine with variation in some of the control 
factors, it should not be surprising to find signifi- 
cant correlation between them. Less clearly defined 
is correlation between the results obtained in the 
Launderometer and the Terg-O-Tometer. Test 3 for 
a single 10-minute wash in the Terg-O-Tometer gives 
closer correlation with Test 1 than does Test 4 for a 
20-minute wash. 

T A B L E  VI  

Sta t is t ical  R a t i n g  (2 6_ Method) 
x 

Test l ] T e s t 2  T e s t 3  ] T e s t 4  ] T e s t 5  T e s t 6  

50 ppm. Wate r  

3 I 3 1 1 1,2 3 2 
4 �9 i .... 4 

300 ppm. Wate r  

3 , 2  ] [ 3 3 
2 , 1  2, 3 2, 3 1'32 1 , 2  1 , 2  

4 4 4 4 .... 4 

NO~'B: The r a t ings  g iven  in  this  table are  subiec t  to addi t iona l  inter- 
pre ta t ion  according to concentra t ion levels observed. See Text. 

Detergents---No. 1, bu i l t  non ion ic ;  No. 2, bu i l t  alkyl aryl  su l fonate ;  
No. 3, pu re  soap;  No. 4, loralkyl  sodium sulfate.  

In  Table V I I I  where water hardness was disre- 
garded and the results combined, only one lack of 
correlation between Test 1 and the other tests was 

found. This occurred with the conventional washer. 
Again this lack of correlation can be at tr ibuted to 
the poor showing of pure soap under the practical 
test conditions. The question as to whether any of 
the tests correctly align the products according to 
their known capabilities is one which should be an- 
swered in the light of the conditions observed.  The 
solution concentrations are sufficiently high to per- 
mit soap to act at its point of maximum effectiveness 
except in the conventional washer in soft water. I t  
is known however that built soaps are more economi- 
cal and more effective than straight soaps and that 
built synthetic agents are superior i n  heavy-du ty  
characteristics to unbuilt, light duty  products such 
as the loralkyl sodium sulfate used in these tests. 

T A B L E  VI I  

Coefficient of Co; 'relalien 
(Bas is  Table I I )  

Wa te r  Ha rdnes s  
Comparison 

Test 1 and 2 ....................................... 
Test  1 and 3 ....................................... 
Test 1 and 4 ....................................... 
Test 1 and 5 ....................................... 
Test 1 and 6 ....................................... 
Test 3 and 4 ...................................... 
Test 5 and 6 ....................................... 
Test  2 and 3 ...................................... 
Test 4 and  6 ....................................... 

50 ppm. 300 ppm. 

0.976 0.999 
0.937 0.900 
0.833 0.784 
0.982 0 . 9 4 9  

0.938 0.954 
0.672 0.405 
0.962 0:991 
........ 0.905 
........ 0.566 

Signif icance level P = 0.05, for 1 and  5 ~- 0.997, o thers  0.950.  

The wash tests methods in general show pure soap 
to be most effective, followed by the built synthetics. 
The exception was the practical test in soft water 
where soap showed up poorly, due probably to the 
heavy soil load thrown upon it. I n  this sense these 
laboratory tests are unrealistic since the conditions 
chosen were at levels which provided effective cleans- 
ing for all the agents. A normal evaluation would 
include concentration and water-hardness evaluations 
which quickly would re-align the products in a real- 
istic manner. The test conditions chosen  for this 

T A B L E  V I I I  

Correlat ion Coefficient 
Combinat ion of Wate r  Hardness  Data  

Compel ~son r 

Test  1 and 2 .................................... : .............. 0.967 ~ 
Test 1 and 3 .......................... : ........................ 0.908 
Test 1 and  4 .................................................... 0.802 
Test  1 and 5 ............................... ~ ................... I 0.708 x 
Test  1 and 6 ................................................... ' 0.917 
Test  3 and  4 ....... : . . . . . . . . . . .  ...............................-, 0.551 
Test 5 and 6 .................. --- -- .-- .- -.- -- --....r 0593x 

Signif icant  correlat ion when r ~ 0.7067 or g rea te r  (0 .05 s ignif icance 
level) .  

x Signi f icant  correlat ion when r ~ 0.811 or greater .  



THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY, DECEMBEI~, 1950 569 

work therefore favored pure soap, and it should have 
shown effective cleansing, as it did. With few excep- 
tions the alignment of products by test methods under  
the conditions observed is in the order :  p u r e  soap, 
built  nonionic and built, alkyl aryl  sulfonate, and lor- 
alkyl sodium sulfate. 

Note that  none of the test methods used corrects 
for  redeposition of soil which may cause marked 
change in the actual net soil removal. This factor is 
receiving increasing attention and can be evaluated 
either concurrently with soil removal, or separately. 
One of the reasons for difficulty in discerning differ- 
ences between products lies in test method variation. 
Table IX  shows the coefficient of variation data for  

T A B L E  I X  

Coefficient of V a r i a t i o n  

D e t e r g e n t  % 50 PPm. T e s t  l lTes t~  

1 . . ~ "  0 . - - ~  - - -  ~ 2 , 2  ~ -  
.................. o.~ ~.o L12.~ 

3 . . . . . . . . . . . . . . . . . .  I 0.2 [ [ 1.2 [ 5.3 
4 02 

I aoo ppm. I �9 / 
1 ................... o.~1 { ~.~ [ ~.o 
2 .. . . . . . . . . . . . . . . . . .  0 .4  , - -  6.0 t 5.6 
,~ . . . . . .  : . . . . . . . . . . .  ] o . 4 ]  t 2.3 J 3 . 1  
4 .................. I 0.2 I I 5.2 I 5.7 

I I A v e r a g e  I 5.2 ] 6.3 

'est : T e s t  

4.3 ~ . 0  
2.3 6.4 
2.8 6.8 
2.3 7.5 

9.1 4.6 
2.9 1.0 
6.3 9.7 
4 .4  4.9 
4.3 5.6 

Pest ~ T e s t  6 

5.3 
13.3 4.0 
27.2 5.4 
..... ~ 7,2 

11,0 3.3 
17.4 7.1 
14.7 3.3 

9.9 
i~:~ 5,7 

these tests. The "average" values indicate that great- 
est variation occurred with the practical wash test 
in the conventional washer. This could have been ex- 
pected because of the variety of soils encountered. 
Nevertheless when the extent of variat ion is known, 
it can be taken into consideration and a correction 
made when comparing test results, and valid conclu- 
sions may then be drawn. Aside from the rather  high 
variation of the conventional method, according to 
these  test conditions, there seems to be little choice 
between any of the other methods. 

Discussion 
The degree of correlation between these tests is 

good, considering the range of methods and machines 
used. Variation in correlation between tests was dis- 
cerned between soft and hard  water, perhaps attrib- 
utable more to variation within tests than to water 
hardness effect, since solution concentrations were 
sufficiently high to obviate this as a factor. 

The degree of  soil removal for  a given detergent 
varied from method to method. Only in the hard  
water washing tests did a major i ty  of the tests rate 
the detergents in the same general order, Test 4 be- 
ing the only exception. 

Pure  soap was so effective in these tests because 
essentially optimum concentrations for soap usage 
were observed. Had lower solution concentrations or 
harder  water been used, soap effectiveness would 
have been greatly impaired. The effective ratings of 
detergents are generally determined by  prepar ing de- 
tergency curves based upon concentration and water- 
hardness variables, bu t  such tests were precluded in 
the present work. The comparatively poor detergency 
for soap in the practical test under  soft water con- 
ditions and 0.2% solution concentration appears to 
be a t t r ibuted to the soil load thrown upon it. In  
hard  water, at 0.4% solution concentration, soap per- 

forms quite effectively. Consequently the sensitive- 
ness of soap at a critically low solution concentration 
and high soil content of the load appear  to be the 
most acceptable explanation for the divergence of the 
practical from the laboratory tes ts .  

Redeposition of soil can markedly affect detergency 
values, and relatively few tests at present include 
this important  factor. Redeposition values can be 
ascertained simultaneously with soil removal, or ar- 
b i t rar i ly  determined separately. This factor will un- 
doubtedly receive more emphasis in fu ture  work. 

Test variation for the five laboratory methods was 
of the same degree. The practical conventional washer 
test gave a variation roughly triple that  for  the lab- 
oratory methods, at t r ibutable largely to the wide 
variety of actual soils encountered and to degree of 
soiling found in normally worn or used garments. 

F rom these tests it would appear that  control of 
factors such as time of wash, or ratio of fabric to 
solution, might  permit  adjustment  to give closer cor- 
relation of data between methods. The use of pr imary  
or p r imary  and secondary samples for comparison 
purposes is to be recommended for observation of 
control over both wash test method and soiled test 
fabric. 

As exemplified b y  the wash test results in the con- 
ventional washer, the ratio of soil load (soil or dir t  
in the garments) ,  to the fabric weight and detergent 
solution volume can be very  important  in evalua- 
tion technique. Laboratory  wash test methods should 
approach observed practical ratios to provide com- 
parable data, 

Choice of wash test method wi l l  depend largely 
upon the reliability experienced. I f  one method con- 
sistently produces results which correlate closely with 
known practice, then that  method probably will be 
followed. Many methods are probably  designed to 
closely duplicate practical conditions, but  some will 
provide greater ease of control, larger volume of data, 
or simplification of t e s t  procedure. Choice of' wash 
test  machine is many times a mat ter  of availability, 
recognized usage, or duplicabili ty of a recognized pro- 
cedure. In  any event the machine should be readily 
controlled though some will provide a greater volume 
of useful data than others. 

The use of statistical methods as tools in the evalu- 
ation of data cannot be emphasized too greatly. Where 
variat ion in data is as great as it is, only a statistical 
method will assist in arr iving at reasonably valid 
conclusions. Thorough training of operators of wash 
test methods and close attention to operational de- 
tails are necessary in producing reliable data. 

Summary 
Soil removal data were developed for five labora- 

tory  methods and one practical wash test method, 
utilizing a single standardized soil test fabric. The 
degree of correlation between the methods is good 
considering the var ie ty  of machines and procedures 
used. Bet ter  correlation between methods was ob- 
tained in hard  than in soft water, a t t r ibutable  to the 
higher solution concentration used in the hard  water 
tests. 

The rat ing given the four  detergents by  the test: 
methods was fair ly  uni form;  the hard  water  data 
again were more concordant. Under the conditions 
used which were optimum for soap, the o r d e r  of effec- 
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tiveness was: soap, built nonionic and built alkyl aryl 
sulfonate, and loralkyl sodium sulfate. Ordinarily, 
solution concentration-water hardness curves would 
be developed for complete evaluation, but the scope 
of this work precluded this procedure. 

The test variation for  the five laboratory methods 
was of the same degree. The practical conventional 
washer test gave coefficients of variation roughly 
triple those for  the laboratory methods. This differ- 
ence is largely attr ibutable to poorer test control of 
conditions such as degree and kind of soil of the test 
load. Even though different test washing machines 
were used, it appears that  adjustment  of factors such 
as wash time and ratio of fabric to solution might 
provide closer correlation between methods. 
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Notes on the Determination of Photometric Colors 

S E V E R A L  points concerning the determination of 
photometric colors have arisen as more and more 
spectrophotometers come into use and more and 

more operators use the method. In  some instances 
the Model B instruments seem to be giving on refined 
oils results which are somewhat higher than those 
obtained on the instruments used by  the Color Com- 
mittee in the original work on which the equation 
for calculating photometric color was based. In  other 
instances extremely good cheeks between Lovibond 
colors and photometric colors are obtained. There 
does not seem to be any tangible trouble at low 
color levels. Photometric colors well below Lovibond 
red values can be and have been obtained. Even 
negative photometric colors are encountered. In  ex- 
tremely green oils the green correction (--56.4D67o) 
can be greater than the combined values at 460, 550, 
and 620 millimicrons. Photometric colors using the 
present calculation are of course meaningless on very 
green oils. Lovibond red values however are equally 
meaningless. 

Anomalous results obtained by some operators are 
directly traceable to faul ty  Lovibond red readings. 
Many uncalibrated sets of Lovibond type are in use 

as well as many Wesson or Stevenson Colorimeters 
which are in bad repair and poor optical balance. 
Faul ty  spectrophotometers, faul ty  calibration stand- 
ards, poor techniques, samples which are not clear, 
and cuvettes which are of the wrong type or which 
are dir ty or etched, all are factors in affecting the 
individual 's  ideas on how well his laboratory checks 
Lovibond and photometric colors. 

In  determining photometric colors many wrong 
conclusions can be avoided if the method is followed 
carefully. Some of the points to observe are:  

1. Ca l ib ra te  the spec t rophotometer  between 25 ~ and  30~ 
2. Check the i n s t rumen t  a t  a l l  i nd ica ted  wavelengths .  I f  the 

specifications cannot be met by proper adjustment, the in- 
strument should be returned to the factory. 

3. The cylindrical cuvettes must be type B and must check not 
only each other but must check the Coleman CCh standard. 
Cuvettes should be kept free from dirt and free from 
scratches. 

4. The oil samples must be clear. If  the eli is not clear when 
filtered through paper, 0.5 gm. of diatomaceous earth in 
300 gms. of oil should be used to insure clarity. 

5. Voltages to the spectrophotometer must be controlled to the 
point where fluctuation in readings does not occur. 

6. Care in calculating photometric color is essential. 

R.  C. STILLMAN. 


