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R T I F I C I A L L Y - s o i l e d  cloths have found wide ac- 
ceptance in the textile, laundry,  and detergent  
industr ies  in the evaluation of detergent  prod- 

ucts and methods. Manufac ture r  and operator  alike 
faced with an opt imum selection f rom a mult i tudi-  
nous a r r ay  of soaps, synthetic detergents, detergency 
aids, and combinations thereof have resorted to the 
use of so-called " s t a n d a r d "  soiled cloths in evaluation 
of detergency performance.  Too often such cloths are 
" s t a n d a r d "  only in name, in that  they fail  to meet 
one or more of the requirements  usual ly  expected of 
a soiled test fabric.  These are :  

1. The soiled cloths should r~nk detergent  products  in the 
same order ~s obtained in actual usage tests under  prac- 
tical conditions. 

2. The soiled cloths should give reproducible results f rom 
batch to batch of cloth as well as within batches of cloth. 

3. The soiled cloths should have sufficient sensit ivity to dis- 
t inguish known differences between detergents with a 
minimum expenditure of t ime and effort. 

The first of these requirements,  that  of correlation 
with pract ical  tests, is the most impor tan t  of the 
three, since a wrong answer on soiled test cloths may  
result  in serious economic losses. However  the other 
requiremenL~ necessarily follow in order tha t  the in- 
vestigator will know when he has correlation with 
pract ical  tests. 

Few published papers  on development of artifi- 
cially-soiled cloths a t tempt  correlation with practical  
tests. Exceptions are papers  by  Har r i s  and Brown 
(4),  Sanders and Lamber t  (6, 11), and Vaughn (14). 
Other investigators (5, 8, 15) have compared several 
types of soiled test fabrics  in the evaluation of deter- 
gent systems or types of detergents• A num ber  of the 
soiled cloths used are commercially-available and pre- 
sumably  were cal ibrated against  pract ical  tests on a 
given series of detergent  products. The lack of agree- 
ment  among test fabrics  repor ted is an i l lustration of 
the limitations on their  use; that  is, successful cor- 
relation on a few detergent  systems or types  of deter- 
gents does not necessarily imply that  application of 
the " s t a n d a r d i z e d "  soiled cloth to test ing of other 
systems or types will continue to show correlation 
with pract ical  tests. 

The present  paper  serves to re-emphasize the lack 
of agreement  between different types of  artificially- 
soiled cotton test  fabr ics  in evaluation of detergency 
performance  of representa tNe detergent  products  and 
the limitations on their  use. 

Experimental 
B'oiled Test Cloths. Four  different types of art i-  

ficially-soiled cloths were used: Three of these are 
commercially available;  the four th  is f rom a pr ivate  
laboratory.  Different batches of each test fabr ic  were 
ordered at two-week intervals,  such tha t  two or three 
batches of each w e r e  available for  test. The test  
swatches used were randomized within batches. 

Wash Te.st Methods. The Launderometer  (7) method 
used was essentially that  described by  Crowe (2) for  
cotton fabric,  with certain exceptions: 

~Pre sen t ed  at  the  25th  a n n u a l  fall  meet ing ,  A m e r i c a n  O i l  Chemis t s '  
Society, Chio~go, Ill., October  8-10, 1951. 
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FIG. 2. Detergency as measured by fabr ic  No. 2. 
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1. The wate r  hardness was 7 gr . /gal .  (120 p.p.m.) .  
2. The t empera tu re  was 130°t  °. (54.5°C.). 
3. Volume of test  solution was 200 ml. 
4. Dura t ion  of wash was 20 nfinutes. 
5. Two 2 ½  in. x 21~ in. soiled swatches and two clean sw~tches 

of the same size were placed in each pint  jar .  The clean 
swatches were bleached white  cotton pr in t  cloth, unsized, 
thread count 84 x 68, weight  3.0 oz./yd. 

Detergents Used. The five detergents used are com- 
mercially available soaps and buil t  synthetics. Among 
these are bui l t  and unbui l t  soaps, bui l t  f a t ty  alcohol 
sulfate, bui l t  alkyl aryl  sulfonate, and bui l t  non-ionic. 

Number of Tests. All four  soiled test  fabrics  were 
evaluated by  performance  tests, on all detergent  prod- 
ucts at concentrations 0, 0.1, 0.15, 0.2, 0.3, and 0.4% 
on an " a s - i s "  product  basis. Duplicate tests were 
run at each concentration, with the exception of 0 
and 0.4%. 

In  addition, two or three batches of each soiled cloth 
were evaluated in the same manner,  with duplicate 
runs  on at  least one batch of each cloth. 

Grading of Test Pieces. Reflectance measurements 
were made on the soiled, test pieces and whiteness 
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FIG. 4. D e t e r g e n c y  as  m e a s u r e d  by  f a b r i c  No .  4. 

retention swatches a f t e r  washing. The Photovolt  Re- 
flection Meter, Model 610 (10), was used for  this 
purpose. 

Comparative Ranking of Products  as to Detergency 

Results of wash tests on the four  soiled fabrics  are 
shown in Figures  1-4, respectively. Each point on 
the curves, with the exception of those at 0 and  0.4% 
concentration, is an average of the reflectance of 16 
swatches. Each point  at  0 and 0.4% concentration is 
an average reflectance of 8 swatches. 

In  general, it will be noted tha t  all fabrics, do not 
rank the detergents in the same order. The lack of 
agreement  is best i l lustrated by selected pairs  of de- 
tergents as in Figures  5 and  6. 

In  F igure  5, fabrics  1, 2, and 3 show an advantage 
for  Detergent  A compared to Detergent  B whereas 
fabric 4 shows no difference. The  situation is more 
serious where actual reversals of order are observed, 
as in F igure  6. Fabr i c  2 shows an advan tage  for  
Detergent  A over Detergent  E ;  fabr ic  1 shows sub- 
stantial ly equal detergency whereas fabr ics  3 and 4 
show an advantage for  Detergent  E. 

Fo r  purposes of simplicity, fu r the r  discussion of 
Figures  1-4 will be confined to results at the 0.3% 
concentration since this point is approximate ly  tha t  
at which max imum detergency occurs. At  this. con- 
centrat ion the comparat ive ranking of the various 
detergents may be summarized as in Table I. 

TABLE I 
Comparative Rank ing  of Five Detergent  Products by Four  Different 

Detergency Test Fabrics  and Practical  Tests as to Maximum Cleaning 

Fabr ic  No. I Fabric No. 2 Fabric No. 3 Fabric No. 4 
Prae- 

Deter- tCeflec- Deter- R, eflec- Deter- I~eflec- Deter- Reflec- tical 
gent tance gent ta~nce gent tance gent t~nce 

D 54.51 
C 52.8] 
A 5] .8 
E 51.2 
B 48.8 

(Yard- 
stick~) (2.4) 

D 53.5 I 
G 52.5 
A 50.8 
B 48.5] 
E 44.5 

(2.5) 

~An estimate of the reliabilit 

D 28.3 
E 25.81 
C 25.0 I 
A 22.8 
B 21.3 

(1.1) 

E 40.3 I 
D 39.8] 
C 39.81 
A 38.311 
B 38.311 

(.o8) 

D 
ct 

B 

of the mean reflectance values given 
in Table I enables a judgment  of the significance of the data. This is 
obtained by computation of sta.ndard error  values for the. means by sta- 
tistical techniques described by Brownloe (1) and calculation of a 
"yards t ick"  applicable to the k ( k - l ) / 2  contrasts, where k is the num- 
ber of mea.ns to be compared. A conclusion as to the reality of a dif- 
ference equal to the calculated yardst ick will be in er ror  only one time 
in 20 experiments. The yardst ick is based on a method proposed by 
Tukey (13) .  

Note that  detergents D, C, A, B are rated in that  
order by  each of the four  soiled fabrics. Detergent  
E is ranked successively fourth,  fifth, second, and 
first by  fabrics  1 to 4. Use of a ba r  in Table I to 
bracket  several mean valnes indicates no experimental  
evidence of a significant difference within the group. 

Correlation with  Practical  Tests 

The comparat ive ranking  of the detergent products  
by practical  tests is also included in Table I. These 
ratings are based on wash tests on naturally-soiled 
clothes and pract ical  l aundry  experience, both house- '  
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hold and commercial. The probable  order of clean- 
ing is D, C, A, E, B, with differences among C, A, and 
E p robab ly  not discernible except under  favorable 
conditions. 

Based on the above ra t ing as the true one, the de- 
gree of correlation of the test  fabrics with practical  
tests is that  given in Table ]I .  

Calculation of the correlation coeffieient shows that  
only f ab r i c s ' l  and 3 give a significant correlation with 
practical  tests as. to ranking of the five detergent  prod- 
ucts. I t  should be emphasized however the correlation 
with practical  tests is not implied for  other than the 
specific group of detergents here employed. The bet- 
ter  correlation with pract ical  tests obtained on fabrics  
1 and 3 will not necessarily apply  to an expanded 
series of detergent  products.  

T A B L E  l I 

R a n k  Corre la t ion  of I ) e t e rgency  Tes t  Fa,brics wi th  Pr :acl ical  Tes t s  

Pilcaa•" F a b r i c  F a b r i c  F a b r i c  F a b r i c  
D e t e r g e n t  . . . .  tes ts  No. 1 No. 2 No. 3 No. 4 

D .................................... 1 I 1 I 1 I 1 2.5 
(_. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.5 
A .................................... 3 q :~ 4 4.5 
E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l " l 4 l ') I " 1 
B .................................... / ') / " I 4 I ') 4.5 
Corre la t ion  eoeffieien t a I 

wi th  prac t ica l  tests. . . . /  I 0 .90 b I 0.75 / 0-9(/h 0.55 

a S p e a r m a n ' s  r a n k  correMtion coefficient ca lcula ted  as g iven  in 
Snedecor  ( 1 2 ) .  

b S ign i f i can t  at 0.05 probabi l i ty  level, i .e. ,  there  is  a p robabi l i ty  
of ! i n  20 tha t  the  corre la t ion is zero, based on Olds ( 9 ) .  

Reproducibility 
Reproducibility Within the Same Batch or Lot. In- 

spection of the s tandard  error  values given in Table 
I I I  affords an estimate of the reproducibi l i ty  of test  
results with the various soiled test  fabrics within a 

T A B L E  I I I  

S ta t i s t ica l  Va lues  Appl icable  to D a t a  f r o m  W a s h  T e s t s - - f o r  :Means of 
E i g h t  J a r s  (16 Swa tches )  as  in P i g u r e s  1-6 

F a b r i c  l ............................................. i- 
F a b r i c  2 ............................................. 
F a b r i c  3 ............................................. 
F a b r i c  4 ............................................. 

S t a n d a r d  Confidence 
e r r o r  of l imits  for  

m e a n  m e a n  s a 

.61 X + 1.2 

.65 X + 1.3 

.29 X __~ 0.6 

.20 X + 0.4 

a T h e  t r u e  va lue  of the m e a n  lies w i th in  the  s ta ted r ange  sah jec t  ",o a 
r i sk  of e r ro r  of 1 in 29. 

given batch. The lower the s tandard  error of the 
mean, the grea ter  the precision of results based on a 
given test fabric.  Thus precision obtained with the 
various test fabr ics  is in the order fabric  4, 3, 1, and 
2 with 1 and 2 about  equal in precision. 

Reproducibility Among Batches. Wash test results 
on different batches of the  same soiled fabric  show 
that  for each fabric,  with the exception of fabr ic  2, 
the differences in cleaning levels among batches are 
no greater  than the difference between duplicate runs  
on the same batch. With fabr ic  2 (F igure  7) however 
the first batch shows a considerably higher cleaning 
level than either the second or th i rd  batch. 
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Sensitivity 
Equal ly  as impor tan t  as reproducibi l i ty in test 

results is the abi l i ty of the soiled test fabric  to dis- 
criminate between products  as to known differences 
in detergency. A test fabric  may  give very precise 
results, yet  the very  reason for  the high precision 
may be insensitiveness to differences in cleaning. Very  
often an increase in sensitivity results in decreased 
precision such tha t  a compromise between these two 
characteristics, is necessary. 

A choice can best be made by  determining which 
soiled test fabr ic  gives the greatest  spread between 
given detergents in terms of the precision of test  
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results with the par t icular  fabric.  An al ternative 
method of selection would be to determine the num- 
ber  of tests required to ensure detection of a dif- 
ference between two specified detergents. 

Both of these methods have been employed in Ta- 
ble I V  in compar ing the soiled fabrics. Detergents  
D and B were selected since the difference between 
them is the greatest  in pract ical  tests. 

Fabr ic  3 represents the best compromise between 
precision and sensitivity inasmuch as the spread be- 
tween detergents D and B is about 24 times ~he 
s tandard  error  of the mean. Fur the rmore  only one 
launderometer  run  is required to detect a t rue dif- 

TABLE IV 

Sensitivity of Soiled Test Fabrics with Respect to 
Detection of Differences Between I ' roduets 

Fabric 1 ............... 
Fabric 2 ............... 
Eabric 3 ............... 
Fabric 4 ............... 

(A) 
Observed 

spread 
Detergen~ D- 
Detergent B 

5.7 
5.0 
7.0 
1.5 

(B) Met lind 
Slandar(J• I 

er,m:s ( A ) / ( B )  

.61 - -~0 .3  

.65 7.7 

.29 24.O 

.20 7.5 

Method I I  
Number of 

launderome£er 
r(tllS a required 

to detect real 
difference of 

magnitude (A) 

3 
4 
1 
4 

ference of 7.0 reflectance uni ts  whereas three to four  
runs  are required for  the D-B difference with the 
other fabrics. 

E f f e c t  o f  S o i l e d  T e s t  F a b r i c s  o n  W h i t e n e s s  
R e t e n t i o n  M e a s u r e m e n t  

Results of whiteness retention tests with the various 
soiled test  fabr ics  as  load are shown in Figures  8-11. 
(I~eflectance measurements  have been made on origi- 
nally-clean white swatches included in each jar .  The 
source of redeposited soil is the soiled test swatches 
themselves.) 

The most s t r iking difference between the fabrics  is 
the spread exhibited between detergent products  with 
certain fabrics  ( fabr ic  3) while others give little or 
no spread, e.g., fabr ic  4. Fo r  purposes of simplicity 
results are summarized in Table V for the 0.3% con- 
centration only. (See footnote for  Table I .)  

There is some evidence of differences in ranking  of 
detergent products  as to whiteness retention with the 
various soiled test fabrics  as load. However  the dif- 
ferences between products  are so small, except with 
fabr ic  3, that  i t  is difficult to a t tach any  significance 
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number runs required based on Ferris, Grubbs, and Woaver (3).  
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to these ratings. As before, the use of a bar  in Table 
V to bracket several mean values indicates no experi- 
mental evidence of a significant difference within the 
group. Statistical values for whiteness retention are 
given in Table VI. 

TABLE V 

Summary  of Whiteness ge~entio.n Rankings  with Four  
Detergency Test Fabr ics  as Soil Lo,ad 

Fabric No. i Fabric  No. 2 Fabric  No. 3 F'abric No. 4 

Deter- Reflec- Deter- Reflec- Deter- Reflee- Deter- Reflec- 
gent tance gent tance gent tance gent tance 

E 87.5 E 87.8 E 84.81 A 88.21 
D 86 .8  D 87.5 A 84.21 E 88.01 
C 86.5 C 87.2 D 82.0 C 87.8] 
A 86.51 A 87.0 C 77.8 B 87.211 
B 85.3 B 85.8 B 74.5 D 87.011 

(Yard- 
stick) (0.7) (0.9) (0.8) (0.6) 

TABLE VI 

Precisio.n of Whiteness Retention Data 

Standard Confidence 
error of limits for 

mean means  

Fabric 1 ............................................ 0.18 X- + 0.4 
Fabric 2..... ....................................... 0.24 X ± 0.5 
Fabric 3 ............................................ 0.20 X ± 0.4 
Fabric  4 ............................................ 0.16 X + 0.3 

Summary and Conclusions 
Four  types of artificially-soiled cloths are compared 

in their  ability to evaluate cleaning of representative 
detergent products. Three of these cloths are com- 
mercially available while the fourth is from a private 

laboratory. These are compared in their ability to 
rate detergents in the same order as naturally-soiled 
clothes rate detergents. Sensitivity and reproducibil- 
i ty of the various soiled cloths in measurement of soil 
removal and whiteness retention are studied. 

Results show that  artificially-soiled cloths must be 
used advisedly. There is no substitute for  actual per- 
formance tests of detergent products  under  practical 
conditions. At best, artificially-soiled cloths are useful 
for  " s c r een in g "  purposes where positive test results 
are confirmed by  practical tests. 
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Fractionation of Castor Oil Methyl Esters by 
Liquid-Liquid Extraction 
RALPH H. McCORMACK, University of Detroit, Detroit, Michigan, and 
DON S. BOLLEY, Baker Castor Oil Company, Bayonne, New Jersey 

M E T H Y L A T I O N  of castor oil produces a mixture 
of methyl esters useful in reactions involving 
ricinoleie acid. The composition of castor oil, 

as given by Dean (5), rieinoleic 87.0%, oleic 7.0%, 
linoleie 3.0%, dihydroxystearic 0.5%, saturated 2.5%, 
and Bolley (2) shows the nature of this ester mix- 
ture. While the methyl esters, other than methyl 
r i c ino lea te ,  do not interfere part icularly with the 
ricinoleie acid reactions, it is nevertheless desirable 
to remove them so as to have the purest  possible 
starting material. 

Since it is well known that compounds are most 
soluble in solvents which they resemble structurally,  
it is reasonable to suppose that the hydroxyla ted 
compounds, methyl ricinoleate and the methyl ester 
of dihydroxystearic acid, would be preferent ial ly  dis- 
t r ibuted in the alcohol phase in an alcohol-castor oil 
methyl ester-hydrocarbon system and that  the non- 
hydroxylated compounds, methyl oleate, etc., would 
appear  chiefly in the hydrocarbon phase. 

Consideration of the possibility of separating castor 
oil methyl esters by l i q u i d - l i q u i d  extraction is not 
entirely new. Cannon (4) discussed the separation of 
methyl ricinoleate and methyl 12-hydroxystearate  in 

the hydrocarbon (pentane-h exane) -nitroparaffin (20 % 
nitromethane- 80% nitroethane) system. Methanol, of 
all of the alcohols, is the most like water and the least 
like a hydrocarbon. I t  is therefore the least soluble 
of the mono-hydroxy alcohols in hydrocarbons. The 
castor oil methyl esters are completely soluble in 
methanol and are produced in this solvent. Methyl 
alcohol is then preferred  over other alcohols as one 
of the solvents in any liquid-liquid extraction system. 
There are a great  many theoretical possibilities for  a 
hydrocarbon solvent in such a system, but  availabil- 
ity, ease of removal from castor oil methyl esters, and 
cost make pentane, hexane, and heptane the three 
practical solvents. Prel iminary experiments showed 
that these three solvents were about equal in solu- 
bility in methanol and in selectivity for the non- 
hydroxylated methyl  esters. Since this was the case, 
heptane was selected as the hydrocarbon solvent. I t  
is being used for  the extraction of castor oil from the 
press cake, and its use in fractionation would not in- 
volve handling a new solvent in the plant. 

The first experimental  work in this investigation 
was the determination of the solubility relations in 
the system methanol-castor oil methyl esters-heptane. 


