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glyceride composition of the tallows, as suggested 
by  Hildi tch and collaborators or by  Longenecker. 
The increased melt ing points produced on interesteri-  
fication are explained on the basis of the GSa con- 
tents of these fa ts  as determined by  Riemenschneider 
and collaborators. Both the increased melt ing points 
and increased micropenetra t ion values are shown to 
be readily explainable on the basis of the glyceride 
type  composition assigned to these tallows by  the 
writer.  
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Detergency Evaluation. III. Adjustment of Terg-O-Tometer and 
Launderometer Wash Test Methods to Produce 
Comparable Soil Removal Data 
JAY C. HARRIS, Central Research, Monsanto Chemical Company, Dayton, Ohio 

p ART I (1) of this series was concerned with the 
evaluation of several wash test methods, using 
one s tandard ly  soiled test  fabric.  Pa r t  I I  (2) 

of the series described the results obtained, using 
three standardized wash test methods with four  dif- 
ferent  soiled test fabrics. The present  paper  presents 
the results obtained in an a t tempt  to adjust  the Terg- 
0-Tometer  wash method to provide soil removal data 
and detergent  comparison results equivalent to the 
Launderometer  wash method using four  10-minute 
washes. 

Bacon and Smith (3) demonstrated tha t  one of the 
major  factors in the removal of soil was the amount  
of mechanical work applied dur ing  the washing oper- 
ation. Their  work was done in the Launderometer ,  
vary ing  the energy applied by  changing the number  
of stainless steel balls used with the wash load. The 
soil removal  characteristics were shown to be directly 
proport ional  to the amount  of mechanical work done. 

The work to be reported here has a very practi-  
cal applicat ion because many  laboratories use the 
Launderometer  while others use one or another  of 
the machines recently designed to overcome certain 
specific shortcomings of those previously used. These 
machines were developed to simulate either actual 
washing principles, as with the Terg-O-Ton'leter, or 
to provide highly var iable  but  controllable applica- 
tion of energy to the washing operation. 

In  most cooperative efforts to evaluate soiled fab- 
rics or detergents much var ia t ion has been encoun- 
tered in spite of effort to control all variables. This 
is a t t r ibu ted  to a considerable extent to var ia t ion in 
technique. P a r t  I I  of this series indicated that  the 
Terg-O-Tometer  might  prove more valuable for  inter- 
l abora tory  testing because the technique involved is 
much less complicated than for the Launderometer  
methods. 

The present  work was under taken as an a t tempt  to 
develop a wash test method using the Terg-O-Tometer,  
which would essentially reproduce the degree of soil 
removal obtained by  our Launderometer  method, pro- 
vide the same statistical comparison between deter- 
gents, reduce the amount  of t ime required for the test 
in comparison with the Launderometer ,  and provide 
more data in the way of a larger  number  of replicate 
samples for  improved test reproducibil i ty.  

Soiled Test Fabric 
The soiled test fabr ic  used was a careful ly  s tandard-  

ized product  a l ready described in detail (4). Briefly, 
s tandardizat ion consti tuted maintenance of soil re- 
moval characteristics under  specified wash test  con- 
ditions using a s tandard  detergent.  Batches of soil 
were ehosen which fall  within narrower  limits than  
those general ly established for  the statistical control 
limits. 

Wash Test Methods 
Launderometer. Four lO-minute washes. This meth- 

od was described in considerable detail in P a r t  I of 
these papers.  Briefly it util ized the Launderometer ,  
mult iple washes (four,  of 10 minutes each), 100 ml. 
of fresh solution for  each wash, 10 rubbe r  balls per  
jar,  and two hand rinses. 

Terg-O-Tometer Method. This method consisted of 
single washes of va ry ing  duration. The wash test 
load was adjusted to either 30 or 60 g. per  liter, using 
500 ml. of detergent  solution. The load consisted of 5 
swatches of s tandardized soil, 4" x 6" in size, t r immed 
to provide the required weight of fabr ic  to volume of 
solution. Af te r  the wash of either 3, 5, 10, 20, or 40 
minutes '  duration, the swatches for  any  detergent  in 
question were piled one on top of the other and wrung 
once through a hand wringer.  They were then rinsed 
in water  of the same hardness in the Terg-O-Tometer  
for  five minutes (or 2 minutes with the 3-minute 
wash) at the same tempera ture  as the wash, and then 
again wrung through the hand wringer,  placed on an 
a luminum drying plate in a flat position, and oven 
dried. 

The cycle rate  was mainta ined as in previous tests 
at 144 per  minute. The angle of rotat ion of the agi- 
tators  was mainta ined as before at  345-350 ~ . 

Wash Test Conditions. 
W a t e r  h a r d n e s s - - 5 0  p p m .  
Detergent solution--0.2% 
Temperature--140 ~ F. 

(Previous tests were conducted at 120~ which has 
impor tan t  bear ing upon soil removal.)  

Detergents. The detergents used in these tests were 
the same as for  Par t s  I and I I :  

1. B u i l t  n o n i o n i e  3. P u r e  s o a p  
2. B u i l t  a l k y l a r y l  s u l f o n a t e  4. L o r a ] k y l  s u l f a t e  
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Ratio of Load Weight to Solution. Par t  I of this 
series indicated that,  depending upon the wash ma- 
chine used, there were considerable differences in the 
ratio of the weight of fabr ic  in grams, per  li ter of 
wash solution. The Launderometer  was operated at  
an initial ratio of 37, with one swatch 6" x 5" in size, 
which was reduced in each 10-minute wash b y  11/~ " 
in the 6" direction of the swatch. The Terg-O-Tometer  
in these tests was operated with 500 ml. of solution at 
a load level of either 30 or 60 g. per  liter. 

Replicate Tests. The Launderometer  tests were the 
averages of five individual  duplicate tests. The Terg- 
O-Tometer tests consisted of five runs, and the 30 g. 
per  liter load contained five replicate samples each 
while the 60 g. per  li ter load contained 10 swatches. 

Experimental Data and Discussion 
Examples  of the Launderometer  values obtained 

are shown in Table I. Shown are the individual  aver- 
ages for  each of the four  10-minute wash periods as 
well as the average washing value for  each of the five 
individual  four, 10-minute washes. 

Representat ive Terg-O-Tometer  values are shown 
in Table I I  for  the same buil t  nonionic product.  

TABLE I 

Representative Launderometer Values 
Soil Remova l  D a t a  

Built Nonionic  

W a s h  Per iod ,  Minu t e s  
Tes t  

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

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

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

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

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

P e r i o d  a v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 20 30 40 

50 54 58 72 
50 52 63 69 
47  47 56 70 
43 46 55 65 
62 50 57 75 

50 50 58 70 

TABLE II 
Representative Terg -O-Tome te r  VaIues  

Soil Removal Data 
Built Nonionic 

5 -Minu t e  W a s h  

30 g./1. Load  60 g./1. Load  

60 58 60 56 
62 59 60 57 
59 57 57 58 
60 62 52 70 
59 63 61 65 

E ~ 6 0  x ~  'x ~-  60  

~Va sh 
Average 

58.5  
58 .5  
55 .0  
52 .0  
61 .0  

57 .0  

Table I I I  shows a comparison of the soil removal 
values for  each of the four  detergents using either ma- 
chine. Fo r  the Launderometer  the values are shown 

2 A - ~ 2 B + 2 C  + 2D 
either as the four-wash average 

8 
or the average values for the th i rd  or 30-minute wash 
period. The th i rd  wash period was chosen for  com- 
parison purposes because the values closely approach 
the averages obtained for the four-wash method. 

For  the Terg-O-Tometer  the 30 and 60 g. per  liter 
load ratios are shown for  the 5-minute and the 3-min- 
ute wash intervals. 

I t  is per t inent  that  the coefficient of variation, v, 
is smaller in the Launderometer  test  for  the 30-min- 
ute wash average than for  the 4-wash average, which 
might  be expected. I t  fu r thermore  is apparen t  that,  
with certain exceptions, the Terg-O-Tometer  test val- 
ues exhibit  a lower s tandard  deviation and coefficient 
of var ia t ion than that  for  the Launderometer  test. 
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FIG. 1. Comparison of wash methods--nonionic detergent. 
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FIG. 2. Comparison of wash methods--buil t  alkylaryl sulfonate. 

The effect of wash load in the Terg-O-Tometer  is 
shown by  the coefficient of variation. The 30 g./1. 
load with but  one exception is lower than the 60 g./1. 
load. 

This method for  evaluation should give essentially 
the same rat ings for  the detergents as the previous 
evaluation data in Par ts  I and II ,  where the twice 
s tandard  error  method was used, since both have a 
95% confidence limit. Fu r the r  the present  data were 
newly determined values. 

Launderometer. Previous data gave an order to the 
four  detergents as follows: 

1st choice--3 
2nd choice---I, 2 
3rd choice---4 
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F r o .  4.  C o m p a r i s o n  o f  w a s h  m e t h o d s - - l o r a l k y l  s u l f a t e .  

Figures 1 through 4 show a comparison of the 30- 
and 60-g. load of fabric per liter of solution for the 
Terg-O-Tometer test as compared with the four-wash 
Launderometer average. These data are plotted on 
log-log paper and indicate that for the four deter- 
gents a wash time of about 3 to 4 minutes might 
provide exactly the same soil removal values for the 
single wash as for the four-wash average by the Laun- 
derometer method. Tests were therefore made at the 
3-minute wash period followed by a 2-minute rinse 
(rather than a 5-minute rinse used for the longer 
washing periods). 

Reference to Table IV shows that the present data 
give a slightly different order, detergent No. 2 drop- 
ping to third choice. The change in rating is slight, 

TABLE III 

Statist ical  Da ta  
Five  Repl icate  Tests  

L a u n d e r o m e t e r  Tests  

De te rgen t  W a s h  Per iod  

Bui l t  nonionic 30-minute  av. 
4-wash av.  

Buil t  a lkylaryl  sul fonate  30-minute  av. 
4-wash av. 

P u r e  soap 30-minute  av. 
4-wash av.  

Loralkyl  sodium sulfa te  i 30-minute  av. 
4-wash av.  

Terg-O-Tometer  Tests  

, W a s h  
Dete rgen t  �9 Per iod  

Load  
(g./k) 

58 2.79 4.8 
57 3.16 5.5 

50 3.10 6.2 
50 3.44 6.9 

66 3.76 5.7 
64 4.26 6.7 

47 3.82 8.1 
44 5.54 12.5 

(r v 

Bui l t  nonionie 

Buil t  a lkylaryl  sul fonate  

P u r e  soap 

Lora lky[  sodium sul fa te  

30 
60 
30 

30 
60 
30 

30 
60 
30 

..q0 
60 
30 

60 0.45 0.8 
60 4.77 7.9 
59 1.41 2.4 

58 1.90 3.3 
53 2.89 5.5 
56 1.61 2.9 

61 5.30 8.7 
60 2.44 4.1 
55 1.09 2.0 

49 1.41 2.9 
49 2.22 4.5 
44 0.45 1.0 

but significant. Natural ly there are 5 chances in 100 
for variation, and this may be operative in either this 
test or the one shown in the previous papers. A fur- 
ther factor which could cause variation is that  the 
present tests were conducted at 140~ instead of 
120~ 

Table IV shows a comparison of detergents as ob- 
tained by  the two wash methods and for each of the 
variations within the methods. In  this case the mean 

T A B L E  I V  

Compar ison  of Dete rgen ts  
• aa  where  a :~  1.388, wi th  95% Confidence Limi t  

Ra t ing  

1st 
2rid 
3 rd  

; Terg-O-Tometer  

l . aunderomet  er I- 3-)Jin.wash I 5 Jylin.vtash 5-Min.wash 

i 30-),Iin. 40-Min. 
I _  \Vash Av. W a s h  30 g./1. Load  60 g./1. Load  

3 3 1 , 3  
1 1 
2 , 4  2 , 4  4 

1 - - B u i l t  nonionie.  
2 - - B u i l t  a lkylaryl  sulfonate.  
3 - - P u r e  soap. 
4 - - L o r a l k y l  sodium sulfate.  

values were compared by determining whether there 
were actual differences between them by applying a 
95% confidence limit (5). For  five replicate samples 
the mean value in 95 cases out of 100 has a range of 
.~ • 1.388 m 

It  might be reasoned from observation of the com- 
parison between the 30-minute wash and the 40-min- 
ute wash average that  a single 30-minute wash might 
be operated. However this is not at all the same mech- 
anism that was used in these tests. The mean value 
of all four washes will average out variables inherent 
to the multiple suds method. 

With constant mechanical action there may be con- 
siderable differences in the rate at which soil is re- 
moved using different detergents. Figure 5 shows the 
detergency curves obtained with the four detergents 
in the Launderometer  test. They show that the slopes 
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~1c,. 5. Soil removal curves for the Launderometer method. 

of the initial 10-minute wash periods va ry  consider- 
ably and that  the slopes flatten off a f ter  that  period. 
The average slopes of the two buil t  products  are es- 
sentially equal to those for  the other two products  but  
the rates of removal at  the end of the four th  wash 
period are about  double those of the other detergents. 

Terg-O-Tometer. A different a r rangement  of deter- 
gents is apparen t  at the 30 g./1. load level, when com- 
par ing the 3- and 5-minute wash intervals. This dif- 
ference may  be a funct ion of the wash-and-rinse time 
since there is sufficient difference in the soil removal  
values to indicate differences in behavior. 

I t  might  be thought  tha t  continued washing might  
ul t imately  produce fabrics  of the same level of re- 
flectance, but  that  this does not occur in the Launder-  
ometer four  10-minute wash periods is very evident. 
I t  is per t inent  that  four  10-minute washes in the 
Launderometer  yielded lower soil removal values than 
a single 40-minute wash in the Terg-O-Tometer  at the 
30 g./1. load level. 

Reference to Figures  ] through 4 indicates that  
for  the Terg-O-Tometer  the slope of the soil removal 
curve is grea ter  for  the 30 g./1. load than when 60 
g./1. load is used. This difference may  be a t t r ibuted  
to reduction in mechanical action, p robab ly  as a re- 
sult of overloading. 

Experience over the years  has shown the Launder-  
ometer 40-minute wash test  as a reliable indicator of 
commercial application. Because the 30 g./1. load in 
the Terg-O-Tometer  for  a 3- or 5-minute wash period 
most closely approached the Launderometer  results, 
the 5-minute wash was chosen for  fu r the r  investiga- 
tion even though the a r rangement  of the four  deter- 
gents in relative order of effectiveness was not good. 
An extended series of tests was made in which the 
same soil was used for  either wash test method, and 
detergent  samples of different chemical s t ructure  and 
soil removal  characteristics were chosen for  investiga- 
tion. In  each of these washes loralky] sodium sulfate 
was used as a reference standard.  

Comparison of the values of Table V is made arbi- 
t rar i ly,  using the largest  individual s tandard  devia- 
tion for  the detergents by  each of the test methods. 
For  the Launderometer  this was 5.54 for  loralkyl 
sulfate and for  the Terg-O-Tometer  5.30 for  soap. 
These s tandard  deviation values were mult ipl ied by  
the " a "  factor  of 1.38 (p. 43, Table I I  of the ASTM 

Manual  on Quali ty Control of Materials) for  5 ob- 
servations, each at a 95% confidence limit, giving t h e  
values shown in Table V. 

This shows tha t  all the comparat ive values for  these 
two tests fall  within the 95% confidence limit. 

These data, based upon a relat ively extended series 
of samples, show rather  bet ter  correlation than was 
obtained with the four-detergent  series and there was 
good correlation between the two wash test methods. 

T A B L E  V 

Comparison of Test  Resul ts  Wi th  a Var ie ty  of Samples  
50 ppm. V(ater 

95% Conf idence  Limits  
ao- Value  for  L a u n d e r o m e t e r - - 7 . 7  
aa Value  for Terg-O-Tometer - -7 .4  

Soil Soil 
Removal,  Removal,  

Sample Launder -  Terg-O- 
ometer Wometer b 

4756 .............................................................. 
4765 .............................................................. 
S t a n d a r d  a ..................................................... ] 
4769 ........ 
4771 ........ ::::::::::i:::::::::::::::::::::::::::::::::::::::::::! 
Standa rd  ....................................................... 
4787 .............................................................. 
4788 .............................................................. 
4789 .............................................................. 
S t anda rd  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4790 .............................................................. 
4791 .............................................................. : 
4792 .............................................................. [ 
S t anda rd  ....................................................... : 
4820 .............................................................. ! 
481o .............................................................. i 
4817 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
Standa rd  ....................................................... i 

30.5 
17 
41 
50.5 
19.5 
51 
46.5 
25 
33 
47 
25.5 
29 
42 
45.5 
36.5 

8.5 
56 
43 

34 
15 
39 
50 
12 
49 
45 
27 
36 
53 
31 
32 
41 
46 
43.5 
13 
58.5 
47 

a Lora lkyl  sodium sulfate.  
b30 g . / l .  load, 5-min. wash. 

Conclusions 
I t  was demonstrated that  the average soil removal 

values for the four  10-minute wash Launderometer  
method could probably  be essentially duplicated by  a 
single 3-minute Terg-O-Tometer  wash and one 2-min- 
ute rinse. The 3-minute Tcrg-O-Tometer  method did 
not result in the same comparat ive ra t ing of four  
detergents, but  a series of tests with several other 
detergents using a 5-minute wash and a 5-minute 
rinse (using for  comparison purposes a s tandard  de- 
tergent)  resulted in quite effective ratings. Of 13 
detergents tested over a period of time, the two test 
methods provided soil removal values identical within 
a 95% confidence limit. 

These data indicate that  a sat isfactory technique 
can be developed using the Terg-O-Tometer,  which 
would provide soil removal values and rat ings of 
detergents closely paral lel ing the results obtained by  
the Launderometer  multiple-wash method. 
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