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M 
UCH HAS BEEN WRITTEN i n  the l i terature  about 
methods of test ing the efficiency of heavy du ty  
household washing machine detergents. At  one 

extreme are the total ly artificial tests. These employ 
the Launderometer ,  Tergotometer ,  or Determeter  and 
synthetic soils including the more recent " t a g g e d "  
radioactive material .  At  the: other extreme are the 
so-called "practical" tests. Here  large panels of par-  
t icipants  test the detergents  by  washing na tura l ly  
soiled clothes in their  home washers. F rom such a 
wide range of tests a manufac tu re r  or compounder  
can seiect one which will fit his individual  needs or 
budget  and be reasonably sure of obtaining answers 
to his questions. 

Unfor tuna te ly  such a choice of tests is not possible 
in the case of the light du ty  detergents,  which are 
used pr imar i ly  for  washing dishes in the home. This 
si tuation is unexpected,  especially since the l ight du ty  
field was the first to be invaded by the syndets. Upon 
closer examinat ion of the problem this apparen t  lack 
of test ing procedure is not too start l ing.  When the 
syndets  began to make inroads in the soap field, com- 
peti t ion was not keen and competit ive performance  
figures were not necessary. However  now tha t  syn- 
dets comprise a major  share of the detergent  business, 
bet ter  methods for choice of active ingredients are 
necessary so that  the individual  manufac tu re r  may 
determine if a certain product  can be produced and 
marketed  economically. True,  the ul t imate test of any  
product  is still in the hands of the eonsmner, but  such 
large-scale test ing is f requent ly  out of the reahn of 
possibility for  m a n y  concerns, f rom the s tandpoint  of 
both t ime and expense. 

Most of the laboratory  tests encountered in the-lit- 
e ra ture  for  the test ing of dishwashing detergents  are 
of a manual  type,  wherein an artificial greasy type  of 
soil is spread on a series of plates and then a sufficient 
number  of these plates are washed unti l  the foam in 
the dishpan disappears.  Although such a test  is a 
semi-practical approach,  reproducibi l i ty  depends on 
such factors as even distr ibution of soil on the plate 
and, more significantly, the abil i ty of two operators  
to handle the dishes in the same manner .  

Several tests have been developed to determine the 
performance  of detergents  on hard  surfaces by  using 
the Launderometer  as the test ing device. These eval- 
uations deal p r imar i ly  with commercial applications 
and do not include m a n y  of the consti tuents of the 
soils found in kitchens. Again the ra t ings  are made 
by visual observations of the test pieces, and small 
formula  variat ions are not susceptible to accurate 
measurement.  

In  pract ical  use a detergent  must  clean a surface 
completely in order to be a sat isfactory product.  Lab- 
ora tory  ra t ing  of raw mater ia ls  or formula  var ia t ions 
precludes such end-results. Methods have been pro- 
posed for test ing dishwashing detergents (6, 7), using 
soiled microscope slides and determining the effi- 
ciency by  measur ing the amount  of l ight t ransmit ted  
through the slides before and af ter  soiling and af ter  

1 Presented at fall meeting, AmerieaTt 0il Chemists' Society, Phila- 
delphia, Pa.. Oct. 10-12, 1955. 

washing. A simple formula  based on L a m b e r t ' s  and 
Beer ' s  Law was used to determine soil removal:  

log Iw  - -  log Is 
R = X 100 

log Ic - -  log Is  

R = percentage of soil removed by washing 
Iw ~ t ransmi t ted  light through washed slides 
is  ~ transnfi t ted l ight through soiled slides 
Ie = t ransmi t ted  light through clean slides 

Experimental 
Washing Machine. Miann and  R u c h h o f t  (6)  had  developed 

a special  wash ing  mach ine  which cons is ted  essent ia l ly  of  a re- 
c ip roca t ing  circular  holder  t h a t  suppor t ed  slides on end  a t  an  
ang le  o f  20 ° to the  t a n g e n t  of  the  c i rcumference .  The  move-  
m e n t  of  these  sl ides t h rough  the  wate r  produced  the  mechan i -  
cal work;  and  since oscil lat ions,  t ime,  and  wate r  t e m p e r a t u r e  
could be  accura te ly  controlled, th is  phase  of de te rgen t  effi- 
ciency could be  kep t  cons tan t ,  a condi t ion  no t  poss ible  in m an -  
ua l  d i shwash ing  tests .  

A p las t ic  model  was des igned in our l abora to ry  to a d a p t  the  
Te rgo tomete r  for  th is  type  of  evaluat ion .  The deta i l s  of  con- 
struct, ion are  shown in  F i g u r e  1. In i t i a l  t e s t i ng  proved  the  
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Fro. 1. Microscope slide dish~,vashing test unit. 
Materia]:  Any material which wi l l  withstand detergents 

at  fi00°F. 

des ign  to be correct,  and  subsequen t ly  b r a s s  un i t s  were pre-  
pa red  to pe rmi t  use  a t  e levated t e m p e r a t u r e s  in the  event  t h a t  
mechan ica l  d i shwash ing  de t e rgen t s  were to be  evalua ted .  A 
p h o t o g r a p h  of  the  b r a s s  un i t  in  pos i t ion  on the  Te rgo tome te r  
ag i t a to r  is shown in F i g u r e  2. I t  should be men t ioned  tha t ,  in 
the  cons t ruc t ion  of b r a s s  holders,  care should  be t aken  
to e l imina te  as  m u c h  excess we igh t  as  poss ible  to p r ev en t  
f luc tua t ions  in  the  osci l la t ions when  two or more  u n i t s  a re  
used  s imul taneous ly .  

Soil. The soil used  by  the  U. S. D e p a r t m e n t  of  H ea l t h  was 
one developed by H u c k e r  (9 ) .  An  a t t e m p t  to use  th i s  soil in  
the  p r e sen t  t es t  w~s no t  success fu l  because  of  separa t ion  o f  
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the oily and water-soluble portions, resulting in spotty deposi- 
tion. At this point it was deemed advisable to use two separate 
soils, a water-based protein-carbohydrate soil and a greasy soil 
as in the York Test (5). In addition to uniformity of deposi- 
tion such a soil sys tem has  the  a d v a n t a g e  of  d i s t i ngu i sh ing  the  
pe r fo rmance  charac te r i s t i cs  of  de t e rgen t  fo rmula t ions ,  permi t -  
l i ng  a be t t e r  choice of  i ng red i en t s  for  the  pa r t i cu la r  per- 
f o rmance  desired.  

E x p e r i m e n t a t i o n  with var ious  cons t i t uen t s  resul ted  in the  
fol lowing soils and  soi l ing procedures :  

Protein-carbohydrate Soil 
a)  Ingredients : 

flour (P i l l sbu ry  's  Al l -Purpose)  .................................. 30 g. 
powdered  egg  yolk ........................................................ 30 g. 
evapora t ed  milk ............................................................ 40 ml. 
H i g g i n s  I n d i a  ink (No. 4417) .................................... 10 nil. 
NH4OH (concen t ra ted )  .............................................. 4 ml. 
dis t i l led wate r  .............................................................. 530 ml. 

b) Mixing Steps 
Place  the  egg  yolk and  the  flour in an  Oster izer  type  of 
b l ender ;  m ix  for  a few seconds.  Add  200-300 ml. of  wa te r  
and  mix  for  15 seconds.  Di lu te  the  milk to 100 ec. and  add  
to the  flour a n d  egg.  A d d  the  ink  ; r inse ink  a n d  milk into 
the  flour, etc., u s i n g  the  r e m a i n i n g  wate r  f r om the  530 ml.  
Add  the  NH~OH, and  mix  for  abou t  1 min .  T r a n s f e r  soil 
to a l - l i te r  s epa r a t o ry  funnel .  Allow to s t a n d  for  5 rain. 
Dra in  off 20 nil. and  discard.  Dra in  into the  s t a i n ing  dishes 
an  a m o u n t  sufficient to cover sl ides to the  f ros ted  ends. 

Greasy Soil 
a)  Ingredients : 

l a rd  (Luer -Qua l i ty  P u r e  L a r d )  .................................. 35 g. 
o leomargar ine  (Sun  Val ley)  ........................................ 35 g. 
p e a n u t  bu t t e r  (Sk ippy  Homogen ized )  ...................... 35 g. 
ca rbon  black .................................................................. 1 g. 
CCL ................................................................................. 535 ml. 

b)  Mixing Steps 
W e i g h  lard,  oleo, and  p e a n u t  bu t t e r  ( in  order)  into a 400- 
ud.  beaker .  Mel t  slowly in a hot  wa te r  ba th ,  and  mix  wi th  
a s t i r r ing  rod. Add  100 ml. of  CCh and  stir.  T r a n s f e r  to 
an  Oster izer  type  of b lender  and  mix  for  15 seconds. Add  
the  carbon black and  mix  for  15 seconds.  W a s h  all soil 
f r om beaker  into the  b lender  wi th  the  r e m a i n i n g  CCL. Mix  
for  abou t  1 rain. T r a n s f e r  to a l - l i t e r  s epa ra to ry  funne l  
and  allow to s t a n d  for  five min .  Dra i n  off 20 ml. and  dis- 
card.  Dra in  into tile s t a i n i ng  dish an  a m o u n t  sufficient to 
cover g lass  slides to f ro s t ed  ends.  

Cleaning of Slides 
a)  P lace  s l ides in  a Coplin s t a i n i ng  rack  and  soak in  a deter-  

gent, so lu t ion  for  abou t  one-ha l f  hour ,  a g i t a t i n g  s l ides sev- 
eral  t imes  du r ing  th i s  period.  Remove  rack  wi th  sl ides a n d  
r inse  wi th  dist i l led water .  Allow to d r a i n .  P lace  rack  and  
slides in chromic  acid c lean ing  solut ion for  abou t  15 rain. 
Remove and  r inse  in three  e lmnges  of  dist i l led water .  Allow 
slides to air-dry.  

]fiG. 3 

a)  P lace  slides in the s t a i n ing  rack so tha t  all of  the f ros ted  
ends  are  a t  the  top. 

b)  D r a i n  soil f r o m  sepa ra to ry  f u n n e l  into s t a in ing  dislL Dip 
sl ides in to  tile app rop r i a t e  soii . y  slowly lowering the  sl ides 
in to  tile solut ion ( f ro s t ed  end  u p )  unt i l  all of  the  clear  
por t ion  is covered. A f t e r  5 seconds  slowly remove sl ides 
f r o m  soil and  d r a in  fo r  15 seconds.  Repea t  twice ( a  to ta l  
of  three  d ips ) .  Allow sl ides to d r a in  in a ver t ica l  pos i t ion  
for  10 rain. P lace  sl ides in  a c o n s t a n t  t e m p e r a t u r e  ovm*, 
m a i n t a i n i n g  the  ver t ical  pos i t ion  t h r o u g h o u t  tile b a k i n g  
period.  Bake  slides for  2 hrs.  (g reasy  a t  150°C. and  the  
p ro te in -ca rbohydra te  a t  60°C.) .  A f t e r  bak ivg ,  p e r m i t  slides 
to cool to room t empe ra tu r e  and  measu re  t r ansmiss ion .  

Washing Procedure 
The fo l lowing p rocedure  was  evolved for  the  mos t  sa t i s fac-  

to ry  resu l t s  in eva lua t ion  of l igh t  du ty  de te rgen t s :  

Tergotometer Set-up ( F i g u r e  2 ) :  
a)  P lace  d i shwash ing  un i t  on Te rgo tomete r  ag i t a to r .  
b)  P l ace  one set  (3)  o f  each t y p e  of  soiled sl ides in s lots  of  

the  d i shwash ing  uni t ,  a l t e r n a t i n g  t hem so t h a t  no two 
a d j a c e n t  s l ides have  the  same type  of  soil. 

e) P lace  a rubbe r  b a n d  a round  the  un i t  ( a s  nea r  to tile top 
of  the  sl ides as  poss ible)  to keep them in place d u r i n g  
washing .  

Washing Operation : 
a)  W a s h  the  slides in  1,200 ml. of  de t e rgen t  solut ion for  5 

min .  a t  120°F. ,  90 CPM. 
b)  Remove the ag i t a t o r  and  e m p t y  the  beaker .  
c) Replace ag i t a t o r  in an  e m p t y  beaker .  
d)  R u n  for  10 cycles to throw off excess de tergent .  
e) Remove  ag i t a t o r  and  replace in a beaker  con ta in ing  1,200 

ml.  of  t ap  wa te r  a t  120°F.  
f )  R u n  fo r  2 rain. 
g )  Remove  a g i t a t o r  and  replace in  an  emp ty  beaker.  
h )  R u n  for  abou t  a m i n u t e  to throw off excess water .  

Drying Operation : 
P e r m i t  s l ides to a i r -dry  before  m a k i n g  t r ansmis s ion  
measu remen t s .  
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Transmission Measurement: 
The data presented ill this paper were obtained by using a 

Photovolt Lumetron to measure the light transmission. The 
light source was a 100-watt G. E. Mazda projection lamp. Two 
ground glass filters were inserted in the filter holder, and no 
reduction plates were used. A special holder, shown in Figure 
4, was made to hold the slides in the sample compartment. An 
overhead view in Figure 5 shows the position of the slide- 
holder in the sample compartment of tbe Lumetron. Measure- 
ments were made on each soil separately, using the three slides 
from each run to obtain the transmission reading. The soil 
removal was calculated by means of the formula shown else- 
where. 

FIG.  4 

p e r a t u r e  m a y  have  to be a l t e r e d  to con t ro l  the  soil  
r emova l  r ange .  E a r l y  t e s t i ng  also r evea led  t ha t  the  
soils could  no t  be s to red  bu t  h a d  to be used  the  same 
d a y  t h e y  were  p r e p a r e d  as  shown b y  the  d e t e r g e n c y  
f igures  in  Tab le  I .  

I n  a c t u a l  use the  r a t i n g  of a d i s h w a s h i n g  d e t e r g e n t  
b y  a housewife  is e i the r  a "go" or  a " n o  g o "  s i tua -  
t i o n ;  degrees  of effect iveness a re  not  i m p o r t a n t .  
H o w e v e r  a s a t i s f a c t o r y  l a b o r a t o r y  t e s t i ng  p r o c e d u r e  
is  one in  which  the re  is a suff ic ient ly  wide r a n g e  of 
r e su l t s  ob t a inab l e  in  o r d e r  to  d i s t i n g u i s h  smal l  d i f -  
f e rences  be tween  va r i ous  p r o d u c t s  a n d  m i n o r  f o r m u l a  
va r i a t ions .  The  soils should  be ne i t he r  too easy  nor  
too difficult  to  remove.  The  re su l t s  in  Tab le  I I  show 
the  r a n g e  o b t a i n e d  wi th  the  c u r r e n t  t e s t i ng  method.  

T A B L E  I I  
R a n g e  of Soil  Remova ls  

% Soil  Remova l  

D e t e r g e n t  A .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r g e n t  B .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r g e n t  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r g e n t  D .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r g e n t  E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D e t e r g e n t  F:::...::..: . . . . . . . . . . . . . . . . .  . ........... 

D e t e r g e n t  concen t r a t i on  0 . 1 %  

P - C  Greasy  

51 .0  57 .8  
50 ,5  53.2  
43 .3  5 8 . 6  
47 ,8  58 .0  
91 .6  79,8  
90.3  82 .8  

W a t e r  h a r d n e s s  150  p .p .m,  as CaCO:, 

A n o t h e r  c r i t e r i o n  of a n  accep tab le  eva lua t i on  tes t  
is the  degree  of  r e p r o d u c i b i l i t y ,  e spec ia l ly  in  the  or- 
d e r  of r a t i ng ,  t h a t  exis ts  f r o m  one t ime  to ano the r .  
The  resu l t s  shown in Table  I I I  were  ob t a ined  b y  
us ing  i d e n t i c a l  s amples  on two d i f fe ren t  days  and  em- 
p l o y i n g  f r e s h l y  soi led s l ides  in  each case. 

FIG. 5 

Results and Discussian 

I n i t i a l l y  the  d e t e r g e n t s  were  e v a l u a t e d  a t  0 .3% 
c o n c e n t r a t i o n  ; however  a consumer  r e sea rch  r evea led  
th is  to be too high,  a n d  subsequen t  tes t s  were  con- 
d u c t e d  a t  0 .1 -0 .2%.  Those who w o u l d  d i sag ree  on 
th is  choice of t e s t i ng  concen t r a t i on  m a y  choose a n y  
f igure  t hey  des i r e ;  however  the  b a k i n g  t ime  a n d  tem- 

T A B L E  I 
Effec t  of  Age on Soil  Remova l  

% Soil Remova l  

P - C  G r e a s y  

F r e s h  soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 .0  ~+ 0.0 62 .8  ~___ 0 .5  
24-hr,*old soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 .8  ~ 0 .4  36 .8  + 0 ,8  

D e t e r g e n t  c o n c e n t r a t i o n  0 . 1 %  W a t e r  h a r d n e s s  150  P:I).m. as  CaCO.~ FIG. 6 
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TABLE l l I  
Reproducibi l i ty  of l~esu[ts 

I % Soil 

T~s: ± 
P~C Greasy 

Syndet ~o. 1 ............ 8 8 . 8 ~  ] ¥ 1  7 ~ 5 - ÷ ~ . 3  
Syndet  No. 2 ............ ] 55.4 ÷ 2.2 72,4 ~ 2.9 
Syndet  No. 3 ............ 58 . ]  ~ 0.3 [ 70,4 ÷ 3.0 
SyndetNo. 4 ............ 52.4 ÷ 1,8 I 67,5 ~- 5.3 

Remove_____dd 

Test B 

P - C  I Greasy 

88.7 ~ 1.0 ~ 70.0 ÷_ 1.2 
54.3 ~ 0.7 / 68.6 ÷ 0.4 
54.0 ± 0.0 / 65.7 ~ 2.8 
46.2 ÷ 1.5 / 62.9 :'~ 3.5 

Detergent concentrat ion 0 ,1% Water  hardness  150 p.p.m, kS CaCO;~ 

Tests have also been conducted, using a photovolt 
Reflectometer 610B with the scanning unit 610Y for 
measuring the amount of light transmitted through 
the slides. This resulted in performance ratings iden- 
tical to those obtained by the Lmnetron, indicating 
that methods of measurements other than the Lume- 
tron can be used satisfactorily. Measurements were 
made in this case on single slides, using the arrange- 
meats shown in Figure 6. In order to provide dif- 
fused light a ground glass filter was inserted in the 
scanning unit in place of the usual tristimulus filter. 
The hole in the bottom of the holder permits the 
light to pass through the slide and then be reflected 
back to the photocell. Although the current tests 
were made by using a porcelainized metal plate of 
approximately 76% MgO reflectance, the slide-holder 
may be placed on any arbitrary reflective surface 
without altering the detergency values. Details of 
the construction of the slide holder are shown in 
Figure 7. 

Preliminary investigations have been undertaken to 
adapt the washing unit on the Tergotometer and the 
transmission measurement equipment to accommodate 
both ceramic and metal slides in order to evaluate 
dishwashing effectivene:~s on substrates other than 
glass. The use of such solid surfaces eliminates the 
necessity of a reflecting surface under the 610Y scan- 
ning unit. 

A comparison of the reslflts of this testing tech- 

S is 

I 

~ 2 ~  - 

TO__p VIEW 
~ z ~  ASSEMBLY 

• , • M a t e r i a l  : N r o s s  

. . . . .  

' ~i !_ ~i ~-J-~32 

END VIEW 
Fro, 7. Microscope slide holder for transmittance me~sure- 

n~ents.  

nique with those obtained by using a manual "suds- 
endpoint" test has indicated good correlation in the 
order of rating of various detergent formulations as 
shown in Table IV. In this instance the protein- 

TABLE IV 
Comparison with a "Suds-endpoint"  Test 

% Soil Removed Foam Stability 

Formula  A ...... 
Formula  B ...... 
Fo rmula  C ... . . .  
Wa te r  .............. 

e Technique 
Manual  

_____P-C Test 
Greasy  Av. 

40-5" ~ I 65.6 53.1 69 
65.9 / 69.8 67.9 65 
7o.8 / 84.6 77.7 84 

1.2 / 7,5 4.4 60 

Beater  Manual  
Test Test 

Soil Plate.s 
Loads  

10 12 
2 5 
5 7 
0 o 

carbohydrate and greasy soil removals were averaged 
and compared with estimated soil removals in the 
manual test. Of special significance is the wide spread 
between water alone and the detergent solutions in 
the slide technique, and the rather narrow one in the 
case of the manual test. Further  the slide technique 
indicates a noticeable difference between Detergents 
B and C while in the manual test they would be con- 
sidered identical. In order to compare the foaming 
characteristics of these detergents, a beater test em- 
ploying the soil developed by Weeks, Harris, and 
Brown (1) was used. This test gave the same order 
of rating as the manual "suds-endpoint" method and 
was accomplished in a much shorter period of time. 

S u m m a r y  

A new technique for the evaluation of dishwashing 
detergent efficiency in terms of percentages of soil re- 
moved has been developed by the adaptation of con- 
ventional detergency laboratory equipment. The soils 
used are synthetic, containing ingredients encoun- 
tered in home and restaurant dishwashing (egg, 
grease, milk, flour, etc.). The substrates to be cleaned 
can be varied to meet the needs of any particular 
test: glass, pottery, or metal. The test has been shown 
to be reproducible and provides a sufficiently large 
range of removal percentages so that minor dishwash- 
ing detergent formula variations can be measured. 
A correlation between this new technique and a more 
cumbersome and time-consuming, semi-practical man- 
ual plate washing method has been demonstrated. 

A c k n o w l e d g m e n t  

We wish gratefully to acknowledge the assistance 
of Robert C. Ferris, director of research, Purex Cor- 
poration Ltd., for his suggestions in the development 
of this evaluation procedure. 

REFEtCE NCES 

1. Weeks, L. E ,  Harris~ J.  C., and Brown,  E. L., J .  Am. Oil Chem- 
ists' Soc., 31, 2 5 4 - 2 5 7  (1954) .  

2. Sanders,  H.  L., and  Knaggs ,  E. A., Soap and  San i t a ry  Chemicals, 
29, 6, 45-48 ,  93 (1953) .  

3. Fineman,  M. N., Soap and  San i t a ry  Chemicals, 29 (2) ,  4 6 - 4 9 ;  
(3 )  5 0 - 5 3  114 (1953) .  

• F ineman,  M: N., J'. Colloid Sci., 8~ 288-99 (1953) .  
5. Maehlls, S., and  Michaels, E. B. Soap and  San i t a ry  Chemicals, 

24 (9) ,  4 2 - 4 4  (1948) .  
6. Mann, E. n . ,  a~Id Ruehhoft ,  C. C., U. S. Publ ic  Heal th  Reports,  

61, 877 -887  (1946) .  
7. Norris,  F. I., and  :[¢uchhoft, C. C., U. S. Public Heal th  Reports,  

63, 97--104 (1948) .  
8. H a r r i s  J .  C., Soap and San i ta ry  Chemicals 28 (12) 45~47 10 t  

( 1 9 5 2 ) ;  29'  (1) ,  4 2 - 4 4  77 (1953) .  ' ' ' 
9. Hucker ,  G. J ,  Progress  Repor t  on Detergent  Evaluat ions Inves- 

t igations, Apri l  1, 1 9 4 2 - M a r c h  1, 1943, N. Y. Agr. Exp. Sta., Geneva, 
N. Y. 

10. Staff Article, Soap and  Chemical Specialties, 31 (5) ,  54. 

[ R e c e i v e d  D e c e m b e r  2, 1 9 5 5 ]  


